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ABBRE VIATIONS 
aq. = aqueous 
a t m . = a tmosphe r i c or a tmosphere(s ) 
a t . vol. = a t o m i c volume(s) 
a t . wt . = a t o m i c weight(s) 
T° or 0K. = abso lu te degrees of t e m p e r a t u r e 
b .p . = boil ing point(s) 
6° «= cen t ig rade degrees of t e m p e r a t u r e 
coeff. = coefficient 
cone . — concen t ra t ed or concen t r a t i on 
di l . = d i lu te 
eq. = equivalent(s) 
f.p. = freezing point(s) 
m . p . = m e l t i n g point(s) 
mol(s) = / g r a m - m o l e c u l e ( s ) v ' \ g r a m - m o l e c u l a r 

molfsl ^ /molecu leCs ) mol (s). _ | m o l e c u l a r 

mol . h t . «= molecu la r hea t ( s ) 
m o l . vol. = molecu la r volume(s) 
mol . wt . = molecu la r weight(s) 
press . = pressure(s) 
sa t . = s a t u r a t e d 
soln. = solut ion (s) 
sp. gr. = specific gravi ty (gravities) 
sp. h t . = specific heat(s) 
sp. vol . = specific volume(s) 
t e m p . = t empera tu re ( s ) 
vap . = vapour 

I n t h e c r o s s r e f e r e n c e s t h e first n u m b e r in c la rendon typo is t he n u m b e r of t he 
vo lume ; t h e second n u m b e r refers to t h e chap te r ; and t h e succeeding n u m b e r refers to t he 
44 §," sec t ion . T h u s 5 . 38, 24 refers to § 24, chap te r 38, vo lume 5. 

T h e oxides, hydr ides , ha l ides , su lph ides , su lpha te s , ca rbona tes , n i t r a t e s , a n d p h o sp h a t e s 
a re cons idered wi th t h e basic e l e m e n t s ; t h e o the r c o m p o u n d s are t aken in connec t ion wi th 
t h e acidic e l emen t . Tho doub le or complex sa l t s in connec t ion wi th a given e l emen t inc lude 
those associated wi th e l emen t s previously discussed. T h e carbides, sil icides, t i t an ides , 
phosph ides , a r sen ides , e t c . , a re considered in connec t ion w i th carbon, silicon, t i t a n i u m , e tc . 
T h e i n t e rme ta l l i c c o m p o u n d s of a given e l emen t inc lude those associated w i t h e l emen t s 
previously considered. 

T h e use of t r i a n g u l a r d i a g r a m s for r epresen t ing t h e proper t ies of th ree -componen t 
sy s t ems was suggested by G. G. Stokes (Proc. Roy. Soc, 4 9 . 174, 1891). T h e m e t h o d was 
i m m e d i a t e l y t aken u p in m a n y d i rec t ions and it has proved of g rea t va lue . W i t h prac t ice i t 
becomes as useful for r epresen t ing t h e proper t ies of t e r n a r y m i x t u r e s as squared paper is for 
b ina ry m i x t u r e s . T h e pr inc ip le of t r i a n g u l a r d i ag rams is based on t h e fact t h a t in an equi­
l a t e ra l t r i ang le t h e s u m of t h e pe rpend icu la r d i s tances of a n y po in t from t h e t h r ee sides is 
a c o n s t a n t . Given any th ree subs tances A, B1 and C, t h e composi t ion of a n y possible 
c o m b i n a t i o n of these can be represen ted by a po in t in or on the t r i ang le . The apices of t h e 
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V l U ABBREVIATIONS 

t r i a n a l e r e p r e s e n t t h e s i n g l e c o m p o n e n t s A, B1 a n d C, t h e s i d e s of t h e t r i a n g l e r e p r e s e n t b i n a r y 
m i x t u r e s of A a n d B, B a n d C, or C a n d A ; a n d p o i n t s w i t h i n t h e t r i a n g l e , t e r n a r y m i x t u r e s . 
T h e c o m p o s i t i o n s of t h e m i x t u r e s c a n be r e p r e s e n t e d i n p e r c e n t a g e s , o r r e f e r r e d to u n i t y , i u , 
e t c . I n F i g . 1, p u r e A w i l l be r e p r e s e n t e d by a p o i n t a t t h e a p e x m a r k e d A. If 1OO be t h e 

F i a . J . 

s t a n d a r d of r e f e r e n c e , t h e p o i n t A r e p r e s e n t s 1OO p e r c e n t , of A a n d n o t h i n g e l s e ; m i x t u r e s 
c o n t a i n i n g 8O pe r c e n t , of A a r e r e p r e s e n t e d by a p o i n t on t h e l i n e 88 , 6O p e r c e n t , of A by a 
p o i n t o n t h e l i ne 66 , e t c . S i m i l a r l y w i t h B a n d C — F i g s . 3 a n d 2 r e s p e c t i v e l y . C o m b i n e 
F i g s . 1, 2, a n d 3 i n t o o n e d i a g r a m by s u p e r p o s i t i o n , a n d F i g . 4 r e s u l t s . A n y p o i n t in t h i s 

*«S 

/OO f&of C 
of B 

F i G . 4. S t a n d a r d R e f e r e n c e . T r i a n g l e . 

d i a g r a m , F i g . 4, t h u s r e p r e s e n t s u t e r n a r y m i x t u r e . F o r i n s t a n c e , t h e p o i n t M r e p r e s e n t s a 
m i x t u r e c o n t a i n i n g 20 p e r c e n t , of A, 2O p e r c e n t , of B, a n d 60 p e r c e n t , of C. 



CHAPTER 1,XVIII 

NICKEL 

§ 1. The History of Nickel 

T H E mine ra l kupfernickel de sc r ibed b y U . H i a r n e , 1 i n 1694, h a s t h e a p p e a r a n c e 
of a c o p p e r ore, b u t n o t t h e smal les t pa r t i c l e of c o p p e r c a n be e x t r a c t e d f rom i t . 
Acco rd ing t o F . X . M. Z ippe , t h e w o r d " n icke l " a p p e a r s t o h a v e been used a m o n g s t 
t h e m i n e r s as a Schimpf n a m e , t h a t is , a d i s p a r a g i n g or d e r o g a t o r y t e r m de r ived 
m a y b e f rom N i k o l a u s ; if so, t h e n , as sugges t ed b y A. G. Char l e ton , t h e t e r m 
" kupfe rn icke l " m i g h t be t r a n s l a t e d " Old NicJcs copper" a n d so J . W o o d w a r d 
cal led i t cuprum nicolai. We a re to ld—v ide c o b a l t — t h a t t h e mediaeval S a x o n m i n e r s 
w o r k i n g t h e si lver ores e n c o u n t e r e d mine ra l s w h i c h h a d t h e a p p e a r a n c e of good 
si lver ores , b u t , w h e n sme l t ed , e m i t t e d a d i sagreeab le smell , a n d y ie lded n o si lver . 
T h e m i n e r s conc luded t h a t t h e s e ores were b e w i t c h e d by t h e N ixes a n d Cobolds 
t h a t d w e l t u n d e r g r o u n d . T h e ob jec t ionab le mine ra l s were t h r o w n on t o t h e 
w a s t e - h e a p s , a n d cal led c o n t e m p t u o u s l y Nixes' ore a n d Cobolds" ore. Cen tu r i e s 
a f t e r w a r d s these m i n e r a l s were found t o be t h e a r sen ides of t w o n e w m e t a l s , a n d 
t h e n a m e s of t h e m e t a l s , c o b a l t a n d n ickel , a r c t h u s d e r i v e d from a mediaeval 
supe r s t i t i on . T h e h i s t o r y w a s d i scussed b y W . H . B a l d w i n . 

T h e mine ra l h a s been p r e v i o u s l y d i s c u s s e d — 9 . 5 1 , 10—as niccolite, i t s m o d e r n 
c o g n o m e n . The idea t h a t kupfe rn icke l is a c o p p e r c o m p o u n d seems t o h a v e 
p reva i l ed a t t h e e n d of t h e s e v e n t e e n t h a n d b e g i n n i n g of t h e e i g h t e e n t h century, 
for in 1726, J . H . L i n c k sa id t h a t i t is a c o b a l t ore m i x e d wi th c o p p e r ; a n d 
J . G. Wal le r ius , t h a t i t is a coppe r - r ed ore cons i s t ing of coba l t , i ron, and a r sen ic . 
A n a l o g o u s views were he ld b y J . A . C ramer , J . F . H e n c k e l , a n d C v o n .Linnams 
in t h e first ha l f of t h e e i g h t e e n t h c e n t u r y . 

I n 1751 , A. F . C r o n s t e d t 2 p u b l i s h e d in S t o c k h o l m a r e p o r t of his e x a m i n a t i o n 
of some ores in t h e c o b a l t m i n e s of H e l s i n g l a n d , S w e d e n . W h e n t h e e a r t h u n d e r 
e x a m i n a t i o n w a s w e a t h e r e d , i t a c q u i r e d a g reen c ru s t , w h i c h fu rn i shed long c r y s t a l s 
of a g reen s u l p h a t e or v i t r io l . W h e n t h e s u l p h a t e w a s ca lc ined , i t furn ished a g r e y 
ca lx , or co lco tha r , w h i c h w h e n r e d u c e d y ie lded a ye l lowish , h a r d , b r i t t l e m e t a l 
w i t h a w h i t e f r ac tu re . T h e me ta l l i c p a r t of t h e v i t r io l fu rn i shed w i t h b o r a x a 
b r o w n glass . H e the re fo re infer red t h a t t h e e a r t h c o n t a i n e d in add i t i on t o i ron 
a n d c o b a l t a new s e m i - m e t a l . W h e n t h e soln. of t h e s e m i - m e t a l in acid was t r e a t e d 
w i t h a fixed a lkal i , i t y i e lded a g r een i sh -wh i t e p r e c i p i t a t e free f rom coppe r . 
A. F . C r o n s t e d t t h e n s h o w e d t h a t t h e n e w s e m i - m e t a l w a s t h e d o m i n a n t base in 
kupfe rn icke l , a n d h e a c c o r d i n g l y r e t a i n e d t h e affix of r e p r o a c h — n i c k e l — f o r t h e 
n e w semi -me ta l . H e f o u n d t h a t t h e kupfe rn icke l of F r e i b e r g c o n t a i n e d a rsen ic , 
s u l p h u r , n ickel , a n d i ron ; a n d t h a t t h e speies o b t a i n e d in t h e p r e p a r a t i o n of s m a l t 
c o n t a i n e d a r e l a t ive ly la rge p r o p o r t i o n of n icke l . N icke l o r n ickel ca lx was found 
t o u n i t e r ead i ly w i t h s u l p h u r , fo rming a ye l low c o m p o u n d which w h e n r o a s t e d 
fu rn i shed nickel ca lx . Nickel fo rms a h a r d , w h i t e a l loy w i t h copper , which, un l ike 
n icke l free f rom copper , fo rms in t h e b o r a x b e a d a g reen glass , a n d a soln. of t h e 
a l loy in ac id gives a p r e c i p i t a t e of c o p p e r w h e n t r e a t e d w i t h zinc or i ron . These 
fac t s we re cons idered t o d e m o n s t r a t e t h a t n ickel i tself is free f rom coppe r . 

Mos t chemi s t s a c c e p t e d A. F . C r o n s t e d t ' s n icke l a s a n e w e l e m e n t , b u t , a s 
T. B e r g m a n s t a t e d , some—e .g . , B . G. Sage (1772), a n d A. G. M o n n e t (1775)— 

V O L . x v . 1 B 
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" were led r a t h e r b y vague conjec ture a n d specious a p p e a r a n c e t h a n b y sa t i s fac tory 
e x p e r i m e n t , " a n d re ta ined t h e old opinion t h a t kupfernickel is a c o m p o u n d of 
iron, copper , cobal t , a n d arsenic . T h e y also considered coba l t a n d nickel t o be 
t h e same e lement . T. B e r g m a n t h e n e x a m i n e d t h e new e lement wi th t h e idea of 
finding if t h e charac ter i s t ics of A. F . Crons t ed t ' s nickel were sufficient t o es tab l i sh 
i t s r igh t t o recogni t ion as an e lement sui generis. T. B e r g m a n conc luded t h a t 
whi ls t with t h e knowledge t h e n avai lable " i t was n o t possible t o o b t a i n a perfec t 
a n d comple te purif icat ion of nickel from all he te rogeneous m i x t u r e s , " sufficient 
was known to establ ish t h e r igh t of nickel t o recogni t ion as a m e t a l w i t h d i s t i nc t 
p roper t ies of i ts own which pers is t in all i t s combina t ions . H e a d d e d : 

V a g u e s u s p i c i o n s t h a t n i c k e l , c o b a l t , a n d m a n g a n e s e c a n b e g e n e r a t e d f r o m i r o n 
b e c a u s e of t h e d i f f i c u l t y i n v o l v e d i n p r e p a r i n g t h e m e t a l s f r ee f r o m i r o n , m u s t g i v e w a y t o 
p h e n o m e n a a n d p r o p e r t i e s w h i c h a r e c o n s t a n t , a n d t h e m e t a l s t h e m s e l v e s m u s t b e r e g a r d e d 
a s of a n o r i g i n a l t o g e t h e r d i s t i n c t a n d p e c u l i a r t o t h e m s e l v e s . T h e r e i s n o d o u b t t h a t 
m a n y w e l l - k n o w n m e t a l s , a c k n o w l e d g e d t o b o d i s t i n c t s u b s t a n c e s , w o u l d n o t e n d u r e m o r e 
s e v e r e t r i a l s t h a n d o e s n i c k e l . . . . I f t h e g e n e s i s of n a t u r a l p r o d u c t i o n s i s t o b e e s t a b l i s h e d 
b y f a n c i f u l m e t a m o r p h o s e s , t h e w h o l e t r u t h a n d c e r t a i n t y of n a t u r a l p h i l o s o p h y m u s t 
s o o n b e o v e r t u r n e d . S o l o n g a s p l a u s i b l e c o n j e c t u r e s a r e s u b s t i t u t e d f o r o p i n i o n s f o r m e d 
o n t h e s u r e b a s i s of e x p e r i m e n t , w e s h a l l a l w a y s e m b r a c e t h e s h a d o w f o r t h e s u b s t a n c e . 

N . Leb lanc raised some object ions t o T. B e r g m a n ' s conclusion t h a t nickel is a 
chemical individual .stti generis, b u t t h e work of J . B . P r o u s t , J . B . R i c h t e r , 
I J . J . Thenard , a n d Jl. T u p p u t i r emoved all d o u b t s , a n d since t h a t t i m e nickel h a s 
occupied a place in t he list of e lements . The h i s to ry of nickel ha s been discussed 
by M. E . Weeks , L). F . H e h n e m a n n , W . I I . Ba ldwin , R . K i r w a n , a n d F . KaprT. 

The work of G. lvriiss and F . W. S c h m i d t led t h e m t o a t t r i b u t e t h e a n o m a l o u s 
pos i t ions of nickel and cobal t in t h e periodic t ab l e t o t h e presence in o r d i n a r y 
nickel a n d cobal t of an unknown , foreign e lement which was n a m e d gnomium, b u t 
th i s opinion was n o t suppor t ed by t h e work of C. Winkler , IJ. Mond a n d co-workers , 
P . Schutzenberger , a n d T. W. R i c h a r d s a n d A. S. C u s h m a n . A new e l e m e n t was 
r epor t ed b y B. O. von Vest t o be p resen t in nickel ore, a n d he p roposed t o call i t 
junonium or sirium, whi ls t I J . W . Gi lber t suggested vestaium or vesiium, b u t t h e 
alleged e lement was shown b y M. F a r a d a y t o be a m i x t u r e of nickel , i ron, su lphur , 
a n d arsenic . T. Dah l l r epor t ed a new e l e m e n t — n a m e d nonvegiuni—in gersdorffite, 
b u t t h e r e p o r t has no t been confirmed. 

The analys is of t h e ear ly Chinese alloy, jmefrfong, by G. von E n g e s t r o m , in 1776 ; 
a n d t h e ana lyses of B a c t r i a n coins, p r o b a b l y 200 B.C., b y W . F l igh t , a n d 
A. G. Ohar le ton, show t h a t , a t these r emote per iods , t h e ores emp loyed for m a k i n g 
coinage m e t a l con ta ined some nickel—vide infra, t h e copper-nickel , a n d t h e copper -
nickel-zinc al loys. I n 1777, J. C. F . Meyer n o t e d t h a t a S iber ian me teo r i t e w h e n 
t r e a t e d wi th su lphur ic acid gave a green soln. which became blue w h e n t r e a t e d 
wi th a m m o n i u m chloride, b u t J . I J . P r o u s t , in 1799, is genera l ly cons idered t o 
h a v e been t h e first t o d e m o n s t r a t e t h e presence of nickel in me teor i t i c i ron—v ide 
infra, n ickel- i ron al loys. 
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14 . 2 4 5 , 1 9 0 0 ; W . H . B a k h v i n , Journ. Chem. Education, 8 . 1 7 4 9 , 1954 , 1931 ; F . K a p f f , Beylrdge 
zur Geschichte des Kobalts, Kobaltbergbaues und der Blaufarbenwerke, R r e s l a n , 1792 ; I i . I v i r w a n , 
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N . L e b l a n c , Ann. Chim. Phys., (1 ) , 3 1 . 2 7 4 , 1 7 9 9 . 

§ 2. The Occurrence of Nickel 
A c c o r d i n g t o K . K r a u t , 1 a n d T. Carnel ley , n ickel is muc l i m o r e wide ly dis­

t r i b u t e d in n a t u r e t h a n w a s fo rmer ly supposed , i t is closely al l ied t o coba l t , a n d t h e 
t w o e l e m e n t s a re a l m o s t a l w a y s a s soc i a t ed w i t h one a n o t h e r a n d with. i ron . 
Accord ing t o V. M. G o l d s c h m i d t , d u r i n g t h e cool ing a n d solidification of t h e e a r t h , 
t h e m o l t e n m a s s s e p a r a t e d i n t o t h r e e l a y e r s — a me ta l l i c l ayer , a su lph ide layer , 
a n d a s i l icate l ayer—v ide i ron . T h e occu r rence of t h e t w o m e t a l s coba l t a n d 
nickel in assoc ia t ion wi th i ron was supposed t o form t h e c e n t r a l core of t h e e a r t h , 
a n d , f rom t h e a n a l o g y wi th me teo r i c i ron , i t is poss ible t h a t t h e i ron in t h e c e n t r a l 
core c o n t a i n s 6 t o 10 p e r cen t , of n ickel , a n d t h a t t h e pror>ortion of nickel a n d 
c o b a l t is a p p r o x i m a t e l y as 15 : 1. T h e t e r r e s t r i a l m i n e r a l s a w a r u i t e a n d jo seph in i t e 
r e p r e s e n t n a t i v e n ickel . T h e coba l t a n d nickel in t h e su lph ide layer , (Fe , Ni , Co)»S, 
a m o u n t t o 1 t o 4 p e r cen t . Nicke l is t h u s a p r i m a r y c o n s t i t u e n t of m a n y su lph ides , 
a r sen ides , a n t i m o n i d e s , a n d te l lu r ides . Nickel h a s been f r equen t ly de t ec t ed in 
igneous rocks , a n d F . W . Clarke n o t i c e d t h a t n ickel is specia l ly cha rac t e r i s t i c of 
m a g n e s i a n igneous rocks , w h e r e i t is gene ra l ly assoc ia ted in t h e m w i t h c h r o m i u m . 
Nickel also occurs p r i m a r i l y in s i l icate rocks . P . P o n d a l obse rved t h a t t h e p r o ­
p o r t i o n of n ickel in basic rocks is g r e a t e r t h a n in acidic rocks , where t h e p r o p o r t i o n 
is low or zero ; in fifteen s a m p l e s of Gal ic ian m a g m a s , he found 0-0 t o 0-42 p e r 
cen t , of N i O . The sub j ec t w a s d iscussed b y J . IT. Lt. Vog t . 

A c c o r d i n g t o F . W . Clarke , n ickel is d i s t r i b u t e d m o r e a b u n d a n t l y t h a n copper , 
for whi l s t t h e igneous rocks of t h e e a r t h ' s c r u s t c o n t a i n a p p r o x i m a t e l y 4-56 of i ron 
t o 0-02 of nickel , t h e p r o p o r t i o n of c o p p e r is a b o u t 0-0I0 , a n d t h e p r o p o r t i o n of 
t h e c o m m o n m e t a l s , z inc a n d lead, is still less. A c c o r d i n g t o F . W. Clarke a n d 
If. 8 . W a s h i n g t o n , t h e re la t ive a b u n d a n c e of nickel in t h e igneous rocks of t h e 
e a r t h ' s c r u s t is 0-020 when t h a t of c o b a l t is 0*001, a n d t h a t of i ron is 5-01 p e r c en t . 
J . H . J J . V o g t gave 0-005 p e r cen t , for n ickel ; W . V e r n a d s k y g a v e 0-01 ; G. Berg , 
0-018 pe r c en t . ; a n d F . W . Clarke , 0-0274 p e r cen t , of ox ide . W . a n d J . N o d d a c k 
a n d O. 13erg gave 3 X 10~ 5 for t h e a b s o l u t e a b u n d a n c e of n ickel w h e n t h a t of coba l t 
is 3 X 10~ 6 a n d t h a t of i ron, 10""2. A. F . F e r s m a n n ca l cu l a t ed 0-0029 for t h e per­
c e n t a g e n u m b e r of a t o m s of nickel in t h e e a r t h ' s c rus t . T h e genera l sub jec t w a s 
d i scussed b y K . K r a u t , E . D i t t l e r , G. Be rg , P . Niggli , G. T a m m a n n , F . H e r l i n g e r , 
O. H a h n , W . L i n d g r e n , J . J o I y , a n d A. v o n AntropofT. 

A c c o r d i n g t o A. Ter re i l , 2 t h e m e t a l occurs assoc ia ted wi th t h e m a g n e t i c p l a t i n u m 
ores of Nisc lme-Tagi l sk , U r a l s ; whi l s t T . P e t e r s e n f o u n d i t in t h e m a g n e t i c i ron 
of P r e g a t t i n , Tyro ls ; A. Sella, a l loyed w i t h 26-0 p e r cen t , of i ron in t h e s a n d s of 
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Elvo , P i e m o n t ; a n d I i . A. A. J o h n s t o n , in t h e s a n d s of Y u k o n . S o m e n a t i v e 
al loys of iron and nickel h a v e received special n a m e s — a w a r u i t e , F e N i 2 , obse rved 
by W. Skey in A w a r u a Bay , New Zea land ; josephinite , F e 2 N i 5 , b y W . H . Melville, 
in t h e placer sands of Jo seph ine a n d J a c k s o n Count ies , Oregon, a n d b y 
G. S. J amieson , in t h e s ands of Smi th River , California ; soues i te , F e N i 3 , b y 
G. C. Hoffmann, in the sands of F r a z e r R ive r , Br i t i sh Columbia ; OCtibbehite, 
Fe 2 Ni 3 , by W. J . Tay lor in Oe t ibbeha , Missouri ; a n d catharinite , F e 2 N i , b y 
S. Meunier, from S a n t a C a t h a r i n a , Brazi l—vide infra, t h e i ron-nickel a l loys . 
E . Casoria, and O. Pa r i s observed nickel a m o n g s t t h e p r o d u c t s of t h e Vesuv i an 
erupt ion of 1906. T h e occurrence of e x t r a t e r re s t r i a l nickel in me teo r i t e s is 
discussed in connec t ion wi th t h e i ron-nickel al loys, a n d in connec t ion w i t h e x t r a 
te r res t r ia l i ron. The first definite proof of t h e presence of nickel in m e t e o r i t e s 
was m a d e in 1799 b y J. L,. P r o u s t . G. Berg , a n d E . Her l inge r gave 1-53 pe r cen t , 
for t he average nickel c o n t e n t of s t ony me teo r i t e s , a n d 8*51 pe r cent , for i ron 
meteor i t e s . G. P . Merrill e s t i m a t e d t h a t t h e ana lyses of me teo r i t e s pub l i shed u p 
to 19K) showed t h a t me teor i t e s con t a ined 1-15 per cent , of meta l l ic nickel , a n d 
0-48 pe r cent , of o x i d e - e rup t ive t e r res t r i a l rocks con ta ined 0-025 p e r cent , of 
nickel oxide. .1. a n d W . N o d d a e k ' s e s t ima te s of t h e pe r cen t age a tomic d i s t r i bu t ion 
re la t ive t o oxygen u n i t y are : 

Karth ' s rrurtt. jRnnnus roekF Meteoric Iron Troilite Atomic distr ibution 
1-8 X IO 4 2 - O l x K H 8-46 X J O - 3 2 - 8 8 X 1 0 ~2 4 - 2 X l O " 2 

The subjec t was discussed by H . v o n Kl i iber , O. C. F a r r i n g t o n , F . B e h r c n d a n d 
G. Berg, G. P . Merrill, J . a n d W. N o d d a c k , W. Crookes, etc.— vide i ron. G. Kirchoff, 
A. J . Angs t rom, A. Cornu, a n d J . N . I^ockyer o b t a i n e d spectroscopic evidence of 
t h e exis tence of nickel in t h e sun . Conf i rmatory obse rva t ions were m a d e by 
A. Cornu, H . A. R o w l a n d , TI. von Kli iber , F . B e h r e n d a n d G. Berg , H . N . Russel l , 
H . M. Vernon , S. A. Mitchell , F . McClean, G. E . H a l e a n d W . S. A d a m s , and 
A. de G r a m o n t . A. Albrecht observed nickel lines in t h e s p e c t r u m of Ge rmino rum ; 
and H . M. Pi l lans , in t h a t of /?-Liyra3. T h e occurrence of nickel lines in s te l lar 
spec t r a was discussed by H . von Kli iber , C. J . Kreigcr , W . W . Morgan a n d G. F a r n s -
wor th , O. S t r u v c a n d P~ Swings, G. P . Merrill , J . S t ebb ins , W . C. Rufus , G. P^. H a l e 
a n d co-workers , C. IX Shane , F . J . M. S t r a t t o n , a n d J . S to rey . F . S. H o g g r epo r t ed 
t h e spec t ra l l ines of nickel in come t s . 

N a t i v e nickel occurs in n a t u r e a l loyed wi th i ron in meteor i t es , a n d in a few 
te r res t r i a l minera ls , b u t t h e n a t i v e e l emen t is a cur ios i ty of no indus t r i a l i m p o r t a n c e . 
W o r k a b l e depos i t s of nickel a r e r a r e ; t h e m o s t i m p o r t a n t depos i t s occur in On ta r io , 
Canada , a n d in N e w Caledonia . These depos i t s cont ro l t h e wor ld ' s m a r k e t for 
t h e m e t a l . T h e useful ores of nickel furnish t h r e e classes : 

(i) Sulphides—e.g., p e n t l a n d i t e , p o l y d y m i t e , linnsoite, a n d mil ler i te . T h e 
su lph ide ores a c c o m p a n y i n g p y r r h o t i t e a n d cha l copy r i t e a re a lways assoc ia ted w i t h 
a subsilicic rock l ike nor i t e , pe r ido t i t e , a n d some t imes d iabase or d ior i te . The ores 
a re usua l ly a t or n e a r t h e m a r g i n of laccol i ths , a n d a r e p a r t l y mass ive m e t a l sul­
phides , a n d p a r t l y d i s s e m i n a t e d in t h e m a r g i n a l zone of t h e rock. T h e S u d b u r y , 
On ta r io , depos i t s , for e x a m p l e , occur in a n e n o r m o u s laccol i th which occupies t h e 
in te r ior of a basin- l ike depress ion , a n d i t is over la id w i t h a cons iderab le t h i cknes s 
of s e d i m e n t a r y a n d pyroc las t i c rocks . T w o m a i n theor ies h a v e been p roposed t o 
expla in t h e origin of t h e S u d b u r y depos i t s : (a) t h e igneous or m a g m a t i c segrega t ion 
t h e o r y a s sumes t h a t t h e nickel , copper , a n d i ron su lph ides cooled a n d segrega ted 
f rom a mo l t en s t a t e l ike t h e igneous rocks ; a n d (b) t h e h y d r o d e p o s i t i o n t h e o r y 
a s s u m e s t h a t t he ores h a v e been depos i t ed f rom h o t a q u e o u s so lu t ions c i rcu la t ing 
a long zones of c rush ing a n d fau l t ing . T h e t h e o r y t h a t t h e S u d b u r y ores were 
p r o d u c e d by mol ten in jec t ions wh ich solidified i n t h e fissures a s ve ins , e tc . , is 
f a v o u r e d b y R. Bel l , 3 J . W. Gregory , C. F . T o l m a n a n d A. F . Roge r s , J . F . K e m p , 
J . H . L.. Vogt , W. Campbel l a n d C. W . K n i g h t , D . C. D a v i e s , H . B . v o n Fou l lon , 
T . L . W a l k e r , A. P . Coleman. A. E . Ba r low, e t c . D . H . B r o w n e observed t h a t in 
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t h e c o o l i n g o f a c o p p e r - n i c k e l m a t t e , t h e c o p p e r s u l p h i d e s f a v o u r t h e m a r g i n s of 
t h e m a s s , a n d t h e n i c k e l s u l p h i d e s c o n c e n t r a t e n e a r t h e c e n t r e , a n d t h e s u l p h i d e s 
a t S u d b u r y a r e s i m i l a r l y d i s t r i b u t e d . I n t h e a l t e r n a t i v e t h e o r y a d v o c a t e d b y 
R . B e c k , W . G . M i l l e r , C . W . D i c k s o n , a n d W . C a m p b e l l a n d C. W . K n i g h t , i t i s 
a s s u m e d t h a t t h e o r e s w e r e f o r m e d b y t h e c i r c u l a t i o n o f h e a t e d w a t e r s c o n t a i n i n g 
a s o l n . o f t h e c o m p o n e n t s o f n i c k e l , c o p p e r , a n d i r o n s u l p h i d e s , a n d , t o a m i n o r 
e x t e n t , l i m e , m a g n e s i a , s i l i c a , e t c . T h e n i c k e l , c o p p e r , a n d i r o n s u l p h i d e s w e r e 
t h e n p r e c i p i t a t e d a s p e n t l a n d i t e , c h a l c o p y r i t e , a n d p y r r h o t i t e . E . W e i n s c h e n k 
c o n s i d e r e d t h a t t h e n i c k e l i f e r o u s p y r r h o t i t e s of s o u t h e r n S c h w a r z w a l d a r e n o t 
m a g m a t i c . S y n t h e t i c e x p e r i m e n t s s h o w t h a t t h e s e m i n e r a l s m a y b e f o r m e d b y 
b o t h d r y a n d w e t p r o c e s s e s . T h e o r i g i n o f n i c k e l o r e s w a s a l s o d i s c u s s e d b y 
A . M . B a t e m a n , E . R . B u s h , S . S t . C l a i r , F . W . C l a r k e a n d C. C a t l e t t , J . H . C o l l i n s , 
"W. H . C o l l i n s , M . A . D r e s s e r , J . G a m i e r , W . H . G o o d c h i l d , H . M . R o b e r t s a n d 
R . D . L o n g y e a r , T .̂ P . S i l v e r , a n d T . L . W a l k e r . 

(ii) Arsenides—e.g., n i c c o l i t e a n d c h l o a n t h i t e . E . G i l l m a n c o n s i d e r e d t h e 
n i c c o l i t e d e p o s i t s i n t h e s e r p e n t i n e of M a l a g a , S p a i n , t o b e m a g m a t i c . T h e a r s e n i d e 
o r e s o f C o b a l t , O n t a r i o , o c c u r in n a r r o w v e i n s c u t t i n g m e t a m o r p h o s e d , f r a g m e n t a l , 
p r e - C a m b r i a n r o c k s w h i c h h a v e b e e n i n t r u d e d b y a h i g h m a s s of d o l e r i t e . T h e 
v e i n a l s o c o n t a i n s b a r y t e s , f l u o r s p a r , d o l o m i t e , a n d q u a r t z , a l l t y p i c a l of m i n e r a l s 
d e p o s i t e d f r o m a q . s o l n . W . G . M i l l e r c o n s i d e r e d t h a t t h e m i n e r a l i z a t i o n w a s 
p r o d u c e d b y m a g m a t i c w a t e r s w h i c h a c c o m p a n i e d o r f o l l o w e d t h e d o l e r i t e e r u p t i o n . 
E . W . V o i t c o n s i d e r e d t h a t t h e a r s e n i d e o r e of D o b s c h a u , H u n g a r y , w a s d e p o s i t e d 
f r o m c i r c u l a t i n g s o l n . T h e a r s e n i d e s o c c u r in. a c a r b o n a t e g a n g u e a t o r n e a r 
c o n t a c t s of d i o r i t e . C. R . K e y e s d i s c u s s e d m e t a s o m a t i c r e p l a c e m e n t s i n l i m e s t o n e ; 
a n d t h e o x i d a t i o n o r c a r b o n a t i o n o f s u l p h i d e s a n d a r s e n i d e s o f n i c k e l a n d c o b a l t 
w a s d i s c u s s e d b y J . E . K e m p , F . G i l l m a n , e t c . 

(iii) Hydrated silicates—e.g., g a r n i e r i t e , g e n t h i t e , c o n n a r i t e , a n d n e p o u i t e — 
f o u n d i n N e w C a l e d o n i a ; R i d d l e s , O r e g o n ; N o r t h C a r o l i n a ; R e v d a , U r a l s ; 
F r a n k e n s t e i n , S i l e s i a ; a n d M o u n t A v a l a , S e r b i a . T h e s e s i l i c a t e s h a v e a m o r e o r 
l e s s i n d e f i n i t e c o m p o s i t i o n . T h e y o c c u r i n w e a t h e r e d z o n e s of b a s i c i g n e o u s 
r o c k s e.g., p e r i d o t i t e s — a n d a r e f r e q u e n t l y a l t e r e d t o s e r p e n t i n e i n w h i c h t h e 
c o n t a i n e d n i c k e l i s c o n s i d e r e d t o h a v e b e e n a p r i m a r y c o n s t i t u e n t . I n s o m e c a s e s , 
d u r i n g t h e w e a t h e r i n g , t h e n i c k e l m i n e r a l s w e r e d i s s o l v e d a n d d e p o s i t e d f r o m s o l n . 
in s h r i n k a g e c r a c k s a n d s e a m s , a n d i n b r e c c i a t e d p o r t i o n s o f t h e m o t h e r r o c k . 
T h e s e m i n e r a l s w e r e d i s c u s s e d b y YV. Lt. A u s t i n , A . E . B a r l o w , H . J. R i d d l e , 
F . W . C l a r k e , H . B . v o n F o u l l o n , G . F . K a y , J . S . L e c k i e , D . L e v a t , W . S c h o r n s t e i n , 
A . L i i v e r s i d g e , E . D i t t l e r , a n d F . D . P o w e r . 

N i c k e l o c c u r s a s a n e s s e n t i a l o r a c c e s s o r y c o n s t i t u e n t of m a n y m i n e r a l s , b u t 
w o r k a b l e d e p o s i t s a r e c o m p a r a t i v e l y r a r e . T h e c h i e f n i c k e l m i n e r a l s a r e a s f o l l o w : 

Aar l te , o r ari te, a n a n t i m o n i a l n icke l a r s e n i d e . Alipite, a n i m p u r e h y d r a t e d n ickel sili­
c a t e . Annabergi te , N i 3 ( A s 0 4 ) 2 . 8 H 2 0 . Awarul te , F e N i 2 . Badenite, (Co, Ni , Fe ) 2 (As , Bi) 3 . 
Beyrichite, N i 3 S 4 , o r 2 N i S - N i S 8 . Black nickel , vide n i e o m e l a n e . Blueite, a n icke l i fe rous 
p y r i t e a p p r o x i m a t e l y N i S , . 1 2 F e S 2 . Bravoite , a n icke l i f e rous p v r i t c . Brei thaupti te , 
N i S b . Bunseni te , N i O . Cabrerite, ( N i , M g ) 3 ( A s O 4 J 2 . 8 H 2 O . Catharini te o r catar ini te , 
F e 2 N i . Chathamlte , a v a r i e t y of c h l o a n t h i t e . Cheleutite, a n i cke l i f e rous s m a l t i t e , 
Chloanthite , N i A s 2 . Cobalt nickel pyrite, ( F e , C o , N i ) S 2 . Connari te , H 4 N i 2 S i 3 O 1 0 . Copper 
nickel, vide n i cco l i t e . Corynite, a f o rm of ge r sdo r fh t e w i t h p a r t of t h e a r s e n i c 
r e p l a c e d b y a n t i m o n y . Desaulesite, a h y d r a t e d s i l i ca t e of zinc, t tnd n i cke l a s s o c i a t e d 
w i t h c h l o a n t h i t e . Emera ld nickel , vide t e x a s i t e . Folgerite, a f o r m of p e n t ­
l a n d i t e . Forbesite, ( N i , C o ) H A s 0 4 . 4 H 2 0 . Garnieri te , (Ni , Mg)SiO 3 . r t H 2 0 . Genthite, 
H 4 M g 2 N i 4 ( S i 0 4 ) 3 . 4 H 2 0 , o r ( M g , N i ) 2 S i 3 0 8 . n H 8 0 . Gersdorffite, N i , AsS . Gunnar i te , a 
fo rm of p e n t l a n d i t e . Hauchecorni te , p o s s i b l y (N i ,Co) 7 . (S ,B i ,Sb ) 8 . Heazlewoodite, a 
f o r m of p e n t l a n d i t e . Hengleinlte, ( C o , N i , F e ) S 2 . Heubachi te , 3(Co,Ni , F c ) 2 O 3 . 4 H 2 O . 
Horbaehi te , ( F e , N i ) 2 S 3 , o r 4 F e 2 S 3 . N i 2 S 3 . Josephini te , F e 2 N i 5 . Kallilite, N i K i S , o r 
N i S 2 . N i B i 2 . Kerzinite, a p e a t c o n t a i n i n g n i c k e l s i l i ca te . Kupfernickel, o ld n a m e 
for n i cco l i t e . Lawrencl te , ( F e , N i ) C l 2 . Ll l lhammeri te , p e n t l a n d i t e . Lindackerite, 
N i s C u e ( O H ) , S 0 4 ( A s 0 4 ) d . 5 H 2 0 . Linnseite, (Ni ,Co) 3 S 4 . Maucheri te , N i 4 A s 3 o r N i 3 A s 2 . 
Maufite, a s i l i ca te of n i cke l , a l u m i n i u m , e t c . Melonite, N i 2 T e 3 . Millerite, N i S . Morenosite, 
N i S O 4 . 7 H 2 O . Nepouite, ( N i , M g ) 3 S i 2 0 7 . 2 H a 0 . Niccolite, N i A s . Nickel bloom, o r 
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a n n a b e r g i t e . Nickel glance, gorsdorf l i te . Nickel green, o r a n n a b e r g i t e . Nickel-gymnite, 
a g y m n i t o w i t h p a r t of t h e m a g n e s i u m replaced, b y n icke l a s ixi g e n t h i t e . Nickel OChre. 
o r a n n a b e r g i t e . Nickel smaragd, o r z a r a t i t e . Nickel stibine, o r u l l m a n n i t e . Nickel-
skut terudl te , (Ni ,Co ,Fo)As 3 . Nickeline, N i A s . Nicomelane, N i 2 O 3 . Nicopyrlte, p e n t -
Ian d i t e . Noumeaite, o r noumeite, a d a r k g r e e n fo rm of g a r n i e r i t e which, is u s u a l l y pal© 
g r e e n . Numite, o r n o u m e i t e . Octibbehite, F e 2 N i 3 . Pent landi te , ( N i , F e ) S . Pimeli te, 
a n i m p u r e h y d r a t e d n icke l s i l i ca te . Placodlte, o r plakodine, a f o r m of m a u c h e r i t e . 
Polydymite, N i 4 S 6 . Pyromelane, vide m o r e s o n i t e . Rammelsbergi te , (Ni , Co 1 Fe)As 2 . 
Rewdanskite , ( N i , M g , F e ) 3 S i 2 0 7 . 2 H 2 0 . R6ttislte, N i 2 S i 3 O 8 . 2 H 2 O . Safflorite, (Co ,Ni ,Fe )As 2 . 
Saynlte, a mixt ixre of p o l y d y m i t e a n d b i s m u t i t e . Smalt i te , (Co ,Ni ,Fe )As 2 . Souesite, 
F e N i 3 . Spathiopyrite—safflorite. Temiskamite , N i 4 A s 3 . Texaslte, 3 N i O - C O 2 - S H 8 O . 
Transvaali te , a n i m p u r e n icke l i fe rous , a r sen ica l , c o b a l t s i l i ca te . Trevorlte, N i C F e 2 O 3 . 
Ullmannite, N i S b S . Villamaninite, (Cu ,Ni ,Co ,Fe ) (S ,Se ) 2 . Violarlte, a c o p p e r n icke l 
s u l p h i d e . Whar tonl te , a n icke l i f e rous py i ' i t e . Whi te nickel, vide c h l o a n t h i t e . Will iamite, 
(Ni ,Co)SbS. Willyamite, (N i ,Co)S 2 Sb 2 . Winkler i te , a n i m p u r e c o b a l t , n i cke l a r s e n a t e . 
Wolfachite, N i ( A s , S b ) S . Zara t i te , N i ( O H ) 2 { N i ( O H ) } 2 C O s . 4 H a O . 

T h e s u l p h i d e o r e s a r e r e p r e s e n t e d b y t h e p y r r h o t i t e - c h a l c o p y r i t e o r e s of S u d ­
b u r y , a n d N o r w a y . S i m i l a r o r e s h a v e b e e n m i n e d t o a r e l a t i v e l y s m a l l e x t e n t i n 
P e n n s y l v a n i a , T a s m a n i a , S w e d e n , I t a l y , S o u t h A f r i c a , e t c . T h e s u l p h i d e s 
a s s o c i a t e d w i t h t h e l e a d o r e s of s o u t h - e a s t M i s s o u r i h a v e a l s o b e e n w o r k e d f o r 
c o b a l t a n d n i c k e l . T h e a r s e n i c a l o r e s h a v e b e e n w o r k e d f o r c o b a l t a n d n i c k e l 
i n S a x o n y , B o h e m i a , F r a n c e , a n d p r i n c i p a l l y a t C o b a l t , O n t a r i o . S i l i c a t e a n d 
o x i d i z e d o r e s h a v e b e e n w o r k e d i n G r e e c e , M a d a g a s c a r , N o r t h C a r o l i n a , O r e g o n , 
a n d p r i n c i p a l l y i n N e w C a l e d o n i a . B e f o r e t h e o p e n i n g of t h e N e w C a l e d o n i a 
m i n e s , m i n e s w e r e o p e r a t e d i n N o r w a y , S w e d e n , G e r m a n y , A u s t r i a , a n d I t a l y . 
N o r w a y w a s t h e l a r g e s t p r o d u c e r u p t o 1 8 7 7 , w h e n s h e w a s e c l i p s e d b y N e w 
C a l e d o n i a . T h e m i n e a t L a n c a s t e r G a p , P e n n s y l v a n i a , b e g a n t o p r o d u c e n i c k e l 
a b o u t 1 8 6 3 , b u t i t h a d t o c l o s e d o w n i n 1 8 9 1 o w i n g t o c o m p e t i t i o n w i t h t h e r i c h e r 
d e p o s i t s of N e w C a l e d o n i a , a n d S u d b u r y . S i n c e t h e a d v e n t o f t h e N e w C a l e d o n i a n 
o r e i n 1 8 7 5 , a n d of t h e S u d b u r y o r e i n 1 8 8 6 , o t h e r s o u r c e s of s u p p l y h a v e b e c o m e 
r e l a t i v e l y i n s i g n i f i c a n t . B a s i c i g n e o u s r o c k s i n m a n y p a r t s o f t h e w o r l d c o n t a i n 
su f f i c i en t n i c k e l t o m a k e t h e m of e c o n o m i c v a l u e , b u t o t h e r p o o r e r d e p o s i t s a r e 
n o t l i k e l y t o b e s e r i o u s l y e x p l o i t e d s o l o n g a s t h e d e p o s i t s l i k e t h o s e a t S u d b u r y 
a r e a v a i l a b l e . 

T h e m a p , F i g . 1, s u m m a r i z e s t h e g e o g r a p h i c a l d i s t r i b u t i o n of t h e p r i n c i p a l 
d e p o s i t s o f n i c k e l . T h e r e a r e m a n y g e n e r a l r e p o r t s o n t h e o c c u r r e n c e o f n i c k e l o r e s . 4 

Europe .—In Great Bri ta in, 5 a n u m b e r of d e p o s i t s h a v e b e e n r e p o r t e d a n d in s o m e 
cases w o r k e d , b u t t o - d a y t h e s e d e p o s i t s a r e of n o e c o n o m i c v a l u e . W . B o r l a s e , in 1758, 
n o t e d t h e o c c u r r e n c e of n icke l a t P e e n g r e e p j u G w e n n a p ; a n d , a c c o r d i n g t o W . G-. R u m -
b o l d , n icco l i t e w a s r a i s e d a t t h e P e n g e l l y m i n e , S t . E w e . N icke l a n d c o b a l t ore w a s a lso 
r a i s e d f rom S t . A u s t e l l Consols , F o w e y Consols , a n d E a s t P o o l m i n e s b e t w e e n 1854 a n d 
1 8 6 1 . O t h e r d e p o s i t s i n Cornwa l l h a v e b e e n r e p o r t e d a t D o l c o a t h , a n d o t h e r m i n e s in 
t h e C a m b o r n e a n d I l l o g a n d i s t r i c t s . P e n t l a n d i t e h a s b e e n f o u n d in t h e W h e a l J a n e m i n e , 
T r u r o ; n icco l i t e , in t h e S o u t h T r e s a v e a n m i n e ; mi l l e r i t e , a t W h e a l S p a v n o n ; a n d 
n icke l , s i lver , c o p p e r a n d u r a n i u m ores a s well a s p y r i t e in t h e R o s k r o w - U n i t e d m i n e s , 
P o n s a n o o t h . Mi l le r i te occu r s in t h e c l a y i r o n s t o n e s of t h e S o u t h "Wales Coal M e a s u r e s — 
e.g., a t Mer th j r r Tydf i l ; a n d n i cke l m i n e r a l s o c c u r a s s o c i a t e d w i t h t h e i ron o res a t Moel 
H i r a d d u g , C w m , !Fl in tshi re . Z a r a t i t e o c c u r s a t W a r r e n Ca r r , D a r l e y D a l e , D e r b y s h i r e . 
P e n t l a n d i t e w a s m i n e d a t G i l l e - B r a g h a d n e a r I n v e r a r y , i n S c o t l a n d , b e t w e e n 1854 a n d 
1867. T h e r e is a l so a d e p o s i t a t C r a i g n u r e n e a r I n v e r a r y ; a n d n icke l i f e rous p y r r h o t i t e 
o c c u r s n e a r P a l n u r e ISurn , K i r k c u d b r i g h t s h i r e . T h e m i n i n g of n icco l i t e a t H i l d e r s t o n e , 
L i n l i t h g o w s h i r e , h a s b e e n c o n d u c t e d i n a d e s u l t o r y w a y b e t w e e n 1606 a n d 1873 . I n 
France , 8 t h e r e a r e n o k n o w n n i cke l d e p o s i t s of a n y c o m m e r c i a l i m p o r t a n c e . T h e r e a r e 
s m a l l d e p o s i t s a t C h a l a n c h e s , D a u p h i n e . T h e s e o r e s w e r e first w o r k e d for s i lver , a n d t h e 
s l ags we re a f t e r w a r d s t r e a t e d for n icke l a n d c o b a l t . I n Por tugal , 7 t h e r e a r e n icke l i fe rous 
o re s a t M i r a n d o d o C o r v o . I n Spain,8 t h e r e a r e d e p o s i t s of n i cke l i n t h e s e r p e n t i n e s of 
M a l a g a . S o m e g a r n i e r i t e in L o s J a r a l e s n e a r C a r r a t r a c a w a s m i n e d for a t i m e , b u t c o u l d 
n o t c o m p e t e -with t h e N e w C a l e d o n i a n o r e . T h e r e a r e a l so s i m i l a r o res i n t h e S ie r ra 
A l p u j a t a n e a r O jen . I n Italy,* t h e r e a r e s m a l l u n i m p o r t a n t d e p o s i t s a t V a r a l l o in P i e d ­
m o n t in t h e L a k e M a g g i o r e d i s t r i c t , b u t t h e y h a v e y i e l d e d l i t t l e o re o n a c o m m e r c i a l 
s ca l e . I n Switzerland,1 0 n i cke l a n d c o b a l t o r e s a r e s a i d t o o c c u r in t h e Gol ly re a n d G r a n d 
P r a z m i n e s n e a r A y e r , VaI d ' A n n i v i e r s ; a n d a t K a l t e n b u r g , T u r t m a n n t a l . I n Germany , 1 1 

a few d e p o s i t s of n i cke l a r e k n o w n b u t n o n e is of a n y e c o n o m i c i m p o r t a n c e . T h e r e a r e 
d e p o s i t s of t h e g a r n i e r i t e t y p e n e a r F r a n k e n s t e i n , Si lesia ; t h e r e is a d e p o s i t a t A e u s s e r t , 
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S o h l a n d ; S t e b e n a n d L i c h t e n b e r g in B a v a r i a ; H o r b a c h in t h e 13lack F o r e s t ; a n d n e a r 
D i l l e n b u r g , N a s s a u . T h e o n c e - f a m o u s c o b a l t d e p o s i t s of S c h n e e b e r g a n d A n n a b e r g Have 
y i e l d e d s m a l l q u a n t i t i e s of n i c k e l . I n Austria,1 2 t h e r e a r e m i n e s o n t h e Ncickoborg, n e a r 
L e o g a n g , a n d a t M i t t e r b e r g in t h e S a l z b u r g A l p s ; t h e L e o lode n e a r S a l z b u r g a n d in t h e 
K i t z b i i h e l d i s t r i c t i n t h e T y r o l . I n Czechoslovakia,13 t h e r e a r e s m a l l d e p o s i t s i n t h e 
J o a c h i m s t h a l d i s t r i c t , a n d a t S c h l u c k e n a u i n B o h e m i a ; a n d a t D o b s c h a u in t h e D e p t a u 
m o u n t a i n s , f o r m e r l y in H u n g a r y . I n Yugoslavia,1 4 n o i m p o r t a n t n i cke l d e p o s i t s h a v e 
b e e n d i s c o v e r e d . S m a l l d e p o s i t s of m i l l e r i t e h a v e b e e n f o u n d i n t h e M o u n t A v a l a l e a d 
m i n e s ; i n t h e Z a v l a k a z inc - l ead d e p o s i t s ; a n d a t S a d y e v a t s n e a r I v a n j i t s a . I n Sweden,1 5 

s m a l l d e p o s i t s o c c u r a t K l e f v a , S m a l a n d ; K u s a , D a l a r n e ; a n d a t R u d a , O s t e r g 5 t l a n d . 
I n Norway,1 6 a b o u t 40 d e p o s i t s of n i c k e l o re a r e k n o w n — e . g . a t S k o r o v a s , n e a r T r o n d h j e m , 
t h e L i l l e b j e l d k l u m p e n m i n e n e a r L a k e T u n s j o ; F l a a d m i n e in S a t e r s d o l ; t h e F a s c o 
m i n e n e a r H a u g e s u n d ; a n d t h e E r t c h m i n e n e a r H i n g e r i k e . I n Finland,17 a t P e t s a m o n . 
I n Russia,1 8 t h e r e is a d e p o s i t of t h e g a r n i e r i t e t y p e a t P t eod insk in t h e U r a l s ; in t h e 
!N i jn i -Ka rkad in sk m i n e , t h e K h u d y a k o o s k m i n e , t h e S t a r o - C h e r e m s h a n s k m i n e , a n d t h e 
T u n k i n s k m i n e in t h e U r a l s . I n Greeee,19 t h e r e a r e n i cke l o re s of t h e g a r n i e r i t e t y p e , a n d 
a l so c h r o m i f e r o u s i r o n o re s c o n t a i n i n g n i c k e l o n t h e i s l a n d s ICuboea, a n d S k y r o s of t h e 
G r e e k A r c h i p e l a g o ; t h e d i s t r i c t s of Loc r i s a n d Boeo t ia . 

Asia.—-In Siberia,20 n o r t h - e a s t of B a l k a s h l a n d . I n Asiatic Turkey,2 1 a n o c c u r r e n c e of 
n i cke l o re a t K a s t a m u n i ; a n d t h e r e is a l so o n e a t A i d i n . I n India,2 2 n icke l i fe rous 
p y r r h o t i t e h a s b e e n r e p o r t e d in v a r i o u s p l a c e s i n R a j p u t a n a ; in t h e reefs of 

F i a . 1 .—The G e o g r a p h i c a l D i s t r i b u t i o n of t h e N icke l O r e s . 
K o l a r ; a n d in t h e pyrifco of t h e H e n z a d a d i s t r i c t , B u r m a . T h e r e a r e a l so c o m p l e x 
s u l p h i d e o res in T o b a l a , S o u t h T r a v a n c o r e . I n Dutch East Indies,2 3 t h e r e is a d e p o s i t 
of n icke l i fe rous , c h r o m i f e r o u s i r o n o re on S e b u k u I s l a n d off t h e c o a s t of B o r n e o . Nicke l ­
i fe rous i r o n ore of t h e l a t e r i t i c t y p e h a s b e e n r e p o r t e d n o r t h of Mali l i , in Ce lebes . 2 4 I n 
China,25 t h e r e a r e n i cke l o res s o u t h - e a s t of Y u n - n a n ; i n t h e T u n g o h w a n d i s t r i c t ; in t h e 
B e d R i v e r d i s t r i c t w e s t of K o c h f u ; n e a r W e i - n i n g , n o r t h - w e s t of K w o i - c h o w ; a n d in 
S h e n - s i . T h e a l loy p a c k f o n g h a s b e e n u s e d for a l ong t i m e in C h i n a for d o m e s t i c u t e n s i l s , 
a n d i t w a s m a d e f rom a n icke l i f e rous c o p p e r o re m i x e d w i t h t i n , l e ad , a n d z inc . I n Japan,2 6 

t h e JSTatsume n i cke l d e p o s i t s w e r e f o r m e r l y w o r k e d . I n t h e Philippine Islands,27 t h e r e is 
c h r o m i f e r o u s i ron o re o n t h e i s l a n d of M i n d a n a o . I n New Caledonia,28 t h e d e p o s i t s of 
g a r n i e r i t e a r e of s e c o n d i m p o r t a n c e t o t h e S u d b u r y d e p o s i t s . T h e y w e r e d i scussed b y 
J . G a m i e r in 1865. 

Africa.—In Egypt,29 t h e r e is a d e p o s i t of t h e s i l i ca te t y p e on S t . J o h n ' s I s l a n d in t h e 
B e d Sea . I n Abyssinia, so n icke l a n d c o p p e r o res h a v e b e e n f o u n d in t h e W a l a g a P r o v i n c e . 
I n Madagascar,31 t h e r e a r e n i cke l o res of t h e g a r n i e r i t e t y p e . T h e r e is o n e d e p o s i t a t 
V a l z o r o n e a r A m b o u t r a , i n t h e p r o v i n c e of F i a n a r a n t s o a ; a n d a n o t h e r d e p o s i t n e a r 
A m b a t o n d r a z a k a , o n t h e O m b e H i v e r . I n Nyasaland,3 2 t h e r e is a d e p o s i t of n icke l ­
i f e rous p y r r h o t i t e i n t h e B l a n t y r e d i s t r i c t . I n t h e Union of South Africa,33 t h e r e is a 
d e p o s i t of n icke l i fe rous p y r r h o t i t e a t Insiscwa, C a p e P r o v i n c e ; a d e p o s i t a t B l a u w b a n k , 
T r a n s v a a l , a n d a t V l a k f o n t e i n in t h e R u s t e n b u r g d i s t r i c t . T h e r e a r e a lso d e p o s i t s a t 
D e r d e Ge ld , L y d e n b u r g ; a n d n e a r t h e S h e b a B r i d g e , B a r b e r t o n d i s t r i c t . I n Natal,3* 
t h e r e is a n o c c u r r e n c e of t h e g a r n i e r i t e t y p o in t h e N k a n d h l a d i s t r i c t , Z u l u l a n d . 

North America.—In Canada,35 t h e r e a r e n u m e r o u s d e p o s i t s of n icke l , b u t on ly t h e 
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nickel i ferous p y r r h o t i t o d e p o s i t s a b o u t Ontario h a v e b e e n w o r k e d . T h e l a rges t a n d r i c h e s t 
k n o w n d e p o s i t s in t h e wor ld occu r o n t h e n o r t h s ide of L a k e H u r o n , in t h e S u d b u r y 
r eg ion . T h e ores h e r e a r e of t w o t y p e s — m a r g i n a l deposits o c c u r a t t h e b a s a l m a r g i n of 
t h e n o r i t e l y ing b e t w e e n i t a n d t h e a d j o i n i n g r o c k ; a n d offset deposits a r e c o n n e c t e d o n 
t h e bas ic edge of t h e n o r i t e i n t r u s i o n b y d y k e - l i k e p r o j e c t i o n s . T h e r e a r e a l so d e p o s i t s 
in D u n d o n a l d n e a r M a t h e s o n ; n e a r S h e b a n d o w a n L a k e ; a n d n e a r N a i r n C e n t r e , s o u t h 
of W o r t h i n g t o n . Nicke l a lso occurs a s a m i n o r c o n s t i t u e n t of t h e c o m p l e x s i l ve r - coba l t 
o res of Coba l t , O n t a r i o . I n British Columbia, t h e r e is a n o c c u r r e n c e on t h e J o r d a n R i v e r , 
V a n c o u v e r I s l a n d ; in New Erunstvick, a t S t . S t e p h e n ; in Manitoba, in t h e M a s k w a 
R i v e r a r ea , a n d in t h e Oiseau R i v e r a r e a ; a n d in Q u e b e c , t h e r e a r e d e p o s i t s in Oxford, 
a n d C a l u m e t . I n Newfoundland,88 t h e r e a r e s u l p h i d e ores a s so c i a t ed w i t h t h e T i l t Cove 
c o p p e r o res . I n t h e United States,87 o n l y a few n icke l d e p o s i t s a r e k n o w n , a n d t h e s e a r e 
n o t of m u c h e conomic i m p o r t a n c e . S o m e n i cke l h a s b e e n o b t a i n e d a s a b y - p r o d u c t f r om 
t h e s m e l t i n g of t h e l ead ores of Missouri. T h e r e a r e s u l p h i d e ores in t h e F r e d e r i c k t o w n 
d i s t r i c t . N icke l o res a lso o c c u r i n t h e L a n c a s t e r c o u n t y , P e n n s y l v a n i a ; a t t h e K e y 
"West Mine , N e v a d a ; P i e d m o n t r eg ion , F a u q u i e r Co. , A m h e r s t Co. , a n d F l o y d Co. , 
Vi rg in ia ; i n J a c k s o n c o u n t y , N o r t h Caro l ina ; R i d d l e s , S o u t h O r e g o n ; i n t h e F r e m o n t 
c o u n t y , Colorado ; a n d n e a r W i c k e n b u r g , A r i z o n a . A . F . B u d d i n g t o n desc r ibed t h e 
n icke l ores of A l a s k a . I n Mexico,38 n i cke l - coba l t ores o c c u r in W e s t e r n C h i h u a h u a ; in 
t h e T o l i m a n d i s t r i c t , Q u e r e t a r o ; a n d t h e E s m e r a l d s a n d P i l m a n o m i n e s of J a l i s c o . I n 
Porto RICO,89 t h e r e is a depos i t of n ickel i ferous o re w e s t of M a y a g u e z . I n Cuba,*0 t h e r e a r e 
n ickel i fe rous ores in t h e d i s t r i c t s of M a y a r i , S a n F e l i p e o r C u b i t a s , a n d M o a o n t h e n o r t h 
coas t of t h e i s l and . I n Santo Domingo, 4 1 t h e r e is a l o w - g r a d e n icke l ore a t t h e 
P e r s e v e r a n c i a m i n e a t S ie r ra P r i e t a . 

South America. I n Brazil,42 n ickel i ferous p y r r h o t i t e occu r s n e a r Vil la do L i v r a m o n t o , 
M i n a s G e r a e s . I n Chile,43 t h e r e is a d e p o s i t o n t h e P a j o n a l e s , d e p a r t m e n t of C o p i a p o , 
A t a c a m a . I n Peru,4 4 t h e r e is a g r o u p of nickel a n d c o b a l t o re ve in s in t h e V i l c a b a m b a 
d i s t r i c t , Cuzco . I n Venezuela,46 t h e r e a r e d e p o s i t s in N e u v a P r o v i d e n c i a . 

Australasia. I n Queensland,46 t h e r e a r e no d e p o s i t s of e c o n o m i c v a l u e . I n New 
South Wales,4 7 smal l depos i t s of n icke l h a v e b e e n r e p o r t e d f rom t i m e t o t i m e . T h e one 
a t P o r t M a c q u a r i e cons i s t s of a n ickel i fe rous a sbo l i t e o r e a r t h y c o b a l t . I n Tasmania,4 8 

s m a l l d e p o s i t s of n icke l i fe rous p y r r h o t i t e occu r in t h e N o r t h D u n d a s d i s t r i c t n e a r Z e e h a n . 
Ve ins of g a r n i e r i t e o c c u r n e a r T r i a l B a y on t h e -west c o a s t . O t h e r sma l l d e p o s i t s h a v e 
b e e n r e p o r t e d . I n New Zealand,40 W . Skey , in 1885, r e p o r t e d a n o ccu r r en ce of a n a t i v e 
n icke l - i ron a l loy . I t w a s d e s c r i b e d b y G. H . F . TJlrich. 

Re l i ab le s t a t i s t i c s 6 0 for t h e wor ld ' s p r o d u c t i o n of n ickel a re n o t ava i l ab le . 
On ly in t h e case of C a n a d a a re official r e t u r n s of t h e ores m i n e d a n d t r e a t e d ava i l ab l e , 
b u t since C a n a d a n o w p r o d u c e s 80 t o 85 pe r cen t , of t h e t o t a l , a close a p p r o x i m a t i o n 
can be e s t i m a t e d . T h e N e w Caledon ian o u t p u t w a s cons ide rab ly r e d u c e d d u r i n g 
t h e G r e a t W a r owing t o t r a n s p o r t difficulties, e tc . W . Gr. R u m b o l d compi led 
t h e following d a t a u p t o 1920, for t h e wor ld ' s p r o d u c t i o n of n ickel ore expres sed 
in t e r m s of t h e m e t a l c o n t e n t in m e t r i c t o n s : 

C a n a d a . 
G e r m a n y 
Greece 
N o r w a y . 
S w e d e n . 
N e w C a l e d o n i a 
U n i t e d S t a t e s . 

Per cent. 
Nickel 

M e t a l 
2-OO 
0-50 
1-03 
1 0 0 
5-6 

/45-O 
\ M e t a l 

1913 
22,533 

2 7 1 
8 7 

6 9 0 

5,219 
2,651 

2 1 9 

1914 
20,646 

2 5 1 
6 8 

7 9 4 
2 

5,272 
2 ,379 

3 8 4 

1918 
41 ,973 

1,871 
6O 
3 3 
2 5 

8 7 4 
1,771 

4 0 0 

1919 
20,211 

5 8 3 
5 

2 0 0 
4 

8 7 
1,716 

4 6 4 

1920 
27 ,829 

4 2 2 

1 8 1 
2,028 

3 3 1 

W o r l d ' s p r o d u c t i o n . 31 ,670 29 ,796 47,007 23 ,270 30 ,791 

M a n y E u r o p e a n coun t r i e s i m p o r t ores a n d m a t t e s f rom o t h e r c o u n t r i e s f rom 
w h i c h refined nickel is o b t a i n e d . Accord ing t o t h e Metallgesellschaft, t h e wor ld ' s 
p r o d u c t i o n of refined n ickel is : 

G e r m a n y 
F r a n c e . 
E n g l a n d 
A m e r i c a 
O t h e r C o u n t r i e s 

1896 
8 2 2 

1,545 
3 4 0 

1,70O 

190O 
1,376 
1,70O 
1,45O 
3,000 

1905 
2,7OO 
2,200 
3,100 
4,50O 

1910 
4,50O 
1,500 
3,5OO 

10,000 
6 0 0 

T o t a l 4 ,407 7,526 12,500 20 ,100 

file:///Metal
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T h e pr ices h a v e n o t v a r i e d v e r y m u c h . T h e fol lowing r e p r e s e n t a v e r a g e L o n d o n 
pr ices p e r long t o n : 

1917 1918 1919 1920 1921 1922 
£200 £210 £200 £226 £195 £158 

Nicke l a p p e a r s as a n accessory c o n s t i t u e n t of m a n y mine ra l s . J . H . L . V o g t , 5 1 

a n d W . S c h o r n s t e i n d iscussed t h e occur rence of nickel in igneous a n d o t h e r rocks . 
W . N . H a r t l e y a n d H . R a m a g e obse rved nickel in n u m e r o u s i ron ores ; a n d i t h a s 
t h u s b e e n r e p o r t e d in aikinite b y M. H . B o y e , W . Gregory , a n d R . H e r m a n n ; 
in abloclastite b y W . Grego ry ; in animikite b y H . W u r t z ; in antimonial fahlerz 
b y A. D a u b r e e ; in arsenopyrite b y D . F o r b e s , G. T s c h e r m a k , A. F renze l , H . H o w , 
J . R u m p f , W . F . H i l l e b r a n d , A. Arz run i , a n d A. G u y a r d ; in carrollite b y C. L . F a b e r , 
a n d J. LJ. S m i t h a n d G. J . B r u s h ; in chathamite b y F . v o n Kobe l l ; in cheleutite b y 
L . W . McCay ; in copper ores b y H . V a y r y n e n ; in chloanthite by Li. W . McCay, 
a n d G. R o s e ; in chromite b y F . Bech i ; in chromoj)ocotite b y T. P e t e r s e n ; in 
clays b y JL. A z e m a ; in coballiferous manganese ore b y Xi. W . McCay, and Cl. Ia VaIIe ; 
in copper pyrites b y H . B o w m a n , a n d S. G. T. B r y a n ; in danaite a n d glaucodole 
b y A. B r e i t h a u p t , D . F o r b e s , a n d G. C. H o f f m a n n ; in domeykite b y A. We i sbach ; 
in epiboulangerite b y M. W e b s k y ; in erythrite b y M. H . B o y e , J . L i n d a k e r , 
J . F . Vogl , T. Pe t e r s en , a n d G. Ia Val le ; in fahlerz b y H . Pe l tze r , T. Pe t e r s en , 
F . S a n d b e r g e r , a n d A. H i lge r ; in. frigidite b y A. F u n a r o ; in gabbro b y L). F o r b e s , 
C. F . N a u m a n n , a n d O. K o t t i g ; in gneiss b y A. W . S te lzner ; J . A. S m y t h e , 
goslarite, epsornite, a n d melanterite ; in kdmmererite by J . B . P e a r s e ; in kiittigite 
by M. H . B o y e ; in lavendulite b y E . G o l d s m i t h ; in linnwite by T. P e t e r s e n ; in 
lithiophorite b y A. F r e n z e l a n d C. Wink l e r , a n d A. We i sbach ; in linionite 
b y F . P i s a n i ; in magnetite b y T. P e t e r s e n ; in marcasite b y B . K o s m a n n ; 
in moresnetite b y H . R i sse ; in nephrite b y A. K e n n g o t t ; in olivine, 
chrysolite, a n d peridote b y F . A. G e n t h , R . Beck , R . B e c k a n d R . H e r m a n n , 
W . B. v o n W a l t e r s h a u s e n , A. E r d m a n n , L . R icc i a rd i a n d S. Speciale , H . B . von 
Fou l lon , a n d W . J u n g ; in pennite b y R . H e r m a n n ; in picrolite by B . Si l l iman ; 
in n a t i v e platinum b y S. P . d e R u b i e s ; in pyrites b y T . L . W a l k e r , W . Gregory , 
M. H . B o y e , K . T . L iebe , J . B . M a c k i n t o s h , C. W . Dickson , F . S a n d b e r g e r , H . H a l m , 
A. K n o p , E . S. D a n a a n d B . J . H a r r i n g t o n , A. Hi lge r a n d L . Mutsch le r , A. S t r eng , 
K . Vrba , A. F u n a r o , a n d B . N e u m a n n ; in pyrolusite b y W . Gregory ; in pyrrhotite 
b y J . H . L . Vogt ; in schuchardtite b y A. Schrauf , a n d G. S t a r k l ; S. P . de R u b i e s 
in chromite, a n d in n a t i v e platinum ; i n serpentine b y R . H e r m a n n , J . L . Smi th 
a n d G. J . B r u s h , T . S. H u n t , E . v o n Fe l l enbe rg , a n d A. Cossa ; in pallasite by 
P . N . T s c h i r v i n s k y ; in stalactitic limestone b y B . K o s m a n n ; in talc b y F . S to lba , 
T. Schee re r a n d R . R i c h t e r , F . A. G e n t h , M. F . H e d d l e , a n d T. A. Bach m a n ; in 
tectites b y E . P r e u s s ; in b i smu th i f e rous tesserel pyrites b y W . R a m s a y ; in tetra-
hedrite b y W . Gregory ; in uranochalcite b y R . H e r m a n n ; in tvad by C. P . Wil l iams ; 
in wattevillite b y S. S inger ; a n d in wavellite b y A. Gages . W . B a k e r , O. Li. E r d m a n n , 
a n d H . W e i s k e obse rved nickel in some samp le s of commerc i a l lead a n d iron, a n d 
E . D . C a m p b e l l in A m e r i c a n p ig i rons . S. P . de R u b i e s r e p o r t e d 0-1 pe r cen t , of 
n icke l in n a t i v e p l a t i n u m f rom K i t b i m , U r a l s ; a n d t h e sub jec t w a s d i scussed by 
A. D a u b r e e . J . Sebel ien obse rved t h e p resence of sma l l p r o p o r t i o n s of nickel 
a n d c o b a l t i n s o m e a n c i e n t E g y p t i a n a n d M e s o p o t a m i a n b ronzes ; R . A. D a r t , 
a n d T. G. T revo r , 3 p e r cen t , of n ickel in a n a n c i e n t b r o n z e f rom t h e T r a n s v a a l . 

M a n y bas ic igneous rocks c o n t a i n smal l p r o p o r t i o n s of n ickel . T h u s : 5 2 

tn© t r app dyke t h a t outcrops a t the Hideau canal, Ontario, has O-612 per cent. Ni ; the 
serpentines of Quebec contain small proportions—O-15 to 0-26 per cent. NiO ; and a 
peridotite (dunose) from Brit ish Columbia has O-IO per cent. NiO. F . W. Clarke observed 
t h a t t he Massachusetts serpentines had 0-17 to 0-53 per cent . NiO ; Connecticut—horn­
blende norite, 0-9 per cent. ; New ^ifork—peridotite, 0-9 per cent. ; Pennsylvania— 
pyroxenite, 0-5 per c e n t . ; Nor th Carolina pyroxemite, O-11 per cen t . ; Kentucky— 
periodotite, O-IO per cent. ,- Missouri—granite, 0-20 per cent. , and a porphyry, 0-15 per 
cent . ; Texas—nepheline basalt , 0 0 6 per cent . ; Michigan—peridotite, 0-21 per cent. . 
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a n d a d i a b a s e , O-IO p e r c e n t . ; M i n n e s o t a — h y p e r s t h e n e g a b b r o , 0 0 6 per c en t - , a n d a n 
ol iv ine g a b b r o , O-16 p e r c e n t . ; Ye l l ows tone N a t i o n a l P a r k p y r o x e n e - m i c a - d i o r i t e , 0 0 9 
p e r c en t . , a q u a r t z - p y r o x e n e - m i c a d io r i t e , 0-05 p e r c e n t . , a n a l l g i t e - a n d e s i t e p o r p h y r y , 
0-06 p e r cen t . , a m o n z o n i t e , 0-10 p e r c e n t . , a q u a r t z - d i o r i t e p o r p h y r y , 0*19 p e r c e n t . , 
a q u a r t z - m i c a - d i o r i t e p o r p h y r y , 0-17 p e r c e n t . , a n d a b a n a k i t e d y k e , 0-14 p e r c e n t . ; 
M o n t a n a — h o r n b l e n d e p ic r i t e h a d 0-09 p e r c e n t . , p y r o x e n i t e , 0-11 p e r c e n t . , p e r i d o t i t e , 
0-16 p e r cen t . , a n d s h o n k i n i t e , 0-07 p e r c e n t . ; I d a h o d io r i t e , 0-12 p e r c e n t . ; C o l o r a d o — 
p o r o v s k i t e — m a g n e t i t e rock , 0-05 p e r c e n t . ; A r i z o n a — m i c a b a s a l t , 0-08 p e r c e n t . ; 
N e v a d a — a n d e s i t i c per l i to , 0-07 p e r c e n t . ; California——quartz d i o r i t e , 0-05 p e r c e n t . , 
a l t e r ed p e r i d o t i t e , 0-09 p e r c e n t . , d i o r i t e , 0-05 p e r c e n t . , g a b b r o , 0-06 p e r c e n t . , a n d 
p y r o x e n i t e , 0-11 p e r c e n t . ; O r e g o n — p e r i d o t i t e , 0-10 p e r c e n t . , o l iv ine , 0-26 p e r c e n t . , 
h y p o r s t h e n e — a u g i t o a n d e s i t e , 0-05 p e r c e n t . , a n d s e r p e n t i n e , O-13 p e r c e n t . ; a n d 
H a w a i i a n I s l a n d s — p i c r i t i c b a s a l t , 0-09 p e r c e n t . , p l ag ioc la se b a s a l t , 0-05 p e r c e n t . , 
p o r p h y r i t i c g a b b r o , 0-12 p e r c e n t . , o l iv ine b a s a l t , 0-08 p e r c e n t . , a n d o l iv ine , 0*34 p e r 
cen t . T h e s u b j e c t w a s d i scussed b y T . Gr. B o n n e y , a n d C S . R o s s a n d E . V . S h a n n o n . 

M. M a z a d e , 5 3 O. H e n r y , a n d H . J . H o m b e r g obse rved n icke l in t h e minera l 
water of Nerac , a n d R o n n e b y ; a n d S. S. Miholic s t u d i e d t h e sub jec t . A. M a r t i n i 
observed t h e presence of t r ace s of n ickel in m a n y p l a n t s . W . V e r n a d s k y d iscussed 
t h e sub jec t . J . S. M c H a r g u e also obse rved t h e occur rence of t r a c e s of n icke l a n d 
coba l t in soils, p l a n t s , a n d a n i m a l s . Nicke l also occurs in coa ls a n d in peats ; 
V. M. Go ldschmid t a n d C P e t e r s found i t in coals ; a n d , a cco rd ing t o E . de Golyer , 
i t occurs in pe t ro l eum. G. B e r t r a n d a n d M. M o k r a g n a t z found v e r y smal l p r o ­
po r t i ons of nickel a n d coba l t occur r ing in m o s t p l a n t s — v i d e t h e occur rence of coba l t . 
J . A. B u c h n e r a n d C. G. !Kaiser found n icke l t o be p r e s e n t in t h e a sh of some g u m 
benzoin ; K . K r a u t , a n d A. B r a u n , in t h e a s h of p e a t s a n d coals ; a n d G. T issand ie r , 
in some samples of a t m . d u s t . A. M a r t i n i obse rved t h a t n icke l is a n o r m a l con­
s t i t u e n t of bones ; a n d H . M. F o x a n d H . R a m a g e found nickel in some a n i m a l 
t i ssues . T h e foot of t h e Haliotis, for i n s t a n c e , h a d 0-004 p e r cen t , of n ickel b u t n o 
coba l t . Usua l ly t h e nickel is a c c o m p a n i e d b y a smal l p r o p o r t i o n of coba l t . 

R E F E R E N C E S . 
1 V. M. Goldschmidt , Geochemische Verteilungsgesitze der Elemente, Kr i s t i an ia , 1923 ; 

Videnskapsselskapets Schrift, 11, 1922 ; 3 , 1923 ; JDer Stojfwechsel der Erde, Kr i s t i an ia , 1922 ; 
Zeit. Elek'trochem., 28. 411 , 1 9 2 2 ; V. M. Goldschmidt a n d C. Pe t e r s , Nachr. Gott., 278, 1933 ; 
G. T a m m a n n , Zeit. anorg. Chem., 131. 96, 1923 ; 134. 269, 1924 ; R . A. Sonder , ib., 192. 257, 
1930 ; Zeit. Kryst., 57. 611 , 1923 ; T. Carnelley, Phil. Mag., (G),"18. 194, 1884 ; Ber., 17. 2287, 
1884 ; Chem. News, 50. 242, 1884 ; F . W. Clarke, The Data of Geochemistry, "Washington, 28, 
1920 ; F . W. Clarke a n d H . S. Wash ing ton , Proc. Nat. Acad., 8. 112, 1922 ; ^T he Composition of 
the Earth's Crust, Wash ing ton , 1924 ; I I . S. Wash ing ton , Trans. Amer. Inst. JMin. Eng., 89. 735, 
1903 ; Proc. Nat. Acad., 1. 574, 1915 ; Journ. Franklin Inst., 190. 777, 192O ; Bull. Nat. Research 
Council, 2. ii, 30, 1926 ; Journ. Washington Acad., 14. 434, 1924 ; Amer. Journ. Science, (4), 
38. 90, 1914 ; (5), 9. 351 , 1925 ; (5), 12. 272, 1926 ; E- !Dittler in F . Doelter , Handbuch der 
Mineralogie, Dresden, 3. ii, 965, 1 9 2 6 ; W. Vernadsky , La geochimie, Pa r i s , 16, 1 9 2 4 ; Centr. 
Min., 758, 1912 ; Essai de mineralogie descriptive, St . Pe t e r sbu rg , 1. 121, 740, 1914 ; Zeit. 
Kryst., 55. 173, 1915 ; A. E . F e r s m a n n , Bull. Acad. St. Petersburg, (6), 6. 367, 1912 ; K . K r a u t , 
Zeit. angew. Chem., 19. 1793, 1906 ; J . H . L . Vogt , Zeit. prakt. Geol., 6. 325, 1898 ; 7. 10, 274, 
1899 ; 14. 223, 1906 ; Econ. Geol., 18. 307, 1923 ; E . Herl inger , Eortschr. Min., 12. 253, 1927 ; 
A. von Antropoff, Sitzber. Nat. Hist. Ver. Rheinlands, 1, 1926 ; G. Berg, Metallwirtschaft, 9. 1, 
1930 ; Vorkommen und Geochemie der mineralischen Rohstoffe, Leipzig, 1929 ; W. a n d J. Noddack 
a n d O. Berg, Naturwiss., 13. 568, 1925 ; O. H a h n , ib., 14. 159, 1926 ; J . JoIy , The Surface 
History of the Earth, Oxford, 1925 ; W. Lindgren , Mineral Deposits, New York , 1913 ; Econ. 
Geol., 18. 419, 1923 ; P . Ponda l , Anal. Pis. Quim., 28. 488, 1930 ; P . Niggli, Geochemie und 
!Constitution der Atomkerne, Helsingfors, 50, 1928 ; Die leichtfiilchtigen Bestandteile im Magma, 
Leipzig, 5, 1920 ; Naturwiss., 9. 463, 1921. 

3 J . L. P rous t , Journ. Phys., 49. 148, 1799 ; A. Cornu, Ann. Scient. ticole Norm. Sup., (2), 
9. 2 1 , 1880 ; Journ. tfcole Polyt., 53. 175, 1883 ; Compt. Mend., 86. 101, 983, 1878 ; A. Sella, 
ib., 112. 171, 1891 ; A. de G r a m o n t , ib., 150. 37, 1910 ; A. Terrei l , Bull. Soc. Chim., (2), 25. 482, 
1876 ; T. Pe tersen , Neues Jahrb, Min., 836, 1867 ; E . Herl inger , Fortschr. Min., 12. 253, 
1927 ; W. Skey, Trans. New Zealand Inst., 18. 4 0 1 , 1885 ; R . A. A. J o h n s t o n , Summary Pep. 
Geol. Sur., Canada , 256, 1 9 1 1 ; G. C. Hoffmann, Amer. Journ. Science, (4), 19. 319, 1 9 0 5 ; 
G. S. J a m i e s o n , ib., (4), 19. 413 , 1905 ; W. H . Melville, ib., (3), 43. 509, 1892 ; W. J . Taylor , 
ib., (2), 24. 243, 1857 ; G. Berg, Vorkommen und Geochemie der mineralischen Rohstoffe, Leipzig, 
1929 ; S. Meunier, Les meteorites, Pa r i s , 102, 1884 ; Bull. Soc. Min., S. 153, 1880 ; W. W. Morgan 
and G. F a r n s w o r t h , Astrophys. Journ., 76. 299, 1933 ; E . Casoria, Ann. Rtg. Scuola Agric. 



N I C K E L 11 

Fortici, 7. 9, 1907 ; G. Pa r i s , Giorn. Viticolt. Enol., 14. 169, 1906 ; Staz. sperim. Agrar. Ital., 4 1 . 
321 , 1907 ; M. M. Pi l lans , Aslrophys. Journ., 80. 5 1 , 1934 ; H . A. Rowland , Preliminary Table 
of Solar Spectrum Wave-lengths, Chicago, 1 8 9 8 ; Johns Hopkins Univ. Circ, 85 , 1891 ; Amer. 
Journ. Science, (3), 4 1 . 243, 1891 ; Chem. News, 63. 133, 1891 ; F . McClean, Monthly Notices 
Astron. Soc.y 62 . 22, 1891 ; J . N . Lockyer , Phil. Trans., 163. 639, 1873 ; 172. 561 , 1881 ; Proc. 
Hoy. Soc., 21. 285, 1873 ; Compt. Rend., 86. 317, 1878 ; A. J . Angs t rom, Recherches sur Ie spectre 
normal du soleil, Upsa la , 1868 ; G. Kirchoff, Sitzber. Akad. Berlin, 63 , 1861 ; 227, 1863 ; 
G. E . Ha le a n d W. S. A d a m s , Astrophys. Journ., 25. 75, 1907 ; A. Albrecht , ib.,72. 65 , 1930 ; 
J?. S. Hogg , Journ. Astron. Soc. Canada, 23. 55, 1929 ; W. Crookes, Phil. Trans., 217. A, 411 , 
1918 ; J. a n d W. Noddack , Naturwiss., 17. 757, 1920 ; G. P . Merrill, Proc. Amer. Phil. Soc, 65. 
119, 1926 ; Astrophys. Journ., 58 . 195, 1923 ; 63 . 13, 1926 ; F . Behrend a n d G. Berg , Chemische 
Geologic, S t u t t g a r t , 1927 ; H . von Kli iber , Das Vorkommen der chemischen Elemente irn Kosmos, 
S t u t t g a r t , 1931 ; O. C. F a r r i n g t o n , Publ. Geol. Field Museum, 3 . 213, 1 9 1 0 ; H . N . Russel l , 
Mount. Wilson Conlr., 383, 1929 ; Astrophys. Journ., 63 . 1, 1926 ; J . S tebbins , Bull. Lick Obs., 
4 1 , 1903 ; O. D. Shane , ib., 10, 1920 ; G. F . Halo , F . E l l e r m a n n a n d J . A. P a r k h u r s t , Publ. 
Yerkes Obs., 2. 253, 1903 ; W. C. Rufus , Publ. Obs. Univ. Michigan, 2. 103, 1915 ; 
F . J . M. S t r a t t o n , Ann. Solar Phys. Obs. Cambridge, 4. 1, 1920 ; J . S torey , Monthly Not. Astron. 
Obs., 8 1 . 141, 1 9 2 0 ; H . M. Vernon , Chem. News, 61. 5 1 , 1 8 9 0 ; O. S t ruve a n d P. Swings, 
Astrophys. Journ., 75. 161, 1932 ; S. A. Mitchell , ib., 7 1 . 1, 1930 ; F . Heido, F . Herschkowi tseh 
a n d E . P reuss , Chemie Erde, 7. 483 , 1932 ; C. J . Kreiger , Astrophys. Journ., 79. 98, 1934. 

3 W. Campbel l and C. W. K n i g h t , Econ. Geol., 1. 767, 1 9 0 6 ; Eng. Min. Journ., 82. 909, 
1906 ; E . R. Bush , ib., 57. 245, 1904 ; W. G. Miller, ib., 76. 888, 1903 ; Rept. Ontario Bur. Mines, 
i, 96, 1 9 0 4 ; ii, 1, 1 9 0 5 ; A. P . Coleman, ib., i, 276, 1 9 0 3 ; i, 192, 1 9 0 4 ; iii, 17, 1 9 0 5 ; The 
Nickel Industry, O t t a w a , 1913 ; Journ. Geol., 5 1 . 759, 1007 ; Econ. Geol., 12. 427, 1917 ; Bull. 
Amer. Geol. Soc, 15. 551 , 1 9 0 4 ; R . Bell, ib., 2. 125, 1 8 9 0 ; Ann. Kept. Canada. Geol. Sur., (2), 
5. 1, 1891 ; T. L. Walker , Journ. Geol. Soc, 53 . 40, 1897 ; Amer. Journ. Science, ('S), 47. 312, 
1 8 9 4 ; Econ. Geol., 10. 536, 1 9 1 5 ; W. H . Goodchi ld , ib., 13. 137, 1 9 1 8 ; A. M. B a t e m a n , ib., 
12. 391 , 1917 ; M. A. !Dresser, ib., 12. 563, 1917 ; I>. H . Browne , ib., 1. 487, 1906 ; School Mines 
Quart., 16. 297, 1895 ; I i . M. R o b e r t s a n d R. I ) . Longyear , Trans. Amer. Inst. Min. Eng., 59. 
27, 1918 ; C W . !Dickson, ib., 34. 3, 1904 ; Journ. Canadian Min. Inst.. 9. 236, 1906 ; J . S. Leckie, 
ib., 6. 169, 1903 ; A. E . Bar low, ib., 9. 303, 1906 ; Econ. Geol., 1. 454, 545, 1906 ; G. F . K a y , 
Bull. U.S. Geol. Sur., 315, 1907 ; F . W. Clarke a n d C. Cat le t t , ib., 64, 1890 ; F . W. Clarke, ib., 
60, 1890 ; 5 9 1 , 1915 ; H . J . R idd le , Mineral Resources U.S. Geol. Sur., 17O, 1887 ; A. Liversidge, 
Minerals of New South Wales, Sydney , 275, 1882 ; 13. L e v a t , Mem. Assoc Franc. Science, 534, 
1887 ; J . G a m i e r , M4m. Soc Ing. Civils, 44 . 239, 1887 ; Compt. Rend., 86. 684, 1878 ; 
F . D. Power , Trans. Inst. Min. Met., 8. 427, 1900 ; F . Gi l lman, ib., 4. 159, 1896 ; L. P . Silver, 
Canadian Min. Rev., 21. 207, 1902 ; A. R. Ledoux , ib., 20. 84, 19Ol ; S. St . Clair, Min. Scient. 
Press, 109. 248, 1904 ; J . H . Collins, Journ. Geol. Soc, 44. 834, 1888 ; W. H . Collins. Trans. 
Roy. Soc. Canada, 28. 123, 1934 ; E . Weinschenk , Zeit. prakt. Geol., 15. 73 , 1907 ; J . H . I,. Vogt , 
ib., 1. 125, 357, 1 8 9 3 ; E . J>ittler, ib., 7. I l l , 1921 ; F . W. Voit , Jahrb. geol. Reichsanst. Wrien, 
50. 717, 190O ; H. B . von Foul lon , ib., 42. 223, 1892 ; W. L. Aus t in , Proc. Colorado Scient. Soc, 
5. 173, 1898 ; C. R. Keyes , Missouri Geol. Sur., 9. iv, 82, 1896 ; J . W. Gregory, Journ. Chem. 
Soc, 756, 1922 ; J . F . K e m p , Ore Deposits of the United States and Canada, New York , 61 , 1903 ; 
13. C. Davies , A Treatise on Metalliferous Minerals and Mining, London , 30, 1888 ; R . Beck, 
The Nature of Ore Deposits, New York , 4 1 , 1905 ; C. F . T o l m a n a n d A. F . Rogers , A Study 
of the Magmatic Sulphide Ores, S tanford , CaI., 1916 ; Eng. Min. Journ., 103. 226, 1917 ; 
W. Sehorns te in , Die Rolle kolloider Vorgange bei der Erz- und Mineral-Bildung insbesonderc 
auf den Eagerstdtten der hydrosilikatischen Nickelerze, Hal le a. S., 1927. 

4 P . Argal l , Proc. Colorado Scient. Soc, 4. 395, 1893 ; Report of the Royal Ontario Nickel 
Commission, T o r o n t o , 1917 ; Anon. , Dingier's Journ.l210. 75, 1873 ; G. Henr ickson, Tek. Tids., 
Dingier"s, 32. 18, 1902; K. Kojer , ib., 32. 21 , 1902 ; J . H . L. Vogt , ib., 32. 17, 1902; P . W. Hobbs , 
Ann. Rept. U.S. Geol. Sur., 22. ii, 7, 1903 ; C. W. Dickson, Trans. Amer. Inst. Min. Eng., 32. 505, 
1903 ; B . N e u m a n n , Berg., Halt. Ztg., 63. 177, 1904 ; R. G. Leckie , Iron Coal Trades Rev., 69. 
1269, 1 9 0 4 ; Trans. Canada. Min. Ins*., 6. 169, 1 9 0 4 ; Canada Min. Rev., 23. 151, 1905 ; 
W. E . H . Car ter , ib., 24. 34, 1 9 0 5 ; E . Glasser, Ann. Mines, (10), 4. 299, 363, 397, 1903 ; 
G. M. Colvocoresses, Eng. Min. Journ., 76. 816, 1904 ; A. P . Colemann, Rept. Ontario Bur. Mines, 
235, 1904 ; iii, 1, 1905 ; W. G. Miller, ib., ii, 1, 1905 ; T. G. Trevor , Mining Mag., 20. 120, 
1919 ; F . C. Calkins, Bull. U.S. Geol. Sur., 640, D , 1917 ; C W . K n i g h t , Report of the Royal 
Ontario Nickel Commission, To ron to , 140, 1917 ; F . W. Lee, Tech. Paper Bur. Standards, 10, 
1932 ; L. Weill , Genie Civil, 100. 483, 514, 1932 ; T. W. Gibson, Min. Ind., 32. 462, 1923. 

5 W. Borlase, Natural History of Cornwall, Oxford, 1758 ; J . H . Collins, Trans. Roy. Geol. 
Soc. Cornwall, 14. 341 , 1912 ; J . B . Hil l a n d 3D. A. MacAlister , Mem. Geol. Sur. England and 
Wales, 179, 1906 ; G. V. Wilson a n d J . S. F l e t t , Special Rept. Min. Resources Gnat Britain, 17, 
1921 ; 1>. C. Davies , A Treatise .on Metalliferous Minerals and Mining, London , 287, 1888 ; 
J . A. Phil l ips a n d H . Louis , A Treatise on Ore Deposits, London , 321 , 1896 ; W. G. R u m bold, 
Nickel Ores, London , 26, 1923 ; J . W. Gregory, Trans. Inst. Min. Met., 37. 178, 1928 ; J). Lci tch , 
ib., 37. 183, 1928 ; F . J. N o r t h a n d W. E . H o w a r t h , Proc. South Wales Inst. Eng., 44. 325, 1928. 

6 T. A. R icka rd , Trans. Amer. Inst. Min. Eng., 24. 424, 1894 ; W. J. Henwood, Trans. Roy. 
Geol. Soc Cornwall, 8. 517, 1871 ; A. Sella, Compt. Rend., 112. 171, 1891. 

7 E . F . P . Bas to , Rev. Chim. Pure Applicada, 5. 23 , 1930. 



12 INORaANIO AND THEORETICAL CHEMISTRY 
8 F . Gil lman, Trans. Inst. Min. Met., 4. 159, 1896 ; S. P . de Rubies , Arch. Sciences Geneve, 

(4), 4 1 . 475, 1916 ; M. Meissonier, Cotnpt. Rend., 83 . 229, 1876. 
8 R. Beck, The Nature of Ore Deposits, New York , 1905 ; M. Badoureau , Mimoire sur la 

metallurgie du nickel, Par i s , 1877 ; Ann. Mines, (7), 12. 237, 1877 ; Chem. News, 37. 94, 1878 ; 
L. Pa rod i , Met. HaL, 8. 355, 1916 ; P . Piepoli , Bull. Soc. Min., 57. 270, 1934. 

10 Anon. , Zcit. prakt. Oeol., 17. 271 , 1909 ; Bull. Imp. Inst., 14. 228, 1916. 
1 1 Anon. , Mining Journ., 125- 630, 1920 ; F . Beyschlag, J . H . L. Vogt and P . K r u s c h , Die 

Ixtgerstdtten der nutzbaren Mineralien und Gestiene, S t u t t g a r t , 2. 394, 1913 ; B . K o s m a n n , Berg. 
IIiitt. Ztg., 49. I l l , 1890; Metall Erz, 16. 115, 1919; H . B . von Foul lon , Jahrb. geol. Reichsanst., 
42. 223, 1892 ; B. N e u m a n n , Berg. Hixtt. Ztg., 63. 177, 1904 ; T. Bi lharz , Nickelerz Bergwerke, 
Schwarzwald, 1900 ; K. !Diesterweg, ib., Schwarzwald , 1900 ; K . Heusler , Sitzber. Niederrh. 
Ge^. Nat., 105, 1897 ; A. Schmid t , IIofer Anzeiger, 119, 1909 ; Erzbergbau, 83O, 1906 ; F . von K o -
bell, Sitzber. Akad. Wien, 396, 1868; M. Laspeyres , Zeit. Kryst., 25. 592, 1896; Nickelerz Berg-
tverk, Schwarzwald, 1 8 9 8 ; Verh. Naturhist. Ver. Rheinland, 48 . 194, 1 8 9 3 ; 50. 375, 1 8 9 5 ; 
M. Ullner, Oesterr. Zeit. Berg. IIiitt., 50. 816, 1902 ; K. Weinschenk, Zeit. prakt. Geol., 15. 73 , 
1907 ; M. D ickmann , Erzbergbau, 3 . 348, 1907 ; H . Wiinseh, Das Nickel en der W eltwirtschaft 
unter besonderer Beriicksichtigung Deutschland, KoIn , 1926 ; E . Heusler , Sitzber. Niederrh. Ges. 
Bonn, 67, 1887 ; J . I I . Aschermann , Zeit. Kryst., 32. 106, 1899 ; Beitrdge zur Kenntrtiss des 
Nickel vorkommens von Frankenstein in Schlesien, Breslau, 1897; G. !KaIb a n d E . Meyer, Centr. 
Min., 26, 1926 ; K . Sauer , Ber. Freiberger Geol., 8. 78, 1920 ; R. Beck, The Nature of Ore 
Deposits, New York, 349, 1905 ; Zeit. prakt. Geol., 10. 379, 1902; 27. 5, 1919 ; Zeit. deut. geol. 
Ges., 55. 296, 1904 ; C. W. Dickson, Journ. Canada,. Min. Inst., 9. 253, 1906 ; F . AhIfeld, 
Sitzber. Ges. Beford. Naturwiss. Marburg, 68. 93, 1933. 

1 2 Anon. , Mining Journ., 127. 144, 1922 ; J . A. Phil l ips, A Treatise on Ore Deposits, London . 
1896 ; G. 13orler, Bilder von den Kupferkies—Eagerstdtten bei Kitzbiihel, Wien, 1890 ; 
F . Beyschlag, J. H . L. Vogt a n d P . K r u s c h , Die Lagerstdtten der nutzbaren Mineralien und 
Gesteine, S t u t t g a r t , 2. 394, 1913 ; London , 1914 ; F . Schwarz , Berg. IIiitt. Jahrb., 78. 6O, 193O. 

1 3 .1. A. Phill ips, A Treatise on Ore Deposits, London , 1 8 9 6 ; R. Beck, The Nature of Ore 
Deposits, Now York, 1905 ; L . Sipocz, Ber., 19. 95 , 1886. 

14 JJ>. A. W r a y , Dept. Overseas Trad*, 46, 1921 ; F . Tucan , Centr. Min., 249, 1914. 
l a Anon. , Re.pt. National Federated Iron and Steel Manufacturers, 55, 1918 ; R. Beck, The 

Nature of Ore Deposits, New York , 38, 1905. 
1 0 R . S toren , Tids. Kjemi Berg., 11 . 95 , 1931 ; H. H . Smi th , Trans. Inst. Min. Met., 32. 35 , 

1922; F . Beyschlag, J . H . L. Vogt a n d P . K r u s c h , Die Eagerstdtten der nutzbaren Mineralien 
und Gestiene, S t u t t g a r t , 1913 ; London , 1914 ; .T. K. L. Vogt, Berg. IIiitt. Ztg., 52. 13, 1893 ; 
Tek. Tids., 32. 17, 1901 ; Zeit. prakt. Geol., 1. 125, 257, 1893 ; 2. 4 1 , 134, 173, 1894 ; 5. 335, 
1897 ; Anon. , Eng. Min. Journ., 89. 1271, 1909 ; O. Vogel, Met., 1. 242, 1904 ; G. Leckie, 
Canada Mining IUv., 23. 151, 1905 ; Iron Coal Trades Rev., 69. 1269, 1904. 

17 H . Viiyrynen, Acta Chem. Fennica, 7. 11 , 1934. 
1 8 Anon. , Eng. Min. Journ., 100 .300 , 759, 1915 ; H . W. Turner , Trans. Amer. Inst. Min. Eng., 

48. 118, 1914 ; G. G. Urazoff a n d M. M. Romanoff, Tzvet. Met., 5. 1136, 1930 ; F . Ulr ich, Veda 
Frirodni, 12. 1, 1 9 3 1 ; A. Ta lv insky , Bull. Geol. Frospecting Service U.S.S.R., 49. 120, 1 9 3 0 ; 
V. I . Tibo-Brignol , Trans. All Russia Science Tech. Congress, 6. I l l , 1928 ; V. A. Glazkoffsky, 
Inst. Mech. Treatment Ores, ltuss., 170, 1932 ; V. Zemmal , Sovetskaya Zolotopromuishlennost, 
3, 1933 ; N . A. Sha ldun , Tzvet. Met., 4 . 574, 1 9 2 9 ; E . K u z n e t z o v a , Bull. Geol. Frospecting 
Service U. S. S. R., 50. 265, 1931. 

1 9 H . K. Scot t , Journ. Iron Steel Inst., 87. i, 447, 1913 ; E . Rei t ler , Metallborse, 20. 2273, 
1930. 

20 N . Nakovn ik , Trans. Geol. Frospecting Service U.S.S.R., 50. 1173, 1931. 
2 1 J. As ton , Min. Ind., 22. 524, 1913 ; N . Penzer , Min. Mag., 18. 279, 1919. 
2 2 T. H . Hol land a n d L. L . F e r m o r , Rec. Geol. Sur. India, 46. 281 , 1925 ; E . IL Pascoe , ib., 

64. 412, 1931. 
2 3 Anon. , Min. Journ., 125. 328, 1920 ; Board Trade Journ., 104. 436, 615, 651 , 1918 ; Journ. 

Soc. Arts, 70. 157, 1922. 
2* Anon. , Iron Coal Trades Rev., 97. 454, 1918. 
588 B . N . Nasledoff, Tzvetnuie Metal, 1205, 1931 ; T. T. R e a d , Trans. Arner. Inst. Min. Eng., 

4 3 . 3 , 1912 ; Anon. , Canada. Chem. Met., 6. 4 3 , 1922 ; M. Duclos, Colliery Guard., 75. 304, 1898 ; 
La Mission Lyonnaise d" exploration cornmerciale en Chine, Lyons , 283 , 1898 ; C Y. Wang , 
The Mineral Resources of China, T ien ts in , 54, 1922. 

8 6 M. K u h a r a , Mem,. Coll. Kyoto, 2 . 101 , 1921. 
27 W. E . P r a t t , Trans. Amer. Inst. Min. Eng., 53 . 90, 1915. 
2 8 J . Gamie r , Ann. Mines, (6), 12. 1, 1867 ; Compt. Rend., 82. 1454, 1876 ; 86. 684, 1878 ; Bull. 

Soc. Ind. Min., (1), 15. 3 0 1 , 1870 ; Bull. Soc. Enc. Nat., Ind., (3), 3. 412, 1876 ; Monit Scient., 
(3), 6. 857, 1 8 7 6 ; G6nie Civil, 19. 196, 1891 ; 20. 366, 1891 ; Mem. Soc. Ing, Civils, 44. 239, 
1878 ; 55- 244, 1887 ; Bull. Soc. Ge'ol., 2 4 . ^ 3 8 , 1867 : Chem. News, 76. 40, 1876 ; P . G. W. T y p k e , 
ib., 76. 193, 1876 ; T. Moore, CJtem. News, 62. 180, 1890 ; 70. 279, 1894 ; C. Be r the lo t , Chim. 
Ind., 29. 718, 1933 ; W. von SeIve, Zeit. Metallkunde, 20. 27, 1928 ; Anon . , Eng. Min. Journ.. 
69. 735, 1900 ; 110. 20, 1920 ; W. S. Miller, Canadian Min. Journ., 305 , 1920 ; W. T. Gibson, 
Min. Ind., 28. 486, 1919 ; E . H e u r t e a u , Ann. Mines, (7), 9. 232, 1876 ; F . Glasser, ib., (10), 4 . 
363 , 397, 1903 ; Canada Geol. Sur., 14. 147, 1905 ; M. P i r o u t e t , Bull. Soc. G&ol., (4), 3 . 155, 

Re.pt


NICKEL, 13 

1903 ; F . D . Power , Trans. Inst. Min. Met., 8. 44, 426, 1900 ; A. Be rna rd , L'Archipel de la 
Nouvelle-CalSdonie, Pa r i s , 1 8 9 5 ; F . Benoi t , Bull. Soc. Jnd. Min., (3), 6- 753, 1892 ; L . Pe l a t an , 
Ginie Civil, 18. 373, 1891 ; G. M. Colvocoresses, Eng. Min. Journ., 84. 532, 582, 1907 ; 
G. LMeterich, Zeit. Ver. deut. Ing., 51 . 1805, 1858, 1908 ; A. Livers idge, Journ. Chern. Soc, 
27. 613 , 1874 ; Proc. Boy. Soc. New South Wales, 14. 231 , 1880 ; T. Ulke , Eng. Mag., 16. 215, 
4 5 1 , 1899 ; G. Henr iksen , Teh. Tids., 82. 18, 1901 ; R. G. Leckie , Journ. Canada Mining Inst., 
6. 169, 1903 ; G. Die ter ieh , Zeit. Ver. deut. Ing., 51 . 1805, 1858, 1907 ; A. P . Coleman, Bept. 
Canada. Dept. Mines, 17O, 1 9 1 4 ; T. L . Walker , Amer. Journ. Science, (4), 37. 170, 1914 ; 
D . L e v a t , Compt. Rend. Assoc. France, 16. ii, 534, 1887 ; Ann. Mines, (9), 1. 141, 1892 ; 
P . Chr i s toae a n d H . Boui lhe t , Compt. Bend., 83. 29, 1876 ; M. La roche a n d C. P r a t , Dingier's 
Journ., 285. 444, 188O ; T. B . R e a d m a n , Proc. Boy. Soc. Edin., 119. 65 , 1886; R . Contal , Rev. 
Met., 24. 646, 1927. 

2 9 Beport on the Mineral Industry of Egypt, Cairo, 1922. 
3 0 Anon. , U.S. Commercial Beport, 136, 1920. 
8 1 Anon . , Bull. Econ. de Madagascar, i, 19, 192O. 
3 3 Anon. , Bull. Imp. Inst., 14. 228, 1916. 
3 3 W. H . Goodchild, Trans. Inst. Mtn. Met., 26. 14, 1916 ; A. L. clu Toit , Ann. Bept. Geol. 

Commis. Cape of Good Hope, 15. I l l , 1910 ; Geol. Sur. Union South Africa, 25 , 1917 ; T. G. Trevor , 
Mining Mag., 20. 120, 1919 ; Bull. Ind. Pretoria, 26. 9, 1919 ; South African Journ. Ind., 532, 
1920 ; J . A. Or t l epp , Journ. Chem. Met. Min. Soc. South Africa, 23. 23 , 1922 ; J . A. L. Or t lepp , 
ib., 29. 233, 1 9 2 9 ; E . R. Schoch, ib., 29. 150, 1 9 2 9 ; S. A. Nickel a n d Talc Mines L td . , South 
African Min. Journ., 30. 675 , 1921 ; F . E . K e e p , Trans. Geol. Soc. South Africa, 32. 103, 1930 ; 
A. L . Ha l l , ib., 27. 57, 1924 ; R . 1). Hoffman, Econ. Geol., 26. 202, 1931 ; B . Light foot , Proc. 
Bhodesia Science Assoc, 30. 45 , 1931. 

8 4 C. J . Gray , Beport on the Mining Industry of Natal, P i e t e rmar i t zbu rg , 21 , 1899. 
3 5 M. B . Baker , Ann. Bept. Ontario Bur. Mines, 258, 1917 ; W. H . Collins, Trans. Boy. Soc. 

Canada, (3), 28. 123, 1934 ; J . G. Cross, Canadian Min. Journ., 25. 270, 1922 ; R . W. El ls , 
Summary Bept. Geol. Sur. Canada, 156, 1903 ; C. E . Cairnes, ib., 2066, 1924 ; W. E . Cockfield 
a n d J . F . Walke r , ib., 2350, 1933 ; H . C. Cook, ib., 26, 1921 ; W. S. McCann, ib., 19, 1920 ; 
R . J . Colony, Trans. Canada. Inst. Mines, 23. 862, 1920 ; J . S. I>el, ib., 23, 899, 192O ; 
A. P . Coleman, Bep. Ontario Bur. Mines, 235, 1 9 0 4 ; The Nickel Industry, O t t a w a , 1 9 1 3 ; 
Econ. Geol., 19. 5(i5, 1924 ; A. P . Coleman, E . S. Moore a n d T. L. Walker , Univ. Toronto Geol. 
Studies, 28, 1929 ; J . F . K e m p , Ore Deposits of the United States and Canada, New York , 1903 ; 
A. Mur ray , Canada Geol. Sur., 168, 176, 1856 ; H . E . Boeko, Mitt. Naturfor. Ges. Halle a. S., 
3. 1, 1913 ; R . Bell, Canada Geol. Sur., 1, 1891 ; Bull. Amer. Geol. Soc, 2. 125, 1891 ; T. L. Walker , 
Geological and Petrological Studies of the Sudbury Nickel District, Canada, London , L897 ; Arner. 
Journ. Science, (3), 47 . 312, 1893 ; Journ. Geol. Soc, 53. 40, 1897 ; T. G. J ionney, ib., 44. 32, 
1 8 8 8 ; H . B . von Foul lon, Jahrb. Geol. Beichsanst. Wien, 223, 1892; E . Pe te r s , Trans. Amer. Inst. 
Min. Eng., 18. 278, 1 8 9 0 ; J . H . L. Vogt , Nikkei rorkomester og Nikkelprodnktion, Kr i s t i an ia , 
1892 ; J . T). F rossa rd , The Nickel Ores of Sudbury, Canada, L o n d o n , 1893 ; A. O. Bur rows and 
H . C. R i c k a b y , Ann. Bept. Ontario Dept. Mines, 38, 1930 ; B . Low, Eng. Min. Journ., 130. 115, 
1 9 3 0 ; M. N . S h o r t a n d E . V. S h a n n o n , Amer. Min., 15. 1, 1 9 3 0 ; W. G. Miller, B.A. Bep.. 
660, 1 8 9 8 ; Bep. Canada Bur. Mines, ii, 1, 1 9 0 5 ; T. Ulke , Eng. Mag., 16. 215, 4f>J, 1 8 9 9 ; 
K . Kojer , Tek. Tids., 32. 21 , 19Ol ; W. E . H . Carter, Canada Mining Bev., 24. 34. 1905 : 
C. W. Dickson, ib., 26. 144, 1 9 0 6 ; A. E . Bar low, Journ. Canada. Inst. Min., 9. 3, 19Ol ; 
Ottawa Naturalist, 5. 5 1 , 1891 ; Ann. Bep. Geol. Sur. Canada, 14. 5, 1906 ; Econ. Geol., 1. 454, 
1 9 0 6 : D . H . B r o w n e , ib., 1. 467, 1906 ; W. Campbel l a n d C. W. K n i g h t , ib., 2. 350, 1907 ; 
C. F . T o l m a n and A. F . Rogers , Eng. Min. Journ., 103. 226, 1917 ; C. W. K n i g h t , Report of the 
Boyal Ontario Nickel Commission, T o r o n t o , 140, 1917 ; J . D r v b r o u g h , Trans. Canada. Inst. Min. 
Met., 157, 1931 ; F . W. Clarke a n d C. Ca t l e t t , Bull. U.S. Geol. Sur., 64, 1890 ; Chem. News, 67. 
53 , 1893 ; P . G. W. T y p k a , ib., 34. 193, 1877 ; A. G. Wa t son , Ontario Dept. Alines, 37. iv, 128, 
1929 ; J . Gal ibourg , Bev. Met., 24. 627, 1927. 

3 6 J . P . Howley , Mineral Besources of Newfoundland, St. J o h n , 8, 1909. 
3 7 E . S. Bas t in , Bull. U.S. Geol. Sur., 735, E , 1922 ; T. L. Wa t son , Trans. Amer. Inst. Min. 

Eng., 38. 683, 1907 ; W. L indgren , Mineral Deposits, New York , 746, 1913 ; W. Lindgren and 
W. M. I>avy, Econ. Geol., 19. 309, 1924 ; J . F . K e m p , Ore Deposits of the United States and 
Canada, N e w York , 1903 ; Trans. Amer. Inst. Min. Eng., 24. 62O, 1894 ; A. G Char l ton , Proc. 
Colorado Scient. Soc, 4. 420, 1893 ; W. L. Aus t in , ib., 4 . 373, 1892 ; 5. 173, 1896 ; F . W. Clarke, 
Amer. Journ. Science, (3), 85 . 483, 1 8 8 8 ; G. F . K a y , Bull. U.S. Geol. Sur., 315, 1907 ; 
F . C. Calkins, ib., 64O, 1916 ; A. F . B u d d i n g t o n , Econ. Geol., 19. 521 , 1924 ; S. B . Newber ry . 
Amer. Journ. Science, (3), 28. 122, 1884 ; AV. Hood , Min. Mag., 5. 193, 1883 ; C. S. Ross a n d 
E . V. S h a n n o n , Amer. Min., 11. 90, 1926 ; W . M. Agar , Amer. Journ. Science, (5), 19. 185, 193O ; 
J . Gal ibourg , Bev. MU., 24. 627, 1927 ; G. W . Pawel , Eng. Min. Journ., 136. 459, 1935. 

8 8 J . G. Aguilera, The Mexican Year Book, London , 486, 1910. 
3 9 C. R . F e t t k a a n d B . H u k k a r d , Trans. Amer. Inst. Min. Eng., 61. 97, 1919. 
4 0 E . F . Cone, Min. Ind., 29. 385, 1920 ; A. C. Spencer , Bull. U.S. Geol. Sur., 340, 1908 ; 

Trans. Amer. Inst. Min. Eng., 51. 23O, 1911 ; J . S. Cox, ib., 42. 88, 1911 ; C. W. H a y e s , ib., 
42. 109, 1911 ; J . F . K e m p , ib., 51 . 3 , 1915 ; C. R. H a y w a r d , Chem. Met. Engg., 26. 261 , 1922 ; 
D . E . Woodbr idge , Canada Min. Journ., 32. 738, 1911. 

« Anon . , U.S. Comm. Kept., 236, 1918. 



14 INORGANIC AND THEORETICAL CHEMISTRY 
4 2 B . B. Miller and J . T. Singewald, The Mineral Deposits of South America, New York , 

1 9 1 9 ; F . W. Freise, Metall Erz, 28. 295, 1931 ; H . Becquerel , Compt. Rend., 93. 794, 1881 ; 
A. Guerreiro, Rev. Chim. Ind. Rio de Janeiro, 4. 140, 183, 1935. 

4 3 W. J . Henwood, Trans. Roy. Soc. Cornwall, 8. 121, 1871. 
4 4 B . L. Miller and J . T. Singewald, The Mineral Deposits of South America, New York , 1919. 
45 C. P . Williams, Journ. Franklin Inst., 89. 159, 1870 ; Chem. News, 21. 237, 1870. 
4 6 B. Duns tan . Queensland Govt. Min. Journ., 1. 190, 229, 1921. 
4 7 E . F . P i t t m a n n , Mineral Resources of New South Wales, Sydney , 1901. 
4 8 A. G. Whi te , Min. Mag., 12. 103, 1915 ; G. A. Waller , Rept. to Sec. Mines Tasmania, 64, 

1 9 0 2 ; W. H . Twelvetrees a n d B. K. W a r d , Bull. Tasmania Geol. Sur., 8, 1910 ; Anon. , Eng. 
Min. Journ., 78. 95, 382, 1904. 

40 W. Skey, Trans. New Zealand Inst., 18. 401 , 1885 ; G. H . F . Ulr ich, Journ. Geol. Soc., 46. 
619, 1890. 

50 E . D. Loncy, Canadian Min. Journ., 51. 545, 1930 ; W. G. Runibold , Nickel Ores, London , 
1923 ; K. A. Wra igh t , Mining Journ., 84. 526, 1921 ; E . H . Robie , Eng. Min. Journ., 109. 124, 
1920 ; H . R. Aldrich a n d J . Sehmuckler , Bull. War Industries, 34, 1919 ; W. F . Su ther land , 
Power House, 12. 29, 1 9 1 9 ; T. W. Gibson, Min. Ind., 27. 506, 1 9 1 8 ; R. Meeks, ib., 16. 733, 
1907 ; C. C. von Schlicton, ib., 25. 523, 1916 ; J . Ash ton , ib., 2A. 517, 1915 ; E . B . Biggar, Chem. 
News, 116. 133, 1917 ; F . B. Hess , Mineral Resources U.S.A., 745, 1917 ; A. 1\ Coleman, Bull. 
Canada Bur. Mines, 170, 1913 ; F . Kru l l , Zeit. angew. Chem., 18. 84, 1905 ; J. H . L. Vogt, 
Aar. Tek. XJkbl., 96. 147, 1911 ; Report of the Royal Ontario Nickel Commission, Ontar io , 1917 ; 
I-T. Wiinch, Das Nickel in der Weitwirtschaft, KoIn , 1920 ; H . Carlborg, Jernkontorets Ann., (2), 
84. 493, 1 9 2 9 ; P . D. Merica, Bull. Canadian Inst. Min. Met., 173, 641 , 1926 ; Metal Ind., 29. 
56, 98, 1926. 

5 1 A. Arzruni , Zeit. Kryst., 2. 430, 1878 ; Neues Jahrb. Min., 860, 1878 ; B. Azema, Bull. 
Soc. Min., 36. 133, 1913 ; I . A. B a c h m a n , Amer. Chem. Journ., 10. 45 , 1888 ; Wr. Baker , Journ. 
Chem. Soc, 17. 377, 1864 ; E . Bechi , Journ. prakt. Chem., (1), 58 . 334, 1853 ; Amer. Journ. Science, 
(2), 14. 62, 1852 ; R. Beck, Zeit. prakt. Oeol., 10. 379, 1902; R . Beck and R. H e r m a n n , Journ. 
prakt. Cliem., (1), 46. 222, 1849 ; T. G. Bonney , Geol. Mag., (4), 4 . 110, 1897 ; H . B o w m a n , Chem. 
News. 23. 19, 1871 ; M. H . Boye, Journ. prakt. Chem., (1) ,56. 252, 1852 ; Amer. Journ. Science, (2), 
13. 219, 1852; A. Bre i t haup t , Pogg. Ann., 11. 127, 1849 ; S. G. T. B r y a n , Chem. News, 36. 167, 1877 ; 
E . IX Campbell , Journ. Iron Steel Inst., 68. ii, 371 , 1905 ; A. Cossa, Bull. Soc. Chim., (2), 31 . 130, 
1879 ; E . S. D a n a and B . J . Ha r r i ng ton , Amer. Journ. Science, (3), 11. 386, 1876 ; R. A. Barf, 
Nature, 113. 888, 1924; A. Daubree , Compt. Rend., 81. 854, 1872; 82. 1116, 1872 ; C. W. Dickson, 
Ocsterr. Zeit. Berg. IIiitt., 50. 506, 1902 ; Eng. Min. Journ., 73 . 66O, 1902 ; A. E r d m a n n , Oefvers. 
Akad. Stockholm, 9. 238, 1852; O. L. E r d m a n n , Journ. prakt. Chem., (1), 97. 120, 1866; C. B. Faber , 
ib., (1), 56. 383, 1852; Amer. Journ. Science, (2), 13. 418, 1852; E . von Fel lenberg, Journ. prakt. 
Chem., (1), 101. 38, 1867 ; D. Forbes , Phil. Mag., (4), 29. 5, 1865 ; H . B . von Foul lon, Jahrb. Oeol. 
Reichsanst., 42. 223, 1892 ; A. Frenzel , Neues Jahrb. Min., 516, 1872 ; A. Frenzel and C. Winkler , 
Journ. prakt. Chem., (2), 4. 197, 1865 ; Neues prakt. Chem., 219, 1872; A. F u n a r o , (Jazz. Chim. 
Ital., 11. 187, 1881 ; A. Gages, Amer. Journ. Science, (2), 28. 143, 1859; A. F . Genth , IAeMg1S Ann., 
66. 19, 1858 ; Amer. Journ. Science, (2), 23. 418, 1857 ; E . Goldsmi th , Proc. Acad. Philadelphia. 
192, 1877 ; Zeit. Kryst., 3 . 99, 1879 ; "W. Gregory, Liebig's Ann., 63. 277, 1847 ; 64. 100, 1848 ; 
A. Guyard , Bull. Soc. Chim., (2), 22. 61 , 1874 ; H . H a h n , Berg. IIiitt. Ztg., 29. 65, 1 8 7 1 ; 
W. N . Har t l ey and H . R a m a g o , Journ. Chem. Soc, 61. 533, 1897 ; Proc. Chem. Soc, 13. 11, 
1897 ; M. F . Heddle , Min. Mag., 2. 9, 106, 1878 ; Zeit. Kryst., 3 . 333, 1879 ; B. H e r m a n n , Journ. 
prakt. Chem., (1), 102. 405, 1867; A. Hilger, Pogg. Ann., 124. 500, 1865; A. Hi lge rand L. MutschTcr, 
lAebig's Ann., 185. 208, 1877; W. F . Hi l lebrand , Amer. Journ. Science, (3), 27. 349, 1884; Zeit. 
Kryst., 10. 40O, 1885; G. C. Hoffmann, Amer. Journ. Science, (3), 45. 75 , 1893; (4), 19. 319, 1904; 
H . How, Zeit. Kryst., 3 . 109, 1879; Min. Mag., 1. 257, 1877; 2. 134, 1878; T. S. H u n t , Amer. 
Journ. Science, (2), 25. 411 , 1858 ; W. J u n g , Neues Jahrb. Min., 831, 1863 ; G. A. K e n n g o t t , ib., 
293, 1871 ; A. K n o p , ib., 520, 1873 ; F . von Kobel l , Journ. prakt. Chem., (1), 104. 315, 1868 ; 
O. K o t t i g , ib., ( I ) , 48. 183, 1849; B . K o s m a n n , Neues Jahrb. Min., ii, 16, 1884; K. T. Lie bo, ib., 
840, 1871 ; J . Bindaker , Amer. Journ. Science, (2), 25. 407, 1858; B . W. McCay, Beitrag zur Kennt-
niss der Kobalt-, Nickel-, und Eisenkiese, Fre iberg , 1883 ; Zeit. Kryst., 9. 606, 1884 ; J . B. Mackin­
tosh , Chem. News, 58. 200, 1888; C. F . N a u m a n n , Journ. prakt. Chem., (1), 48. 256, 1849; B . Neu­
m a n n , Berg. IIiitt. Ztg., 63. 177, 1904 ; J . B . Pearse , Amer. Journ. Science, (2), 37. 221 , 1864 ; 
H . Pel tzer , Liebig's Ann., 126. 337, 1 8 6 3 ; T. Pe te r sen , Pogg. Ann., 180. 64, 1867; Neues Jahrb. 
Min., 836, 1867 ;' 749, 1868 ; F . P isani , Compt. Rend., 60. 919, 1865 ; E . Preuss , Naturwiss., 22. 
480, 1934 ; W. R a m s a y , Journ. Chem. Soc, 29. 153, 1876 ; L. Ricciardi a n d S. Speciale, Oazz. Chim. 
Ital., 11. 379, 1881 ; H . Risse, Neues Jahrb. Min., 596, 1866 ; G. Rose, Pogg. Ann., 84. 589, 1851 ; 
S. P . de Rubies , Arch. Sciences Geneve, (4), 41. 475, 1916 ; BoI. Soc. Espan. Hist. Nat., 17. 143, 
1 9 1 7 ; J . Rumpf, Neues Jahrb. Min., 976, 1 8 7 4 ; F . Sandberger , ib., 584, 1 8 6 5 ; 207, 1 8 6 9 ; 
167, 1877 ; T. Scheerer and R. R ich te r , Pogg. Ann., 84. 340, 368, 395, 1851 ; W. Schornste in , 
AbJi. 2>raM. Geol. Bergwirtsch., 9. 1, 1927 ; A. Schrauf, Zeit. Kryst., 6. 386, 1882 ; J . Sebelien, 
Nature, 113. 100, 1924 ; B . Sil l iman, Amer. Journ. Science, (2), 8. 377, 1849 ; S. Singer, Zeit. 
Kryst., 5. 606, 1881 ; Beitrdge zur Kenntniss der am Bauersberge bei Bischofsheim von der Rhon 
vorkommenden Sulfate, W u r z b u r g , 1879 ; J . L. Smi th a n d G. J . B r u s h , Journ. prakt. Chem., (1), 
61 . 174, 1854 ; Amer. Journ. Science, (2), 15. 212, 1853 ; (2), 16. 366, 1853 ; J . A. S m y t h e , 
Vasculum, 19. 12, 1 9 3 3 ; G. S ta rk l , Zeit. Kryst., 8. 239, 1884 ; A. W. Stelzner, Neues Jahrb. 



NICKEL 15 
Min., 587, 1863 ; F . S to lba , Chem. Centr., (3), 11. 396, 1 8 8 0 ; A. Strong, Neues. Jahrb. Min., 
925, 1878 ; T. G. Trevor , Journ. Chem. Met. Mining Soc. South Africa, 12. 267, 1912 ; 
G. Tsche rmak , Neues Jahrb. Min., 954, 1866 ; P . N . Tschirvinsky, Bull. Inst. Petrograd, 5. 387, 
1917 ; H . Vay rynen , Suomen. Kem., 7. U , 1934 ; G. Ia Valle, Atti Accad. Lincei, (5), 7. ii, 68, 
1898 ; J . F . Vogl, Gangverhaltnisse und Mineralreichtum J oachimstahls, Tepli tz , 1857 ; Econ. 
Oeol., 18. 307, 1923 ; J . H . L . Vogt , Berg. Hutt. Ztg„ 52. 13, 1893 ; K . Vrba , Neues Jahrb. Min., 
130, 1879 ; Zeit. Kryst., 3 . 19O, 1 8 7 9 ; T. L. Walker , Amer. Journ. Science, (3), 47. 312, 1894 ; 
W. S. von Wal te r shausen , Sitzber. Akad. Wien, 14. 290, 1854 ; M. Websky , Neues Jahrb. Min., 
351, 1870 ; A. Woisbach, ib., 846, 1878 ; 255, 1882 ; H . Weiske, Journ. prakt. Chem., (1), 98 . 
479, 1866 ; C. P . Wil l iams, Chem. News, 21. 237, 1870 ; H . W u r t z , Zeit. Kryst:, 3 . 599, 1879 ; 
Eng. Min. Journ., 27. 55 , 1879. 

5 2 F. W. Clarke, Bull. U.S. Geol. Sur., 591 , 1915 ; E . J . C h a p m a n , Geology of Canada, Toron to , 
472, 1863 ; W. J . Miller, Ontario Bur. Mines, 7. 233, 1897 ; Report of the Royal Ontario Nickel 
Commission, Toron to , 1917 ; F . J . Pope , Trans. Amer. Inst. Min. Eng., 29. 397, 1899 ; 
T. G. Bonney , Geol. Mag., (4), 4. 110, 1897 ; C. S. Ross a n d F . V. Shannon , Amer. Min., 11. 9O, 
1926. 

0 3 M. Mazade, Compt. Rend., 34. 479, 1852 ; G. Tissandier , ib., 83 . 75 , 1876 ; O. Hen ry , 
Journ. Rharm. CMm., (3), 24. 305, 1853 ; E . do Golyor, Econ. Geol., 19. 550, 1924 ; M. J . Horn-
berg, Journ. prakt. Chem., (1), 80. 390, 1860 ; H . M. F o x a n d H. R a m a g e , Nature, 126. 682, 1930 ; 
G. B e r t r a n d a n d M. Mokragna tz , Bull. Soc. Chim., (4), 37. 554, 1925 ; (4), 47. 326, 1930 ; Compt. 
Rend., 179. 1566, 1924 ; A. Mar t in i , Mikrochem., 7. 235, 1929 ; 8. 4 1 , 1930 ; S. S. Miholic, Bull. 
Soc. Chim. Yougoslav., 4. 107, 1933 ; V. M. Goldschmid t a n d C. Pe te r s , Nachr. GoU., 371 , 1933 ; 
W. Vernadsky . Compt. Rend., 175. 382, 1922 ; J . S. McHargne , Journ. Agric. Research, 30. 193, 
1925 ; Journ. Ind. Eng. Chem., 19. 274, 1927 ; K . K r a u t , Zeit. angew. Chem., 19. 1793, 1906 ; 
J . A. Buchne r and C. G. Kaiser , Repert. Pharm., 22. 435 , 1825 ; A. B r a u n , JPogg. Ann., 92. 175, 
1854. 

§ 3. The Extraction of Nickel 
Nicke l w a s e x t r a c t e d on a c o m m e r c i a l scale a t Sehneebe rg , S a x o n y , a n d t h e 

chief ores were t h e a rsenica l mine ra l s a s soc ia t ed w i t h t h e c o b a l t depos i t s of S a x o n y 
a n d B o h e m i a . I n 1838, a p l a n t for w o r k i n g t h e Swedish p y r r h o t i c ores w a s 
erec ted , a n d soon a f t e r w a r d s N o r w a y b e g a n p r o d u c i n g t h e m e t a l f rom s imi la r ores 
c a r r y i n g 1-4 t o 1-7 p e r cen t , of n ickel , a n d N o r w a y b e c a m e t h e m a i n source of t h e 
w o r l d s s u p p l y . I n 1877, t h e N o r w e g i a n ores were supe r seded b y t h e garn ie r i t i c 
ores f rom N e w Caledonia ; in 1886, C a n a d a b e c a m e a c o m p e t i t o r w i t h p y r r h o t i c 
ores, a n d , s ince 1905, she h a s been t h e m a i n p r o d u c e r for t h e wor ld ' s m a r k e t . 

T h e m e t h o d s of e x t r a c t i n g n ickel v a r y acco rd ing t o t h e t y p e of ore e m p l o y e d — 
su lph ide , a r sen ide , or hydros i l i ca t e . T h e ores furnish nickel , a n d in t h e t w o former 
cases , copper . I n a d d i t i o n t h e r e a r e in some cases t h e b y - p r o d u c t s coba l t , gold, 
si lver, a n d t h e p l a t i n u m m e t a l s t o be r ecovered . S o m e ores c o n t a i n m e r c u r y . 

T h e S u d b u r y ores a r e h a r d a n d c o m p a c t so t h a t t h e ore is m i n e d w i t h o u t special 
difficulty, a n d m a i n l y b y u n d e r g r o u n d work ings . T h e ore is c r u shed a n d t h a t 
p o r t i o n w h i c h passes 1-inch t r o m m e l holes is k n o w n as fine. Th i s a m o u n t s t o 
a b o u t 30 p e r cen t , of t h e ore m i n e d . T h e ore is t h e n ca r r i ed on p i ck ing bel ts , 
w h e r e t h e so-cal led rock is p i cked o u t b y h a n d . T h e rock t h u s d i sca rded a m o u n t s 
t o a b o u t 19 p e r cen t , of t h e m a t e r i a l h o i s t e d f rom t h e m i n e s . T h e d i s ca rded rock 
car r ies a b o u t 0-62 p e r cen t , of n icke l , a n d a b o u t 0*60 p e r cen t , of copper , whi le t h e 
ore ca r r ies 3-58 p e r cen t , of n ickel a n d 1-58 p e r cen t , of copper . T h e r i cher ore is 
d i r ec t l y sme l t ed , whi l s t t h e lower g r a d e ore h a s t o be c o n c e n t r a t e d before s m e l t i n g . 
T h e N e w Caledonia ore is fr iable a n d t h e d e p t h of t h e w o r k a b l e ore is r e s t r i c t ed t o 
d e p t h s of 25 t o 30 feet so t h a t t h e y a r e o b t a i n e d f rom open p i t s . T h e ore is p i cked 
or b a r r e d d o w n , a n d t h e n s o r t e d . T h e p a y a b l e p o r t i o n is g a t h e r e d i n t o h e a p s 
a n d t h e n t r a n s p o r t e d for s h i p m e n t , or o t h e r t r e a t m e n t , a n d t h e w a s t e is t r a m m e d 
t o a d u m p . F l o t a t i o n m e t h o d s of c o n c e n t r a t i o n a r e n o t in g e n e r a l use a t S u d b u r y , 
or N e w Caledonia . M a g n e t i c c o n c e n t r a t i o n h a s been t r i ed b y C. E . H u g o n i o t , 1 

a n d Gr. C. Mackenz ie ; oil flotation w a s t r i e d b y H . E . T. H a u l t a i n , b u t t h e resu l t s 
were n o t successful . 

Q u i t e a n u m b e r of p a p e r s 2 h a v e b e e n w r i t t e n on t h e e x t r a c t i o n of nickel ; 
a n d t h e r e a r e also a n u m b e r of specia l w o r k s d e v o t e d t o t h e sub jec t : 

Li. Ouvrard, Industries du chrom, du manganese, du nickel, et du cobalt, Paris , 1910; 
H . L . Herrenschmidt and E . Capelle, Le cobalt et Ie nickel, Rouen, 1888 ; H . Copaux, 
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Recherchea expdrimentales sur la cobalt et Ie nickel, P a r i s , 1905 ; J . Meunie r , Cobalt et nickel, 
P a r i s , 1889 ; A . M. Vi l lon, Cobalt et nickel, P a r i s , 1891 ; W . B o r c h e r s , MetaUhiUtenbetriebe 
—Nicke l , H a l l e a. S. , 1917 ; H . Moissan a n d L . O u v r a r d , Le nickel, P a r i s , 1896 ; Report 
of the Royal Ontario Nickel Commission, T o r o n t o , 1917 ; A . P . Co leman , The Nickel Industry, 
O t t a w a / 1 9 1 3 ; P . D . Mer ica , Trans. Canada Inst. Min. Met., 29. 1, 1926 ; W . H . B a l d w i n , 
Journ. Chetn. Ednc, 8. 2325, 1931 ; A . J . W a d h a m s , Metals Alloys, 2. 165, 1931 ; 
W . P . B l a k e , Chetn. News, 48 . 87, 1883 ; O . Gk Urasoif a n d M. L . T s c h e r n o m o r s k y , The 
Metallurgy of Nickel, Moscow, 1931 . 

T h e general p rocedure in dea l ing w i th t h e su lph ide ores involves , (i) R o a s t i n g 
of t h e ore. Py r i t i c smel t ing as employed for copper ores does n o t neces s i t a t e 
roas t ing ; t h e process for nickel w a s t r i ed b y E . H . R o b i e . 3 (ii) Smel t ing t h e 
roas ted ore for a regulus or c rude m a t t e . (iii) E n r i c h i n g t h e c rude m a t t e ; a n d 
(iv) Conver t ing t h e enr iched m a t t e i n t o c rude m e t a l . 

The roasting of the sulphide ore.-—The S u d b u r y ore is first r oa s t ed t o r e m o v e 
p a r t of t h e su lphur . T h e roas t ing m a y be c o n d u c t e d in h e a p s w h e n t h e ag r i cu l tu ra l 
w o r k in t h e su r round ing c o u n t r y is of so l i t t le va lue t h a t t h e r e is n o r i sk of c o m ­
p e n s a t i n g d a m a g e s for t h e in ju ry t o vege t a t i on b y t h e escap ing nox ious s u l p h u r o u s 
fumes. I n N o r w a y one p l a n t h a d t o a b a n d o n h e a p roas t ing , a n d even sme l t i ng 
could n o t be conduc t ed in t h e s u m m e r m o n t h s on a c c o u n t of i n ju ry t o n e i g h b o u r i n g 
forests. I n h e a p roas t ing , t h e ore, c rushed t o a c o n v e n i e n t size, is p i led on a b e d 
of b rushwood, 5 t o 15 feet high, so as t o a l low a c i rcu la t ion of a i r . One pile m a y 
con ta in a few t h o u s a n d tons , a n d af ter t h e b r u s h w o o d h a s s t a r t e d t h e c o m b u s t i o n , 
t h e h e a p m a y bu rn from six t o t w e n t y weeks . R o a s t i n g in r e v e r b e r a t o r y fu rnaces 
is more cost ly, a n d t h e s a m e r e m a r k appl ies t o special r o a s t i n g fu rnaces . I n 
except iona l cases t h e r e m a y be a m a r k e t for p r o d u c t s l ike su lph i t e l iquor , a n d 
su lphur ic acid, which can be m a n u f a c t u r e d f rom t h e flue gases u p t h e r o a s t i n g 
furnaces. The roas t ing is n o t a l lowed t o oxidize fully t h e ore ; e n o u g h s u l p h u r 
is al lowed t o r ema in so t h a t i t c a n c o m b i n e w i t h t h e nickel , copper , a n d some of 
t h e i ron in t h e first sme l t ing t o fo rm a c r u d e su lph ide m a t t e . 

The smelting of the ore for a crude matte.—The p a r t i a l l y r o a s t e d ore is sme l t ed 
w i t h t h e cor rec t p r o p o r t i o n s of coke a n d sil iceous fluxes in b las t - furnaces so a s t o 
yie ld a m a t t e of i ron, copper , a n d n icke l su lph ides . I n s o m e cases , t h e r o a s t e d 
ore is self-fluxing. I n t h e sme l t i ng t h e p y r r h o t i t e in t h e s e ores is a l m o s t en t i r e ly 
c o n v e r t e d i n t o i ron s i l icate in t h e sme l t i ng fu rnace . T h e ferric oxide p r e s e n t is 
r e d u c e d in t h e furnace b y t h e s u l p h u r of t h e p y r i t e s t o fo rm ferrous ox ide , which , 
in t h e p resence of silica, fo rms a s lag : F e S 4 - 3 F e 2 0 3 - f - n S i 0 2 = S 0 2 + 7 F e O . ^ S i O 2 . 
A n y nickel m o n o x i d e wh ich m a y be p r e s e n t r e a c t s w i t h a n e q u i v a l e n t a m o u n t of 
ferrous su lph ide t o fo rm nickel su lph ide a n d fer rous ox ide , -which in t u r n passes 
i n t o s lag. T h e slag is somewhere b e t w e e n a monos i l i ca te a n d a dis i l icate , a l t h o u g h 
in some cases i t a p p r o a c h e s a subs i l ica te . T h e slags f rom t w o different p l a n t s 
c o n t a i n e d : 

SiO2 Al 2 O 8 FeO CaO MgO 
B l a s t - f u r n a c e / I : 3 8 - 5 6 7 -61 3 5 - 6 4 1 3 - 5 5 4 - 7 9 p e r c e n t , 

s l a g \ I I • 3 8 O 10-0 4 3 0 4 5 2 -5 

T h e oopper a n d n ickel in t h e s lag r a n g e u p t o a b o u t 0-4 p e r cen t . T h e slags m a y 
be re jec ted , or p a r t m a y be used a g a i n in s imi lar smel t ings , or in l a t e r s t ages of 
t h e c o n c e n t r a t i o n process . T h e m a t t e m u s t c o n t a i n sufficient i ron t o p r e v e n t 
n ickel pas s ing i n t o t h e slag. T h e c r u d e m a t t e f rom t w o different fu rnaces con­
t a i n e d a p p r o x i m a t e l y : 

Copper Nickel Cobalt Iron Sulphur 
C n , d f t m « t f f t / * • 22'5 20'5 — 3 0 ° — p e r c e n t . 
C r u d e m a t t e J J 1 1 3 . 2 1 7 . g ^ 4 5 42Q 21-4 „ 

T h e prec ious m e t a l s in t h e o re a c c u m u l a t e in t h e m a t t e , a n d in t h e l a t t e r case , 
t h e r e were p r e s e n t 1-90 ozs. of s i lver , 0*35 oz. of p l a t i n u m , a n d 0*35 oz. of p a l l a d i u m 
p e r t on . Accord ing t o G. P . Schweder , t h e s u l p h u r in t h e m a t t e is p r e s e n t a s m o n o -
su lph ides of si lver, c o p p e r (ous) , n ickel , a n d i ron ; a n d if insufficient s u l p h u r is 
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p r e s e n t t o f o r m N i S , a n d F e S , t h e excess of m e t a l d issolves in t h e m o l t e n su lph ide . 
A n y n icke l s i l icate "which m a y be f o r m e d is d e c o m p o s e d b y t h e i ron su lph ide t o 
f o r m i ron s i l icate a n d n icke l s i l icate , a n d so long a s e n o u g h i r o n su lph ide is p r e sen t , 
on ly a v e r y smal l p r o p o r t i o n of n icke l c a n p a s s i n t o t h e s lag—pri l l s of m a t t e m a y 
be i m p r i s o n e d in t h e s lag if i t s v i scos i ty in t h e fu rnace is t o o g r e a t . I f t h e ores 
h a v e been o v e r - r o a s t e d n icke l "will a p p e a r in t h e slag, a n d i n t h a t case s o m e u n r o a s t e d 
ore is m i x e d w i t h t h e fu rnace c h a r g e . Coppe r s i l icate b e h a v e s l ike nickel s i l icate , 
b u t t h e c o b a l t s i l icate does n o t r e a c t so easi ly w i t h t h e i ron su lph ide , a n d w h e n 
c o b a l t s i l icate is p r o d u c e d , i t will p a s s i n t o t h e s lag. A n y a n t i m o n a t e s or a r s e n a t e s 
a r e r e d u c e d a n d vola t i l i zed in t h e fu rnace ; if on ly sma l l p r o p o r t i o n s of a r sen ic 
a n d a n t i m o n y are p r e s e n t , t h e y p a s s i n t o t h e m a t t e . G y p s u m in t h e ore is r e d u c e d 
t o su lph ide , a n d i t a c t s l ike i ron su lph ide o n i ron a n d c o p p e r ox ides . V. Tafel 
a n d F . K l e w a t a d i scussed t h e r eac t i on . 

The enriching of the crude matte.—In fo rmer t i m e s , in some local i t ies , t h e c r u d e 
m a t t e s h a d so low a p r o p o r t i o n of c o p p e r a n d n ickel t h a t t h e m a t t e w a s s u b j e c t e d 
t o a p r e l i m i n a r y c o n c e n t r a t i o n before be ing refined. Th i s w a s d o n e b y r o a s t i n g 
t h e c r u d e m a t t e in h e a p s , s ta l l s , shaf t furnaces , r e v e r b e r a t o r y furnaces , or muffles, 
a n d a g a i n s m e l t i n g i t w i t h a su i t ab l e flux—quartz, glass , o r slag in shaf t or 
r e v e r b e r a t o r y fu rnaces . Th i s t r e a t m e n t r e m o v e s a re l a t ive ly la rge p r o p o r t i o n of 
iron f rom t h e m a t t e . T h e sub j ec t w a s d iscussed b y E . F . K e r n a n d H . W . W a l t e r , 
a n d H . W . W a l t e r . C. S c h n a b e l t h u s desc r ibed t h e chemica l c h a n g e s i nvo lved in 
t h e s m e l t i n g of t h e r o a s t e d m a t t e : 

Ferric oxide is reduced to ferrous oxide by the undocomposed sulphide of iron present ; 
this passes into the slag, and sulphur dioxide is formed ; a further quantity of sulphide of 
iron is changed to ferrous oxide by the nickel and copper oxides, and also slagged, the 
oxides of those metals meanwhile becoming sulphides ; further copper oxide and undecom-
posed copper sulphide give metallic copper and sulphur dioxide. This copper is 
reconverted into sulphide at the expense of some iron sulphide. The iron thus separated 
is partly taken up by the matte, partly acts upon a corresponding amount of ferric oxide, 
giving more ferrous oxide to be slagged. There is no action between nickel oxide and 
sulphide. The various metallic sulphides unite to form the concentrated matte. 

D . H . B r o w n e m a d e o b s e r v a t i o n s on t h i s sub jec t . U n d e r m o d e r n cond i t i ons 
t h i s p r e l i m i n a r y c o n c e n t r a t i o n of t h e c r u d e m a t t e is u n n e c e s s a r y , a n d t h e y can 
be ref ined d i r e c t l y ; b u t , in a n y case , t h e coarse m a t t e c a n be c o n c e n t r a t e d or 
refined b y a n ox id iz ing r o a s t i n g fol lowed b y a r e d u c i n g smel t ing as j u s t 
i n d i c a t e d for t h e t r e a t m e n t of p o o r m a t t e s , o r t h e c r u d e m a t t e is enr iched 
as in t h e case of c o p p e r b y m e l t i n g i t in a c u p o l a a n d r u n n i n g i t i n t o a ladle 
w h e n c e i t is c h a r g e d i n t o a b e s s e m e r c o n v e r t e r , or t h e m o l t e n m a t t e m a y be 
r u n i n t o l ad les d i r e c t l y f rom t h e b l a s t - fu rnace , a n d t h e n c e on t o t h e conve r t e r . 
T h e c o n v e r t e r is m a d e l ike t h o s e u s e d i n pur i fy ing copper , a n d t h e y h a v e 
a q u a r t z l in ing . D u r i n g t h e b low, w h i c h m a y o c c u p y 25 t o 90 m i n u t e s d e p e n d e n t 
on t h e p r o p o r t i o n of i ron , q u a r t z s a n d is a d d e d t o slag t h e i ron , a n d t o p r e v e n t 
u n d u e cor ros ion of t h e l in ing . W h e n t h e p r o p o r t i o n of i ron h a s been r educed t o 
a b o u t 0-5 p e r cen t . , t h e b l a s t is s t o p p e d , a n d t h e m a t t e is p o u r e d . T h e refining 
of t h e m a t t e b y a b l a s t of i ron w a s sugges t ed b y T . G i b b a n d C G e l s t h a r p in 1870. 
A t t e m p t s t o c a r r y t h e refining process f u r t h e r h a v e n o t been successful because 
u p t o a c e r t a i n s t a g e t h e n icke l is m o r e eas i ly oxid ized t h a n su lphur , a n d because 
t h e h e a t l i b e r a t e d b y t h e o x i d a t i o n of t h e s u l p h u r is n o t sufficient t o k e e p t h e 
m a t t e in a fluid cond i t i on . T h e s lag f rom one c o n v e r t e r c o n t a i n e d a p p r o x i m a t e l y : 

FeO SiO8 Cu Ni S 
Converter slag . 67-0 2 8 0 I O 1-7 0-5 per cent. 

t h e c o p p e r a n d n icke l a r e p r e s e n t p a r t l y a s si l icates , a n d p a r t l y as a m e c h a n i c a l 
m i x t u r e . T h e slag is r e t u r n e d t o t h e ore s m e l t i n g b las t - fu rnace . T h e refined 
m a t t e f rom t w o different p l a n t s c o n t a i n e d : 

Ni Cu Fe S SiO2 

•» ^ J ^ r I • 37-78 41-4O 0-65 18-37 0-19 per cent. 
Refined matte J J1 39.96 43-36 0-3O 13-76 — 
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T h e p ropor t ion of su lphur is m u c h less t h a n is needed t o fo rm su lphides w i t h t h e 
me ta l s p resen t . T h e copper is p robab ly p resen t as cup r ous su lphide , a n d t h e 
nickel a n d iron p a r t l y as sulphides a n d p a r t l y as so lu t ions of t h e m e t a l s in t h e 
m i x e d sulphides . T h e refining process a t P o r t Colborne w a s desc r ibed b y 
R . I i . Peek , a n d t he r e a re several modifications—e.g. , b y J . Save lsberg . 

The conversion of the refined matte into crude nickel.—The so-called Orford 
process for sepa ra t ing copper a n d t h e nickel, devised b y J . L . T h o m s o n , 
R . M. Thompson , a n d C. C. B a r t l e t t , in 1893, is p rac t i sed a t t h e Orford C o m p a n y ' s 
Works , a t Cons table H o o k , N e w Je r sey . T h e process was descr ibed b y V. v o n 
E h r e n w e r t h . The process depends on t h e fact t h a t copper su lphide combines 
wi th a n alkali su lphide , forming a fusible double sulphide , whi ls t n ickel su lph ide 
does n o t do so ; consequen t ly , if a m i x t u r e of copper a n d nickel su lphides be fused 
w i t h a n alkal i su lphide a n d al lowed t o cool, i t will s epa ra t e i n t o t w o layers , w i t h 
m o s t of t h e copper above , a n d m o s t of t h e nickel below. T h e t w o p r o d u c t s a re 
t a p p e d sepa ra t e ly from t h e mel t ing-furnace . The cha rge is a m i x t u r e of s o d i u m 
s u l p h a t e a n d coke which forms a lkal i su lph ide in t h e furnace . B y r epea t i ng t h e 
process on t h e b o t t o m layer , a m i x t u r e of i ron a n d nickel su lph ides is p roduced . 
T h e t o p layers of b o t h opera t ions a re al lowed t o w e a t h e r a n d a re t h e n fused w i t h 
more m a t t e , t h e b o t t o m layer is r e t u r n e d t o be t r e a t e d w i t h t h e second fusion 
w i th alkal i sulphide, while t h e t o p l ayer is leached w i t h w a t e r t o recover t h e a lkal i 
su lphide b y e v a p o r a t i n g t h e soln. t o d rynes s . T h e insoluble su lph ide is t h e n 
t r e a t e d for copper . T h e nickel su lphide still con ta ins i ron. I t is roas t ed t o r e m o v e 
some of t h e su lphur , a n d t h e n me l t ed . This furnishes nickel su lph ide freed f rom 
iron su lphide a n d a slag of ferrous si l icate m i x e d w i t h some nickel , a n d i t is re jec ted . 
The nickel su lphide is roas ted , a n d a l i t t le n i t r e is a d d e d t o comple t e t h e ox ida t ion , 
a n d a l i t t le c o m m o n sa l t t o c o n v e r t a n y copper i n t o t h e chlor ide . T h e r o a s t e d 
oxide is washed w i t h wa t e r , a n d i t is t h e n r e a d y for r e d u c t i o n t o m e t a l . A n y 
p l a t i n u m m e t a l s in t h e m a t t e a re also c o n v e r t e d i n t o chlor ides d u r i n g t h e 
chlor idiz ing roas t , a n d t h e y pass i n t o soln. d u r i n g t h e l each ing process . T h e nickel 
oxide can be r educed as i nd i ca t ed below. T w o samples of nickel oxide o b t a i n e d 
from C a n a d i a n m a t t e h a d t h e compos i t ions : 

(Ni1Co)O CuO F e 2 O 8 

-M-- i i . , ( I: . 9 7 - 5 0-4 1-5 

T h e so-called Mond process, dev ised b y JLt. M o n d a n d C. d a n g e r , in 1889, d e p e n d s 
on t h e fo rmat ion a n d decompos i t ion of vola t i le n ickel a n d i ron ca rbony l s u n d e r con­
d i t ions where copper does n o t fo rm a gaseous c a r b o n y l . T h e bessemer ized m a t t e 
is c rushed a n d roas ted , in t h e roaster, t o p r o d u c e i t as free as possible f rom su lphur . 
T h e c rushed a n d screened p r o d u c t is t r e a t e d w i t h dil . su lphur ic ac id which r emoves 
a b o u t t w o - t h i r d s of t h e copper oxide a n d a b o u t 1 p e r cen t , of nickel oxide . The 
res idue con ta ins 45 t o 60 p e r cen t , of nickel oxide . T h e soln. is e v a p o r a t e d a n d 
t h e copper s u l p h a t e crys ta l l ized o u t ; t h e i ron a n d nickel su lpha t e s a c c u m u l a t e 
in t h e mothe r - l iquor , wh ich is t h e n e v a p o r a t e d t o d ryness , h e a t e d t o decompose 
t h e su lpha te , a n d t h e oxides i n t r o d u c e d i n t o t h e m a i n process . The washed a n d 
dr ied residue, con ta in ing copper , nickel , a n d i ron oxides , is t r e a t e d w i t h wa t e r -
gas , in t h e so-called reducer, a t a t e m p , below 300° ; t h i s reduces t h e nickel a n d 
copper oxides, b u t n o t t h e i ron oxide . T h e p r o d u c t a t 50° is t h e n t r e a t e d w i t h 
ca rbon m o n o x i d e — o b t a i n e d b y pass ing t h e gas f rom t h e r educe r over r e d - h o t coke . 
T h e gas con ta in ing nickel c a r b o n y l is t h e n passed t h r o u g h a filter a n d i n t o a c h a m b e r , 
t h e decomposer, a t a b o u t 200°, w h e n t h e n ickel c a r b o n y l is decomposed wi th t h e 
sepa ra t ion of nickel ; t h e r e g e n e r a t e d c a r b o n m o n o x i d e r e t u r n s t o t h e volat i l izer . 
T h e decomposer is a t o w e r c o n t a i n i n g nickel sho t . A l aye r of n ickel fo rms on t h e 
sho t . To p r e v e n t t h e g ranu les adhe r ing , t h e y a r e k e p t in m o t i o n b y t h e c o n s t a n t 
w i t h d r a w a l of some of t h e m f rom t h e b o t t o m of t h e d e c o m p o s i n g t o w e r b y m e a n s 
of a w o r m conveyor . T h e g ranu le s a r e pas sed over a screen. T h e la rger sho t 
a r e r emoved , a n d t h e smal le r ores r e t u r n t o t h e t o p of t h e t o w e r t o receive a n o t h e r 
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0-03 
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0-3 p e r c e n t . 
0 2 0 
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depos i t of n ickel . T h e s h o t be ing a l t e r n a t e l y e x p o s e d t o a n d w i t h d r a w n froni t h e 
a c t i o n of t h i s gas , a series of concen t r i c r ings of n ickel a r e depos i t ed a b o u t t h e 
or iginal nuc leus . W h e n a Mond-n icke l s h o t is h a m m e r e d on a n anvi l , t h e v a r i o u s 
coa t i ngs will be b r o k e n open , a n d i t s s t r u c t u r e r evea led . T h e r e s idue in t h e 
vola t i l i zer st i l l c o n t a i n s some nickel ; a n d i t is r e t u r n e d t o t h e r educe r . W h e n 
m o s t of t h e n icke l h a s b e e n e x t r a c t e d t h e res idue is r e t u r n e d t o t h e roas t e r . T h e 
p rocess w a s desc r ibed b y A. P . Co leman , W . C. R o b e r t s - A u s t e n , a n d G. B . Sh ip ley . 
T w o spec imens of n icke l o b t a i n e d b y t h e M o n d process h a d t h e c o m p o s i t i o n : 

Ni F e S C Insoluble 
, / I . . 9 9 - 8 2 O-IO O-OO68 0 0 7 p e r c e n t . 

J N i c k e l ^ j j 9 9 - 4 3 0 - 4 3 0 - 0 0 9 9 0 0 8 7 0 - 0 2 6 

O t h e r m e t h o d s h a v e been sugges t ed for t r e a t i n g t h e refined copper -n icke l m a t t e . 
V. v o n E h r e n w e r t h desc r ibed a m e t h o d for r e m o v i n g c o p p e r f rom nicke l m a t t e s 
b y b lowing i n a c o n v e r t e r w i t h a l in ing of a bas ic m a t e r i a l or coke . T h e i r o n is 
first s l agged off, t h e n t h e n ickel , a n d t h e c o p p e r s e p a r a t e s o u t l a s t ly a s m e t a l . 
T h e p rocess h a s n o t b e e n successful . S. H . E m m e n s p r o p o s e d a chlor id iz ing 
r o a s t i n g of t h e m a t t e in t h e p re sence of s t e a m ; e x t r a c t i n g t h e chlor ides of c o p p e r 
a n d o t h e r m e t a l s w i t h w a t e r ; a n d s m e l t i n g t h e res idue of n ickel a n d i ron oxides 
wi th s o d i u m su lph ide , a n d c h a r c o a l . T h e n ickel m a t t e is r o a s t e d , a n d t h e r e su l t i ng 
n ickel ox ide r e d u c e d t o m e t a l . N . V . H y b i n e t t e a n d A. K . L e d o u x p r oposed t o 
s e p a r a t e n icke l f rom i t s m o l t e n m a t t e b y a d d i n g m a n g a n e s e d iox ide , because , 
u n d e r t h e s e cond i t ions , m a n g a n e s e a n d coppe r c o m b i n e m o r e r ead i ly wi th s u l p h u r 
t h a n is t h e case w i t h n icke l . T h e n icke l a n d i t s su lph ide se t t l e t o t h e b o t t o m , a n d 
t h e l aye r of su lph ides of c o p p e r a n d m a n g a n e s e float on t o p . T h e u p p e r l aye r is 
r e m o v e d a n d t h e r e s idue aga in t r e a t e d w i t h m a n g a n e s e . Th i s c o m p l e t e s t h e 
i so la t ion of t h e n icke l . T h e t o p l aye r s a re used for t h e e x t r a c t i o n of c o p p e r a n d 
m a n g a n e s e . 

I f t h e e n r i c h e d m a t t e be r o a s t e d , a n d t h e r e su l t i ng ox ide r e d u c e d b y c a r b o n , 
a n a l loy of n ickel a n d c o p p e r is f o rmed w h i c h m a y be used for m a k i n g G e r m a n 
si lver, or o t h e r a l loys . T h e process w a s desc r ibed b y D . L e v a t , C. A. M. Bal l ing , 
C. S c h n a b e l , a n d G. P . Sehwede r . A n a l y s e s of t h e n ickel i ferous copper—Garkwpfer 
— w e r e r e p o r t e d b y C. S c h n a b e l , F . A . G e n t h , G. W . Wil le , F . Heus le r , 
G. P . Sehweder , C. A. M. Ba l l ing , G. H a m p r e c h t a n d L . Sch lech t , a n d V. Tafel 
a n d F . K l e w e t a . T h e c o m p o s i t i o n s of a ref ined m a t t e a n d t h e r e su l t i ng a l loy 
were : 

Ni Cu Fe S As,Sb 
l t e f i n e d r n a t t e . 3 2 - 5 9 52-OO 0 - 4 1 1 7 - 7 1 O-11 p e r c e n t . 
A l l o y . . . 3 9 - 9 5 5 9 - 5 0 - 6 4 — 

The extraction of nickel from arsenical ores—e.g., n iccol i te or kupfe rn icke l , 
c h l o a n t h i t e , a n d n icke l g lance . Arsen ica l ores a r e n o w v e r y l i t t le w o r k e d . T h e 
ores , f reed f rom g a n g u e , were first r o a s t e d t o r e m o v e s o m e of t h e a r sen ic . T h e 
i ron c a n be n e a r l y all ox id ized a n d s lagged before t h e n icke l a r sen ide is a t t a c k e d . 
Th i s furn ishes a crude speiss. T h e c r u d e speiss is a g a i n r o a s t e d a n d en r i ched b y 
a second fusion t o furn ish a n enriched speiss. T h e o p e r a t i o n s a r e he re a n a l o g o u s 
t o t h o s e e m p l o y e d in t h e p r e p a r a t i o n of t h e coarse a n d en r i ched m a t t e s in w o r k i n g 
w i t h s u l p h i d e ores , on ly now, in t h e r o a s t i n g , s t ab l e a r s e n a t e s a r e fo rmed . T h e 
r o a s t e d c h a r g e is t he re fo re m i x e d w i t h c a r b o n s t r o n g l y h e a t e d so as t o r e d u c e t h e 
a r s e n a t e t o a r sen ide . T h e a rsen ic c a n also be r e m o v e d b y h e a t i n g t h e n icke l 
a r s e n i d e w i t h n i t r e a n d soda w h e r e b y t h e n ickel fu rn i shes n icke l ox ide , a n d t h e 
a r sen ic a soluble a r s e n a t e w h i c h c a n be r e m o v e d b y l each ing w i t h w a t e r . T h e 
a rsen ic c a n also be r e m o v e d a s vo la t i l e ch lo r ide b y t h e chlor id iz ing r o a s t w i t h 
c o m m o n sa l t . T h e n icke l ox ide c a n t h e n be r e d u c e d in t h e u s u a l m a n n e r . 

The extraction of nickel from, garnierite.—Many ana lyse s of t h e N e w Caledonian 
o r e — g a r n i e r i t e — h a v e b e e n r e p o r t e d . T h e c o m p o s i t i o n is u sua l ly t a k e n t o lie 
b e t w e e n t h e fol lowing l imi t s : 

NiO SiO 2 F e 8 O 3 Al 2 O 8 NgO H 0 O 
Q a r n i e r i t e . 9 t o 17 4 1 t o 4 6 5 t o 1 4 1 t o 7 6 t o 9 8 t o " 16 p e r c e n t . 
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F o r a t ime , t h e ore was reduced wi th sui table fluxes—fluorspar, c ryol i te , soda , 
manganese o re—and powdered coal or coke, in a b las t - furnace , a n d t h e resu l t ing 
ferro-nickel ob ta ined a p p r o x i m a t e d : 

Ki Fe Si S C 
Forro-nickel . 68-20 27-82 1-62 102 2-50 per cent. 

The process was n o t sa t is factory. I t was found b e t t e r t o smel t t h e ore in a b las t ­
furnace wi th su lphur so as t o form a regulus or m a t t e . T h e su lphur w a s a d d e d 
in t h e form of alkal i was te (calcium sulphi te) , or as gypsum, or iron pyr i t e s . Su i t ­
able fluxes are added t o form a slag. The m i x t u r e is b r i q u e t t e d a n d smel ted . 
The resu l t ing regulus or m a t t e con ta ins u p t o 50 pe r cent , of nickel . T h e regu lus 
is t h e n enr iched e i ther b y roas t ing a n d mel t ing , or in a conver t e r as in t h e case of 
t h e m a t t e s from t h e su lphide ores. The enr iched m a t t e is t h e n roas ted for oxide 
a n d reduced. The ore con ta ins no copper , so t h a t t h e resu l t ing nickel oxide can 
be d i rec t ly reduced to nickel . T h e ex t r ac t ion of nickel from garnier i te in Brazi l 
was discussed by E . de Oliviera, J . L . Foh len , A. Guerre i ro , M. Ba l lay , E . Rei t le r , 
a n d H . E . de Aran jo ; a n d from sil icate ores, b y B . Bogi tch , T. T a t e b e , a n d 
J . Hiss ink. 

The extraction of nickel from metallurgical products.—Copper ores m a y con t a in 
nickel which collects in t h e blister copper if b u t l i t t le arsenic is p resen t in t h e ore . 
T h e nickel is ob t a ined by subjec t ing t h e copper t o a b las t which gives a d ross 
con ta in ing nickel (and cobal t ) , a n d copper wi th a reduced p ropor t ion of nickel . 
T h e dross , when smel ted in a b las t - furnace , yields a copper-nickel al loy. T h e 
t r e a t m e n t — b l o w i n g a n d smel t ing—of t h e copper-nickel al loys so ob t a ined can be 
repea ted unt i l finally a n al loy w i t h t h e desired p ropor t ion of nickel is ob t a ined . 
The dross can also be smel ted wi th py r i t e s t o form a nickel m a t t e ; or w i th 
b a r y t e s a n d arsenical py r i t e s t o form a speiss a n d a copper m a t t e ; or i t can be 
t r e a t e d b y a wet process . C. H . F u l t o n gave t h e following for t h e b y - p r o d u c t s 
ob t a ined from 100 t o n s of bl is ter copper : 

Qarfield, Utah 
Stoptoe, Nevada . 
Omaha, Nebraska 
Mountain, California 
Tacorna, "Washington 
Aguascalientes 
Cerro de Pasco 
Mount Lyell . . 464-5 7,205 0-624 1-374 166 

Nickeliferous speiss ob t a ined as a b y - p r o d u c t in t h e t r e a t m e n t of some copper , 
lead, a n d silver ores con ta in s nickel , a n d i t c a n be worked u p by a modif icat ion of 
t h e process used for e x t r a c t i n g nickel f rom arsenical ores. I n t h e refining of dross 
copper , a n d in t h e t r e a t m e n t of nickel ores , slags m a y be o b t a i n e d which con ta in 
nickel . T h e slags m a y be sme l t ed in a b las t - furnace w i t h py r i t e s or arsenical 
py r i t e s t o form a m a t t e or speiss, a n d t r e a t e d as i nd i ca t ed before. T h e speiss 
m a y be t r e a t e d for coba l t . T h e nickel p r e s e n t in iron sows m a y be recovered as a 
nickel copper al loy by t r e a t m e n t in a smal l refining h e a r t h . T h e i ron oxide formed 
b y t h e b las t is s lagged w i t h q u a r t z . J . L . F o h l e n o b t a i n e d nickel m a t t e b y pass ing 
t h e gases f rom t h e de s t ruc t i ve d is t i l la t ion of l igni te over a m i x t u r e of ga rn ie r i t e 
a n d ca lc ium sulphide , a n d recovered t h e h y d r o c a r b o n s of low b .p . fo rmed as a 
b y - p r o d u c t . 

Wet processes for the extraction of nickel from, its ores.—Wet processes a re used 
in some cases t o e x t r a c t nickel f rom speiss a n d m a t t e c o n t a i n i n g n ickel , coba l t , 
a n d coppe r ; b u t whi ls t severa l m e t h o d s h a v e been sugges ted for e x t r a c t i n g nickel 
d i r ec t l y f rom i t s ores, n o n e seems t o h a v e been es tab l i shed a s an economic success. 
I t is c h e a p e r t o c o n c e n t r a t e t h e n ickel t o a speiss or m a t t e in t h e d r y w a y , a n d 
p a r t i c u l a r l y so wi th su lph ide a n d a r sen ide ores . W h e n a s u l p h i d e or a r sen ide ore 
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is t o be t r e a t e d b y a w e t p rocess , i t is r o a s t e d before be ing s u b m i t t e d t o t h e ac t ion 
of so lven t s . H . C. Mabee a n d A. E . Smai l l 4 p r o p o s e d t o smel t t h e nickel i ferous 
p y r r h o t i t i c ore w i t h a n a lka l i flux u n d e r non-ox id iz ing cond i t i ons t o o b t a i n a low-
g r a d e m a t t e c o n t a i n i n g all t h e copper , n ickel , a n d p rec ious m e t a l s . Th i s m a t t e , 
on exposu re t o t h e air , d i s i n t eg ra t e s i n t o a fine p o w d e r , wh ich is r o a s t e d in a t w o -
s t age m e c h a n i c a l l y - r a b b l e d furnace , in t h e first s t age of wh ich t h e t e m p e r a t u r e is 
m a i n t a i n e d a t 400° a n d i n t h e second s t age a t 600° . T h e p r o d u c t is m i x e d w i t h 
10 p e r cen t , of i t s we igh t of s o d i u m chlor ide , d a m p e d w i t h w a t e r , a n d aga in r o a s t e d 
a t 400° , t h e i ssu ing v a p o u r s be ing a b s o r b e d in w a t e r . This w a t e r is t h e n used t o 
leach t h e r o a s t e d p r o d u c t , a n d leach ing is c o n t i n u e d w i t h 10 p e r cen t , su lphu r i c 
ac id . T h e res idue c o n t a i n s p r ac t i c a l l y all t h e i ron a n d t h e g r e a t e r p a r t of t h e 
nickel , b u t on ly a smal l p r o p o r t i o n of c o p p e r a n d s u l p h u r , a n d is a m e n a b l e t o d i r e c t 
sme l t i ng for t h e p r o d u c t i o n of n ickel s teel . T h e l each l iquor is e lec t ro lysed for 
t h e r ecove ry of copper , t h e n t r e a t e d for t h e r e m o v a l of i ron, a n d again e lec t ro lysed 
t o recover t h e n ickel . Ove r 90 pe r cen t , of t h e coppe r a n d 40 pe r cen t , of t h e nickel 
a r e sa id t o be o b t a i n e d a s p u r e m e t a l s . 

S. H . E m m e n s suggested, d i s so lv ing t h e n icke l f rom p y r r h o t i t e ores b y t h e s o l v e n t 
ac t ion of a, so ln . of ferr ic s u l p h a t e , b u t t h e s o l v e n t a c t i o n is m o r e r a p i d w i t h t h e r o a s t e d 
o re . N icke l is p r e c i p i t a t e d f rom t h e so ln . a s h y d r a t e . I n t h e m o s t f a v o u r a b l e cases i t 
w a s f o u n d t h a t o n l y o n e - t h i r d t h e a m o u n t of n i cke l a n d t w o - t h i r d s t h e a m o u n t of c o p p e r 
in t h e ore a r e d i s so lved b y t h e so ln . of ferr ic s u l p h a t e . H . JJ. H o r r c n s c h m i d t h e a t e d t h e 
ore w i t h a so ln . of ferr ic ch lo r ide , a n d p r e c i p i t a t e d c o b a l t a n d n icke l f rom t h e so ln . b y 
m a n g a n e s e s u l p h i d e o r h y d r o x i d e . C. W . P>. !Natusch, a n d W . Schonois e x t r a c t e d t h e 
r o a s t e d ore -with a so ln . of ferr ic ch lo r ide , e v a p o r a t e d t h e so ln . t o d r y n e s s , a n d h e a t e d i t 
u n t i l t h e i r o n ch lo r ide ^was d e c o m p o s e d . O n e x t r a c t i n g t h e so ln . w i t h "water, n i cke l , 
c o b a l t , c o p p e r , go ld , s i lver , a n d z inc ch lo r ides p a s s i n t o so ln . T . M a e f a r l a n e s u b j e c t e d 
t h e p a r t i a l l y r o a s t e d o re t o a ch lo r id iz ing r o a s t w i t h c o m m o n sa l t , a t a low r e d - h e a t ; 
a n d t o t h e e x t r a c t i n h o t w a t e r a d d e d a l i t t l e s o d i u m h y d r o x i d e t o p r e c i p i t a t e a n y i r on , 
s o d i u m s u l p h i d e t o p r e c i p i t a t e a n y coppe r , a n d t h e s o d i u m h y d r o x i d e t o p r e c i p i t a t e t h o 
n icke l a s h y d r o x i d e . A . Dro t i i n d i g e s t e d t h e o re , r o a s t e d a t a low t e m p . , w i t h a n acidif ied 
2l> to 25 p e r c e n t . so ln . of s o d i u m c h l o r i d e . T h e l ead w a s p r e c i p i t a t e d a s ch lo r ide b y cool ing 
t h e so ln . , t h e c o p p e r w a s p r e c i p i t a t e d b y i ron , t h e i ron b y c a l c i u m c a r b o n a t e , a n d t h o 
n icke l b y l i m e - w a t e r . P . d e 1*. l t i c k e t t s d i s so lved t h e n ickel a n d c o p p e r w i t h di l . s u l p h u r i c 
ac id , a n d p r e c i p i t a t e d t h o n icke l a s a bas i c s u l p h a t e b y a lka l i e s a n d a lka l i s u l p h a t e s . T h e 
bas i c s u l p h a t e is c o n v e r t e d i n t o o x i d e b y c a l c i n a t i o n , a n d t h o c o p p e r is p r e c i p i t a t e d f rom 
t h e so ln . e l ec t ro ly t i ca l ly . C. G. R i c h a r d s o n d i s so lved t h e c o p p e r a n d nickel in h y d r o c h l o r i c 
ac id , a n d s e p a r a t e d t h e t w o s a l t s b y f r ac t iona l d i s t i l l a t i on in h y d r o c h l o r i c ac id . H . Grosse-
B o h l e p r e c i p i t a t e d t h o c o b a l t a n d n icke l f r o m t h e i r h o t so ln . in h y d r o c h l o r i c o r s u l p h u r i c 
ac id b y m e a n s of z inc . T h o c o p p e r w a s first p r e c i p i t a t e d f rom t h e so ln . b y i r o n . C. P e r r o n 
d i g e s t e d t h e o re in a n a m m o n i a c a l so ln . of a m m o n i u m s u l p h i d e , a n d p r e c i p i t a t e d t h e 
n icke l f rom t h e so ln . i n t h e u s u a l m a n n e r . T h e M e t a l s !Ex t r ac t ion C o r p o r a t i o n e x t r a c t e d 
t h e n i cke l b y m e a n s of a so ln . of m a g n e s i u m ch lo r ide a t 250° . D . L a n c e found t h a t 
w h e n t h e so ln . in a so ln . of a m m o n i a o r a n a m i n e is h e a t e d , t h e m e t a l s a r e p r e c i p i t a t e d 
in t h e o r d e r : Z inc , c a d m i u m , c o b a l t , n i cke l , c o p p e r , and. s i lver . G. Schre ibor t r e a t e d 
t h e so ln . w i t h c a l c i u m c a r b o n a t e t o p r e c i p i t a t e i ron , a l u m i n i u m , a n d a r sen ic ; w i t h 
h y d r o g e n s u l p h i d e t o p r e c i p i t a t e c o p p e r ; w i t h so ln . of a lka l i e s o r a l k a l i n e e a r t h s , s a y m i l k 
of l ime , t o p r e c i p i t a t e c o b a l t a n d n icke l , a n d l a s t l y m a n g a n e s e . A . Seiglo d i g e s t e d t h e 
o re w i t h h y d r o c h l o r i c ac id , ch lo r ine w a t e r , a n d p o t a s s i u m c y a n i d e . E . G i i n t h e r a n d 
I t . F r a n k o dev i s ed a p roces s for e x t r a c t i n g n i cke l f rom t h e a n o d e s l imes o b t a i n e d in t h e 
ref in ing of c o p p e r . E . I i . T h e w s d i scussed t h e r e - m e l t i n g a n d ref ining of s c r a p n i cke l . 

M a n y w e t m e t h o d s h a v e been p r o p o s e d for e x t r a c t i n g t h e nickel f rom ores of 
t h e t y p e of ga rn ie r i t e , r e w d a n s k i t e , e t c . M e t h o d s were desc r ibed b y E . A n d r e , 5 

A. B a d o u r e a n , F . R . B o d e , B . Bog i t ch , A. Cahen , J . J . H i s s ink , F . O. Kich l ine , 
H . C. M a b e e a n d A. E . Smai l l , W . A. D i x o n , R . L a k e , a n d H . P a r k e s . 

P*. H e r m a n n d i s so lved r e w d a n s k i t e i n s u l p h u r i c ac id , a n d e v a p o r a t e d t h o so ln . u n t i l 
a c i d b e g a n t o v a p o r i z e ; t h e m a s s w a s t h e n l i x i v i a t e d w i t h w a t e r , t h e i ron in t h e so ln . 
o x i d i z e d w i t h s a l t a n d n i t r e , a n d t h e n p r e c i p i t a t e d b y c a l c i u m c a r b o n a t e . T h e n icke l 
w a s p r e c i p i t a t e d b y s o d i u m s u l p h i d e . J . P . L a r o c h e a n d JT. P . P r a t t t r e a t e d g a r n i e r i t e 
w i t h s u l p h u r i c a c i d ; a d d e d t o t h e so ln . a n a m o u n t of a m m o n i u m s u l p h a t e e q u i v a l e n t 
t o t h e p r o p o r t i o n of n icke l p r e s e n t t o p r e c i p i t a t e a m m o n i u m n icke l s u l p h a t e ; a n d 
a d d e d s o d i u m c a r b o n a t e t o t h e so ln . of a m m o n i u m n icke l s u l p h a t e in bo i l ing w a t e r 
t o p r e c i p i t a t e n i cke l c a r b o n a t e . I n p l a c e of a m m o n i u m s u l p h a t e , a n a lka l i o x a l a t e c a n 
b e a d d e d t o p r e c i p i t a t e n i c k e l o x a l a t e , a n d t h e o x a l a t e furn ishes n icke l c a r b o n a t e w h e n 
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boi led w i t h a soln. of s o d i u m c a r b o n a t e . G. R o u s s e a u t r e a t e d t h e h y d r o c h l o r i c a c i d so ln . 
w i t h b leach ing p o w d e r t o oxidize t h e i ron, a n d p r e c i p i t a t e d t h e i ron w i t h ca l c iu m c a r b o n a t e ; 
t h e n p r e c i p i t a t e d t h e n icke l w i t h mi lk of m a g n e s i a . I . K a m i e n s k y ox id ized t h e i r o n in a 
hyd roch lo r i c acid soln. b y ch lo r ine , a n d p r e c i p i t a t e d i t w i t h m a g n e s i u m c a r b o n a t e ; 
n icke l w a s p r e c i p i t a t e d f rom t h e d e c a n t e d so ln . b y s o d i u m c a r b o n a t e . M. A r a u d h e a t e d 
in r e t o r t s a p a s t e m a d e of t h e ore w i t h h y d r o c h l o r i c ac id so a s t o vola t i l ize t h e ch lo r ides 
w h i c h were condensed in w a t e r . T h e i ron w a s p r e c i p i t a t e d f rom t h e so ln . b y c a l c i u m 
c a r b o n a t e , a n d t h e n ickel b y mi lk of l ime . M. Sobil lot c rys ta l l i zed a m m o n i u m n i cke l 
s u l p h a t e from a su lphu r i c ac id so ln . of t h e ore t o w h i c h a m m o n i u m s u l p h a t e h a d b e e n 
a d d e d . I n a second process , t h e ore was h e a t e d w i t h s u l p h u r i c ac id in a r o v e r b e r a t o r y 
fu rnace ; t h e solid m a s s w a s l eached w i t h w a t e r ; i ron w a s p r e c i p i t a t e d f rom t h e so ln . 
b y ca lc ium c a r b o n a t e a f te r o x i d a t i o n w i t h b leach ing p o w d e r ; m a g n e s i u m w a s p r e c i p i t a t e d 
b y s o d i u m p h o s p h a t e ; a n d nickel s u l p h a t e w a s c rys ta l l i zed f rom t h e m o t h e r - l i q u o r . 
Gr. O. Urazoff a n d M. M. Romanof f t r e a t e d t h e w a s h e d ore w i t h s u l p h u r d i o x i d e o r su l ­
p h u r o u s ac id as so lven t , a n d o b t a i n e d good y ie lds w i t h ore h a v i n g 0-9 t o 5-08 p e r c e n t , of 
n ickel . A . H . Allen t r e a t e d t h e ore w i t h a m i x t u r o of s u l p h u r i c ac id a n d s o d i u m n i t r a t e ; 
h e a t e d t h e m a s s t o rodnoss ; l i x iv i a t ed w i t h w a t e r ; p r e c i p i t a t e d f rom t h e so ln . t h e 
c h r o m i u m a n d i ron b y ca lc ined m a g n e s i a , a n d t h e n ickel b y h y d r o g e n s u l p h i d e . P . Chris tofle 
sugges ted severa l p rocesses . (i) T h e h y d r o c h l o r i c ac id soln . of t h e ore w a s t r e a t e d w i t h 
ca l c ium c a r b o n a t e or h y d r o x i d e t o p r e c i p i t a t e i ron , a n d -with m i l k of l ime t o p r e c i p i t a t e 
t h e n ickel ; (ii) t h e ore was h e a t e d w i t h a cone . so ln . of oxa l ic ac id , t h e n icke l r e m a i n e d 
und i s so lved , a n d t h e res idue r e d u c e d for n icke l ; (iii) a h o t , cone , h y d r o c h l o r i c ac id so ln . 
of t h e ore w h e n cold was t r e a t e d w i t h b l e a c h i n g p o w d e r , a n d n icke l o x a l a t e p r e c i p i t a t e d 
b y oxal ic ac id ; or t h e i ron a n d a l u m i n i u m were p r e c i p i t a t e d b y c a l c i u m c a r b o n a t e , a n d 
t h e nickel b y l ime w a t e r a n d b leach ing p o w d e r . H . L . BTerrenschmidt t r e a t e d t h e o re 
w i t h a soln . of ferrous s u l p h a t e t o dissolve m a n g a n e s e , c o b a l t , a n d n icke l a s s u l p h a t e s 
whi l s t ferric oxide r e m a i n s as a r e s idue . T h e a d d i t i o n of s o d i u m s u l p h i d e s p r e c i p i t a t e s 
coba l t a n d nickel a s su lph ides , a n d a n y m a n g a n e s e s u l p h i d e in t h e r e s idue is r e m o v e d b y 
t r e a t m e n t w i t h a so ln . of ferr ic ch lo r ide . T h e m a n g a n e s e is r e c o v e r e d a s c a l c iu m 
m a n g a n i t e . T h e m i x e d su lph ides of c o b a l t a n d n icke l a r e r o a s t e d t o s u l p h a t e s , a n d t h e 
c o b a l t a n d nickel a r e s e p a r a t e d f rom t h e so ln . of t h e s u l p h a t e s in h o t w a t e r . I n a n o t h e r 
process , U . L . H e r r o n s c h m i d t p r e c i p i t a t e d t h e i ron f rom t h e so ln . b y c o p p e r c a r b o n a t e , 
a n d t h e c o p p e r b y n icke l h y d r o x i d e or c a r b o n a t e , a n d t h e r e m a i n i n g soln . of n icke l a n d 
c o b a l t s u l p h a t e was t r e a t e d for c o b a l t a n d n icke l . T . S t o r e r d iges ted t h e g a r n i e r i t e w i t h a 
so ln . of ferr ic ch lor ide a t 187° in a n a u t o c l a v e ; t h e n icke l pa s se s i n t o so ln . a s ch lo r ide , 
-whilst t h e i ron is left a s ox ide . 

W e t m e t h o d s h a v e b e e n s u g g e s t e d fo r t h e t r e a t m e n t of t h e n i c k e l c o p p e r m a t t e s . 
T h e m a t t e i s s o l u b l e i n a c i d s . W i t h u n r o a s t e d m a t t e s , s o m e c o p p e r s u l p h i d e c o n ­
t a m i n a t e d w i t h c o b a l t a n d n i c k e l r e m a i n s a s a r e s i d u e w h i l s t t h e i r o n a n d m o s t 
of n i c k e l a n d c o b a l t p a s s i n t o s o l n . T h e r e s i d u e t h u s r e q u i r e s a n o t h e r s p e c i a l 
t r e a t m e n t fo r t h e s e t w o m e t a l s . I t i s t h e r e f o r e p r e f e r a b l e t o r o a s t t h e m a t t e 
b e f o r e i t i s t r e a t e d w i t h a c i d s — s u l p h u r i c o r h y d r o c h l o r i c a c i d . W i t h a s u c c e s s f u l 
r o a s t i n g v e r y l i t t l e i r o n d i s s o l v e s i n e i t h e r a c i d . A n y a r s e n i c p r e s e n t r e m a i n s i n 
t h e r e s i d u e a s f e r r i c o r c o p p e r a r s e n a t e . T h e t r e a t m e n t of t h e m a t t e w a s d e s c r i b e d 
b y C. S c h n a b e l , H . I / u n d b e r g , A . B a d o u r e a u , L . K n a b , a n d J . d e C o p p e t ; of s p e i s s , 
b y O. S c h n a b e l , A . B a d o u r e a u , W . A . D i x o n , a n d J . A . P h i l l i p s ; a n d of s l a g s , b y 
C. S c h n a b e l , M . H e r t e r , a n d H . H . V i v i a n . T . T a t e b e r e d u c e d t h e g a r n i e r i t e o r e 
w i t h c a r b o n m o n o x i d e a n d h y d r o g e n a t 8 0 0 ° t o 8 5 0 ° , a n d l e a c h e d t h e p r o d u c t 
c o n c u r r e n t l y w i t h a q . a m m o n i a a n d a s o l n . o f a m m o n i u m c a r b o n a t e i n a i r o r 
o x y g e n . T h e n i c k e l d i s s o l v e d a s N i C O 3 ( N H g ) n . C a l c i n a t i o n of t h e s o l i d f u r n i s h e s 
a m m o n i a , c a r b o n d i o x i d e , a n d n i c k e l o x i d e . 

T h e o lder c h e m i s t s o b t a i n e d t h e i r n i cke l f r o m c o p p e r - n i c k e l - c o b a l t speiss w h i c h w a s 
usua l ly " o p e n e d u p " b y r o a s t i n g i t a t a g e n t l e h e a t t o p r e v e n t c a k i n g , a n d t o vo la t i l i ze 
t h e g r e a t e r p o r t i o n of t h e a r sen ic . S ince s o m e of t h e a r sen ic f o r m e d a n icke l a r s e n a t e 
d u r i n g t h e r o a s t i n g , i t w a s found a d v i s a b l e t o m i x t h e r o a s t e d o re w i t h c h a r c o a l a n d 
r o a s t t h e m i x t u r e . T h e o p e r a t i o n w a s r e p e a t e d a s long a s t h e v a p o u r of a r s en i c w a s 
e v o l v e d . O. L . E r d m a n n 6 r e c o m m e n d e d k e e p i n g t h e r o a s t e d spe iss m o i s t in a ce l lar 
u n t i l i t is h y d r a t e d , w h e n i t is m o r e q u i c k l y a t t a c k e d b y t h e a c i d . A . L a u g i e r , R . T u p p u t i , 
H . W . F . W a c k e n r o d e r , P . B e r t h i e r , E . F . A n t h o n , J . Be rze l iu s , a n d O. L . E r d m a n n dis ­
so lved t h e r o a s t e d speiss in n i t r i c ac id , o r in a q u a r e g i a ; J . Be rze l iu s , O . L . E r d m a n n , a n d 
S. Cloez d i s so lved t h e r o a s t e d spe iss i n h y d r o c h l o r i c a c i d ; A . P a t e r a , O. L . E r d m a n n , 
R . H e r m a n n , J . L . P r o u s t , a n d T . T h o m s o n u s e d s u l p h u r i c a c i d . J . v o n L i e b i g h e a t e d t h e 
r o a s t e d spe iss w i t h 1 p a r t of f luorspar a n d 3-5 p a r t s of s u l p h u r i c a c i d a b o v e 100° ; F . W d h l e r 
fused t h e u n r o a s t e d speiss w i t h 3 p a r t s of p o t a s s i u m c a r b o n a t e a n d 3 p a r t s of s u l p h u r , 
a n d e x t r a c t e d t h e p r o d u c t w i t h w a t e r . S. F . H e r m s t t i d t fused t h e spe iss w i t h 3 p a r t s of 
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n i t r e ; Ir*. B e r t h i e r u s e d 1 p a r t of spe iss w i t h 1-5 p a r t s of n i t r e a n d 2 p a r t s of p o t a s s i u m 
c a r b o n a t e ; a n d R . W a g n e r , 5 p e r c e n t , of s o d i u m n i t r a t e a n d 10 p e r c e n t , of a n h y d r o u s 
s o d i u m c a r b o n a t e . C. R . H a y w a r d d e s c r i b e d a p r o c e s s i n v o l v i n g a n o x i d a t i o n r o a s t i n g 
fol lowed b y l e a c h i n g , e t c . ; A . B . B a g h d a s a v a i n , a n d F . L . Duffield, a p r o c e s s i n v o l v i n g a 
ch lo r id i z ing r o a s t of t h e s u l p h i d e s , o r o x i d e s ; P . L o u y o t d e s c r i b e d a p r o c e s s in u s e a t a 
•works in B i r m i n g h a m i n w h i c h t h e m a t e r i a l w a s fused w i t h c h a l k a n d c a l c i u m f luor ide , 
a n d t h e r e s u l t i n g r e g u l u s r o a s t e d a n d t a k e n u p w i t h h y d r o c h l o r i c ac id- Xi. T h o m p s o n 
also u s e d a s o m e w h a t s i m i l a r p roces s , a n d h e d i s so lved t h e r e g u l u s in s u l p h u r i c a c i d . 
I*. B e r t h i o r o p e n e d u p t h e u n r o a s t e d spe i s s b y fusing i t w i t h 2 p a r t s of l e a d o x i d e , a n d 
d i s so lv ing t h e p r o d u c t in n i t r i c a c i d o r in a q u a reg ia . M . I . G u t m a n a n d A . IX M a y a n t z 
s t u d i e d t h e p r e c i p i t a t i o n of n i c k e l h y d r o x i d e b y m a g n e s i a or m a g n e s i u m c a r b o n a t e . 

Electrolytic processes for the extraction of nickel.— T h e e lec t ro ly t ic e x t r a c t i o n 
of n icke l f r om i t s ores h a s n o t been successful : f irstly, because t h e ores a r e t o o 
i m p u r e , a n d c o n t a i n t o o l i t t l e m e t a l t o be used as a n o d e s or t o be d issolved in a n y 
o t h e r w a y w i t h i n t h e c i rcu i t ; a n d secondly , because t h e p r e p a r a t i o n of nickel soln. 
f rom ores ou t s ide t h e c i rcu i t is difficult a n d expens ive . T h e e lec t ro ly t ic m e t h o d , 
however , c a n be u s e d for n i cke l -copper m a t t e s , a n d i t h a s b e e n p rof i t ab ly u sed in 
t h e s e p a r a t i o n of n icke l -copper a l loy s ince t h e o p e r a t i o n is difficult w h e n c o n d u c t e d 
b y a d r y p rocess . I n s e p a r a t i n g n icke l f rom i t s m a t t e s or a l loys , t h e c o p p e r is 
depos i t ed f rom a n acidified e l ec t ro ly te on t h e c a t h o d e whi l s t t h e n ickel passes i n t o 
soln. T h e soln. is t h e n freed f rom o t h e r m e t a l s , a n d t h e nickel is depos i t ed f rom 
i ts soln. b y inso lub le a n o d e s . 

T h e d e c o m p o s i t i o n p o t e n t i a l of n icke l is g r e a t e r t h a n t h a t of coppe r a n d m a n y 
o t h e r m e t a l s . A c c o r d i n g t o M. Ie B l a n c , 7 for i n s t a n c e , t h e d e c o m p o s i t i o n vo l t age 
of n ickel s u l p h a t e is 2-09 vo l t s , a n d of n ickel ch lor ide , 1-85 vo l t s . Nicke l is m o r e 
e lec t ropos i t ive t h a n h y d r o g e n , a n d t h e o v e r v o l t a g e on n icke l is n o t g r e a t , a n d 
acco rd ing ly n ickel is depos i t ed f rom feebly acidic soln. Th i s s u b j e c t w a s d iscussed b y 
F . F o r s t e r , w h o showed t h a t in o rde r t o ge t t h i c k depos i t s of nickel , t h e e l ec t ro ly te 
m u s t be h o t , say , 60° t o 70° , a n d t h e s t r e n g t h of t h e c u r r e n t , b e t w e e n 3*5 a n d 8-5 
a m p e r e s p e r sq. ft . a t 3 t o 6 vo l t s a c c o r d i n g t o t h e n a t u r e of t h e e l ec t ro ly te . 
W . B o r c h e r s found wi th inso lub le a n o d e s , u s ing sa l t s of c reso lsu lphonic acid, 5*5 
a m p e r e s p e r sq. ft . , a n d 2 t o 2-5 v o l t s w e r e neces sa ry ; a n d K . ISrand, us ing a soln. 
of t h e s u l p h a t e s a t . w i t h a m m o n i a , a n d a c a r b o n or i ron a n o d e , found 2*8 a m p e r e s 
p e r sq . ft., a n d 2-4 vo l t s were neces sa ry . A c c o r d i n g t o C. Schnabe l , a c u r r e n t of 
914-9 a m p e r e s is n e e d e d t o s e p a r a t e a k i l o g r a m of n icke l p e r h o u r ; a n d t h e e n e r g y 
for t h i s is 2 4 x 9 1 4 - 9 w a t t s , or 2*99 I I . P . ; or a l lowing for a 12 p e r cen t , loss in 
c o n v e r t i n g m e c h a n i c a l i n t o e lect r ic ene rgy , a n d a 25 p e r cen t , loss in t h e c u r r e n t 
t h r o u g h conve r s ion i n t o h e a t , e t c . , 4-48 H . P . , or a b o u t 9 k g r m s . of coal , a re n e e d e d 
for t h e depos i t ion of a k i l o g r a m of n icke l p e r h o u r . 

K. Wohlwi l l i n v e s t i g a t e d t h e s e p a r a t i o n of c o p p e r a n d nickel u s ing a n a l loy 
a s t h e a n o d e , a n d a soln . of n ickel a n d c o p p e r s u l p h a t e s a s e l ec t ro ly te . T h e 
s e p a r a t i o n d e p e n d s on t h e soln. of b o t h m e t a l s a n d t h e p r e c i p i t a t i o n of c o p p e r 
a t t h e a n o d e on ly a t a p a r t i c u l a r v o l t a g e a n d c u r r e n t d e n s i t y . More c o p p e r is 
d e p o s i t e d a t one e l ec t rode t h a n is d i sso lved a t t h e o the r , for t h e c o p p e r d e p o s i t e d 
a t t h e c a t h o d e is e q u i v a l e n t t o t h e c o p p e r a n d n icke l d i sso lved a t t h e a n o d e ; 
c o n s e q u e n t l y , d u r i n g t h e depos i t i on of t h e copper , t h e dec rease in t h e cone , of 
t h e c o p p e r a n d t h e inc rease i n t h e cone , of t h e n icke l p r o c e e d r a p i d l y , so 
t h a t v e r y soon h y d r o g e n is l i b e r a t e d a t t h e c a t h o d e . A n a m o u n t of coppe r , 
a s s u l p h a t e , e q u i v a l e n t t o t h e a m o u n t of n icke l d i sso lved a t t h e a n o d e m u s t 
be a d d e d t o t h e e l ec t ro ly t e a t i n t e r v a l s . W h e n a b o u t 12£ lbs . of n icke l 
s u l p h a t e p e r cub ic foot h a s a c c u m u l a t e d in t h e e lec t ro ly te , t h e e lect rolys is is 
s t o p p e d ; inso lub le a n o d e s a r e s u b s t i t u t e d for t h e n i cke l - copper a n o d e s . L e a d 
a n o d e s a re u s e d w h e n t h e r e is n o r i sk of t h e f o r m a t i o n of l ead p e r o x i d e a s is t h e case 
w h e n fe r rous s u l p h a t e is p r e s e n t . W h e n m o s t of t h e n ickel h a s been r e m o v e d 
f rom t h e e l ec t ro ly te , t h e m o t h e r - l i q u o r is e v a p o r a t e d a n d c rys ta l l i zed for t h e 
m e t a l s u l p h a t e s . W . B o r c h e r s s t u d i e d t h e t r e a t m e n t of a n a l loy of nickel , coppe r , 
a n d i ron ( 2 : 1 : 1 ) u s e d a s a n o d e w i t h a n ac id soln. of c o p p e r s u l p h a t e a s e l ec t ro ly te . 
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A s s o o n a s t h e l i q u o r h a d b e c o m e s a t . w i t h t h e s u l p h a t e s of i r o n a n d n i c k e l , t h e 
c o p p e r -was p r e c i p i t a t e d b y s c r a p i r o n , a n d t h e n i c k e l s e p a r a t e d f r o m t h e i r o n a s 
a m m o n i u m n i c k e l s u l p h a t e . T h e l a t t e r s a l t w a s c o n v e r t e d i n t o n i c k e l s u l p h a t e . 

E . F . G u n t h e r f o u n d t h a t t h e c o p p e r d e p o s i t i s g o o d s o l o n g a s t h e c o n e , o f t h e 
c o p p e r i n t h e e l e c t r o l y t e d o e s n o t fa l l b e l o w 1 p e r c e n t . P o o r r e s u l t s w e r e o b t a i n e d 
w i t h a m m o n i u m n i c k e l s u l p h a t e a s e l e c t r o l y t e o w i n g t o i t s l o w s o l u b i l i t y . 
E . F . G u n t h e r a l s o s t u d i e d t h e d e p o s i t i o n of n i c k e l f r o m s o l n . o f n i c k e l s u l p h a t e , 
u s i n g i n s o l u b l e a n d s o l u b l e a n o d e s — l e a d , z i n c , a n d c o p p e r . D i a p h r a g m c e l l s w e r e 
e m p l o y e d ; t w o s a l t s w e r e p l a c e d i n t h e a n o d e c o m p a r t m e n t , o n e w h i c h f o r m e d 
a s o l u b l e a n d t h e o t h e r a n i n s o l u b l e s a l t w i t h t h e a n o d e m e t a l r e g e n e r a t i n g a t t h e 
s a m e t i m e a s t h e first s a l t . I n t h e e x p e r i m e n t s w i t h l e a d a n o d e s , s o d i u m c h l o r a t e 
w a s u s e d a l o n g w i t h s o d i u m c h l o r i d e , s u l p h a t e , o r c h r o m a t e , w h i c h f o r m i n s o l u b l e 
l e a d s a l t s . T h e d e p o s i t s w e r e g o o d i n a l l c a s e s , b u t t h e r e g e n e r a t i o n w i t h s o d i u m 
s u l p h a t e w a s n o t s o g o o d . W i t h c o p p e r a n o d e s , t h e s o l v e n t a n d p r e c i p i t a n t 
w e r e r e s p e c t i v e l y s o d i u m s u l p h a t e a n d c a r b o n a t e . T h e n i c k e l d e p o s i t w a s f a i r . 
W i t h z i n c a n o d e s , t h e . s o l v e n t s a l t w a s s o d i u m c h l o r i d e o r s u l p h a t e , a n d t h e 
p r e c i p i t a n t w a s s o d i u m c a r b o n a t e . T h e n i c k e l d e p o s i t s w e r e g o o d . T h e p r e c i p i ­
t a t e d s a l t s w e r e n o t g o o d a s p i g m e n t s . W . B o r c h e r s d e v i s e d a ce l l s u i t a b l e f o r 
t h e p r o d u c t i o n of p i g m e n t s i n t h e a n o d e c o m p a r t m e n t , a n d of n i c k e l i n t h e c a t h o d e 
c o m p a r t m e n t . 

I n 1 8 7 7 , E . A n d r e p r o p o s e d e x t r a c t i n g n i c k e l f r o m n i c k e l i f e r o u s m a t t e , s p e i s s , 
o r a l l o y s , c a s t i n t h e f o r m of a n o d e p l a t e s , a n d s u s p e n d e d in d i l . s u l p h u r i c a c i d . 
T h e c u r r e n t w a s t o b e so r e g u l a t e d t h a t t h e c o p p e r a l o n e d e p o s i t e d o n t h e c a t h o d e 
o f c a r b o n o r c o p p e r , l e a v i n g a s o l n . of i r o n a n d n i c k e l s u l p h a t e s i n t h e e l e c t r o l y t e . 
T h e i r o n w a s t o b e p r e c i p i t a t e d f r o m t h e e l e c t r o l y t e b y e v a p o r a t i n g t h e a m m o n i a c a l 
s o l n . i n a c u r r e n t of a i r . T h e s o l n . of n i c k e l s u l p h a t e w a s t o b e d e c a n t e d f r o m t h e 
p r e c i p i t a t e d f e r r i c h y d r o x i d e , a n d w o r k e d u p f o r n i c k e l s u l p h a t e , o x i d e , o r m e t a l . 
I n t h e l a s t c a s e , t h e n i c k e l c o u l d b e o b t a i n e d b y e l e c t r o d e p o s i t i o n . W . S t a h l , a n d 
13. N e u m a n n s u g g e s t e d a m o d i f i c a t i o n of t h e p r o c e s s . G . A . G u e s s a d d e d a l i t t l e 
g l u e t o t h e e l e c t r o l y t e fo r t h e d e p o s i t i o n of n i c k e l , a n d r e c o m m e n d e d l e a d a n o d e s , 
a n d a c u r r e n t d e n s i t y of 2 5 0 a m p s , p e r s q . f t . H e a l s o r e c o m m e n d e d a d d i n g finely-
d i v i d e d c a l c i u m c a r b o n a t e i n s u s p e n s i o n t o t h e e l e c t r o l y t e , a n d t o s u s p e n d t h e 
c a t h o d e i n a s a c k d i a p h r a g m . T h e c a l c i u m c a r b o n a t e f o r m s a d o u b l e b a s i c s u l p h a t e 
of c o p p e r w h i c h p r e c i p i t a t e s . 

C. Hooj i fner sugges t ed seve ra l modi f ica t ions of a p r o c e s s for e x t r a c t i n g n i cke l 
e l ec t ro ly t i ca l ly . I n one modi f ica t ion of t h e p rocess , t h e n icke l o re w a s p a r t i a l l y r o a s t e d 
t o m a k e t h e i ron inso luble ; a n d i t w a s t h e n e x t r a c t e d w i t h a so ln . of c a l c i u m ch lo r ide 
c o n t a i n i n g cupr i c ch lor ide in t h e fo rm of a n o d e l i quo r f r o m a s u b s e q u e n t s t a g e of t h e 
p roces s . T h e coppe r a n d n ickel d i sso lved as c u p r o u s a n d n icke l ch lo r ides r e s p e c t i v e l y . 
T h e s i lver a n d i ron w e r e r e m o v e d chemica l ly , a n d t h e pur i f ied so ln . of c a l c ium, c u p r o u s 
a n d n icke l ch lor ides w a s e l ec t ro lyzed t o p r e c i p i t a t e t h e c o p p e r . T h e r e m a i n i n g c o p p e r 
•was r e m o v e d chemica l l y . T h e so ln . of c a l c i u m a n d n icke l ch lo r ides on e lec t ro lys is w i t h a 
s h e e t n i cke l c a t h o d e , a n d g r a p h i t e a n o d e g a v e a good d e p o s i t of n icke l . T h e p roces s 
w a s n o t successful ; i t w a s modif ied b y J . S a v e l s b e r g a n d Gr. Wannscha f f . 111. B a s s e a n d 
Gf. SeIve a d d e d o r g a n i c s u b s t a n c e s — a c e t i c o r c i t r ic ac id , g lycero l , o r d e x t r o s e — t o n e u t r a l 
o r s l igh t ly ac id so ln . of n icke l , c o b a l t , i ron , a n d z inc so a s t o p r e v e n t t h e p r e c i p i t a t i o n of 
t h e h y d r a t e d ox ides b y a lka l i e s . O n e lec t ro lys i s of t h e so ln . , m a d e a lka l i ne b y t h e a d d i t i o n 
of p o t a s s i u m or s o d i u m h y d r o x i d e , i r on , c o b a l t , a n d z inc a r e d e p o s i t e d o n t h e c a t h o d e 
w h i l s t n icke l e i t h e r r e m a i n s in so ln . o r is p r e c i p i t a t e d a s h y d r a t e d o x i d e a c c o r d i n g t o t h e 
cone , of t h e soln. , or if t h e p a s s a g e of t h e c u r r e n t is p r o l o n g e d . A m m o n i u m c a r b o n a t e is a d d e d 
t o t h e so ln . t o c o n v e r t t h e free a lka l i i n t o c a r b o n a t e , a n d t h e so ln . is t h e n e l e c t r o l y z e d for 
n i cke l . D . de P . R i c k e t t s e lec t ro lyzed a so ln . of n icke l a n d c o p p e r s u l p h a t e s m i x e d w i t h t h e 
s u l p h a t e of a n a lka l i m e t a l . C o p p e r is d e p o s i t e d on t h e c a t h o d e a n d a s p a r i n g l y so lub le d o u b l e 
s u l p h a t e col lects a t t h e b o t t o m of t h e b a t h . XJ. Ie V e r r i e r s e p a r a t e d i r o n a n d n i c k e l b y 
e l ec t ro lyz ing a so ln . c o n t a i n i n g a m m o n i u m n icke l s u l p h a t e o r a m m o n i u m n i cke l c h l o r i d e 
a n d s o d i u m ch lor ide . T h e so ln . w a s k e p t a l k a l i n e b y m e a n s of a so lub le h y p o c h l o r i t e . 
T h e a n o d e w a s a n a l loy of n i c k e l a n d i r o n . H y d r a t e d ferric o x i d e w a s p r e c i p i t a t e d i n 
t h e b a t h , a n d nickel d e p o s i t e d o n t h e c a t h o d e . M . K u g e l u s e d h o t n i cke l s a l t s o l n . 
acidif ied w i t h pe rch lo r ic , b r o m i c , o r s u l p h u r i c a c id ; t h e a n o d e s w e r e n i cke l m a t t e . 
T h e a c i d c o n t e n t of t h e b a t h w a s m a i n t a i n e d b y t h e a d d i t i o n of a c o n e . so ln . of a m a g n e s i u m 
s a l t of t h e ac id—e .g . m a g n e s i u m s u l p h a t e for n icke l s u l p h a t e . H . A . F r a s c h u s e d for t h e 
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a n o d e a c o p p e r p l a t e o n -which, rested, c o a r s e l y c r u s h e d m a t t e ; a l a y e r of s a n d o v e r t h e 
m a t t e s e r v e d a s d i a p h r a g m ; a s o l n . of s o d i u m ch lo r ide j u s t c o v e r e d t h e d i a p h r a g m , a n d 
o v e r t h a t a d i l . so ln . of s o d i u m c a r b o n a t e s e r v e d a s a c a t h o d e c o m p a r t m e n t . O n e lec t ro lys i s 
t h e ch lo r ine f o r m e d a t t h e a n o d e a c t e d o n t h e m a t t e , f o r m i n g a so ln . of n i cke l a n d c o p p e r 
ch lo r ides -which w e r e a l t e r n a t e l y d e p o s i t e d e l ec t ro ly t i ca l l y o n t h e c a t h o d e . 

I n T. Ulke's process a n o d e s of ca s t c akes of t h e bessemer ized m a t t e , a n d shee t s 
of coppe r a s c a t h o d e s a r e emp loyed . T h e e lec t ro ly te w a s p r e p a r e d b y dissolving 
g r a n u l a t e d m a t t e in su lphur i c acid, a n d i t c o n t a i n e d a b o u t 8 p e r cen t , excess ac id . 
T h e ac id r e q u i r e d rep len i sh ing f rom t i m e t o t i m e . T h e coppe r depos i t ed on t h e 
c a t h o d e , a n d coppe r a n d n ickel d issolved a t t h e a n o d e ; t h e a n o d e sl ime c o n t a i n e d 
t h e p rec ious m e t a l s . W h e n t h e p e r c e n t a g e of coppe r in t h e soln. is smal l , t h e l i quo r 
is s y p h o n e d off, a n d t h e res idua l c o p p e r p r e c i p i t a t e d b y s o d i u m su lph ide o r b y 
fi l tering t h r o u g h nickel su lph ide . T h e i ron in t h e soln. can be p r e c i p i t a t e d b y 
a d d i n g h y d r a t e d nickel ox ide . T h e nickel in t h e soln. can be p r e c i p i t a t e d a s 
c a r b o n a t e , or i t c a n be depos i t ed e lec t ro ly t ica l ly . T h e prec ious m e t a l s in t h e 
sl imes a re r ecovered b y t h e process of B . M o e b i u s — 3 . 22, 3 . I n D. H. Browne's 
process, t h e copper -n icke l a l loy is cas t i n t o a n o d e p l a t e s , a n d while copper is be ing 
depos i t ed , c o p p e r shee t s a r e used for t h e c a t h o d e . T h e e lec t ro ly te is a soln. of 
chlor ides of c o p p e r a n d nickel , wh ich is r ep len i shed b y m a k i n g i t flow c o n t i n u o u s l y 
t h r o u g h a t o w e r whe re i t comes in c o n t a c t w i t h n icke l -copper m a t t e , a soln. of 
s o d i u m chlor ide a n d ch lor ine . T h e ch lor ine is g e n e r a t e d f rom t h e nickel ch lor ide 
soln. T h e coppe r is depos i t ed first, a n d w h e n t h e nickel in t h e e lec t ro ly te h a s 
a t t a i n e d a su i t ab le c o n c e n t r a t i o n , t h e l iquor is r u n off, t h e coppe r is first p r e c i p i t a t e d 
a n d t h e n t h e i ron. T h e soln. is t h e n e lec t ro lyzed w i t h c a r b o n a n o d e s a n d nickel 
shee t c a t h o d e s . T h e chlor ine f rom t h e anodes passes u p t h e t o w e r i n d i c a t e d 
a b o v e . I n N. V. Hybinette s 2>rocess ^he copper -n icke l m a t t e is roas t ed , a n d t h e 
r e su l t ing ox ides a r e l eached w i t h 10 p e r cen t , su lphur i c acid. Th i s r e m o v e s m o s t 
of t h e coppe r b u t v e r y l i t t l e n ickel . T h e res idue is t h e n h e a t e d w i t h su lphur i c 
ac id t o t h e t e m p , a t w h i c h t h e s u l p h a t e s become a n h y d r o u s , a n d aga in l eached 
w i t h di l . su lphu r i c ac id . T h e res idue is h e a t e d w i t h hydrochloric; ac id a n d aga in 
l eached w i t h su lphur i c ac id . T h e solid res idue is t h e n smel ted , a n d t h e m e t a l 
is ca s t i n t o a n o d e s for e lect rolys is . A soln. of nickel s u l p h a t e is used as e lec t ro ly te . 
C a t h o d e s cons i s t ing of i ron p l a t e s t h i n l y c o a t e d w i t h g r a p h i t e a r e e m p l o y e d , 
G. H a g l u n d s t u d i e d t h e p rocess . 

Modified p rocesses h a v o b e e n d i scussed b y T . B a r t o n a n d T . B . McGhie , B . I3ogi tch, 
O. W . 13rown, C. F . I3urgoss a n d C. H a m b u e c h e n , B . S. Ca r ro r a s , A . Cha l a s , C. C. Ci to , 
P . I"'. Cowing , F . L . Duffiold, S. F r a s e r , S. G i e r t s e n , J . H . Gill is , 1*. G o l d b e r g , F . F . G i i n t h e r , 
E . F . G i i n t h e r a n d B . F r a n k e , F . H a b e r , J . H e i b l i n g , W . Mc . A . J o h n s o n , T . H . K e l l c y , 
B . G. K n i c k e r b o c k e r , G . L a n g b e i n , C. L a n g e r , A . M e K e c h n i e a n d F . C. Boas ley , 
H . M. Merr i ss , B . M o h r a n d C. B . H e b e r l e i n , B . Miirizing, K . W . P a l m a o r a n d O. E . Griep, 
F . P e t e r s , J . N . Br ing , W . S a l v e r s b e r g , G. S c h r e i b e r , K. W . v o n S i e m e n s a n d J . G. BFalske, 
F . A . S j o s t e d t a n d J . H . J a m e s , B . C. S t a n l e y , T . S t o r e r , J . S t r a p , B . B . S u h l a n d 
c o - w o r k e r s , J . C. U n d e r w o o d , G. V o r t i n a n n , a n d H . L . Wel l s a n d J . C. K i n g . T h e 
s e p a r a t i o n of c o b a l t a n d n i cke l h a s b e e n d i scussed in c o n n e c t i o n w i t h c o b a l t . 

J . G a m i e r 8 t r e a t e d fused n ickel m a t t e in a n e a r t h e n w a r e t u b e p r o v i d e d w i t h 
c a r b o n e lec t rodes , w i t h a c u r r e n t of 23 a m p e r e s a t 10 vol t s , a n d found t h a t t h e 
c o n d u c t i v i t y of t h e m i x t u r e r e m a i n e d v e r y regular , b u t t h e vo l t age g r a d u a l l y 
d imin i shed , a l t h o u g h t h e t e m p , of t h e furnace w a s p rac t i ca l l y c o n s t a n t . T h e 
following t a b l e gives t h e compos i t i on of t h e or iginal s u b s t a n c e a n d of t h e p r o d u c t s 
r o u n d t h e a n o d e a n d c a t h o d e af te r pas s ing t h e c u r r e n t for a n h o u r a n d t h e n cooling 
s lowly : 

Sulplmr Iron Nickel Copper 
Or ig ina l s u b s t a n c e . . 21-IO 33-30 16-30 29-OO p e r c e n t . 
A n o d e p r o d u c t . . . 1 6 - 6 0 35-40 5-13 39-9O 
C a t h o d e p r o d u c t . . . 4-70 49-10 19-1O 2 6 1 3 

T h e s u l p h u r is, t o a l a rge e x t e n t , e l im ina t ed p r o b a b l y a s c a r b o n d i su lph ide , 
a n d t h e r e m a i n d e r is c o n c e n t r a t e d a t t h e a n o d e . T h e q u a n t i t y of n ickel increases 
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from t h e anode t o t h e c a t h o d e , whi l s t t h a t of coppe r increases in t h e r eve r se 
d i rec t ion . T h e i ron, on t h e whole , t e n d s t o a c c u m u l a t e a t t h e c a t h o d e . 
C. T. H e n n i n g discussed t h e electr ic sme l t ing of n ickel ores . 

The impurities in commercial nickel.—Formerly, coarse n ickel m i g h t c o n t a i n 
60 t o 90 pe r cent , of nickel , b u t t o - d a y t h e m e t a l is e x t r a c t e d f rom a v a r i e t y of 
ores a n d i t con ta ins 98 t o 99 pe r cen t , of n ickel . T h e m o s t c o m m o n i m p u r i t i e s 
are cobal t , copper , i ron, zinc, su lphur , a rsenic , silicon, c a r b o n , a n d m a g n e s i u m , 
whils t lead, a n t i m o n y , m a n g a n e s e , a n d a l u m i n i u m m a y be p re sen t . Commerc i a l 
nickel a p p e a r s on t h e m a r k e t as (a) g ra ins , cubes , rondel les , or p o w d e r r e d u c e d a t 
n re la t ive ly low t e m p , f rom nickel oxide , a n d n o t fused in t h e p rocess ; (b) n icke l 
depos i ted in concent r ic l aye r s f rom nicke l c a r b o n y l a n d n o t fused in t h e p rocess ; 
(c) nickel depos i t ed e lec t ro ly t ica l ly as c a t h o d e shee t s ; (d) n ickel m a d e b y r e d u c i n g 
t h e oxide a b o v e t h e m . p , of t h e m e t a l , a n d cas t ing i t , w i t h o u t deox ida t i on , i n t h e 
form of b locks ; or p o u r i n g i t i n t o w a t e r , w h e n i t a p p e a r s in t h e f o r m of s h o t ; 
(c) mal leab le nickel p r e p a r e d b y r e d u c t i o n f rom t h e ox ide a b o v e t h e m . p . of t h e 
m e t a l , a n d m i x e d w i t h some deoxid izer before i t is p o u r e d or t e e m e d i n t o i ngo t s or 
m a n u f a c t u r e d in to rods , shee t , s t r ip , wire , t u b e s , e t c . 

I n i l lus t ra t ion of t h e compos i t ion of ear l ier e x a m p l e s of coarse n ickel , 
C. Schnabe l gave for t h e p e r c e n t a g e compos i t i on of s amp le s f rom I , J o a c h i m s t h a l ; 
I I , Klefva ; a n d I I I , S c h l a d m i n g : 

I 
I I 

I I I 

N i 
7 1 - 4 - 8 6 - 5 
8 3 - 9 0 
8 6 - 7 - 8 8 

C u 
O - 1 8 - 0 

1 - 3 - 2 0 
1 - 8 - 1-9 

F e 
0 - 2 - 1 - 3 
0 - 2 - 0 - 4 
1 - 8 - 1 - 9 

Co 
0 - 9 - 1 2 - 0 
5 - 5 - 1 1 - 2 
6 - 8 - 7-4 

Aa 
0 - 0 - 0 0 

O-7 0-8 

S 
O -0 -1 

0 - 7 - 1 - 4 
0 - 7 - 1 - 4 

SiO2 
0 - 3 - 5 

0 - 7 - 0 - 9 
O- l -O 

T h e Klefva nickel also c o n t a i n e d 0*9 t o 2-0 p e r cen t , of N a ; a n d t h e t w o o t h e r 
s amples were r e p o r t e d t o c o n t a i n r e spec t ive ly 0-06 t o 1*6 a n d 0 t o 0-8 pe r cen t , of 
res idue insoluble in ac ids . Ana lyses were r e p o r t e d b y R . F r e s e n i u s , 9 W . E . G a r d , 
C. E . Gui l l aume, R . A. H a d n e l d , F . Heus le r , A. Ho l l a rd , A . H o l l a r d a n d I J . B e r t i a u x , 
J . H . J a m e s a n d J . M. Nissen , A. J u l i e n , A . K o b r i c h , J . Li. Lassa igne , P . T). Mer ica , 
I J . Moissenet , I I . Nissenson a n d A. M i t t a s c h , J . J . P o h l , P . R e i m a n , W . v o n Selvc, 
S. P . I J . Sorensen, L.. T h o m p s o n , a n d P . Wese l sky . 

Tab le I inc ludes a select ion, m a d e s o m e w h a t a t r a n d o m , of a dozen e x a m p l e s 

T A B L E I . — T H E P E R C E N T A G E C O M P O S I T I O N av C O M M E B O I A L S A M P L E S O F N I O K E L . 

N o r w a y 
C a n a d i a n 
O r f o r d . 
E l e c t r o l y t i c 
M o n d 
N e w C a l e d o n i a n 
C u b e s 
R o n d e l l e s 
G r a i n 
S h o t 
I n g o t s 
S h e e t 

N i 

9 9 - 5 2 
99-8O 
9 9 - 8 2 
9 9 - 8 0 
9 9 - 8 6 
9 8 1 1 
9 9 - 2 8 
9 9 - 2 0 
9 9 1 7 
9 9 - 2 5 
9 9 - 1 0 
9 7 - 9 9 

C o 

0-89 

0-80 

ni l 

0-25 
0-80 
0-88 

Cu 

0-6 
O-01 
O 0 1 
0 0 5 
0 0 0 8 
0-50 
0-065 

0 1 3 
0-06 
0 1 3 
0 1 2 

• F e 

0 - 3 6 
0 - 1 2 
0 - 1 4 
0 - 1 5 
0 0 4 0 
1-60 
0 - 3 2 
0 - 4 5 
0 -51 

I 0 - 5 0 
[ 0 - 5 0 

0 - 4 9 

C 

— 
n i l 

0 0 3 0 

0-41 
0 1 5 

n i l 
0 1 0 

• — 

— 

t r a c e 
n i l 
n i l 

0 0 1 

0 0 1 4 
0 - 6 0 

n i l 
0 - 0 0 7 
0 1 3 

0 1 0 

n i l 
0 1 0 

S i 

f rom t h e r e p o r t s of D . H . B r o w n e a n d J . F . T h o m p s o n , t h e R e p o r t of t h e R o y a l 
O n t a r i o Nicke l Commiss ion , a n d t h e Circular of t h e B u r e a u of S t a n d a r d s . T h e 
s u b j e c t w a s d iscussed b y F . Myl ius , w h o showed t h a t t echn ica l n ickel c a n be o b t a i n e d 
w i t h on ly 0-029 p e r cen t , of i m p u r i t i e s . T h e p resence of c o b a l t a s a n i m p u r i t y w a s 
d i scussed b y R . J . M c K a y , a n d W . R . B a r c l a y . T h e " i n g o t s " h a d 0-015 p e r 
c e n t . As a n d 0-015 p e r c e n t . S n a n d S b ; a n d t h e " shee t " 1*32 p e r cen t , of 
m a n g a n e s e . T h e " i m p u r i t i e s " h a v e n o t been d e t e r m i n e d in all cases . I n s o m e 
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cases t h e r e p o r t e d N i inc ludes b o t h coba l t a n d nickel . N o p a r t i c u l a r conclus ion 
as t o t h e re la t ive m e r i t s of s amples f rom different local i t ies is t o be d r a w n f rom 
these d a t a . A n o t h e r t a b l e could h a v e been j u s t a s easi ly compi led t o show a n o t h e r 
o rde r of mer i t . T h e d a t a a r e t o be t a k e n as a whole , showing w h a t m a y be e x p e c t e d 
f rom m o d e r n commerc ia l n ickel . Vessels for m e l t i n g nickel were s t u d i e d b y 
I J . J o r d a n a n d co-workers , a n d a re discussed in connec t ion w i t h i ron . 

The 'purification of nickel.—Nickel c a n be refined e lec t ro ly t ica l ly or b y d r y 
processes . T h e commerc i a l e lec t ro ly t ic processes h a v e been i n d i c a t e d a b o v e . I n 
some cases , efforts a r e d i r ec t ed t o o b t a i n i n g a purif ied nickel oxide , a n d r educ ing 
t h a t t o t h e m e t a l . Accord ing t o C. S c h n a b e l , 1 0 t h e pur i f ica t ion of nickel b y a n 
oxid iz ing fusion in a k i n d of p u d d l i n g furnace , r e m o v e s on ly t hose impur i t i e s wh ich 
a re m o r e r ead i ly oxid ized t h a n is nickel itself—e.g., c a rbon , silicon, a n d i ron . 
P . M a n h e s , a n d P . C. Gi lchr is t a n d S. G. T h o m a s exposed t h e m e t a l t o t h e ac t i on 
of ox id iz ing a g e n t s l ike air , n i t r e , e tc . , a t a r e d - h e a t . J . G a m i e r p roposed t o 
r e m o v e s u l p h u r b y h e a t i n g t h e m e t a l in a r e v e r b e r a t o r y furnace w i t h a bed of 
p o w d e r e d l imes tone which , g iv ing off c a r b o n d iox ide , a g i t a t e s t h e m e t a l , a n d t h e 
l ime t a k e s u p t h e s u l p h u r . !R. F l e i t m a n n used m a n g a n e s e t o r e m o v e s u l p h u r 
f rom t h e m e t a l . P . M a n h e s r e m o v e d s u l p h u r b y h e a t i n g t h e m e t a l w i t h a m i x t u r e 
of l ime a n d ca lc ium chlor ide on a bas ic h e a r t h in a r e v e r b e r a t o r y fu rnace . 
W . S. S m i t h a n d co-workers used l ime a n d silica w i t h some fluorspar for desul­
p h u r i z i n g t h e m o l t e n m e t a l ; O. Le l lep , a n d H . W a t l e u sed gases c o n t a i n i n g oxygen . 
T h e Be rndo r f e r Me ta l lwaren fab r ik r e m o v e d c a r b o n b y soak ing cubes of nickel , 
r educed a t a m o d e r a t e h e a t , in a 4 p e r cen t . soln. of a lkal i m a n g a n a t e or per ­
m a n g a n a t e , a n d fused t h e p r o d u c t a t a h igh t e m p . J . G a m i e r r e m o v e d i ron b y 
sme l t ing t h e m e t a l w i t h q u a r t z as a flux. L . J o r d a n a n d co-workers r e c o m m e n d e d 
crucib les m a d e f rom purif ied magnes i a , for m e l t i n g nickel . 

W h e n nickel is fused in crucibles or furnaces d u r i n g t h e r e d u c t i o n of n ickel oxide , 
t h e p r o d u c t m a y c o n t a i n nickel ox ide which r e m a i n e d dissolved in t h e m e t a l as 
in t h e c o r r e s p o n d i n g cases of c o p p e r a n d i ron. Th is m a k e s t h e nickel b r i t t l e . 
Ca rbon m o n o x i d e m a y be a b s o r b e d b y t h e nickel , m a k i n g t h e m e t a l incl ined t o 
spr ing iness ; a n d n ickel c y a n i d e m a y be fo rmed which , acco rd ing t o T. F l e i t m a n n , 
m a k e s t h e m e t a l b r i t t l e . T. F l e i t m a n n showed t h a t if m a g n e s i u m be a d d e d t o 
m o l t e n n ickel , t h e s e t h r e e i m p u r i t i e s a re decomposed . T h e refining of nickel 
w a s desc r ibed b y C. Schnabe l , E . T . R i c h a r d s , G. Mas ing a n d L . K o c h , K . Styffc, 
a n d P . F l e i t m a n n . F r o m o n e - t w e n t i e t h t o one -e igh th p e r cen t , of m a g n e s i u m m a y 
suffice, a n d t h e r e su l t ing m e t a l — t h e so-called mal leable n icke l— i s duc t i l e , a n d 
i t c a n be we lded t o itself or t o i ron a n d steel . W i t h o u t some such pur i fy ing a g e n t 
nickel , in gene ra l , - c anno t be rol led or forged. T h e a m o u n t of m a g n e s i u m requ i r ed 
c a n in some cases be r e d u c e d if h y d r o c a r b o n s , c a r b o n m o n o x i d e , or hyd rogen be 
first b lown t h r o u g h t h e m e t a l . C Schnabe l r e p o r t e d t h e following resu l t s of t h e 
fusion of n icke l w i t h 1-5 ozs. of m a g n e s i u m pe r 7O lbs . of m e t a l in g r a p h i t e crucibles 
l ined "with fireclay : 

ISTi Co Fe Cu Si or SiO2 C S M K 
T / B e f o r e . . 97-87 1-45 0-45 O-IO 0-19 t r a c e 0 0 5 
L t A f t e r . . 98-24 1 0 9 0-36 0 1 0 0 0 6 —- 0 1 1 

N i 
97-87 
98-24 
98-21 
98-38 

C o 
1-45 
1 0 9 
1 1 9 
1-04 

F e 
0-45 
0-36 
0-25 
0-32 

C u 
O-IO 
0 1 0 
0-07 
0-07 

Si or SiO2 

0-19 
0-06 
0-24 
0-07 

C 
t r a c e 

t r a c e 
— 

S 
0 05 
.— 

t r ace 
— 

1 T /Before. 
LX \ After . . 98-38 1-04 0-32 0-07 0-07 — - O-12 

O t h e r s u b s t a n c e s c a n be used , b u t less a d v a n t a g e o u s l y , t h a n m a g n e s i u m — e . g . 
a l u m i n i u m , ca lc ium, o r a ca lc ium-z inc a l loy ; b l ack flux a n d coal h a v e been t r i ed , 
a n d he re i t is t h o u g h t t h a t t h e d e o x i d a t i o n is d u e t o t h e fo rma t ion of t h e v a p o u r 
of p o t a s s i u m . T h e Socie te A n o n y m e F o n d e r i e d e Nickel e t M e t a u x B lancs recom­
m e n d e d a l u m i n i u m or p o t a s s i u m c y a n i d e . J . G a m i e r , a n d G. A. !Boeddicker recom­
m e n d e d , say , 1*5 t o 3 p e r cen t , of m a n g a n e s e as a purif ier ; F . Osmond , R . F le i t ­
m a n n , G. Selve a n d F . Liotter p r o p o s e d m i x i n g m a n g a n e s e d iox ide w i t h t h e nickel 
ox ide before t h e ox ide is r e d u c e d ; P . D . Merica used a l u m i n i u m . H . C. C. de 
R u o l z , H . C. C. de R u o l z a n d A. L . M. de F o n t e n a y t r i ed p h o s p h o r u s t o deoxid ize 
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nickel , b u t J . G a m i e r said t h a t if over one - th ree t h o u s a n d t h p a r t of p h o s p h o r u s is 
X>resent t h e nickel becomes ha rde r , b u t less ma l l eab le ; h e the re fo re r e c o m m e n d e d 
a phosphor -n icke l w i th a b o u t 6 pe r cen t , of p h o s p h o r u s a s a deoxid ize r . I J . S c h m a l 
used a m a g n e s i u m - m a n g a n e s e p h o s p h i d e ; t h i s w a s d i scussed b y C. R o b e r t s . 

P . D . Merica a n d R . G. W a l t e n b e r g showed t h a t t h e m a g n e s i u m , e tc . , a c t n o t 
by r e m o v i n g oxygen , for t h e y found t h a t t h e p resence of c a r b o n , sil icon, i ron , 
copper , arsenic , coba l t , m a n g a n e s e , a n d o x y g e n h a d l i t t le effect on t h e m a l l e a b i l i t y 
of nickel , a n d s imilar ly also wi th t h e occ luded gases c a r b o n m o n o x i d e a n d d iox ide , 
hyd rogen , a n d n i t rogen . T h e y found t h a t su lphu r , a n d s u l p h u r a lone , is r e spons ib l e 
for t h e br i t t l eness of o r d i n a r y nickel . Commerc ia l n ickel w i t h less t h a n 0-005 
pe r cen t , of su lphu r is ma l l eab le b o t h h o t a n d cold, before a n d af te r r e m e l t i n g , 
a n d w i t h o u t a n y a d d i t i o n of m a n g a n e s e , a n d m a g n e s i u m . As l i t t l e a s 0*01 of 
su lphu r m a k e s t h e m e t a l a l m o s t comple t e ly non -ma l l eab l e . T h i s p r o f o u n d effect 
is d u e t o t h e fo rma t ion of a film of nickel su lph ide w h i c h s u r r o u n d s e a c h me ta l l i c 
g ra in of nickel a n d lowers t h e i n t e r c rys t a l l i ne cohes ion of t h e m a s s even a t low 
t e m p . T h e a d d i t i o n of 0-5 t o 1 -0 p e r cen t , of m a n g a n e s e i m p r o v e s t h e m a l l e a b i l i t y 
of nickel w i t h 0-01. p e r cen t , of s u l p h u r ; a n d t h e a d d i t i o n of 0-5 t o 0*10 p e r cen t , 
of m a g n e s i u m comple te ly res tores i t s ma l l eab i l i ty . T h e fac t s also a p p l y t o m o n e l 
m e t a l . 

A n u m b e r of we t processes h a v e been e m p l o y e d for pur i fy ing n icke l . T h u s , 
I I . S t . C. Devil le 1;L eva j jo ra ted t h e n i t r i c ac id soln. of t h e m e t a l i n o rde r t o r e m o v e 
t h e i ron ; t h e res idue "was t a k e n u p w i t h w a t e r a n d t r e a t e d w i t h h y d r o g e n su lph ide . 
T h e f i l t rate was boiled a n d fil tered t o r e m o v e s u l p h u r , a n d t h e n t r e a t e d w i t h oxal ic 
acid a n d boiled a few m i n u t e s ; n ickel o x a l a t e s e p a r a t e s f rom t h e ac id soln. T h e 
o x a l a t e was t h e n t r e a t e d in a l ime crucib le whi le p r o t e c t e d f rom air . T h e o x a l a t e 
can also be r e d u c e d b y h e a t i n g i t in d r y air , a n d t h e n in h y d r o g e n . Modif ica t ions 
of t h e process were e m p l o y e d b y R . Schne ider , H . B a u b i g n y , a n d C. Z i m m e r m a n n . 
JJ. T h o m p s o n finally fused t h e m e t a l u n d e r b o r a x in a fireclay cruc ib le . M e t h o d s 
of pur i f ica t ion were also emp loyed b y F . C laude t , G. D e l v a u x , P . Di rve l l , 
N . W . F i scher , P . J . R o b i q u e t , F . G a u h e , A. G u y a r d , M. I l i n s k y a n d G. v o n K n o r r e , 
A . JLaugier, J . v o n Liiebig, A. P a t e r a , R . Ph i l l ips , F . P i s a n i , F . R o s e , H . R o s e , 
R . Schne ider , S. P . Li. Sorensen , A. Terrei l , a n d L . T h o m p s o n . T h e s e p a r a t i o n of 
n ickel a n d coba l t is d i scussed in c o n n e c t i o n w i t h t h e l a t t e r e l e m e n t . 

E l a b o r a t e m e t h o d s of pur i f ica t ion h a v e been e m p l o y e d i n a t o m i c w e i g h t 
d e t e r m i n a t i o n s (g.v.) ; t h u s , C. W i n k l e r d i sso lved t h e c a r b o n a t e in h y d r o c h l o r i c 
acid, h e a t e d t h e soln. r e p e a t e d l y w i t h b leach ing p o w d e r t o p r e c i p i t a t e i r o n a n d 
c o b a l t ox ides ; p r e c i p i t a t e d a rsen ic a n d coppe r b y h y d r o g e n su lph ide ; h e a t e d t h e 
l iqu id freed f rom h y d r o g e n su lph ide w i t h s o d i u m c a r b o n a t e ; d i sso lved t h e w a s h e d 
c a r b o n a t e in hyd roch lo r i c ac id a n d e v a p o r a t e d t h e soln. t o d r y n e s s ; s u b l i m e d 
t h e n icke l ch lor ide in a c u r r e n t of d r y ch lor ine ; a n d finally r e d u c e d t h e ch lo r ide 
in a c u r r e n t of purif ied h y d r o g e n . T. W . R i c h a r d s a n d A. S. C u s h m a n t r e a t e d a 
soln. of t h e c o m m e r c i a l sa l t (or n icke l de r ived f rom t h e ca rbony l ) w i t h h y d r o g e n 
su lph ide ; boi led t h e f i l t ra te t o d r i v e off t h e excess of h y d r o g e n s u l p h i d e ; ox id ized 
t h e soln. w i t h a few d r o p s of n i t r i c acid, a n d m a d e t h e soln. a lka l ine w i t h a m m o n i a ; 
t h e filtered l iqu id w a s t r e a t e d w i t h h y d r o g e n su lph ide ; t h e p r e c i p i t a t e d n i cke l 
su lph ide w a s w a s h e d w i t h h o t w a t e r a n d d isso lved in hyd roch lo r i c ac id ; t h e 
f i l t ra te w a s e v a p o r a t e d t o d r y n e s s a n d t a k e n u p w i t h h o t w a t e r ; t h e c lea r soln . 
w a s t w i c e f rac t iona l ly p r e c i p i t a t e d a s h y d r o x i d e b y t h e m e t h o d of E . F . A n t h o n ; 
t h e h y d r o x i d e w a s t r a n s f o r m e d i n t o b r o m i d e b y h e a t i n g i t i n a po rce l a in t u b e i n 
a c u r r e n t of h y d r o g e n b r o m i d e ; a n d t h e s u b l i m e d b r o m i d e w a s t h e n pur i f ied a s 
n icke l h e x a m m i n o b r o m i d e . C. W i n k l e r o b t a i n e d t h e m e t a l b y t h e fol lowing 
e lec t ro ly t i c p rocess f rom t h e pur i f ied s u l p h a t e : 

An aq. soln. of nickel sulphate wi th 32-84 grms. of nickel per litre was prepared, and 
2OO c.c. mixed with 30 grms. of ammonium sulphate , 5O grms. of aq. ammonia of sp . gr . 
0*905, and 25O c.c. of water . The cathode was a polished nickel p la te 9*7 cms. by 7*9 cms. 
a n d the anode was a piece of p la t inum foil of the same dimensions. A current of 0-8 
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a m p e r e a t 2-8 v o l t s w a s e m p l o y e d . A s s o o n a s t h e n i c k e l d e p o s i t h a d a c q u i r e d a c e r t a i n 
t h i c k n e s s , i t c u r l e d off t h e c a t h o d e in f lakes of -white l u s t r o u s m e t a l w i t h a ye l lowish t i n t . 
T h e m e t a l h a d a h i g h d e g r e e of p u r i t y s ince r e p e a t e d h e a t i n g in h y d r o g e n fai led t o p r o d u c e 
a n y loss of w e i g h t . 
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§ 4. The Preparation of Nickel 

A t t h e beg inn ing of t h e n i n e t e e n t h c e n t u r y , P . B e r t h i e r , 1 J . B . K i c h t e r , a n d 
0 . I J . E r d m a n n p r e p a r e d t h e n icke l in t h e l a b o r a t o r y b y h e a t i n g n icke l ox ide o r 
c a r b o n a t e , a lone , o r m i x e d w i t h cha rcoa l , or m a d e i n t o a stiff p a s t e w i t h oil, w i t h 
or w i t h o u t a l a y e r of g lass , i n a cove red cruc ib le , a n d a t t h e t e m p , of a b l a s t - fu rnace . 
T h e n icke l d issolves a sma l l q u a n t i t y of c a r b o n . I f t h e t e m p , b e k e p t a s low as 
poss ib le , a g rey , p o r o u s m a s s of n icke l is p r o d u c e d w i t h v e r y l i t t l e c a r b o n . J . v o n 
L ieb ig a n d E . W o h l e r , A. L a u r e n t , G. C h a r p y , G. M a g n u s , G. Grass i , W . N . Ipateeff, 
a n d C. K u n z e l o b t a i n e d n icke l in a n a n a l o g o u s m a n n e r . E . W . v o n S i emens a n d 
J . G. H a l s k e r e d u c e d t h e ox ide w i t h c a r b o n in a n e lectr ic fu rnace . E . D . C la rke 
obse rved t h a t n ickel ox ide is r e d u c e d t o t h e m e t a l in t h e o x y h y d r o g e n f lame. 
Nicke l ox ide is also r e d u c e d b y h e a t i n g i t i n a c u r r e n t of h y d r o g e n , a n d , a c c o r d i n g 
t o W . Miiller, a subox ide—v ide infra—is f o r m e d a t 194°, a n d t h e r e d u c t i o n is com­
p l e t e a t 270° . M. M a y e r a n d V. A l t m a y e r s h o w e d t h a t n icke l r e d u c e d in h y d r o g e n 
a b s o r b s m u c h gas—v ide i?ifra. W . N . Ipateeff f o u n d t h a t soln. of n icke l s a l t s 
a r e r e d u c e d t o t h e m e t a l w h e n h e a t e d u n d e r p ress , in h y d r o g e n . T h u s , 
w i t h h y d r o g e n a t 100 a t m . p re s s . 0-22V-NiSO4 d e p o s i t s n ickel a t 186°, a n d 
of a 0-22V-soln. of n icke l a c e t a t e , a t 168°. J . v o n L ieb ig a n d F . W o h l e r , a n d 
A. L a u r e n t r e d u c e d t h e ox ide b y h e a t i n g i t in a c u r r e n t of c a r b o n m o n o x i d e ; a n d 
1. L . Bell n o t e d t h a t a t a h igh t e m p , m u c h c a r b o n is fo rmed . 

J . W . Dobe re ine r , a n d J . J . Berze l ius p r e p a r e d t h e m e t a l b y h e a t i n g t o r ednes s 
n icke l o x a l a t e , or a m m o n i u m n icke l o x a l a t e u n d e r a l a y e r of p o w d e r e d glass free 
f rom h e a v y m e t a l . E . Pe l igo t , P . S c h u t z e n b e r g e r , a n d H . R o s e o b t a i n e d l u s t r o u s 
c r y s t a l s of n ickel b y h e a t i n g n icke l ch lor ide in a c u r r e n t of h y d r o g e n ; a n d F . V o r s t e r 
b y h e a t i n g t h e ch lor ide in a c u r r e n t of d r y a m m o n i a . L . M o n d a n d co-worker s , 
a n d M. B e r t h e l o t p r e p a r e d t h e m e t a l b y h e a t i n g n ickel c a r b o n y l t o 200° . 
A. C. B e c q u e r e l f o u n d t h a t c o p p e r in a soln. of s o d i u m nickel chlor ide p r e c i p i t a t e s 
n icke l ; Z. R o u s s i n , t h a t m a g n e s i u m p r e c i p i t a t e s n icke l f rom s l ight ly acidified soln . 
of n ickel sa l t s ; A. Commai l l e , t h a t m a g n e s i u m p r e c i p i t a t e s nickel f rom soln. of 
n icke l s u l p h a t e ; a n d A. M e r r y , a n d J . L . D a v i s , t h a t n ickel is p r e c i p i t a t e d b y z inc 
f rom a m m o n i a c a l soln. of i t s sa l t s . H . Moissan o b t a i n e d t h e m e t a l b y dis t i l l ing 
n i cke l - a rna lgam in a c u r r e n t of h y d r o g e n . A. D a m o u r found t h a t z inc a m a l g a m 
p r e c i p i t a t e s n icke l f rom n e u t r a l soln. of z inc sa l t s , a n d fo rms a n a m a l g a m . C. M e m e , 
a n d E . S t o l b a f o u n d t h a t a soln. of n icke l s u l p h a t e a n d z inc ch lor ide depos i t s 
n icke l on i ron in c o n t a c t w i t h z inc ; b u t E . M. R a o u l t obse rved n o depos i t of 
n icke l f rom acidic or n e u t r a l , h o t or cold soln. of n icke l s a l t s in c o n t a c t w i t h a 
n icke l -gold couple . F o r t h e p r o d u c t i o n of n icke l f rom nicke l c a r b o n y l , vide 
supra. H . E . F i e r z a n d LT. A. P r a g e r , A . E . v a n Arke l , a n d C. Miiller a n d 
W . S c h u b a r d t used t h i s p rocess . 

N icke l is depos i t ed on t h e c a t h o d e d u r i n g t h e e lect rolys is of a m m o n i a c a l , n e u t r a l , 
or ac id ic soln. of i t s sa l t s , a n d , as s h o w n b y R . B o t t g e r , 2 J . M. Merr ick, a n d C. W i n k l e r , 
t h e m e t a l so o b t a i n e d h a s a h i g h degree of p u r i t y , b u t , as s h o w n b y J . M. Merr ick , 
i t m a y be c o n t a m i n a t e d w i t h ox ides . 

I n 1842, R . B o t t g e r s h o w e d t h a t d e n s e a n d l u s t r o u s depos i t s of n ickel cou ld be 
o b t a i n e d b y t h e e lect rolys is of a soln . of n icke l a n d a m m o n i u m s u l p h a t e , or of a n 
a m m o n i a c a l soln. of n icke l s u l p h a t e . H e also e m p h a s i z e d m a n y v a l u a b l e qua l i t i e s 
of t h e n icke l depos i t s , w h i c h a t t r a c t e d a t t e n t i o n on ly a f te r R . B o t t g e r ' s w o r k h a d 
b e e n fo rgo t t en , a n d t h e fac t s d i scovered a n e w . I n 1868, W . H . R e m i n g t o n p a t e n t e d 
a p roces s for t h e e l ec t rodepos i t ion of n icke l ; i n 1869, I . A d a m s p a t e n t e d t h e use of 
n icke l a m m o n i u m s u l p h a t e a s a n e l ec t ro ly te i n c o n j u n c t i o n w i t h ca s t n ickel a n o d e s ; 
a n d i n 1871 , N . S. K e i t h p a t e n t e d t h e use of t a r t r a t e s — e . g . , Roche l l e s a l t — i n t h e 
e lec t ro ly t i c b a t h . A t o r d i n a r y t e m p . , t h e use of a c u r r e n t d e n s i t y of a b o u t 5 a m p . 
p e r sq . ft . w a s cons ide red t o g ive t h e b e s t r e su l t s . T h e co r re spond ing r a t e of 
d e p o s i t i o n w a s c o m p a r a t i v e l y s low. T h e use of h ighe r t e m p , h a s t e n e d t h e r a t e of 

V O L . x v . J> 
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deposi t ion, b u t t h i s was considered inconven ien t u n d e r m a n u f a c t u r i n g condi t ions . 
I n order t o p roduce a h igher concen t ra t ion of nickel in t h e b a t h t h a n is possible w i t h 
a m m o n i u m nickel su lpha te , which has a re la t ive ly low solubi l i ty , as p o i n t e d o u t 
b y A. Brochet , a por t ion of t h e complex sa l t was rep laced b y t h e s imple sa l t n ickel 
su lpha te . I n 1878, E . W e s t o n showed t h a t t h e a m m o n i u m s u l p h a t e could be 
advan tageous ly omi t t ed if boric acid be a d d e d a long w i t h nickel su lpha t e . A h igher 
r a t e of anodic corrosion was t h e n needed t o enable h igher r a t e s of depos i t ion t o be 
employed. W. D . Bancrof t po in t ed o u t t h a t a re la t ive ly smal l p r o p o r t i o n of a 
soluble chloride in t h e b a t h would g rea t ly i m p r o v e anodic corrosion, a n d e lec t ro ly tes 
conta in ing nickel su lpha te , boric acid, a n d a soluble chlor ide c a m e i n t o favour . I n 
1916, O. P . W a t t s found t h a t w i th soln. con ta in ing pe r l i t re 240 g rms . of nickel 
su lpha te , 20 grms . of boric acid a n d 20 g rms . of nickel chlor ide gave good depos i t s 
wi th a cu r ren t dens i ty of 200 a m p s , p e r sq. ft. , a n d u n d e r commerc ia l condi t ions , 
50 t o 100 a m p s , per sq. ft. T h e sub jec t was s t u d i e d b y V. I . L a i n e r a n d 
co-workers , N . V. H y b i n e t t e , C. C. Downie , R . L.. Suhl a n d co-workers , W . A. Mudge , 
A. H . W . A ten a n d co-workers , G. A. Guess , N . R . L.aban, a n d C. G. F i n k 
a n d F . A. R o h r m a n discussed t h e condi t ions favourab le t o t h e p r e p a r a t i o n 
of pure , electrolyt ic nickel. 

A l though the equi l ibr ium p o t e n t i a l of nickel in JV-NiSO4 a t room t e m p , is a b o u t 
-—0-25 vol t , a large excess of anodic po la r i za t ion is necessary t o i n a u g u r a t e t h e 
dissolut ion Ni-f-2££)->Ni*\ T h u s , E . P . Schoch found a nickel anode in iV-NiS0 4 
a t 26° dissolves only a t c u r r e n t dens i t ies below 0*036 a m p . p e r sq. d m . If t h i s 
va lue be exceeded, t h e a n o d e becomes pass ive , a n d oxygen is evolved when t h e 
po ten t i a l is a b o u t + 0 - 2 8 vo l t , i.e., a n excess po la r iza t ion of 0-53 vo l t . T h e pass iv i ty 
decreases as t h e t e m p , is ra ised or in t h e presence of Cl '-ions or H"-ions. H e n c e , b y 
rais ing t h e t e m p . , or in acidic soln., or soln. w i th a soluble chlor ide, a nickel anode 
can be subjec ted t o g rea te r c u r r e n t dens i t ies w i t h o u t t h e a n o d e a s suming t h e 
passive s t a t e . As shown b y O. W . Brown , t h e po ten t i a l s a t t h e a n o d e v a r y wi th 
t h e phys ica l s t a t e of t h e m e t a l ; t h u s e lec t rolyt ic nickel requ i res a h igh po ten t i a l , a n d 
cas t nickel w i th i t s surface roughened dissolves more readi ly t h a n a n y o t h e r form of 
anode . Wrought i ron of u n e v e n s t r u c t u r e m a y yield sl imes con ta in ing undisso lved 
me ta l . Since t h e equi l ib r ium po ten t i a l of n ickel in TV-NiSO4 is —0-26 vol t , nickel 
c a n n o t be depos i ted from soln. con ta in ing even m o d e r a t e quan t i t i e s of free acid. 
The work of E . P . Schoch, a n d A. Schwei tzer shows t h a t t h e h y d r o g e n overvo l t age 
of nickel a t room t e m p , is a t leas t 0-2 vol t , b u t t h i s is coun t e rba l anced by t h e fact 
t h a t t h e slowness of t h e reac t ion Ni" ' ->Ni + 2<3> a ^ t n e c a t h o d e necess i ta tes a h igher 
ca thod ic polar iza t ion t h a n cor responds w i t h t h e equ i l ib r ium va lue . N . A. I sgar i -
sheff a n d C. M. R a v i k o v i t s c h found t h a t t h e c a t h o d e polar iza t ion w i t h nickel 
chloride is affected b y t h e add i t i on of va r ious chlor ides in t h e order C d C l 2 ^ A l C l 3 
<C LiCl <C CoCl2 <C MgCl2 <C NiCl2 <C NaCl <C KCl < CaCl2 <C SrCl2 < NH 4 Cl < ; BaCl 2 
<CZnCl2. A t room t e m p . , 16°, A. Schwei tzer found t h a t t h e following c a t h o d e 
po ten t i a l s a re needed for t h e depos i t ion of nickel from .ZV-NiCl2 in a n a t m . of 
hydrogen , a n d a n equ i l ib r ium p o t e n t i a l a b o u t —0*31 vo l t : 

C u r r e n t d e n s i t y . O 0 0 1 0 0 3 0-06 O i l 0-9 a m p . p e r s q . d m . 
C a t h o d e p o t e n t i a l —0-31 —0-462 —0-486 —0-510 —0-535 —0-645 vo l t . 

Hence , t h e excess po la r iza t ion increases w i t h t h e c u r r e n t dens i ty , b u t i t decreases 
wi th a rise of t e m p . , be ing only a b o u t 0-1 vo l t a t 90°. I t therefore follows t h a t t h e 
H"-ion cone, m u s t be low, or t h e c u r r e n t efficiency for t h e depos i t ion of n ickel -will 
be low. There is a Scylla t o th i s Cha rybd i s because if t h e H - i o n cone, be t oo low, 
basic sal ts m a y be formed, t h e b a t h fouled, a n d t h e q u a l i t y of t h e depos i t impa i r ed . 

T h e effect of t h e H"-ion cone , on t h e d e p o s i t i o n of n icke l h a s b e e n s t u d i e d b y M. B a l l a y , 
J . B a x b a u d y a n d A . P e t i t , J . B a r b a u d y a n d co -worke r s , W . B l u m a n d N . B e k k e d a h l , 
W . B l u m a n d M. B . T h o m p s o n , A . JE. B r e w e r a n d G. H . Mont i l lon , C. E . Cl indinin , 
A- K . G r a h a m , L . JE. a n d V . E . G r a n t , H . E . B a r i n g , B . HEarr, J . O. K r o t c h m e r , 
H . K\ i r re in , W . Locke rb ie , D . J . M a c N a u g h t a n a n d B . A . F . H a m m o n d , D . J . M a c N a u g h t a n 
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and co-workers, H . B . Max-well, G- H . Montillon and N . S. Caasel, W. A. Mxidge, 
J . B . O'Sullivan, H . C. Parker and W. N. Greer, L. C. P a m , W . H . Phillips, W. M. Phillips, 
K. Pitschner, A. Regmunt , B . G. Suman, W. A. Taylor, M. R. Thompson, S. Triandafil, 
and O. P . Watts—vide infra. 

W . W e r n i c k e obse rved t h a t n icke l p e r o x i d e is fo rmed a t t h e a n o d e in a lka l ine 
so ln .—say , a n a lka l ine soln. of s o d i u m t a r t r a t e a n d n icke l h y d r o x i d e . T h e r eac t ion 
in t h e n icke l -p la t ing b a t h w a s s t u d i e d b y A. B r o c h e t , H . S. C a r h a r t , F . F o r s t e r a n d 
F . K r u g e r , R . L . D o r r a n c e a n d W . C. G a r d i n e r , F . F o r s t e r , P . K . F ro l i ch a n d 
G. L . Clark , a n d F . E . L a t h e . C. R u s s o s tud i ed t h e r a t e of anod i c so lu t ion in 
i V - H 2 S 0 4 . 

T h e r e is a difficulty i n o b t a i n i n g t h i c k depos i t s of nickel a t o r d i n a r y t e m p . 
W i t h o t h e r t h a n low c u r r e n t dens i t i e s , t h e depos i t peels off in t h i n flakes, a n d a 
c o h e r e n t film c a n n o t be o b t a i n e d . I n t h e case of i ron , a s imi lar effect h a s been 
a t t r i b u t e d t o t h e i r r egu la r occlusion of h y d r o g e n b y t h e m e t a l p r o d u c i n g s t r a i n s in 
t h e depos i t ; b u t K . E n g e m a n n showed t h a t t h e so lubi l i ty of h y d r o g e n in n icke l is 
p r o b a b l y t o o low t o p r o d u c e such an effect, a n d he a t t r i b u t e d t h e p h e n o m e n o n t o 
t h e p resence of t r a c e s of i ron in t h e e l ec t ro ly te depos i t i ng on t h e c a t h o d e m o r e 
read i ly t h a n nickel , so t h a t t h e first l aye r s c o n t a i n a h ighe r p r o p o r t i o n of i ron t h a n 
t h e s u b s e q u e n t l ayer . As a resu l t , s t r a i n s a r e se t u p a n d flaking occurs . H e 
o b t a i n e d n o flaking w i t h e lec t ro ly te a n d a n o d e q u i t e free f rom iron. A low t e m p . , 
a low H*-ion c o n e , a n d a h igh c u r r e n t d e n s i t y all f a v o u r an i r r egu la r depos i t ion of 
i ron a n d also f laking. F . F o r s t e r o b t a i n e d good t h i c k depos i t s a t a h ighe r t e m p . , 
s a y 50° t o 90°, even w h e n t h e c u r r e n t d e n s i t y is h igh, s ay 2-5 a m p s , pe r sq. d m . 
H o t soln. were also r e c o m m e n d e d by M. K u g e l , G. L a n g b e i n , W . S. B a r r o w s , 
R . F . Clark , W . G. H o r s c h , a n d A. E . S h e p h e r d . 

F . F o r s t e r showed t h a t c o m p a c t a n d t h i c k depos i t s , used w i t h c r u d e n ickel 
anodes , c a n be o b t a i n e d a t t e m p , b e t w e e n 50° a n d 90° . A . Classen r e c o m m e n d e d 
h o t , n e u t r a l soln. of nickel s u l p h a t e a n d a m m o n i u m o x a l a t e for t h e e lee t rodepos i t ion 
of n icke l . F . F o r s t e r o b t a i n e d m u c h b e t t e r r e su l t s w i t h s u l p h a t e soln. t h a n w i t h 
ch lor ide soln. a s e l ec t ro ly tes . Ve ry l i t t le s e p a r a t i o n w a s effected wi th nickel , i ron, 
a n d coba l t , b u t c a r b o n , sil icon, copper , a n d m a n g a n e s e could be e l imina t ed . W h e n 
t h e p r o p o r t i o n of i ron is h igh , t h e depos i t cu r l s off t h e c a t h o d e . W i t h ch lor ide soln. 
b u b b l e s of h y d r o g e n form m o r e r ead i ly on t h e c a t h o d e , a n d t he se t e n d to p r o d u c e 
w a r t y depos i t s . N . Fedotieff a n d R. K i n k u l s k y , a n d E . F . K e r n a n d F . G. F a b i a n 
e x a m i n e d t h e effect of v a r y i n g c o n c e n t r a t i o n s of acid, t e m p . , a n d c u r r e n t d e n s i t y 
on t h e c u r r e n t efficiency, a n d on t h e n a t u r e of t h e depos i t s ; a n d t h e i r resu l t s 
w i t h soln. c o n t a i n i n g 8 p e r cen t , of N i a r e in p a r t s u m m a r i z e d in T a b l e I I . 
T h e h e a v y depos i t s a r e d u e t o t h e f o r m a t i o n of bas ic sa l t s , a n d th i s is p a r t i c u l a r l y 
m a r k e d w i t h n e u t r a l soln. of n ickel ch lor ide . 

" C o n d u c t i n g " sa l t s a r e a d d e d t o t h e b a t h t o dec rease t h e e lectr ical res i s tance 
of t h e b a t h . T h e re s i s t ance of t h e b a t h w a s s t u d i e d b y R . L . D o r r a n c e a n d 
W . C. Ga rd ine r , A. E . Nicol , H . E . H a r i n g , L . D . H a m m o n d , C. W . Hci l , a n d 
E . F . K e r n a n d M. Y. C h a n g . T h e effect of supe rpos ing a n a l t e r n a t i n g c u r r e n t on 
t h e d i r ec t c u r r e n t e m p l o y e d in t h e depos i t i on of nickel , a n d i t s a l loys, w a s s t u d i e d 
b y H . C. Cocks , A. C o p p e r a d o , N . A. Isgarisheff a n d S. B e r k m a n n , W . G. El l i s , 
V. K o h l s c h u t t e r a n d H . Schod l , a n d S. A. T u c k e r a n d H . G. Loesch ; a n d t h e effect 
of h igh c u r r e n t dens i t i es b y N . R . L a b a n . G. L a n g b e i n cons ide red t h a t p o t a s s i u m , 
s o d i u m , m a g n e s i u m , or a m m o n i u m sa l t s a r e bes t s u i t e d for t h i s p u r p o s e , b u t t h e 
a m m o n i u m chlor ide is n o t good, a n d t h a t s o d i u m a c e t a t e , b a r i u m o x a l a t e , 
a m m o n i u m n i t r a t e , a m m o n i u m - a l u m , a n d t h e l ike a r e u n s u i t a b l e . In genera l , t h e 
a d d i t i o n s of chlor ides , a n d b a t h s p r e p a r e d w i t h nickel ch lor ide or n i t r a t e , a re n o t 
s u i t e d for t h e solid n icke l ing of i ron . P . A. Nichol a n d O. P . W a t t s found t h e use 
of n i t r a t e s ob jec t ionab le . D . W . R o b i n s o n e m p h a s i z e d t h e use of m a g n e s i u m 
s u l p h a t e in ra i s ing t h e c o n d u c t i v i t y of t h e soln. , i m p r o v i n g t h e c h a r a c t e r of t h e 
depos i t , inc reas ing t h e we igh t depos i t ed in a g iven t i m e , d isso lv ing t h e a n o d e s m o r e 
even ly , a n d avo id ing p i t t i n g . Sma l l p r o p o r t i o n s of f luorides or ch lo r ides—sod ium, 
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T A B L E I I .—TJHK ESVCTSOT OK B A T H CONDITIONS ON T H E ELECTROPErosiTioN oir NICKJEI. 

Current 
Densi ty 

(amp. per 
SQ. f t . ) 

10 

1 0 

12 

IO 

2 0 

2O 
6O 

NiCl2 

Voltage 
(volt.) 

0 - 4 9 
O-36 
0 - 2 1 
0 - 7 3 
O-52 
0 - 3 5 
0 - 8 6 
0 - 5 3 
0 - 4 4 
0 - 7 8 
0 - 5 9 
0 - 4 4 
1 0 6 
0 - 7 3 
O-64 
1 0 2 
0 - 5 8 

Current 
Efficiency 
(per cent.) 

3 - 2 0 
1-25 
1 0 1 

6 2 - 6 
7 9 0 
7 l-O 
6 7 - 2 
75 -7 
8 0 - 7 
9 6 - 6 
9 9 - 4 
9 9 - 2 
9 1 - 2 
9 4 - 7 
8 8 - 3 
9O-2 
9 9 - 7 

NiSO 4 

Voltage 
(volt.) 

0 - 8 9 
0 - 6 5 
0 - 4 2 
0 - 9 1 
0 - 7 8 
0 - 5 1 
0 - 9 7 
0 - 7 9 
0 - 6 1 
1-5O 
1-35 
0 - 8 8 
3 - 4 5 
2-3O 
1-40 
3 - 1 2 
0 - 9 6 

Curren t 
Efficiency 
(per cent.) 

0 - 8 6 
0 - 6 2 
0 - 3 9 
1-50 
1-60 
1-50 
O O 
0-7 
2-8 

1 0 2 - 2 
1 0 6 - 9 
l O l - l 

10 -2 
9 9 - 8 

N i S i F e 

Voltage 
(volt.) 

0 - 9 6 
0 - 7 8 
0 - 6 1 
O-82 
0 - 8 3 
0 - 6 1 
1-02 
0-9O 

I 0 - 8 2 
1 0 5 
0 - 9 4 
0 - 7 3 
1-45 
1-24 
1 0 1 

Current 
Efficiency 
(per cent .) 

0 - 7 8 
1-64 
1-8O 
2-2O 
4 - 9 0 
4 - 8 0 
7 -8 
7 1 
8-5 

9 2 1 
9 2 - 4 
8 9 - 8 
9 6 - 8 

1 0 0 O 
I 9 0 - 3 

Electrolyte 
add i t ion 

0-5 ikf - f roe 
a c i d 

0 1 M - f r e e 
a c i d 

0-05.A/- f roe 
a c i d 

N e u t r a l 

N e u t r a l 

O-Sikf -Na 
s a l t 

I 
I 
) 
I 

I 
( I 
J 
I 
{ 

Temp. 

2 0 ° 
4 0 ° 
6 0 ° 
2 0 ° 
4 0 ° 
6 0 ° 
2 0 ° 
4 0 ° 
6 0 ° 
2 0 ° 
4 0 ° 
6 0 ° 
2 0 ° 
4 0 ° 
6 0 ° 
2 0 ° 
6 0 ° 

a m m o n i u m , m a g n e s i u m , or n i cke l—however , a c t b y r e d u c i n g t h e t e n d e n c y of t h e 
a n o d e t o become pass ive , a n d b y f a v o u r i n g t h e cor ros ion of t h e a n o d e . T h e use of 
b a t h s of nickel cyan ide in soln. of p o t a s s i u m c y a n i d e , r e c o m m e n d e d b y R . I I . Marsha l l , 
a n d P . a n d Q. Mar ino , were found b y G. L a n g b e i n t o give p o o r depos i t s . W h i l s t t h e 
p resence of a dil . ac id is des i rab le , t h e a d d i t i o n of s t r o n g ac ids is t o be avo ided , b u t 
w e a k ac ids , l ike c i t r ic or ace t ic ac id , e tc . , c a n b e r e c o m m e n d e d . T h e sa l t s of t h e 
o rgan ic ac ids ac t b y r e g u l a t i n g t h e a c i d i t y of t h e b a t h , b y d issolv ing bas ic sa l t s of 
n ickel , i ron , e tc . , a n d r e d u c i n g t h e r a t e of depos i t i on of n ickel b y m o r e pos i t i ve 
m e t a l s a s in t h e e l ec t rop la t i ng of zinc a n d of i t s a l loys . J . Powel l r e c o m m e n d e d 
benzoic acid , a n d E . W e s t o n , J . B a r b a u d y a n d A. P e t i t , E . M. B a k e r , e tc . , bor ic 
ac id . T h e bor ic ac id h a s a f avou rab l e effect in p r o d u c i n g s i lve ry -whi teness ; 
p r e v e n t s t h e fo rma t ion of bas ic sa l t s , a n d i t m a k e s t h e d e p o s i t m o r e a d h e r e n t , 
softer, a n d flexible. T h e ye l lowness of e l ec t rodepos i t ed nickel is a t t r i b u t e d t o t h e 
p resence of bas ic n icke l sa l t s , b u t t h i s h a s n o t been p r o v e d . G. L a n g b e i n , a n d 
F . F o r s t e r sa id t h a t t h e depos i t w i t h bor ic ac id is h a r d e r t h a n i t is w i t h a free 
organic acid, a n d t h a t t h e y c a n n o t be m a d e so t h i c k a s is r e a d i l y a t t a i n e d w i t h t h e 
n ickel e t h y l s u l p h a t e b a t h s . L . D . H a m m o n d showed t h a t bor ic ac id a c t s b y 
m a i n t a i n i n g m o r e u n i f o r m l y t h e H*-ion cone , of t h e soln. , a n d t h a t a l t h o u g h good 
depos i t s c a n be o b t a i n e d f rom soln. s l igh t ly acidified w i t h s t r o n g or w e a k ac ids , 
n o n e of t h e ac ids w e r e so good a s bor ic ac id for c o n t i n u e d service . T h e a d d i t i o n 
of glycerol is c l a imed b y P . a n d Q. Mar ino , J . A. M u r p h y , a n d H . G a r d n e r t o a c t a s 
a depo la r i ze r a n d a l low l u s t r o u s n icke l depos i t s t o be p r o d u c e d of g r e a t h o m o ­
gene i ty . G. L a n g b e i n w a s u n a b l e t o p r o d u c e b e t t e r d e p o s i t s in t h e p re sence 
of glycerol t h a n in i t s a b s e n c e . T h e a d d i t i o n of c a r b o n d i s u l p h i d e t o n icke l b a t h s 
is sa id t o p r e v e n t t h e n icke l d e p o s i t f rom b e c o m i n g du l l w h e n i t h a s a t t a i n e d a 
c e r t a i n th i ckness , b u t G. L a n g b e i n f o u n d n o a d v a n t a g e a t t e n d s t h e use of t h i s a g e n t . 
T h e genera l sub jec t , a n d t h e use of g lyc ine w e r e d i scussed b y G. F u s e y a a n d 
co-workers ; a n d t h e effect of fore ign m e t a l s , b y B . Se t l ik . 

Accord ing t o I . A d a m s , in t h e s e a r c h a f t e r so lu t i ons f rom w h i c h m e t a l s c a n be 
p r a c t i c a l l y d e p o s i t e d , t h e r u l e - o f - t h u m b m e t h o d p r e v a i l e d a n d h a d t o p r eva i l . I n 
t h e sea rch for a p r a c t i c a l s i l ve r -p l a t i ng so lu t ion , d o u b t l e s s h u n d r e d s of s i lver sa l t s 
"were t r i e d before t h e r a t h e r o u t - o f - t h e - w a y d o u b l e c y a n i d e of s i lver a n d p o t a s s i u m 
w a s found . I n t h e case of u n t r i e d m e t a l s , t h e e x p e r i m e n t e r c o u l d n o t safely d r a w 
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inferences f rom s imi la r c o m b i n a t i o n s . T h e r e were n o ru les , a n d few theor i e s t o 
gu ide , a n d i t is m u c h t h e s a m e t o - d a y . All t h i s m e a n s t h a t in t h e q u e s t for so lu t ions 
su i t ab l e for e l ec t rop la t i ng , t h e m e t h o d of t r i a l a n d fa i lure , h i t o r miss , h a s t o b e 
followed. J . M. Mer r i ck r e p o r t e d t r i a l s w i t h a m m o n i a c a l soln. of n icke l ch lor ide , 
s u l p h a t e , a n d n i t r a t e , a s wel l as w i t h t h e c o m p l e x sa l t s w i t h t h e c o r r e s p o n d i n g 
a m m o n i u m or p o t a s s i u m sa l t s . A . S m e e , a n d J . M. Mer r i ck t r i e d n icke l a c e t a t e ; 
J . M. Merr ick , p o t a s s i u m n icke l c y a n i d e ; E . F . K e r n a n d F . G. F a b i a n , n icke l 
f luosil icate, d i t h i o n a t e , ch lor ide , a n d s u l p h a t e ; J . Powel l , L . E . S t o u t a n d 
C. L . F a u s t , J . H . P o t t s , a n d A . W a t t , a c e t a t e s , b e n z o a t e s , ch lor ides , c i t r a t e s , 
l a c t a t e s , t a r t r a t e s , a n d f o r m a t e s ; G. Gore , s e l ena te ; A . H o l l a r d , d i c h r o m a t e s , a n d 
p y r o p h o s p h a t e s ; M. Ie C o u t e u l x , a m m o n i u m p e r s u l p h a t e ; T). J. M a c N a u g h t a n 
a n d R . A . F . H a m m o n d , c h r o m i c ac id o r c h r o m i c s u l p h a t e ; C P . M a d s e n , 
W . G. El l i s , a n d t h e Madsene l l C o r p o r a t i o n , h y d r o g e n d iox ide , a n d ch lo r ine ; 
E . A. Ol la rd , ozone or ozonized a i r ; W . B l u m , a n d Q. Mar ino , fluorides ; P . a n d 
Q. Mar ino , su lphan i l i c ac id , b o r o t a r t r a t e s , g lyce robo ra t e s , g lyce robenzoa tc s , b o r o -
b e n z o a t e s , p h o s p h a t e s , b r o m a t e s , g lucose , b o r o c i t r a t e , a n d b o r o t a r t r a t e ; A. Classen, 
l iquor ice r o o t ; V . G a r i n , ge l a t in or a l b u m i n o u s s u b s t a n c e s ; E . N . T o d d a n d 
W . R . K i n g , g u m t r a g a c a n t h ; N . A . IsgarishefE a n d S. B e r k m a n n , ge la t ine ; 
a n d B . H . 13ivine, g lue . E . F . K e r n s t u d i e d t h e func t ion of a d d i t i o n a g e n t s in 
e l ec t ro ly tes , a n d K . P i t s c h n e r , t h e buffer a c t i on . 

N u m e r o u s rec ipes for b a t h s for t h e e l ec t rodepos i t i on of n icke l h a v e been p u b ­
l ished. F o r i n s t a n c e , W . R . B a r c l a y a n d O. H . H a i n s w o r t h r e c o m m e n d e d 
( N H 4 ) 2 N i ( S 0 4 ) 2 . 6 H 2 0 , 375 g r m s . ; N i S 0 4 . 7 H 2 0 , 94 t o 125 g r m s . m a d e u p t o 
5 l i t res w i t h w a t e r a t 20° , u s ing a c u r r e n t d e n s i t y of 5 a m p s , p e r sq. ft . in i t i a l ly a t 
5 vo l t s a n d s u b s e q u e n t l y fal l ing t o 3 v o l t s or even less. T h e y also r e c o m m e n d 
( N H 4 ) 2 N i ( S 0 4 ) 2 . 6 H 2 0 , 312 g r m s . ; N i S O 4 ^ l T 2 O , 125 g r m s . ; p o t a s s i u m or s o d i u m 
ch lor ide , 31 t o 47 g r m s . m a d e u p t o 5 l i t res w i t h w a t e r , a n d w o r k e d a t a c u r r e n t 
d e n s i t y of IO a m p s , p e r sq . ft . O. P . W a t t s r e c o m m e n d e d a soln. c o n t a i n i n g 
N i S 0 4 . 7 H i i O , 240 g r m s . ; NiCl2 .GHoO, 20 g r m s . ; a n d bor ic acid, 20 g r m s . p e r l i t re . 
E . A. Ol la rd g a v e NiSO 4 . 7H 2 O^ 300 g r m s . ; H 3 B O 3 , 25 g r m s . ; N a F , 6 g r m s . ; a n d 
N i C l 2 . 6 H 2 O , 2 g r m s . p e r l i t r e , w i t h a c u r r e n t d e n s i t y of 15 t o 70 a m p . p e r sq. ft., 
a n d Pn = 5 - 7 t o 5-9. 

O t h e r r ec ipes o r p rocesses h a v e b e e n r e c o m m e n d e d b y I . A d a m s , IC. A l t m a n n a b e r g e r , 
K-. A p p e l , E . M. R a k e r , M. B a l l a y , G. I i . B a r h a m , C . W . B e n n e t t a n d c o - w o r k e r s , A . F . B e r r y , 
E . B l a s s e t , W . B l u m a n d c o - w o r k e r s , M. B o d e n , B . B o g i t c h , H . E . B o u g h a y , E . B r o u n i n g 
a n d O. S c h n e i d e r , B . S. B r o w n , T . B r o w n , A. C a e h e m a i l l e , ID. F . C a l h a n o a n d A . X/. G a m -
m a g e , J . C a n a c a n d E . Tas s i l l y , E . I i . C a n n i n g , B . Car l , C. E . C h a n d l e r , M. C h i r a d e a n d 
J . C a n a c , B . E . C la rk , A . C o p p e r a d o , S. Corne l l , S. O . Cowper -Colcs , H . JD. C u n n i n g h a m , 
J . W . C u t h b e r t s o n , G. O a r y , 1ST. H . M . D o k k e r , M. B o l v a l a n d M. P a s c a l e s , C. H . D e s c h a n d 
E . M . V e l l a n , E . J . B*obbs, F . M. B o r s e y , H . I I . D o w a n d c o - w o r k e r s , T . A . E d i s o n , G. E g e r , 
C. H . E l d r i d g e , D . T . E w i n g a n d c o - w o r k e r s , T . F e a r n , S. F i e l d a n d A . D . Wei l l , L . C. F l o w e r s 
a n d J. C. W a r n e r , B . F o s s , P . K . F r o l i c h a n d G. L . C la rk , J . G a l i b o u r g , H . G a r d n e r , V . G a r i n , 
E . P . M. G a t a n d E . M. L . Carr ioro , S. G o r d o n , C. B . G o r d o n - S a l e , B . A . G o v a e r t s a n d 
B . M. W e n m a e k e r s , C. BL R . G o w e r a n d S. O ' B r i e n , A . K . G r a h a m , G. A . Gues s , L . Gu i l l e t 
a n d M. G a s n i e r , V . M . G u s k o v a n d A . Z . B i v k i n d , J". H a a s , G. H a g l u n d , B . B«. H a m m o n d , 
H . E . H a r i n g , W . E . H a r r i s , W . J . H a r s h a w a n d c o - w o r k e r s , R . J . H a z u c h a , C. H e b e r l e i n , 
S. H e r r i c k , M. H e s s , G . B . H o g a b o o m , A . H o l l a r d , A . W . H o t h o r s a l l , W . E . H u g h e s , 
N". V . H y b i n e t t e , H . J a c o b i , Y . K a t o , M. d e K a y T h o m p s o n , B . K a y s e r , E . F . K e r n a n d 
c o - w o r k e r s , H . K e r s t e n , W . B . K i n g , F . K i r s c h n e r a n d J . Hess , F . V . K n a u s s , W . G . K n o x , 
J . C. K r e t c h m e r , B . J . K r o m , H . K u r r e i n , N . B . L a b a n , V . I . L a i n e r a n d c o - w o r k e r s , 
E . B . L a t e r , F . C. L e a , T . L e d i n , F . J . L i s c o m b , E . G . L o v e r i n g , B*. J . M a c ­
N a u g h t a n a n d c o - w o r k e r s , C. B . M a d s e n , B . M a r i n o , Q . M a r i n o , M. M a r t i n a n d 
M. B*elamot te , F . C. M a t h e r s a n d c o - w o r k e r s , I . M a t u s c h o k , A . M a z u i r , Madsene l l 
C o r p o r a t i o n , B . M e n d e l s o h n , B . L>. Mer i ca , O . M e y e r , E . Mone l , J*. A . M u r p h y , 
L . F . Ne l i s sen , E . N e w b e r y , W . O b s t , E . A . O l l a rd , L . C. B a n , A^ B a s s a l a c q u a , 
W . B . P f a n h a u s e r , W . M . Bhi l l ips , E . B o t t e r , J . H . B o t t s , J . P o w e l l , C. H . P r o c t o r 
a n d O. J . S ize love , M. Q u e n t i n , A . V . R e , R-. R i e d a l , I>. W . R o b i n s o n , F . P . Romanof f , 
A . R o s e n b e r g , S. W . R o w s b a r , R . S a x o n , M . S c h l o t t e r , L . S c h u l t e , O. S i lves t r i , S. C S m i t h , 
R . C. S n o w d e n , Soc ie te A n o n y m e L e N i c k e l , B . C. Soyenkoff , H . S t a g e r , E . E . Staf ford , 
J . S t e d m a n , W . W . d e Sveschnikoff a n d H . E . H a r i n g , A . S v i g u i n , E . Tass i ly , F . T . T a y l o r , 
H . T . T e r D o e s t , C. T . T h o m a s a n d W . B l u m , M . R . T h o m p s o n , E . 2ST. T o d d a n d W . R . K i n g , 
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T M T u r n e r J . U n w i n , W . V o s s , E . A . V u i l l e u m i e r , J . W a l t e r s , I . W*. W a r k , 
T . T . B . P . W a r r e n , O . P . W a t t s , TT. W e b b a n d S . O ' B r i e n , W . IT . W e b b e r , E . E . B . W e i g l e 
a n d E . J a n o z , E . W e r n e r , a n d T . D . Y e n s e n . I . W . W a r k d i s c u s s e d t h e e n e r g y e f f i c i e n c y 
of t h e e l e c t r o l y t i c p r o c e s s . 

I n t h e so-called black riickelling, i n s t ead of t r y i n g t o o b t a i n a s i lver -whi te 
deposi t , a b lack or d a r k b r o w n coloured depos i t is p r o d u c e d . T h e b a t h t h e n 
employed conta ins some t h i o c y a n a t e a n d arsenic . T h u s , E . B lasse t r e c o m m e n d e d 
a b a t h of a m m o n i u m nickel su lpha t e 12 ozs., p o t a s s i u m t h i o c y a n a t e 2*75 ozs. , 
copper c a r b o n a t e 2 ozs., a n d arsenious acid 2 ozs. , m a d e u p w i t h 95 galls, of w a t e r . 
The subject was discussed by G. B . H o g a b o o m a n d co-workers , J . H a a s , 
A. Classen, W. S. Ba r rows , K. T a m a k i , H . B . Maxwel l , C. H . P r o c t o r , R . H . S la te r , 
J . H a a s , O. P . W a t t s , and W . B l u m . H . K e r s t e n a n d J . Maas found t h a t t h e 
s t r u c t u r e of b lack nickel is a m o r p h o u s . 

Tn ana ly t ica l work , nickel , as well as cobal t , c a n be depos i t ed e lec t ro ly t ica l ly 
from soln. of the i r d o u b l e cyan ides or oxa la tes , or f rom soln. of t h e su lpha t e s m i x e d 
wi th alkali ace ta te s , t a r t r a t e s , or c i t r a t e s , or f rom a m m o n i a c a l soln. E . F . S m i t h 
said t h a t ammoniaca l soln. a re bes t a d a p t e d for t h e e lec t rodepos i t ion , a n d t h e 
presence of a m m o n i u m su lpha te or sod ium p h o s p h a t e favours t h e s epa ra t i on . A 
r o t a t i n g ca thode m a y be employed . In i l lus t ra t ion , H . F re sen ius a n d F . B e r g m a n n 
c o m m e n d e d using as e lec t ro lyte 5O c.c. of a soln. of nickel con ta in ing 0-1233 gr in . 
Ni , 100 c.c. of aq. a m m o n i a o f s p . g r . 0-96, IO c.c. of a soln. of 305 g rms . of a m m o n i u m 
s u l p h a t e per l i t re , a n d 100 c.c. of w a t e r . T h e e lec t rodes c a n be 0-5 t o 0-67 c m . 
a p a r t ; t h e c u r r e n t dens i t y 0-5 t o 0-7 a m p . per 100 sq. cm. a t 2-8 t o 3-3 vo l t s a t 
o r d i n a r y t e m p . ; a n d t h e t i m e requ i red for a comple t e s e p a r a t i o n of t h e nickel w a s 
4 h r s . T h e separa t ion of nickel from copper , coba l t , a n d i ron was s tud ied by 
C. G. F i n k a n d F . A. R o h r m a n . A. GlazunofF a n d J . Kr ieg l s te in discussed t h e iron 
c o n t e n t of e lec t rodeposi ted nickel . 

T h e s u b j e c t w a s s t u d i e d , b y R . B o t t l e r , M . B o u d r o a u x , A . B r a n d , E . D . C a m p b e l l 
a n d W . H . A n d r e w s , M . S . C h e n e y a n d LU. H . S . R i c h a r d s , A . C l a s s e n , A . C l a s s e n a n d 
A . v o n R o i s , A . C o e h n a n d M . G l a s e r , K . E l b s , F . F . E x n e r , A . F i s c h e r , A . F i s c h e r a n d 
R . J . B o d d a e r t , F . F o r s t e r a n d c o - w o r k e r s , R . v o n F o r e g g e r - G r e i f f c n t u r n , H . F r o s e n i u s 
a n d F . B e r g m a n n , K . G a i f f e , O . W . G i b b s , F . A . G o o e h a n d TL. K . M e d w a y , L.. G r a f e n b e r g , 
P . G r e s y , W . H a m p e , M . H e r p i n , .T. H e r z o g , M . M e s s , A . H o l l a r d , C . B . J a c o b s , R . K a y s e r , 
C . A . K o h n a n d J . W o o d g a t e , F . W . K u s t e r , A . K u n d t , E . L a n g b e i n , S . v o n E a s z c z y i i s k y , 
C . L u c k o w , M a n s f e l d s c h e B e r g - u n d H i i t t e n d i r e k t i o n in E r s l e b e n , M . M a r t i n a n d 
M . D e l a r n o t t e , !H. M e i d i n g e r , J". M . M e r r i c k , T . M o o r e , R . N a m a i s , P . N a u h a r d t , 
TT. JT. N i c h o l s o n a n d S . A v e r y , H . N i s s e n s o n a n d H . D a n i e l , W . O h I , F . M . P e r k i n , 
F . M . P e r k i n a n d W . C . P r e b b l e , O . P i l o t v , A . R i c h e , F . H . R i e s e n f o l d , M . R o I o f f a n d 
F . S i e d e , M . R o l o f f a n d H . W e h r l i n , .7. K . R o o t , G . A . Ie R o y , F . R i i d o r f f , A . S c h u m a n n , 
G . P . S c h w o d e r , S . P . S h a r p i e s , A . S i e m e n s , O . S i l v e s t r i , E . F . S m i t h a n d c o - w o r k e r s , 
R . C . S n o w d e n , F . S t o l b a , W . T . T a g g a r t , A . T h i e l , H . T h o m a l e n , B . T o u g a r i n o f f , 
C . T x i b a n d t , G . V o r t m a n n , T . T . P . B . W a r r e n , J . W o s t e r s o n , E . W e s t o n , C . W i n k l e r , 
G . C . W i t t s t e i n , F . W r i g h t s o n , a n d J . Z e d n e r . 

O. Meyer 3 showed t h a t nickel m a y be depos i t ed from a soln. of t h e chlor ide in 
alcohol ; R . Taffc a n d H . B a r h a m , f rom soln. of n ickel sa l t s in l iquid a m m o n i a ; 
R . D . Blue a n d F . C. M a t h e r s , a n d I J . Y . Y n t e m a a n d L . F . A u d r i e t h , f rom soln. of 
sal ts in fo rmamide or a c e t a m i d e , a l t h o u g h H . R o h l e r o b t a i n e d n o depos i t f rom soln. 
in f o rmamide ; a n d H . S. B o o t h a n d M. Mer lub-Sobel o b t a i n e d a depos i t from a 
soln. of nickel t h i o c y a n a t e in l iquid a m m o n i a . 

According t o G. L a m b r i s , 4 some ca rbon m a y c o n t a m i n a t e t h e depos i t of nickel , a n d 
he conc luded t h a t t h e a b s o r p t i o n of c a rbon is en t i r e ly d u e t o a gas reac t ion , a n d t h a t 
c a rbon dioxide or ace ty lene m a y i n t r o d u c e c a r b o n i n t o nickel or coba l t . Oxal ic 
ac id is p a r t l y r educed t o ace ty l ene on p l a t i n u m a n d nickel , b u t n o t w h e n copper , 
i ron, or t i n c a t h o d e s a r e emp loyed . T h e c a r b o n in e lec t ro ly t ic nickel is 
p r e s e n t in t h e form of a ca rb ide . T h e sub jec t w a s d iscussed b y P . K . Fro l ich , a n d 
C. P . Madsen . 

JJ. E . and V. E . G r a n t s t u d i e d t h e v a r i a t i o n s in t h e t h i cknes s of e lec t rodepos i ted 
n icke l . W . B l u m showed t h a t t h e c rys t a l s of e lec t rodepos i t ed nickel decreased in 
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size a s t h e c u r r e n t d e n s i t y inc reased u p t o 2 a m p s , p e r sq. d m . ; t h e size of t h e 
c rys ta l s dec reased w i t h t e m p . ; a n d w i t h a decrease in t h e cone, of t h e m e t a l ion. 
Accord ing t o G. L . Cla rk a n d P . K . F ro l i ch , a low c u r r e n t dens i t y , a low t e m p . , 
a n d t h e p resence of ge la t in f avour a f ibrous or o r i en ted s t r u c t u r e — t h e evo lu t ion of 
h y d r o g e n is u n f a v o u r a b l e . T h e o r i e n t a t i o n of t h e s t r u c t u r e is para l le l t o t h a t 
of t h e c a t h o d e m e t a l in t h e case of p l a t i n u m . W . S. B a r r o w s s t u d i e d t h e 
effect of t h e n a t u r e of t h e anodes . T h e m i c r o s t r u c t u r e of t h e depos i t s was 
s tud ied b y R . A u d u b e r t , H . S tage r , W . D . Bancrof t , G. Ege r , A. K . G r a h a m , 
A. N . KuznetzofE a n d S. A. Baranoff, W . G. Burgess a n d W . E l e n b a a s , 
W . E . H u g h e s , G. L.. C la rk a n d P . K . Fro l ich , W . A. W o o d , M. Z. Wolfmeyer , 
C. P . Madsen , C. U p t h e g r o v e a n d E . M. B a k e r , H . K e r s t e n a n d J . Maas , V. K o h l ­
s c h u t t e r a n d co-workers , a n d B . W a s e r a n d E . H . Schul tz . X - r a d i o g r a m s were 
obse rved b y R . M. B o z o r t h , B . Glocker a n d E . K a u p p , J . D . H a n a w a l t a n d 
L. R . Ingersol l , H . H i r a t a a n d H . K o m a t s u b a r a , a n d S. P rocop iu . Most of t h e h e a v y 
m e t a l s — c o p p e r , si lver, zinc, a n d l e a d — a r e n o r m a l l y depos i t ed f rom s imple acid 
soln. in a coarse ly c rys ta l l ine form, b u t wi th nickel , coba l t , a n d i ron, u n d e r s imilar 
cond i t ions , t h e m e t a l is depos i t ed in a finely c rys ta l l ine form. Owing t o i ts e lectro­
pos i t ive c h a r a c t e r , n icke l is a l w a y s depos i t ed a long wi th some h y d r o g e n ; t h i s is 
n o t t h e case w i th copper , silver, or lead , a n d on ly t o a smal l e x t e n t w i t h zinc. 
Consequen t ly , V. K o h l s c h u t t e r sugges ted t h a t t h e l ibera ted h y d r o g e n in ter feres 
w i t h t h e g r o w t h of t h e c rys t a l s of n ickel . S. Glass tone sugges ted t h a t nickel is 
depos i t ed in a n u n s t a b l e a t o m i c form w h i c h is r a p i d l y t r a n s f o r m e d i n t o a m o r e 
s t ab le modif ica t ion w i t h t h e c o n s e q u e n t in te r fe rence of c rys ta l g r o w t h . V. Koh l ­
s c h u t t e r a n d H . S c h e c h t showed t h a t t h e p resence of colloidal m e t a l h y d r o x i d e s 
m a y h a v e r educed t h e size of t h e c rys t a l s of e lec t rodepos i t ed nickel so as t o p r o d u c e 
a mi r ror - l ike surface ; a n d H . J . 8 . S a n d sugges ted t h a t a s imi lar effect m a y be 
p r o d u c e d b y ino rgan ic colloids i n t h e course of e lect rolysis . Accord ing t o 
J . B . O 'Su l l ivan , t h e e l ec t rodepos i t s f rom buffered n ickel s u l p h a t e soln. become 
s m o o t h e r a n d m o r e f ine-grained as t h e Z*H of t h e b a t h is ra i sed so t h a t ne i t he r t h e 
h y p o t h e s i s of V. K o h l s c h u t t e r n o r t h a t of S. G lass tone exp la ins t h e resu l t s . H e 
sugges ted t h a t t h e effect is d u e t o t h e p resence of colloidal nickel h y d r o x i d e or basic 
sa l t in t h e c a t h o d e film. Th i s is s u p p o r t e d b y t h e fact t h a t e lec t rodepos i t s c o n t a i n 
a l i t t le oxygen . H . T . S. B r i t t o n found t h a t n ickel h y d r o x i d e is p r e c i p i t a t e d from 
nickel s u l p h a t e soln. w h e n . P 1 1 - 6 - 6 6 , a n d nickel b o r a t e p r o b a b l y b e h a v e s s imilar ly ; 
a n d D . J . M a c N a u g h t a n a n d A. W . H o t h e r s a l l obse rved t h a t on a d d i n g a soln. of 
s o d i u m h y d r o x i d e t o a nickel su lpha t e -bo r i c ac id p l a t i n g b a t h , p e r m a n e n t p re ­
c ip i t a t ion begins w h e n J P H = 6 - 6 , b u t in a n a m m o n i u m nickel s u l p h a t e b a t h i t begins 
w h e n J P H = ^ 7 - 6 . I n genera l , J . B . O 'Su l l ivan found t h a t as t h e va lue of P H is ra ised 
t h e depos i t s b e c o m e s m o o t h e r a n d finally m o r e br i t t l e—v ide supra. J . B . O"Sullivan 
c o n t i n u e s t h e d iscuss ion a s follows : 

Acco rd ing t o P . K . Fro l ich , col loids affect t h e s t r u c t u r e of an e lec t rodepos i t b y 
fo rming a m o r e v i scous l aye r a t or n e a r t h e c a t h o d e , so t h a t t h e diffusion t h i t h e r of 
m e t a l ions is h inde red , a n d he v isua l ized t w o w a y s in which th i s m i g h t t a k e p lace . 
F i r s t l y , t h e colloid m a y become p ressed aga in s t t h e c a t h o d e owing t o i t s pa r t i c les 
c a r r y i n g a pos i t ive cha rge . T h e m e t a l ions will t h e n h a v e t o pas s t h r o u g h t h e 
c h a n n e l s of t h e sponge- l ike m a s s p r o d u c e d , a n d will be d i scha rged i m m e d i a t e l y t h e y 
r each t h e c a t h o d e surface , i r respec t ive of t h e o r i e n t a t i o n of t h e m e t a l a t o m s 
p rev ious ly depos i t ed . T h u s t h e g r o w t h of ex is t ing c rys t a l s will be in te r fe red wi th , 
a n d t h e r e will be a t e n d e n c y for t h e m e t a l t o be depos i t ed in need le - shaped c rys t a l s 
in t h e c h a n n e l s of t h e colloid m a s s un t i l t h i s becomes e m b e d d e d in t h e m e t a l 
depos i t . If, however , t h e colloid is so firmly he ld aga in s t t h e c a t h o d e t h a t t h i s can 
t a k e p lace , i t is, t o all i n t e n t s a n d pu rposes , be ing e lec t ro ly t ica l ly depos i t ed wi th 
t h e m e t a l . Also t h e q u a n t i t y of colloid enclosed in t h e depos i t w o u l d be so g r e a t 
a s t o c o n s t i t u t e a n e x t r e m e case, such as t hose desc r ibed b y W . D . Banc ro f t a n d 
T . R . Br iggs , a n d b y R . Marc , w h o o b t a i n e d s l imy depos i t s f rom solu t ions con ta in ing 
organ ic colloids. T h e l a t t e r descr ibes his depos i t s as cons is t ing of e x t r e m e l y t h in 
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flakes, n o t needles, of m e t a l , se t in a col lagenous m a s s . T h e o t h e r case sugges ted 
b y P . K . Frol ich is t h a t in which t h e colloid h a s a n a m p h o t e r i c c h a r a c t e r , a n d t h e 
Pn of t h e c a t h o d e film is d i s t i nc t ly h igher t h a n t h a t of t h e b u l k of t h e so lu t ion . 
Such a case would be t h a t of ge la t ine in a nickel or z inc p l a t i n g b a t h . I f t h e b a t h 
is sufficiently acid, t h e pos i t ive ly cha rged colloid will m i g r a t e t o w a r d s t h e c a t h o d e , 
b u t a t a definite d i s t ance f rom th i s i t will e n c o u n t e r a reg ion whe re t h e Pn is t h e 
s a m e as i t s isoelectric p o i n t ; b e y o n d th i s region t h e JPn will be h igher , so t h a t t h e 
colloid would m i g r a t e a w a y f rom t h e c a t h o d e . I n t h e i n t e r m e d i a t e region, t h e 
colloid will be held, forming a d i a p h r a g m which will offer a res i s tance t o t h e pa s sage 
of m e t a l ions, so t h a t t h e colloid free l iquid b e t w e e n t h i s d i a p h r a g m a n d t h e c a t h o d e 
m a y become dep le ted of m e t a l ions . B u t , accord ing t o W . E . H u g h e s , dec reased 
concen t r a t ion of m e t a l ions in a s imple so lu t ion resu l t s in s lower depos i t ion of 
me ta l , a n d consequen t ly in t h e fo rma t ion of a m o r e coarse-gra ined , n o t a m o r e fine­
gra ined deposi t . On t h e o t h e r h a n d , if t h e r e is p r o d u c e d a t or n e a r t h e c a t h o d e a 
viscous layer which is difficultly p e r m e a b l e t o m e t a l ions , t h e effect will be t h a t t h e 
concen t r a t i on of these in t h e c a t h o d e film will d imin i sh , so t h a t a g r e a t e r n u m b e r 
of h y d r o g e n ions will be d i scharged , a n d t h e Pn of t h e c a t h o d e film will r ise. Conse­
q u e n t l y , m o r e colloidal m e t a l h y d r o x i d e will be fo rmed , a n d if i t is p r o d u c e d in t h e 
c a t h o d e film more r ap id ly t h a n i t is be ing e lec t ro ly t ica l ly depos i t ed , t h e cond i t i ons 
will con t inue t o be a c c e n t u a t e d un t i l all t h e ava i l ab le m e t a l h a s been c o n v e r t e d i n t o 
h y d r o x i d e , whereaf ter t h i s c a n on ly be rep len i shed a s m o r e m e t a l ions m i g r a t e or 
diffuse t o t h e c a t h o d e film. 

Li. R . Ingersol l , F . K i r c h n e r , a n d R . Glocker a n d E . K a u p p showed t h a t t h e 
fibre ax is r epresen t s t h e d i rec t ion in wh ich t h e ve loc i ty of depos i t ion is a m a x i m u m . 
I f t h e c u r r e n t dens i t y is t o o h igh , t h e c rys t a l s lose all r egu la r o r i e n t a t i o n . 
R . M. B o z o r t h t h o u g h t t h a t t h e o r i e n t a t i o n of t h e c rys t a l s of i ron, coba l t , n ickel , 
d u r i n g t he i r e lec t rodepos i t ion is assoc ia ted w i t h s t r a in s . T h e sub jec t w a s also 
s tud ied b y K . N . Oester le . E . S. H e d g e s obse rved t h a t a per iodic e l ec t rodepos i t ion 
could be o b t a i n e d w i t h a soln . of p o t a s s i u m nickel c y a n i d e . 

K . O k i m o t o 5 d iscussed t h e electr ic m e l t i n g of n i cke l . As w i t h i ron (q.v.), 
L. J o r d a n a n d co-workers found t h a t crucibles m a d e f rom commerc ia l , fused 
zirconia , magnes ia , or a l u m i n a a re n o t su i t ab le for m e l t i n g t h e purif ied m e t a l ; 
b u t crucibles m a d e f rom t h e purif ied oxides g a v e good resu l t s . T h e y pre fe r red 
t hose m a d e w i t h purif ied magnes i a . A. Dingwel l a n d co-workers referred t o t h e 
c o n t a m i n a t i o n of nickel b y m o l y b d e n u m "when fused in a m o l y b d e n u m res i s t ance 
fu rnace . 

G. M a g n u s 6 found t h a t -when t h e ox ide is r e d u c e d a t a low e n o u g h t e m p . , 
pyrophoric n icke l is formed, a n d W . N . Ipateeff showed t h a t in h y d r o g e n t h e nickel 
is p y r o p h o r i c if r educed a t t e m p , below 270°. G. Grass i o b t a i n e d t h e p y r o p h o r i c 
m e t a l b y h e a t i n g t h e o x a l a t e or ox ide in h y d r o g e n a t a b o u t 280°. Accord ing t o 
H . Moissan, p y r o p h o r i c n ickel is fo rmed below 270° a s a b l ack p o w d e r wh ich does 
n o t b u r n so b r i g h t l y as i ron r educed a t 440° w h e n i t is exposed t o air . I f r e d u c e d 
a t 270° t o 280°, i t is ox id ized b y d r y a i r o r o x y g e n only . G. T a m m a n n a n d 
N . N ik i t i n d iscussed t h e effect of grain-s ize on t h e p y r o p h o r i c q u a l i t y a b o v e 350° ; 
m o i s t u r e favours t h e o x i d a t i o n so t h a t in mo i s t a i r or o x y g e n t h e p o w d e r is ox id ized 
a t a lower t e m p . 

L . Graf 7 p r e p a r e d single c r y s t a l s of n ickel . L . R . Ingersol l , a n d A. C. G. B e a c h 
p r e p a r e d n icke l mirrors a n d n i cke l films b y s p l u t t e r i n g n ickel c a t h o d e s in h y d r o g e n , 
n i t rogen , a n d a rgon , or neon , w i t h a d i r ec t c u r r e n t g e n e r a t o r of 1000 vo l t s , a n d 
a l lowing t h e m e t a l t o depos i t on a cooled surface . T h e s e films, a s well a s films 
o b t a i n e d e lec t ro ly t ica l ly—vide supra—were s t u d i e d b y K . L a u c h a n d W . R u p p e r t , 
J . H a n a w a l t a n d L . R . Ingersol l , L . R . Ingerso l l a n d co-workers , R . M. B o z o r t h , 
K . M. Oester le , O. G. K e i k o , R . K . Cowsik, H . B r a c c h e t t i , F . K i r c h n e r , F . H . Con­
s t ab le , C. Muller, J . Jo l i s t , E . O. H u l b u r t , J . H . H o w e y , J . S t r o n g a n d C. H . Ca r t -
wr igh t , A. W . Gauger , R . G l o c k e r a n d E . K a u p p , H . H i r a t a a n d H . K o m a t s u b a r a , 
S. P rocop iu , a n d V. K o h l s c h i i t t e r a n d co-workers—v ide i ron m i r r o r s . F . W . L a i r d , 
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C. F . v a n D u i n , a n d C. G. F i n k a n d W . G. K i n g found t h a t b y a d m i t t i n g nickel 
ca rbony l v a p o u r s u d d e n l y i n t o a n e v a c u a t e d flask un i fo rmly h e a t e d t o 180° t o 200° 
t h e wal ls m a y be c o a t e d w i t h a b r igh t , a d h e r e n t , u n i f o r m d e p o s i t of n ickel . T h e 
presence of t r a c e s of a i r , oxygen , ch lor ine , e tc . , is t o be a v o i d e d because i t l eads t o 
d a r k depos i t s . A p r e l i m i n a r y flushing of t h e flask w i t h h y d r o g e n is effective i n 
p r o d u c i n g b r i g h t depos i t s , b u t is unn eces sa r y if t h e vessel is e v a c u a t e d t o 5 t o 
10 mic rons press . Z. D e b i n s k a found t h a t m i r r o r s o b t a i n e d b y v a c u u m dis t i l l a t ion 
exh ib i t o r i e n t a t i o n of t h e mic roc rys t a l s . J . E . H e n d e r s o n o b t a i n e d a m i r r o r of 
nickel b y e v a p o r a t i n g t h a t m e t a l f rom a h e a t e d t u n g s t e n f i lament . J . M a n n i n g 
p r e p a r e d nickel m e m b r a n e s for u l t ra - f i l t ra t ion . 

Accord ing t o M. K i m u r a , 8 w h e n meta l l i c n icke l is h e a t e d t o incandescence a n d 
qu ick ly p l u n g e d i n t o dis t i l led w a t e r , a col loidal so lu t ion of n ickel a n d of n ickel 
h y d r o x i d e is formed. G. Bred ig d id n o t h a v e success in p r e p a r i n g t h e hydrosol 
b y e lect r ical ly s p l u t t e r i n g t h e m e t a l u n d e r w a t e r , b u t D . ZavriefF, A . EL E r d e n -
brecher , F . E h r e n h a f t , J . Bi l l i tzer , E . T h o r e n , C. H . v o n Hoessle , T. Svedberg , 
O. S c a r p a , a n d E . T h o r e n o b t a i n e d t h e colloid in th i s m a n n e r . T). Zavrieff also 
p r e p a r e d colloidal soln. b y e lectr ic d i s in t eg ra t i on . C. P a a l found t h a t colloidal 
n icke lous h y d r o x i d e is r e d u c e d t o a colloidal soln. of nickel b y h y d r o g e n in t h e 
r>rcsence of a hydroso l of p a l l a d i u m . T h e s t ab i l i t y of t h e colloid is increased if 
s o d i u m p r o t a l b i n a t e be p r e s e n t as p r o t e c t i v e colloid. T h e h y d r o s o l so o b t a i n e d is 
a b r i l l i an t c h e s t n u t - b r o w n in t r a n s m i t t e d l ight , a n d b l ack in reflected l igh t . T h e 
co r r e spond ing hydroge l forms b lack i sh -b rown , b r i t t l e lamillse, a n d i t s s t a t e is 
revers ib le . L . H o g o u n e n q a n d J . Loise leur used g lycogen as p r o t e c t i v e colloid. 
Accord ing t o C. Ke lbc r , a soln. of n ickel f o r m a t e a n d ge la t ine in glycerol a t 200° t o 
210°, w h e n s u b m i t t e d t o t h e a c t i o n of a s t r e a m of h y d r o g e n , a s sumes a c h e s t n u t -
b r o w n colour . T h e colloidal soln. r e m a i n s u n a l t e r e d in t h e air a n d is miscible w i th 
a lcohol , b u t on t r e a t m e n t w i t h w a t e r a n d cen t r i fug ing , i t depos i t s t h e colloidal m e t a l 
as a d a r k b r o w n solid, c o n t a i n i n g 25 t o 30 p e r cen t , of n ickel , which c a n aga in yield 
colloidal nickel soln. in d i l u t e ace t ic ac id , acidified w a t e r , glycerol , or a lcohol . 
O t h e r r e d u c i n g a g e n t s c a n be app l i ed t o t h e s a m e p u r p o s e ; n ickel f o r m a t e a t 220° 
in g lycerol soln. in t h e p resence of ge la t ine is r educed b y h y d r a z i n e h y d r a t e w i t h 
fo rma t ion of a colloidal n ickel so lu t ion of s imi lar p r o p e r t i e s t o t h a t j u s t descr ibed . 
F o r m a l d e h y d e , h y d r o x y !amine , a n d h y p o p h o s p h o r o u s ac id c a n also be app l ied as 
r educ ing a g e n t s for t h e p u r p o s e , whi l s t g u m a r ab i c c a n b e used in p lace of ge la t in . 
T h e nickel f o r m a t e can be rep laced b y n icke l a c e t a t e or f r esh ly -prec ip i t a t ed n ickel 
h y d r o x i d e . 33. C Soyenkoff p r e p a r e d colloidal n icke l soaps . I I . F r e u n d l i c h a n d 
W. Seifriz s t ud i ed t h e e lectr ic cha rge of t h e colloid. Accord ing t o W o . Os twa ld , w h e n 
a soln. of nickel c a r b o n y l in b e n z e n e is boi led, c a r b o n m o n o x i d e is evolved, a n d a 
v io le t -grey organoso l , or benzenoso l , of n ickel r e m a i n s . T . Svedbe rg o b t a i n e d a n 
alcoholso l by t h e e lect r ical s p l u t t e r i n g of n ickel in i.sobutyl a n d o t h e r a lcohols , a n d 
a n e thersol u s ing e t h y l e t h e r a s t h e d i spers ion m e d i u m ; S. i t . R a o , a n d C G . Mont ­
g o m e r y , w i t h ^sopropyl a lcohol ; a n d S. J . Fo l l ey a n d D . C. H e n r y , a n acetoneso l , 
"where t r a c e s of w a t e r r e d u c e t h e s t ab i l i t y of t h e sol, a n d t r a c e s of su lphur ic , h y d r o ­
chloric , or m~hydroxybenzo ic ac id , or ?/i-nitroaniline, m a k e t h e sol m o r e s t ab l e . 
E . H a t s h e k a n d P . C Li. T h o m e o b t a i n e d sols b y d issocia t ing nickel c a r b o n y l in 
benzene , t o luene , a n d paracyirieiie w i t h r u b b e r as p r o t e c t i v e colloid ; a n d 
F . H a u r o w i t z o b t a i n e d a s t ab l e sol of n ickel i n benzene . H . K. Weise r a n d 
G. L . M a c h discussed t h e sub jec t . W . E . G ibbs a n d H . L i a n d e r p r e p a r e d aerosols 
of n icke l . 
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§ 5. Nickel as a Catalyst 
N u m e r o u s e x a m p l e s of t h e w o r k of n icke l a s a c a t a l y s t a r e i n d i c a t e d in con­

nec t i on w i t h t h e chemica l p r o p e r t i e s of n icke l . !Nickel i n t e n d e d for use a s a 
c a t a l y t i c a g e n t is u sua l ly p r e p a r e d b y r educ ing t h e g reen h y d r o x i d e w i th h y d r o g e n 
a t a t e m p , be low 300° ; if t h e m e t a l be r educed a t a h ighe r t e m p , t h a n th i s , i t is 
less r e a c t i v e ; a n d if i t be r e d u c e d a t a b r i g h t r ed h e a t , t h e nickel is a l m o s t ine r t . 
T h e p re sence of ha logens , a r sen ides , p h o s p h i d e s , or su lph ides , po i sons t h e c a t a l y s t , 
i.e. t h e s e a g e n t s r e d u c e t h e a c t i v i t y of t h e c a t a l y s t . C o n s e q u e n t l y , a s e m p h a s i z e d 
b y P . S a b a t i e r a n d J . B . S e n d e r e n s , 1 a n d A. W. Crossley, i t is neces sa ry t o emp loy 
purif ied h y d r o g e n for h y d r o g e n a t i o n r e a c t i o n s with, n icke l as c a t a l y s t . T . K u s a m a 
a n d Y . TJno d i scussed w h y t h e c a t a l y s t p r e p a r e d f rom nickel chloride1 is less ac t ive 
t h a n w h e n i t is p r e p a r e d f rom t h e n i t r a t e , a n d t h e y conc luded t h a t i t was d u e t o 
t h e p re sence of u n r e d u c e d chlor ides . T h e po i son ing of t h e n ickel c a t a l y s t w a s 
s t u d i e d by B . K u b o t a a n d K . Y o s h i k a w a , F . Wolff, K . Y o s h i k a w a , M. C. Boswell 
a n d C H . B a y l e y , a n d G. Robe r t a . 

I n s o m e cases , C. K e l b e r f o u n d i t b e t t e r t o s c a t t e r , say , t h e c a r b o n a t e , over some 
i n e r t m a t e r i a l l ike a sbes tos , k iese lguhr , or a n i m a l cha rcoa l , a n d t h e n r educe t h e 
c a r b o n a t e . Nicke l r e d u c e d f rom t h e c a r b o n a t e a t 450° h a s n o ac t ion on a m i x t u r e 
of h y d r o g e n a n d o x y g e n a t o r d i n a r y t e m p . , b u t if t h e nickel be s p r e a d over a n ine r t 
s u b s t a n c e , i t s a c t i v i t y is a u g m e n t e d . I t is still m o r e ac t i ve if r educed a t 300°. 
W . E . G i b b s a n d H . L i a n d e r r e d u c e d t h e n ickel f rom t h e c a r b o n y l , a n d obse rved t h a t 
i t h a s b u t l i t t le c a t a l y t i c effect on t h e r e d u c t i o n of c a r b o n monoxide, or of e t h y l e n e 
b y h y d r o g e n . K . S c h i r m a c h e r a n d co -worker s assoc ia ted t h e c a t a l y s t w i th silica 
gel ; a n d P . B r e t e a u o b t a i n e d f inely-divided n icke l b y r educ ing a h o t soln. of nickel 
s u l p h a t e w i t h s o d i u m h y p o p h o s p h i t e . L . R . Ingerso l l e x a m i n e d t h e c a t a l y t i c 
effect of films of n ickel s p l u t t e r e d in n i t r o g e n . Accord ing t o E . Maschki l le isohn, 
n icke l h a s a n o p t i m u m degree of d i spers ion for use as a c a t a l y s t , a n y finer d i spers ion 
is a c c o m p a n i e d b y a r e d u c t i o n , a n d f inal ly b y a cessa t ion of i ts a c t i v i t y . T h e 
s u b j e c t w a s s t u d i e d b y A. A. B a l a n d i n , Li. H . R e y e r s o n , E . Biesa lsky a n d co­
w o r k e r s , A . B r o c h e t , C. F . F ry l i ng , C. R . Glass a n d L . K a h l e n b e r g , K . He inze , 
S. I k i , T . K u s a m a a n d Y . U n o , M. L i e t z , C. M. L o a n e , E . J. L u s h , E . Masch­
ki l le isohn, W . N o r m a n n , J . E . N y r o p , K . O m i y a , A. Q u a r t a r o l i , B . K u b o t a , M. R a n e y , 
K . S c h i r m a c h e r a n d co-workers , A. Sv izu in , R . T h o m a s , F . T h o r e n , a n d E . Wolfson. 
G. M. S c h w a b a n d L . R u d o l p h , a n d H . N . H u n t z i c k e r a n d L . K a h l e n b e r g , d iscussed 
t h e n a t u r e of t h e c a t a l y s t ; G. B r e d i g a n d R . Allolio, t h e X - r a y p rope r t i e s of t h e 
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c a t a l y s t ; H . L . W a t e r m a n a n d M. J . v a n Tussenb roek , a n d H . A d k i n s a n d 
L.. W . Cover t , t h e m o d e of p r e p a r a t i o n of t h e c a t a l y s t ; F . F i s che r a n d K . Meyer , 
t h e r educ t ion t e m p . ; G. M. S c h w a b a n d H . Schu l t e s , a n d F . H . Cons t ab l e , t h e 
surface a r ea ; A. B a g , t h e r e -ac t iva t ion of n icke l ; A . W . G a u g e r a n d H . S. T a y l o r , 
t h e effect of va r ious s u p p o r t s for t h e c a t a l y s t ; T . K u s a m a a n d Y . U n o , t h e effect 
of chlor ine ; W . W . Russel l a n d H . S. Tay lo r , t h e effect of t h o r i a . C. K e l b e r s t u d i e d 
t h e effect of w a t e r ; F . Wolff, t h e effect of ferric a n d n icke l h y d r o x i d e s ; a n d 
G. F . Schoorel a n d co-workers , t h e effect of h igh p ressures on t h e h y d r o g e n a t i o n . 
O. S c h m i d t c o m p a r e d t h e h y d r i d e s of t h e m e t a l . 

E . Bossha rd a n d E . F isch l i , 2 W . N o r m a n , W . N o r m a n a n d W . P u n g s , W . Meigen, 
a n d W . Meigen a n d G. Barbels f avou r t h e op in ion t h a t i t i s n o t n icke l ox ide , b u t 
r a t h e r t h e free unox id i zed m e t a l w h i c h b e h a v e s ca t a ly t i c a l l y . F . Bed fo rd a n d 
E . E r d m a n n , J . B . S e n d e r e n s a n d J . A b o u l e n c , a n d W . S i e g m u n d a n d W . S u i d a 
consider t h a t no r educ t ion of n ickel ox ide t o t h e m e t a l occurs d u r i n g h y d r o g e n a t i o n ; 
a n d t h e y sugges ted t h a t poss ib ly t h e subox ide , N i 2 O , desc r ibed b y I . Bel lucci a n d 
R . M. Corelli, is fo rmed . T h e h y d r o g e n t r ans fe r t a k e s p lace via a n i n t e r m e d i a t e 
p h a s e r e p r e s e n t e d b y : 

H : C - N i \ ~ , H.Ni \ ^ 
H : C -Ni - - ° ° r b y H . N i ^ ° 

I t is also poss ible t h a t t h e t r ans fe r t a k e s p lace t h r o u g h t h e decompos i t i on of w a t e r , 
fo rming n a s c e n t h y d r o g e n : N i 2 0 - f - H 2 0 = 2 N i O - | - 2 I I , w h i c h t h e n u n i t e s w i t h t h e 
c o m p o u n d be ing r e d u c e d -whilst t h e n ickel m o n o x i d e is aga in r e d u c e d t o t h e s u b ­
ox ide b y t h e h y d r o g e n . G. B a r t e l ' s e x p e r i m e n t s on t h e speeds of t h e r eac t i on w i t h 
n ickel a n d w i t h t h e a l leged s u b o x i d e d id n o t s u p p o r t t h i s h y p o t h e s i s , n o r d i d 
W . N . Ipa teef f ' s e x p e r i m e n t s on t h e r e d u c t i o n of b e n z e n e . T h e s u b j e c t w a s d is ­
cussed b y C. Ke lbe r , a n d M. C. Boswel l . 

A n o t h e r h y p o t h e s i s is t h a t t h e h y d r o g e n is a c t i v a t e d b y pas sage i n t o t h e a t o m i c 
s t a t e , b y occlusion or a d s o r p t i o n b y t h e nickel—vide supra, t h e a c t i o n of h y d r o g e n 
on n ickel . Y e t a t h i r d h y p o t h e s i s a s s u m e s t h a t t h e h y d r o g e n a n d t h e c o m p o u n d 
t o b e r educed m u t u a l l y fo rm a k i n d of surface film on t h e nickel , a n d t h a t t h e 
j u x t a p o s i t i o n enables t h e molecu la r h y d r o g e n t o do w o r k t h a t i t could n o t pe r fo rm 
b y s imple c o n t a c t . T h e sub jec t w a s d iscussed b y M. Polyakoff, a n d R . F o r e s t i . 

B . S. S r i k a n t a n d iscussed t h e r e l a t i on b e t w e e n t h e a t o m i c ene rgy a n d t h e efficiency 
of n ickel a s a c a t a l y s t ; C. F . F ry l i ng , R . K u I m , O. S c h m i d t , H . P . C a d y a n d 
W . E . W h i t e , a n d A. A. B a l a n d i n , t h e m e c h a n i s m of r e d u c t i o n s -with n ickel a s 
c a t a l y s t ; a n d B . K u b o t a a n d K . Y o s h i k a w a , t h e f o r m a t i o n of t h e m e t a l h y d r i d e in 
h y d r o g e n a t i o n s w i t h n ickel as c a t a l y s t . G. L . Cla rk a n d co-workers showed t h a t 
differences in t h e ac t iv i t i e s of n icke l c a t a l y s t s a r e n o t d u e t o differences in t h e t y p e 
o r d imens ions of t h e l a t t i c e . 

Accord ing t o H . S. T a y l o r , X - r a d i o g r a m s s h o w t h a t me ta l l i c c a t a l y s t s possess 
t h e defini te l a t t i ce s t r u c t u r e of t h e c rys t a l l i ne m a t e r i a l , a n d t h e r e a re , on t h e surface , 
g r o u p s of a t o m s i n w h i c h t h e c ry s t a l l i z a t i on p rocess is i n c o m p l e t e . T h e sur face is 
t o be r e g a r d e d as c o m p o s e d of a t o m s in v a r i e d degrees of s a t u r a t i o n b y n e i g h b o u r i n g 
m e t a l a t o m s , v a r y i n g f rom t h o s e one degree less s a t u r a t e d t h a n in t e r io r a t o m s t o 
t h o s e w h i c h a r e he ld t o t h e solid sur face b y a single c o n s t r a i n t on ly , a n d i t is b y t h i s 
c o n s t r a i n t a lone t h a t t h e s e o u t e r m o s t a t o m s differ f rom gaseous m e t a l a t o m s . 
T h e s e a t o m s c a n a t t a c h t o t h e m s e l v e s o r a d s o r b t h r e e molecu les , t h e l i nk ing b e t w e e n 
which a n d t h e n ickel a t o m is i den t i ca l w i t h t h a t o b t a i n i n g in n icke l c a r b o n y l . T h i s 
c o n c e p t i n t r o d u c e s a m e c h a n i s m w h e r e b y b o t h c o n s t i t u e n t s of a h y d r o g e n a t i o n 
process m a y be a t t a c h e d t o o n e n icke l a t o m a n d o b v i a t e s t h e necess i ty , i n h e r e n t 
in t h e L a n g m u i r s c h e m e , of h a v i n g b o t h r e a c t a n t s a d s o r b e d on a d j a c e n t e l e m e n t a r y 
spaces . T h e idea of m e t a l l i c a t o m s d e t a c h e d t o v a r y i n g e x t e n t s f rom t h e n o r m a l 
c r y s t a l l a t t i c e is in h a r m o n y w i t h o b s e r v a t i o n s on such c a t a l y t i c surfaces . A c c o r d ­
i n g t o E . F . A r m s t r o n g a n d T . P . H i l d i t c h , t h e a t t r a c t i o n b e t w e e n t h e u n s a t u r a t e d 
organic molecule a n d u n s a t u r a t e d n icke l a t o m is he ld t o b e s t r o n g e n o u g h t o loosen 
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t h e n icke l a t o m f rom i t s a d j a c e n t a t o m or a t o m s , so t h a t w h e n c a t a l y t i c c h a n g e 
a c t u a l l y occurs t h e n icke l a t o m loses all c o n t a c t w i t h i t s n e i g h b o u r s . F o r t h e 
m o m e n t , t h e r e m a y exis t , a c t u a l l y a p a r t f rom t h e solid sur face , a c o m b i n a t i o n of 
nickel , u n s a t u r a t e d c o m p o u n d , a n d p r o b a b l y h y d r o g e n a s well . F . P . B o w d e n a n d 
E . K . R i d e a l s t u d i e d t h e effect of co ld -work a n d a n n e a l i n g on t h e a r ea s of c a t a l y t i c 
a c t i v i t y . 
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Copper (per cent.) 
9 5 
9 0 
8 5 
8 0 
7 8 
7 5 
7O 

C u - N i Ai-J-OY 
P a l e r t h a n c o p p e r 
L i g h t c o p p e r - r e d 
P a l e red. 
W h i t e p i n k t i n g e 
!Nearly w h i t e 
N e a r l y w h i t e 
S i lve r -whi t e 

C u - S n AtIiOY 

R e d (golden) ye l low 
R e d d i s h - g r e y -yell ow 
R e d d i s h - y e l l o w 
!Reddish-grey 
Y e l l o w i sh -g rey 
R e d d i s h - w h i t e 
W h i t e 

§ 6. The Physical Properties of Nickel 
T h e co lour of nickel is s i lver-whi te w i t h a g r ey t i n g e , a n d , w h e n e lec t rodepos i t ed , 

t h e m e t a l m a y be b r i g h t a n d l u s t rous , or, a s p o i n t e d o u t b y J . M. M e r r i c k , 1 d a r k 
a n d m a t t e . Nickel c a n t a k e a h igh po l i sh so t h a t i t reflects a l a rge p r o p o r t i o n of 
t h e l igh t falling on a po l i shed surface . Th i s m a k e s t h e m e t a l v a l u a b l e for e lec t ro­
p l a t ing . A . W . W r i g h t found t h a t t h i n films of n ickel v i e w e d in t r a n s m i t t e d l igh t 
a p p e a r g rey or b rowni sh -g rey ; a n d G. T . B e i l b y sa id ol ive-green, or b lue . 
W . I J . D u d l e y obse rved t h a t t h e i n c a n d e s c e n t v a p o u r a p p e a r s b lu i sh-green . E . v a n 
Aube l discussed t h e colour a n d t r a n s p a r e n c y of n icke l . W . T . B r a n d t c o m p a r e d 
t h e decolorizing p o w e r of n ickel , z inc, a n d t i n on c o p p e r : 

C u - Z n AI/LOY 
A l m o s t c o p p e r - r e d 
Y e l l o w i s h - r e d d i s h 
R e d d i s h - y e l l o w 
R e d d i s h - y e l l o w 
R e d d i s h -yel 1 o w 
P a l e ye l low 
Ye l low 

G. R o s e obse rved t h a t t h e c rys ta l l ine f r ac tu r e shows t h a t t h e crysta ls be long 
t o t h e cubic sy s t em, t h o u g h S. K a l i s c h e r w a s u n a b l e t o e s t ab l i sh t h i s b y corros ion 
figures. R . M. B o z o r t h a n d E . E . H a w o r t h , a n d H . H . P o t t e r a n d W . S u c k s m i t h 
s t u d i e d t h e corros ion figures. G. J . Sizoo, a n d C. H . M a t h e w s o n d i scussed t h e 
t w i n n i n g of t h e c rys t a l s ; a n d A. S c h r a d e r a n d E . Weis s obse rved n o t w i n n i n g of 
t h e c rys t a l s , no r d id t h e y find a n y t w i n n i n g o r g r a i n - g r o w t h deve lop d u r i n g a n n e a l ­
ing . E . C. T h o m p s o n a n d W . E . W . Mil l ington , a n d J . A. E w i n g a n d W . R o s e n h a i n 
obse rved s l ip-bands a n d t w i n n i n g lamellso in n ickel . A . S c h r a d e r a n d E . Wei s s 
s t u d i e d t h e t w i n n i n g of n icke l . G. T . B e i l b y obse rved t h a t t h e po l i shed m e t a l h a s 
a t r a n s p a r e n t glass-l ike sk in w h i c h m a y p a s s i n t o m i n u t e scales or g r anu l e s . 
W . G. B u r g e r s a n d W . E l e n b a a s s t u d i e d t h e zone- l ike s t r u c t u r e of e lec t ro ly t i c 
n ickel . T h e microstructure a f ter e t ch ing t h e pol i shed sur face is fair ly t y p i c a l of 
po lyc rys t a l l i ne m e t a l s . E . S. D a v e n p o r t d iscussed t h e sub-c rys ta l l ine b o u n d a r i e s . 
T h e m i c r o s t r u c t u r e of n ickel w a s s t u d i e d b y W . V e l g u t h , a n d R . Vogel. A c c o r d i n g 
t o P . D . Merica a n d R . G. W a l t e n b e r g , n ickel ox ide or su lph ide , a n d m a n g a n e s e 
su lph ide a r e some t imes vis ible ; if over 0-4 p e r cen t , of c a r b o n is p r e s e n t , i t u s u a l l y 
occurs as g r a p h i t e . T h e in t e rc rys t a l l i ne b r i t t l e n e s s w a s s h o w n b y H . S. R a w d o n 
a n d co-workers t o be d u e t o t h e o x i d a t i o n o r s u l p h u r i z a t i o n of t h e g ra in s so t h a t 
t he i r cohesion is de s t royed . G. T a m m a n n s t u d i e d t h e effect of a n n e a l i n g o n t h e 
adso rp t ion of dyes b y nickel w i r e s ; a n d G. T a m m a n n a n d A. R u h e n b e c k , t h e we ld ing 
p o w e r of n ickel . H . C. H . C a r p e n t e r e x a m i n e d t h e effect of t h e i m p r i s o n e d gas . 

T h e e t ch ing of t h e m e t a l w a s s t u d i e d b y J . Czochra l sky , a n d H . S. R a w d o n 
a n d co-workers . Acco rd ing t o W . A. M u d g e , t h e m i c r o s t r u c t u r e c a n be 
deve loped b y e t ch ing w i t h 5 t o 1OO p e r c e n t , n i t r i c a c i d — s a y , b y d i l u t i ng a 
soln. of t h e 50 t o 75 p e r cen t , ac id 'with c o m m e r c i a l 50 p e r cen t , ace t ic ac id . 
H . S. R a w d o n a n d M. G. l i o r e n t z r e c o m m e n d e d cone , h y d r o c h l o r i c ac id ; or a soln. 
of ferric chlor ide acidified w i t h h y d r o c h l o r i c ac id ; a n d for e lec t ro ly t ic e t ch ing , a 
c u r r e n t dens i t y of 0*01 a m p . p e r sq . c m . a n d a n e l ec t ro ly te of s u l p h u r i c ac id , 
22 p a r t s b y vol . , 3 p e r cen t , h y d r o g e n d iox ide , 12 p a r t s b y vol . , a n d 66 p e r cen t , of 
w a t e r b y vol . ; or else, a s e l ec t ro ly te , a 5 p e r c e n t . soln. of a m i x t u r e of n i t r i c a n d 
su lphur ic ac ids , 3 : 1 . 

A. H . H u l l r e p o r t e d t h a t t h e X - r a d i o g r a m s of n icke l c o r r e s p o n d w i t h b o t h a 
face-cent red a n d a b o d y - c e n t r e d cub ic l a t t i c e , a n d t h a t t h e l a t t i c e c o n s t a n t l e n g t h 
of edge of c u b e of t h e f ace -cen t r ed f o r m is a = 3 - 5 4 A . F . W e v e r found n o ev idence 
of t h e ex is tence a t o r d i n a r y t e m p , of t w o fo rms of n icke l w i t h different space -
la t t i ces . T h e a t o m i c a r r a n g e m e n t is u n i f o r m l y t h a t of a b o d y - c e n t r e d , cub ic 
l a t t i ce w i t h a p a r a m e t e r a — 5 1 9 x l 0 ~ 8 c m . I m p u r i t i e s m a y inc rease t h e d i s t a n c e s 
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b e t w e e n t h e a t o m s . N o n - m a g n e t i c or /?-nickel, l ike / M r o n , c a n n o t be r e g a r d e d a s 
a n a l lo t rop ic f o r m w i t h a l a t t i c e s t r u c t u r e different f rom t h a t of o r d i n a r y o r ct-nickel. 
S. B . H e n d r i c k s a n d co-workers cou ld d e t e c t n o ev idence of a n y a l lo t rop ic c h a n g e 
in n icke l u p t o 1015°, a n d t h e b o d y - c e n t r e d f o r m h a s n o t b e e n d e t e c t e d b y o t h e r 
observers , b u t t h e l a t t i c e c o n s t a n t of t h e face -cen t red f o r m w a s f o u n d b y 
W . P . D a v e y , a n d G. L». C la rk a n d co-workers , t o be 3-499 A. ; F . W e v e r , a n d 
I i . W . M c K e e h a n , 3-51 A. ; H . L.ange, 3-518 A. ; A. Osawa , 3-508 A. ; L.. Mazza 
a n d A. G. Nas in i , 3-514 A. ; S. Ho lge r son , 3-52 A. ; H . Boh l in , a n d L . V e g a r d a n d 
H . D a l e , 3-53 A. ; A . W e s t g r e n a n d A. A lmin , 3-519 A. ; W . C. P h e b u s a n d 
F . C. B l a k e , 3-521 A. ; Z. Jeffries a n d R . S. Archer , E . C. B a i n , A. W . HuU, 
R . W . G. Wyckoff, a n d A. Sack lowsky , 3-54 A. ; R . G. K e n n e d y , 3-525 A. for 
99-94 p e r cen t , n icke l ; F . W e v e r , 3-51 A. ; L . W . M c K e e h a n , 3-510 A. ; a n d 
E . A. O w e n a n d J . Iba l l gave « = 3 * 5 1 7 9 A. ; a n d t h e y ca lcu la t ed t h e closest 
a p p r o a c h of t h e a t o m s t o be 2-487 A. T h e sub jec t w a s d iscussed b y R . Bri l l a n d 
H . Pe lzer , M. I . G e n a n d co-workers , A . O. J u n g , E . P i w o w a r s k y , R . Riedmi i le r , 
P . R o n t g e n a n d W . K o c h , J . E . L». J o n e s a n d B . M. D e n t , W . Bi i ssem a n d F . Gross, 
IT. Ka r l s son , E . A. O w e n a n d E . L». Y a t e s , H . K e r s t e n a n d J . Maas , K . Becker , 
E . R . J e t t e a n d F . F o o t e , a n d E . C. B a i n . G. L . Clark a n d co-workers obse rved 
t h a t n icke l c a t a l y s t s p r e p a r e d in different w a y s , a n d w i t h different ac t iv i t i es , all 
gave iden t i ca l l a t t i ce s "with a —3-536 A. AV. P . J e s se found t h e l eng th of t h e edge 
of t h e c u b i c l a t t i c e of n icke l a t : 

20° 000° 1000° 1100° 1200° 
a A . . . 3-518 3-568 3-575 3-583 3-592 

L. Mazza a n d A. G. Nas in i , G. H a g g a n d G. F u n k e , H . Bohl in , R . M. B o z o r t h , 
N . U s p e n s k y a n d S. K o n o b e j e w s k y found t h a t nickel o b t a i n e d b y e lec t rodepos i t ion , 
by t h e d e c o m p o s i t i o n of n ickel c a r b o n y l , a n d b y t h e r educ t i on of t h e oxide , c rys t a l ­
lizes in f ace -cen t red c u b e s . T h e d imens ions of t h e c rys t a l pa r t i c l e s a r e 10~ 2 t o 
10~ 6 c m . T h e l e n g t h of t h e e l e m e n t a r y cell is 3-514 A. L . H . G e r m e r sa id t h a t 
w i t h single c r y s t a l s of n ickel , t h e X - r a d i o g r a m s show p a t t e r n s d u e (i) t o t h e face-
c e n t r e d cub ic space - l a t t i ce of t h e c r y s t a l ; (ii) t h e first or o u t e r m o s t l aye r of n ickel 
a t o m s ; (iii) a m o n a t o m i c l aye r of a d s o r b e d gas ; a n d (iv) a n o u t e r t h i c k e r l aye r 
of a b s o r b e d gas . S. D e m b i n s k a , a n d W . Bi i ssem a n d F . Gross s t u d i e d t h e c rys t a l 
s t r u c t u r e of t h i n films. W . H u m e - R o t h e r y s t u d i e d t h e r e l a t ions a m o n g s t t h e 
l a t t i ce c o n s t a n t s of n icke l , a n d o t h e r e l e m e n t s . 

G. G r e e n w o o d d iscussed t h e fibrous t e x t u r e of n ickel wi res . T h e u n i t face-
cen t r ed , cub ic l a t t i c e of c o l d - d r a w n nickel wire h a s t h e edge a=3-515 A. ; a n d t h e 
c rys ta l s a r e a r r a n g e d so t h a t t h e (111) a n d (10O)-faces a r e para l le l w i th t h e axes of 
t h e fibres. G. T a m m a n n found t h a t in rol l ing nickel , t h e i cos i t e t r ahed ra l a n d 
o c t a h e d r a l p l a n e s t e n d t o fo rm para l le l t o t h e surface. W . A. W o o d s t u d i e d t h e 
d i s to r t i on of t h e l a t t i c e "with e l ec t rodepos i t ed n i c k e l ; C. B . H o l l a b a u g h a n d 
W . P . D a v e y , t h e o r i e n t a t i o n of t h e c rys t a l s b y cold-rol l ing ; S. T. K o n o b e j e w s k y , 
a n d E . v a n A u b e l s t u d i e d t h e d i s t o r t i o n of t h e space- la t t i ce b y mechan ica l w o r k ; 
a n d F . v o n Goler a n d G. Sachs , F . K r a u , G. T a m m a n n a n d co-workers , W . A. W o o d , 
E . Schmid , M. Bonze l , G. W . B r i n d l e y a n d F . W . Skiers , W . E . S c h m i d a n d 
E . A. W . Mul ler , S. T . K o n o b e j e w s k y , a n d C. B . H o l l a b a u g h a n d W . P . D a v e y , t h e 
effect of cold-rol l ing on t h e l a t t i ce s t r u c t u r e . 

P u r e , c o l d - d r a w n nickel , a f t e r v a r i o u s h e a t - t r e a t m e n t s , a l t h o u g h some t imes 
showing pecu l i a r r e -c rys ta l l i za t ion effects, a lways crys ta l l izes in face-cent red , cubic 
c rys t a l s ; t h e re -c rys ta l l i za t ion c a n n o t be d e t e c t e d b y X - r a y ana lys i s for t e m p , u p 
t o 940° ; t h e a p p e a r a n c e of cha rac t e r i s t i c re -c rys ta l l i za t ion s t r u c t u r e s is obse rved 
only w h e n t h e m e t a l h a s b e e n a n n e a l e d a t t e m p , u p w a r d s of 1000°. A p ro longed 
a n n e a l i n g a t 1200° for 30 h r s . p r o d u c e s coarse g ra ins , i r r egu la r ly o r ien ted , g iv ing 
rise t o a m a r k e d r e d u c t i o n of d u c t i b i l i t y a n d tens i le s t r e n g t h . Q u e n c h i n g does n o t 
p r o d u c e a n y c h a n g e i n t h e l a t t i ce s t r u c t u r e . I I . S c h o t t k y a n d H . J u n g b l u t h sa id 
t h a t t h e first s igns of re -c rys ta l l i za t ion occur a t 500° ; a n d G. W a z a u , a n d 
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Z. Jeffries a n d R . S. A r c h e r gave 600° for t h e t e m p , of re -c rys ta l l i za t ion , a n d t h e 
t h e o r y of t h e sub jec t w a s s t ud i ed b y J . A. M. v a n Liiempt. F . S a u e r w a l d d iscussed 
t h e g r a in -g rowth of nickel d u r i n g s in te r ing . G. T a m m a n n a n d W . Salge g a v e 200° 
t o 220° for t h e beg inn ing of re -c rys ta l l i za t ion . 

G. Bred ig a n d R . Allolio sa id t h a t some samples of e lec t ro ly t ic n icke l d e p o s i t e d 
in a n a t m . of h y d r o g e n a t a few t e n t h s of a m m . press . , s eemed t o h a v e a close-
packed , h e x a g o n a l s t r u c t u r e w h e n t h a t of e l ec t rodepos i t ed n icke l is a t y p i c a l face-
c e n t r e d cube , w i t h a = 3 * 5 1 4 A . Accord ing t o G. W a z a u , t h e s t r u c t u r e of e lec t ro­
ly t ic m e t a l usua l ly cons is t s of para l le l l ines of c ry s t a l s p a c k e d in l aye r s para l le l t o 
t h e surface of t h e c a t h o d e . Af te r a n n e a l i n g a t 600°, in t h e absence of a i r , t h e m e t a l 
shows signs of re -c rys ta l l i za t ion cha rac t e r i z ed b y a w iden ing of t h e l ines, a n d t h e i r 
s epa ra t i on i n t o e longa ted c rys t a l s . Af ter a n n e a l i n g a t 900°, t h e re -c rys ta l l i za t ion 
is comple te , a n d t h e new c rys t a l s a re t h e smal le r t h e g r e a t e r is t h e press , t o w h i c h t h e 
m e t a l h a s been p rev ious ly sub jec ted . T h e h a r d n e s s r a p i d l y falls on t h e a n n e a l i n g 
t e m p , changes f rom 500° t o 700°, a n d i t t he rea f t e r falls m o r e s lowly. A n n e a l i n g 
does n o t r educe t h e b r i t t l eness d u e t o occ luded h y d r o g e n . T h e o r i e n t a t i o n of 
t h e e lec t rodepos i ted c rys t a l s w a s s t u d i e d b y G. L . Cla rk a n d P . K . F ro l i ch , 
C. U p t h e g r o v e a n d E . M. B a k e r , G. W . C. K a y e , R . Glocker a n d E . K a u p p , 
A. K . G r a h a m , R . M. B o z o r t h , D . J . M a c n a u g h t a n a n d co-workers , a n d 
G. E . G a r d a m a n d D . J . M a c n a u g h t a n . 

JL. R . Ingersol l a n d J . D . H a n a w a l t found t h a t t h e film of n ickel fo rmed b y 
sp lu t t e r i ng t h e m e t a l in h y d r o g e n is n o n - m a g n e t i c , a n d i t is in i t ia l ly a m o r p h o u s , or 
else t h e c rys ta l s a r e t o o smal l t o d e t e c t . I t t h e n crys ta l l izes w i t h a l a t t i c e l ike t h a t 
of t h e mass ive m e t a l , or else t h e l a t t i c e m a y be m o r e or less d i s t e n d e d . T h e 
d i s t o r t e d l a t t i ce is face-cen t red a n d cub ic , be ing a b o u t 6 p e r cen t , l a rger t h a n t h a t 
of o r d i n a r y nickel . I f t h e film be de-gassed b y h e a t i n g i t t o a b o u t 400° , n o r m a l 
c rys t a l s a r e fo rmed. I f t h e n icke l be s p l u t t e r e d in n i t r ogen , a n o n - m a g n e t i c , 
meta l l i c film is p r o d u c e d , a n d i t h a s a face-cen t red , t e t r a g o n a l l a t t i c e w i t h 
a = 3 * 9 9 4 A. , a n d c = 3 * 7 6 0 A. , so t h a t t h e ax i a l r a t i o a: c is 1 :0 -92 . Nicke l 
en masse h a s a face-cent red , cub ic l a t t i c e w i t h a=3*517 A. W . P . J e s s e 
obse rved n o n e w fo rm of n ickel b e t w e e n 450° a n d 1200°. S. V a l e n t i n e r a n d 
G. B e c k e r obse rved a n o r m a l , face-cen t red , cub ic l a t t i ce , w i t h edge a=3-51 A. , 
in al l n icke l films o b t a i n e d b y s p l u t t e r i n g in h y d r o g e n . G. P . T h o m s o n 
sa id t h a t films of n ickel depos i t ed b y s p l u t t e r i n g on rock-sa l t , in a n a t m . of 
a rgon , e x h i b i t a h e x a g o n a l s t r u c t u r e w i t h a l a t t i c e h a v i n g a = 4 * 0 6 A., a n d 
c = 8 * 8 6 A. Th is r e su l t is different f r om t h a t o b s e r v e d b y G. B r e d i g a n d 
R . Allolio, b u t G. B r e d i g a n d E . S c h w a r z v o n B e r g k a m p f found t h a t n ickel sp lu t ­
t e r e d f rom a c a t h o d e h y d r o g e n g ives a n o n - m a g n e t i c m i r r o r of t h e m e t a l w i t h a 
h e x a g o n a l l a t t i ce , a n d t h a t if t h e m i r r o r b e h e a t e d in h y d r o g e n , t h e m e t a l t h e n h a s 
t h e o r d i n a r y cubic l a t t i ce . E . R u p p e x a m i n e d t h e effect of a d s o r b e d h y d r o g e n on 
t h e space- la t t i ce ; a n d O. W e r n e r , t h e diffusion of r a d i u m e m a n a t i o n . V. K o h l -
s c h u t t e r a n d co-workers , M. I . Gen a n d co-workers , G. D . P r e s t o n , M. Miwa , 
W . Bi i ssem a n d F . Gross , a n d S. D e m b i n s k a s t u d i e d t h e c r y s t a l s t r u c t u r e of t h i n 
films ; a n d H . Re in inger , t h e s t r u c t u r e of s p r a y e d films. 

T h e specific grav i ty of n ickel g iven b y t h e ea r ly obse rve r s w a s d e t e r m i n e d on 
m o r e or less i m p u r e s a m p l e s . T h e r e d u c e d n icke l m a y also a p p e a r a s a m o r e or 
less c o m p a c t sponge w i t h n u m e r o u s vo ids or pores , a n d h e n c e A. J£. H u n t i n g t o n a n d 
W . G. McMillan 2 s t a t e d t h a t t h e d a t a m a y of ten b e mis lead ing . T . B e r g m a n 
r e p o r t e d 9*00. R . T u p p u t i g a v e for t h e m e t a l w h i c h h a d b e e n r e d u c e d f rom t h e 
ox ide b y c a r b o n a n d t h e n m e l t e d , 8-38 a t 12*5° ; R . J . H a i i y , a n d H . S c h r o d e r g a v e 
8*9. T h e m e t a l r e d u c e d b y c a r b o n m o n o x i d e w a s f o u n d b y J . B . R i c h t e r t o h a v e 
a sp . gr . of 8*279 ; a n d C. D . T o u r t e g a v e 8*402 a t 12*5° ; whi l s t for t h e m e t a l 
r educed b y h y d r o g e n , C. F . R a m m e l s b e r g g a v e 8*975 t o 9*261 ; S. B o t t o n e , 8*279 
a t 15*5° ; a n d L . P l ay fa i r a n d J . P . J o u l e , 7*803 t o 7*861. C. B r u n n e r f o u n d 8*637 ; 
M. J . Br isson, 7*807 ; A . A r n d t s e n , 8*88 a t 4° ; X.. T h o m p s o n , 8-575 ; C. H . Lees , 
8-80 for 99 p e r cen t , n ickel ; D . F . M c F a r l a n d a n d O. E . H a r d e r , 8-69 ; R . B o t t g e r , 
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8-477 t o 8-713 ; W . F . B a r r e t t , 8-3 ; H . Toml inson , 8-707 for h a r d - d r a w n , a n d 
8*739 for a n n e a l e d n ickel -wire ; Li. T h o m p s o n , 8-575 for t h e pur i f ied m e t a l ; 
C. Wink l e r , 7-5185 a t 20° ; O. Bloch , a n d W . A. T i lden , 8-790 a t 21°/4° ; a n d R . v o n 
Da l lw i t z -Wegne r , 8-90 ; W . v o n Selve , 8-6 t o 8-9 for t h e rol led m e t a l ; P . D . Mer ica , 
8*70 t o 8-90 for ma l l eab l e or e lec t ro ly t ic n ickel , a n d 7-7 t o 8-0 for s p o n g y n icke l 
or n icke l p o w d e r . J . A . F l e m i n g f o u n d t h e sp . gr . of a n n e a l e d e lec t ro ly t ic n icke l t o 
be 8-96 a t 18°. L . M o n d a n d co-workers found t h a t n icke l p o w d e r r e d u c e d b y 
h y d r o g e n f rom n icke l ox ide o b t a i n e d f rom n icke l depos i t ed b y t h e c a r b o n y l p roces s , 
h a s a sp . gr . 8-2834 a t 15-4°, a n d 8-2928 a t 15-1°. D . H . B r o w n e a n d J . F . T h o m p s o n 
found s a m p l e s of c o m m e r c i a l n ickel "with a sp . gr. r a n g i n g f rom 7*993 t o 8*873 ; a n d 
s amp le s of ma l l eab l e n icke l r a n g i n g f rom 8*71 t o 8*90—average, 8*84. P . D . Mer ica 
a n d co -worker s g a v e 8 - 8 5 ± 0 - 0 3 for t h e sp . gr . of commerc i a l , 99*2 pe r cen t , n icke l . 
H . C o p a u x g a v e 8*8 for t h e m e t a l a t 15°/4°, a n d t h i s m a y be t a k e n t o be t h e be s t 
r e p r e s e n t a t i v e v a l u e . R . T u p p u t i g a v e 8*820 for t h e sp . gr . of t h e rol led m e t a l , a t 
12*5°, a n d 8*380 for t h e c a s t m e t a l ; a n a l o g o u s r e su l t s—respec t ive ly 8*666 a n d 
8*279—were o b t a i n e d b y J . B . R i c h t e r ; r e spec t ive ly , 8-932 a n d 8-402, b y 
C. D . T o u r t e ; r e spec t ive ly , 8*8404 a n d 8-8209, b y W . S c h l e t t ; r espec t ive ly , 8-9 a n d 
8*85, b y M. Mac lean ; a n d , r espec t ive ly , 8*8 a n d 8*3, a t 15°/4°, b y H . C o p a u x . 
C W . A. K a h l b a u m a n d E . S t u r m f o u n d t h a t t h e c o l d - d r a w n wire h a d , a t 20 o /4° , 
a sp . gr . 8*7599, a n d "when a n n e a l e d , 8*8439; s imi la r ly , w i t h wire t w i s t e d in t h e cold, 
t h e sp . gr . w a s 8*8273, a n d w h e n a n n e a l e d , 8*8412 ; T. U e d a also s t u d i e d t h e effects 
of to r s ion . T . M. L o w r y a n d R . G. P a r k e r g a v e 8*8583 for t h e m e t a l in b u l k a n d 
8*8299 for t h e co ld -worked m e t a l (filings). E . L . Peffer found t h e sp . gr . of c a s t 
n icke l—99-94 p e r c e n t . N i — t o be 8-907 a t 23° ; t h a t of a cold swaged r o d 0-225 in . 
d i a m . , 8*901 a t 25° ; a n d t h a t of t h e a n n e a l e d rod , 8*902 a t 25°. A coarse ly 
c rys t a l l ine i n g o t w h i c h h a d rece ived n o m e c h a n i c a l w o r k h a d a sp. gr . 8-907, a n d 
w h e n r e d u c e d b y co ld -work , e i t he r a n n e a l e d or n o t a n n e a l e d , 8-90. T h e r e su l t s 
were d i scussed b y F . C. A. H . L a n t s b e r r y , a n d C. B . H o l l a b a u g h a n d W . P . D a v e y . 
R . G. K e n n e d y ca l cu l a t ed f rom t h e l a t t i c e p a r a m e t e r s t h e sp . gr. 8*917 ; G. L . Clark, 
9*1 ; Z. Jeffries a n d R . S. Arche r , 8*8 ; a n d L . W . M c K e e h a n , 8*953. R . A. H a d -
field g a v e 8*839 for o r d i n a r y c a s t n icke l a n d 8-826 for forged nickel . S. K a y a found 
t h e sp . gr . of single c r y s t a l s exceeded t h a t of t h e po lyc rys t a l s b y 0-110 p e r c en t . 
K . H o n d a a n d co -worke r s g a v e 2-06 p e r cen t , for t h e e x p a n s i o n which occurs .with 
t h e solidif icat ion of n icke l w i t h 2*2 p e r cen t , of c a r b o n . C. Bened i cks a n d co­
worke r s f o u n d t h e specific v o l u m e of n icke l is 0-1258 a t 1422°, a n d 0*1288 a t 1500° ; 
a n d J . A . G r o s h a n s , a n d E . D o n a t h a n d J . M a y r h o f e r m a d e o b s e r v a t i o n s on t h e 
sp . vo l . of n icke l ; a n d T . W . R i c h a r d s g a v e 6-7 for t h e a t o m i c v o l u m e . W . Bi l t z 
a n d K . Meisel c a l c u l a t e d 557*26 for t h e a t . vo l . a t a b s o l u t e zero . W . L . B r a g g gave 
for t h e a t o m i c radius 1-35 A . G. N a t t a a n d L . Pas se r in i f o u n d t h a t if t h e a t . r a d i u s 
of o x y g e n is 1*32 A. , t h a t of n icke l is 0*77 A. O b s e r v a t i o n s were m a d e b y 
A. K a p u s t i n s k y , A . F e r r a r i a n d F . Giorgi , V. M. G o l d s c h m i d t , E . H . Wes t l i ng , 
H . G. G r i m m , J . C. S la t e r , E . Her l inge r , E . J . Cuy , G. N a t t a a n d L . Passe r in i , 
W . P . D a v e y , L . P a u l i n g , a n d E . T . W h e r r y , f rom which i t follows t h a t for t e r v a l e n t 
n ickel a t o m s , t h e effective r a d i u s is 0*35 A. ; for b i v a l e n t a t o m s , 0*69 t o 0*78 ; a n d 
for n e u t r a l a t o m s , 1*24 t o 1*39 A. M. L . H u g g i n s g a v e 1*59 t o 1*77 ; A. K a p u s t i n s k y 
s t u d i e d t h e effect of s o l v a t i o n on t h e ionic r a d i u s . J . A. M. v a n L i e m p t d iscussed 
t h e a t o m i c c o n s t a n t s of n icke l ; a n d P . Vinassa , t h e mo lecu l a r n u m b e r . 

J . B . D u m a s o b s e r v e d t h a t t h e hardness of n ickel is such t h a t i t is s c r a t c h e d b y 
g lass of h a r d n e s s 2*6 o n M o h s ' scale ; S. B o t t o n e g a v e for t h e c u t t i n g h a r d n e s s 
1410 w h e n t h a t of c o b a l t is 1450, i ron , 1375, a n d coppe r , 1360 ; H . C o p a u x found a 
h a r d n e s s of 3*5 o n M o h s ' scale ; a n d T . T u r n e r r e p o r t e d t h e h a r d n e s s of n icke l t o 
be 1410 w h e n t h a t of c o b a l t is 1450 ; t h a t of copper , 1360 ; t h a t of t h e d i a m o n d , 
3010 ; a n d t h a t of i ron is 1375. L . T h o m p s o n s t a t e d t h a t t h e purif ied m e t a l wh ich 
h e p r e p a r e d w a s a s soft a s coppe r . F . R o b i n f o u n d t h e p e n e t r a t i v e h a r d n e s s of 
n icke l t o b e 105 t o 190, a n d , w h e n a n n e a l e d , 130 t o 150. T h e v a l u e for coppe r is 
52 t o 54 . M. W a e h l e r t g a v e 56 for t h e Br ine l l ' s h a r d n e s s of n i c k e l ; C. A. E d w a r d s , 
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144-0 ; a n d A. Krupkowsky , 59-1. W . B . Pr ice a n d P . Dav id son ob t a ined for 
Brinel l ' s hardness of bars which h a d been cold-rolled f rom 0-5 in. t o 0*134 in. : 

H a r d n e s s . 

As rolled 

2 3 5 

Annealed at 
250° 
262 

350° 
255 

460° 
248 

550° 
228 

L. J o r d a n a n d W . H . Swanger gave for t h e scleroscope ha rdnes s of 99-94 p e r cen t , 
nickel, 5-0 ; for t he Rockwell hardness , 42 t o 44 ; a n d for Br inel l ' s ha rdness , 68 t o 
78. They also found for cold-worked, a n d nickel annea led 30 min . a t different 
t e m p . : 

Rockwel l . 
S clerosc ope 

Cold-worked 

. 6 3 - 6 8 

. 12-19 

Annealed for 30 min. 
650° 

5 2 - 5 9 
8 -13 

750° 
51-59 

8 - 1 3 

850° 
3 5 - 5 2 

7 - 1 1 

950° 
15-18 
4 - 6 

The resul ts of F . Sauerwald a n d co-workers on t h e i m p a c t ha rdness of nickel a re 
summar ized in Fig . 2. Measurements were also m a d e b y H . Pecheux , T. K a w a i , 
W . A. Mudge a n d L. W . !Luff. D . J . M a c N a u g h t a n a n d A. W . Hothersa l l found 
t h e Brinel l ' s ha rdness of e lect rodeposi ted nickel is increased from 162 t o 250 b y 
add i t ions of sod ium su lpha te , a n d t h e subs t i tu t ion of p o t a s s i u m chloride b y sod ium 

fluoride in t h e b a t h of nickel su lpha te , boric 
acid, a n d p o t a s s i u m chloride. M. Gu icha rd 
a n d co-workers found t h e ha rdness of 
e lectrodeposi ts t o v a r y f rom 155 t o 42O ; 
D . J . M a c N a u g h t a n s tud ied t h e poros i ty of t h e 
depos i t s . F . Sauerwa ld observed t h a t t h e d r o p 
ha rdnes s decreased slowly be tween 20° a n d 
300°, t h e n more rap id ly be tween 300° a n d 400°, 
increased sl ightly a t 450°, decreased r ap id ly 
be tween 600° a n d 700°, increased s l ight ly a t 
800°, a n d t h e n decreased on t o 914°. T h e 
decrease be tween 300° a n d 400° is a t t r i b u t e d 
t o t h e magne t i c t r ans fo rmat ion ; a n d t h e 
m a x i m u m a t 450° is ascr ibed t o blue-brittleness 

similar t o t h a t of iron. L . Guillet , a n d J . Cournot a n d S. Silva measu red t h e ha rdnes s 
a n d fragil i ty of nickel a t t e m p , ranging from 20° t o —190°. T. K . Rose found t h a t 
t h e m e t a l h a r d e n e d b y cold-work is softened by annea l ing be tween 530° a n d 700°. 
Measurement s were also m a d e by A. K u r t h . According t o K . I t o , t h e Brinel l ' s 
ha rdness , / / , of nickel is : 

H 

a n d t h e re la t ion can be represen ted b y log H2 — log JQT1=<x(2 — 1), where t h e t e m p , 
coeff. a = 0 - 0 0 0 1 5 . The t e m p , coeff. of t h e ha rdness a. a n d t h e m .p . Tm on t h e 
absolu te scale of a n u m b e r of me ta l s a r e re la ted b y T m ( a -h0-00145)=2-5—v ide i ron . 
F . Sauerwald a n d E . J a n i c h e n s tud ied t h e adhes ion of t h e compressed powder . 
O. Schwarz found for t h e pe rcen tage reduc t ion b y roll ing, t h e Brinel l ' s h a r d n e s s : 

200 ° 400° 600 800 1000 
Annealing temperature 

F i o . 2 .—Brinel l ' s H a r d n e s s of Nickel 
a n n e a l e d a t Different T e m p e r a t u r e s . 

— 43° 
91-5 

— 18° 
89-4 

o° 
8 9 0 

35° 
87-4 

51° 
86-6 

65° 
87-0 

8 2 ° 
86-6 

109° 
86-O 

125° 
84-8 

148° 
84-0 

R e d u c t i o n 
H a r d n e s s 

O 
42-0 

6 0 
102-8 

9-1 
116 O 

20-8 
1 5 6 1 

39-5 
192-8 

60-2 
216-0 

80-O 
231-2 

88-O p e r c e n t . 
236-0 

Observa t ions were also m a d e b y G. T a m m a n n , B . Bogi tch , F . Sauerwald a n d 
K . K n e h a n s , F . K r a u , H . S c h o t t k y a n d H . J u n g b l u t h , H . O'Neill , G. W a z a u , 
H . J . Tapsel l a n d J . B rad l ey , F . P . Romanoff, M. Gu icha rd a n d co-workers , 
G. Kro l l , a n d W . Krol l . D . H . B r o w n e a n d J . F . T h o m p s o n found t h a t t h e effects 
of v a r y i n g physical a n d chemical condi t ions on t h e B u n n e l l ' s a n d Shore ' s ha rdness 
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of n icke l a r e s h o w n b y t h e fol lowing t e s t s for n ickel b a r s ho t - ro l led , a n d a f t e rwa rds 
cold-rol led t o t h e r e d u c t i o n s t a t e d : 

0-06 percent . C. 008 per cent. C. 0-09 per cent. C. 0-26 per cent. C. 

H o t - r o l l e d . 
R e d u c t i o n ^ P ^ c e n t , 
b y co ld \ZZ 
™ l l i n * (75 ; ; 
A n n e a l e d a t 900° 

Brinell 
112 
187 
217 
235 
235 

92 

Shore 
13 
28 
33 
3 5 
35 

Brinell 
137 
241 
293 
3 0 2 
332 

99 

Shore 
14 
34 
39 
44 
4O 
11 

0 0 6 
89 
99 

228 

0-08 
92 
103 
223 

0 0 9 
92 

112 
235 

0-26 per cent 
99 
137 
332 

D . H . B r o w n e a n d J . F . T h o m p s o n f o u n d for t h e Br ine lPs h a r d n e s s of n icke l w i t h 
different p r o p o r t i o n s of c a r b o n : 

C a r b o n . . . . . 
A n n e a l e d a t 900° 
H o t - r o l l e d — 7 5 p e r c e n t , r e d u c t i o n 
Co ld - ro l l ed—75 p e r c e n t , r e d u c t i o n 

A. Mal lock found t h e ve loc i ty of s o u n d in n icke l t o be 4973-4 m e t r e s p e r second . 
G. W . P i e r ce s t u d i e d t h e sub jec t . J . K l e i b e r found t h a t t h e ve loc i ty of s o u n d in 
m e t a l s is p r o p o r t i o n a l t o t h e sq. r o o t of t h e p r o d u c t of t h e sp . h t . a n d t h e l inear 
coeff. of e x p a n s i o n . W . F . !Barret t f o u n d t h a t t h e c o n d u c t i v i t y of n ickel for s o u n d 
is 14-9 w h e n t h a t of a i r is u n i t y . F . R o b i n s t u d i e d t h e acous t i c properties , a n d 
found t h a t purif ied n icke l e x h i b i t s l i t t l e r e sonance . T . G n e s o t t o a n d Li. A. A lbe r t i 
obse rved b r e a k s in t h e v i scos i ty a n d r ig id i ty cu rves of n ickel a t t h e Curie p o i n t . 
T h e cu rve , F ig . 3 , for forgeable a n n e a l e d n icke l shows t h a t t h e d u r a t i o n of s o u n d 
d imin i shes a s t h e t e m p , r ises t o a b o u t 60° , 
af ter w h i c h t h e c u r v e r e m a i n s h o r i z o n t a l o r 
falls v e r y s lowly u p t o a b o u t 150°. T h e 
r e sonance falls a g a i n u p t o 300° , af ter wh ich , 
u n d e r t h e inf luence of t h e a l lo t rop ic c h a n g e , 
/3-nickel, i t r ises u p t o 340° , s u b s e q u e n t l y 
fal l ing a g a i n once for all , u n t i l , on r e a c h i n g a 
r e d - h e a t , t h e s o u n d is e x t i n g u i s h e d . T h e 
c u r v e s for s t ressed a n d a n n e a l e d n icke l a r e 
also s h o w n in F ig . 3 . O r d i n a r y a n d s o m e w h a t 
i m p u r e n icke l possesses fair ly cons ide rab le 
r e sonance . As t h e r e su l t of i n t e r s t r a i n t h e 
p e c u l i a r i t y e x h i b i t e d in t h e c u r v e a t a b o u t 
150° d i s a p p e a r s , a n d t h e s i n u o s i t y of t h e 
c u r v e a t t h e pecu l i a r p o i n t j u s t n o t e d is g r e a t l y d imin i shed . Annea l ing res to res t o 
t h e m e t a l i t s or ig ina l p r o p e r t i e s , a n d t h e c u r v e of t h e d u r a t i o n of t h e s o u n d 
b e c o m e s pa ra l l e l w i t h t h a t of p u r e a n n e a l e d n icke l . 

S o m e of t h e m e c h a n i c a l properties of n icke l were n o t e d b y t h e ea r ly worke r s . 
J . B . R i c h t e r 3 o b s e r v e d t h a t n icke l is h a r d a n d suscept ib le of a h igh pol ish, i t is 
v e r y duc t i l e , a n d m a y be h a m m e r e d , e i the r h o t or cold, i n t o p l a t e s y ^ t h in. t h i ck , 
o r d r a w n i n t o wires ^ t h in . in d i a m . I n m o r e r ecen t t i m e s i t h a s been rol led i n t o 
shee t s 0 0 0 0 8 in. i n t h i c k n e s s , a n d d r a w n i n t o wires of 0-0004 in . i n d i a m . 
O. W . El l i s s t u d i e d t h e ma l l eab i l i t y . Accord ing t o L . T h o m p s o n , t h e ma l l eab i l i t y 
of pur i f ied n icke l is so g r e a t t h a t i t c a n be rol led o u t n e a r l y t o t h e t h i ckness of t i n ­
foil. R . T u p p u t i s a id t h a t n icke l w e a r s d o w n a file r ap id ly , a n d w h e n ben t , i t 
becomes h o t , a n d shows a n i n d e n t e d f r ac tu r e . I t s ma l l eab i l i t y is d imin i shed b y 
d isso lved c a r b o n or m a n g a n e s e . C. B r u n n e r , a n d O. L . E r d m a n n emphas i zed t h e 
b r i t t l enes s of t h e n icke l w h i c h t h e y p r e p a r e d , a n d a d d e d t h a t w h e n b r o k e n b y 
r e p e a t e d h a m m e r i n g i t m a y e x h i b i t a l u s t r o u s , coa rse -g ra ined f r ac tu re . I I . S t . 
C. Devi l l e s h o w e d t h a t t h e m e t a l c a n be forged w i t h o u t u n d u e ox ida t ion , a n d t h e 
wires a r e n e a r l y 15 t i m e s a s t o u g h a s i ron wi res of e q u a l t h i cknes s . 

F r o . 3 . - —The Acous t i c P r o p e r t i e s 
of N i c k e l . 
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T. F l e i t m a n n found t h a t a d d i t i o n s of z inc or m a g n e s i u m a u g m e n t t h e t o u g h n e s s 
a n d mal l eab i l i ty of n ickel , a n d severa l o t h e r m e t a l s — C d , Sn , P b , Mn , a n d F e — c a n 
be a l loyed w i t h nickel w i t h o u t i m p a i r i n g i t s w o r k i n g p r o p e r t i e s . W . C. R o b e r t s -
A u s t e n a d d e d t h a t t h e effect of OOOl p a r t of m a g n e s i u m is m a r k e d . H . W e d d i n g 
obse rved t h a t m a n g a n e s e f a v o u r e d t h e tens i le p r o p e r t i e s of n icke l ; a n d J . G a r n i e r 
found t h a t 0-003 p a r t of p h o s p h o r u s e n h a n c e s t h e w o r k i n g p r o p e r t i e s of n i cke l . 
H . W e d d i n g , a n d G. v o n Selve a n d F . L o t t e r a d d e d t h a t t h e c r a c k i n g a n d p o o r 
work ing p roper t i e s of some va r i e t i e s of n icke l a r e d u e t o t h e p re sence of o x y g e n a s 
n ickelous oxide, a n d t h i s c a n be o v e r c o m e b y a d d i n g deox id i z ing agen t s—e .g . , 
m a n g a n e s e , m a g n e s i u m , e t c . — t o t h e m o l t e n m e t a l . 

Commerc ia l n ickel is n o t a l w a y s ma l l eab le , a n d t h i s is s a t i s f ac to ry w h e n t h e 
m e t a l is r equ i red for m a k i n g al loys , b u t for m a k i n g rods , wi res , shee t s , e t c . , ma l l e ­
ab i l i ty is a n essent ia l q u a l i t y . I f t h e m e t a l be c a s t w i t h o u t m a g n e s i u m , i t is w e a k , 
a n d n o t ma l leab le h o t or cold, a n d a sec t ion of t h e c a s t i n g is of ten h o n e y c o m b e d 
w i t h blow-holes ; eas t w i t h t h e m a g n e s i u m — m a l l e a b l e n icke l , p r e v i o u s l y desc r ibed 
— t h e nickel is sound , h o m o g e n e o u s , a n d s t r o n g ; i t c a n be w o r k e d h o t o r cold ; a n d 
in t h i s mal leab le s t a t e i t c a n be forged, rol led, cas t , d r a w n i n t o wire , s p u n , a n d 
o therwise worked . D . H . B r o w n e a n d J . F . T h o m p s o n r e c o m m e n d e d 1200° for 
hot- rol l ing, a n d a d d e d t h a t a t e m p , m u c h in excess of t h i s p r o d u c e s a c o n d i t i o n 
a p p r o a c h i n g r ed - shor tness ; a n d t h a t a n n e a l i n g beg ins a t a b o u t 750°, full sof tness 
be ing a t t a i n e d a t 9 0 0 ° — t h e t e m p , r e c o m m e n d e d for a n n e a l i n g . G. E . G a r d a m 
a n d D . J . M a c N a n g h t a n found t h a t a n n e a l i n g e l ec t rodepos i t ed n ickel r e d u c e s t h e 
tens i le s t r e n g t h . 

Accord ing t o J . 13. R i c h t e r , a n d L . T h o m p s o n , n icke l c a n be w e l d e d l ike i ron , b u t 
C. D . T o u r t e succeeded in w e l d i n g t h e m e t a l on ly imper fec t ly . D . H . B r o w n e a n d 
J . F . T h o m p s o n obse rved t h a t n icke l c a n n o t be w e l d e d i n t h e o r d i n a r y sense , viz. 
h e a t i n g in a b l a c k s m i t h ' s forge a n d h a m m e r i n g t o a sol id we ld a s w i t h w r o u g h t i ron . 
Th is is d u e t o t h e absence of a p r o p e r flux t o d issolve a n d r e m o v e t h e n icke l ox ide 
p r o d u c e d b y h e a t i n g . I f t h e o p e r a t i o n be c o n d u c t e d i n a r educ ing a t m o s p h e r e , 
n ickel r ead i ly welds . N icke l c a n also be we lded b y m e a n s of t h e o x y a c e t y l e n e 
flame, b y electr ic spo t -we ld ing , or b y b u t t - w e l d i n g , w h e r e t h e t w o pieces f o r m t h e 
e lec t rodes a n d a re p u s h e d t o g e t h e r so a s t o e x t r u d e t h e ox ide f rom t h e weld . I n 
t h i s "way i t is possible t o we ld n icke l wi re t o i ron t o f o r m t i p s or p o i n t s for s p a r k ­
p lugs , e t c . F . S a u e r w a l d a n d E . J a e n i c h e n s t u d i e d t h e a d h e s i o n b e t w e e n sur faces 
of t h e m e t a l . 

M. F . Angel l found t h a t t h e e las t i c i ty of n icke l is g r e a t l y r e d u c e d b y q u e n c h i n g , 
b u t i t c a n be inc reased t o i t s or ig inal v a l u e b y a n n e a l i n g a t a h i g h t e m p . T h e 
elast ic m o d u l u s , o r Y o u n g ' s m o d u l u s , w a s f o u n d b y M. C a n t o n e t o be 22,790 k g r m s . 
p e r sq. m m . ; G. S. Meyer g a v e 21 ,680 k g r m s . p e r sq. m m . ; H . J . Tapse l l a n d 
J . B r a d l e y , E . Grune i sen , O. F a u s t a n d G. T a m m a n n , J . Ga l ibourg , A. W a s s m u t h , 
K . F . S lo t t e , a n d W . Meissner , 20 ,000 t o 22,000 k g m s . p e r sq . m m . ; a n d W . Voig t , 
20,300 k g r m s . p e r sq . m m . G. Sear le g a v e 23 ,950 k g r m s . p e r sq . m m . for t h e d r a w n 
m e t a l , a n d C. Schaefer , 23,544 k g r m s . p e r sq . m m . W . S u t h e r l a n d n o t e d t h a t t h e 
r eco rded r e su l t s g a v e t h e a v e r a g e v a l u e 22,400 k g r m s . p e r sq . m m . H . T o m l i n s o n 
g a v e 2271 X l O 6 g r m s . p e r sq . c m . for h a r d - d r a w n wire , a n d 2175 X l O 6 g r m s . p e r 
sq. c m . for a n n e a l e d wi re . A . L . K i m b a l l a n d D . E . Love l l g a v e 2 I x I O 1 1 d y n e s 
p e r sq. c m . for t h e cold-rol led m e t a l ; a n d K . H o n d a a n d T . T a n a k a , 1-930 X l O 1 2 

d y n e s p e r sq . c m . D . K . F r o m a n ' s r e su l t s for Y o u n g ' s m o d u l u s w i t h s m a l l s t resses 
a r e s u m m a r i z e d in F ig . 4 . L . C. T y t e o b s e r v e d t h a t n icke l , l ike o t h e r m e t a l s 
e x a m i n e d , shows a d e v i a t i o n f rom H o o k e ' s l aw ove r t h e w h o l e e x p e r i m e n t a l r a n g e 
e x a m i n e d ; t h e a c t u a l d e v i a t i o n w a s f o u n d t o v a r y w i t h t h e h e a t t r e a t m e n t , a n d 
co ld w o r k i n g . 

W . W i d d e r d iscussed t h e effect of t e m p , on t h e e las t ic c o n s t a n t s , a n d g a v e 
JE=J02o{l-O*OOO6983(0 — 20)}. A. Mal lock g a v e 1-12 for t h e r a t i o of Y o u n g ' s 
m o d u l u s a t —273° t o i t s v a l u e a t 0 ° . C. Schaefer o b s e r v e d t h a t for t e m p , b e t w e e n 
20° a n d —186° , t h e m o d u l u s i nc rea sed 2463 k g r m s . p e r sq . m m . p e r 100° difference 
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of t e m p . K . R . K o c h a n d C. D a n n e c k e r found t h a t t h e e las t ic m o d u l u s of n icke l 
h a s a m i n i m u m n e a r 100°, a m a x i m u m n e a r 300° , a n o t h e r m i n i m u m n e a r 1200°, 
a n d a m a x i m u m n e a r 1250°, i n d i c a t i n g a second t r a n s f o r m a t i o n t e m p , besides t h a t 
b e t w e e n 300° a n d 4 0 0 ° — F i g . 5. J . Z a c h a r i a s f o u n d Y o u n g ' s m o d u l u s decreases 
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E i o . 4 . — Y o u n g ' s M o d u l u s for S m a l l 

S t r e s s e s . 

I 1 
R l I 

a b o u t 13 p e r cen t , for a n n e a l e d nickel b e t w e e n 20° a n d 200° ; t h e r e is t h e n an 
inc rease of a b o u t 6 p e r cen t , u p t o t h e Cur ie p o i n t ; a n d a b o v e t h e Curie 
p o i n t t h e r e is a l inea r dec rease . T h e r e su l t s of K . let. K o c h a n d C. D a n n e c k e r , a n d 
E . P . H a r r i s o n , in k g r m s . p e r sq. m m . , a re , for t h e to r s ion a n d Y o u n g s modu l i : 

T o r s i o n 
Y o u n g ' s 

20° 27-5° 
7,300 

22 ,000 

96° 110° 
6,43O 

21,300 

200° 
6,860 

300° 
1,390 

—-

400° 
7,120 

15,700 

000° 
6,080 

— • 

1000° 
3,730 

1300° 
2,480 

—-
E . P . H a r r i s o n r e p r e s e n t e d t h e effect of t e m p , o n t h e e las t ic m o d u l u s , JS, of n icke l 
b y .E=JE 0 ( I — 0-0002860 — O-O6846502), w h e r e J £ 0 = 2 2 , 2 0 0 k g r m s . pe r sq. m m . u p t o 
300° . A b o v e 325°, t h e m o d u l u s dec reases r a t h e r m o r e r ap id ly , r each ing a m i n i m u m 
j u s t be low 400° ; i t t h e n r e m a i n s n e a r l y c o n s t a n t t o 425°, a b o v e wh ich a r a p i d 
dec rease occurs . A b o v e 425° , s o m e s t r u c t u r a l c h a n g e occurs in wh ich H o o k e ' s l aw 
does n o t a p p l y , for sma l l l oads t h e n p r o d u c e a p e r m a n e n t s t r e t c h wh ich does n o t 
r ecove r w i t h t i m e . Th i s t e m p , is n e a r t o t h a t a t wh ich cr i t ica l p o i n t s occur in t h e 
m a g n e t i s m , t h e r m o e l e c t r i c i t y , e lectr ical r e s i s t ance , a n d t h e r m a l expans ion . As 
w i t h s teel , t h e e las t ic after-effect inc reases w i t h t e m p . L o a d i n g a b o v e a ce r t a in 
v a l u e , a n d s u b s e q u e n t l y u n l o a d i n g , is fol lowed b y a r ecove ry of l eng th , b u t n o t of 
e las t i c i ty . K . H o n d a a n d T . T e r a d a g a v e for t h e e las t ic m o d u l u s of purif ied nickel 
1-708 X 10 1 2 d y n e s p e r sq . c m . for a l oad of 1599 g r m s . p e r sq . m m . , a n d 1-902 x IO 1 2 

d y n e s p e r sq . cm. for a l oad of 10,480 g r m s . p e r sq . m m . ; a n d for commerc ia l nickel , 
1-818 X 1 0 1 2 d y n e s p e r sq . c m . for a l oad of 1376 g r m s . p e r sq. m m . , a n d 2-212 x 10 1 2 

d y n e s p e r sq . c m . for a l o a d of 9023 g r m s . p e r sq. m m . T . K a w a i s tud ied t h e effect 
of co ld -work on Y o u n g ' s m o d u l u s . Gr. W . P ie rce s t u d i e d t h e subjec t . T. K a w a i 
e x a m i n e d t h e effect of co ld -work on Y o u n g ' s 
m o d u l u s — v i d e i r o n — a n d f o u n d t h a t w i t h 
t h e g iven m a x i m u m s t ress in s t r e t c h i n g , 
k g r m s . p e r sq . m m . ( d o t t e d c u r v e , F ig . 6), t h e 
c o r r e s p o n d i n g m o d u l u s of e las t i c i ty , k g r m s . 
p e r sq . c m . X 10~ 4 , were a s s h o w n in F i g . 6. 
T h e effect of a n n e a l i n g t h e co ld -worked m e t a l 
a t different t e m p , is a lso s h o w n in t h e s a m e 
d i a g r a m , F i g . 6. A . Ancel le s t u d i e d t h e 
sub j ec t . M. F . S a y re i n v e s t i g a t e d t h e e las t ic 
after-effect. G. A. T o m l i n s o n d i scussed t h e 
r e l a t i ons b e t w e e n t h e e las t ic a n d cohes ive 
forces ; A . I J . Bernou l l i , J . K le ibe r , a n d 
A. H . S t u a r t , t h e r e l a t i ons b e t w e e n t h e e las t ic forces a n d t h e sp . h t . ; A. Mallock, 
t h e r e l a t i on b e t w e e n t h e t e m p , coeff. of t h e elast ic m o d u l u s a n d t h e m . p . ; a n d 

1 S 224 

>< 2 20 
OO 

216 

2 12 
^2081 
g O 4 8 12 16 20 24 28 

=*- Percentage elongation 
F i o . 6. T h e Effect of Co ld -work , a n d 

of t h e T e m p e r a t u r e of A n n e a l i n g on 
t h e E l a s t i c M o d u l u s of Nicke l . 
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A. P re s s , E . Gri ineisen, 8 . R a t n o w s k y , a n d J . P . A n d r e w s , t h e r e l a t i on b e t w e e n t h e 
coeff. of t h e r m a l expans ion , t h e a t . vol . , a n d t h e e las t ic c o n s t a n t s . B . B o g i t c h 
s t u d i e d t h e effect of t h e m o d e of p r e p a r a t i o n of n icke l o n i t s phys i ca l p r o p e r t i e s . 
F . C. T h o m p s o n a n d W . E . W . Mil l ington obse rved t h a t a spec imen of n icke l for 
which t h e elast ic l imi t w a s 5570 k g r m s . p e r sq . c m . showed s l ip -bands u n d e r a 
s t ress of 788 k g r m s . p e r sq. c m . 

J . R . B e n t o n gave 0-33 for P o i s s a n ' s ra t io ; a n d A. W a s s m u t h , K . F . S lo t t e , 
a n d W . Meissner gave 0-30. H . R o l n i c k c a l c u l a t e d P o i s s a n ' s r a t i o , to, f rom 
Co=O-S—\ETc, where E d e n o t e s Y o u n g ' s m o d u l u s such t h a t 2 £ = 2 0 - 2 x l 0 — 1 c .g.s . 
un i t s , a n d Jc is t h e compress ib i l i ty , 0*542 c.g.s. u n i t s , c o n s e q u e n t l y o> = 0 * 3 1 8 . 
E . Gri ineisen observed 0-31. 

Accord ing t o W . G o w l a n d , t h e t ens i l e s t r e n g t h of w r o u g h t n icke l is 42-4 t o n s 
p e r sq. in . W . B . P a r k e r gave 40 t o 45 t o n s p e r sq. in . for t h e m a x i m u m s t r e s s of 
commerc ia l nickel , a n d for purif ied nickel , 18 t o 2O t o n s p e r sq. i n . ; t h e p r o ­
p o r t i o n a l l imi t for t h e commerc i a l m e t a l is 18 t o 20 t o n s p e r sq . in . , a n d for t h e 
purif ied m e t a l , 6 t o 10 t o n s p e r sq. in . ; t h e e longa t ion in 8 in. is 4-5 t o 2 p e r cen t , 
for t h e commerc ia l m e t a l , a n d 8 t o 15 p e r cen t , for t h e purif ied m e t a l . H . C o p a u x 
gave 18,000 lbs . p e r sq. in . for t h e tens i le s t r e n g t h of n icke l—v ide c o b a l t ; I J . J o r d a n 
a n d W . H . Swanger , 46,400 lbs . p e r sq. in . for 99-94 p e r cen t , n ickel ; a n d W . v o n 
Selve, 42 k g r m s . p e r sq. m m . a n d a n e longa t ion of 32 p e r cen t , for t h e m e t a l a n n e a l e d 
af ter rol l ing. U . I J . B r o w n e a n d J . F . T h o m p s o n g a v e for s a m p l e s of commerc i a l , 
ma l l eab le nickel : y i e ld -po in t , w h e n cold-rol led, 90,00O t o 110,00O, a n d , w h e n 
annea led , 20,000 t o 30,000 lbs . p e r sq. in . ; t ens i le s t r e n g t h , w h e n cold-rol led, 
100,000 t o 120,000, a n d , w h e n annea l ed , 60,0OO t o 90,0OO lbs . p e r sq . in . ; e longa t ion 
in 2 in. , w h e n cold-rolled, 15 t o 20, a n d , w h e n a n n e a l e d , 40 t o 50 p e r c e n t . ; 
a n d t h e r e d u c t i o n of a rea , w h e n cold-rol led, 40 t o 50, a n d , w h e n a n n e a l e d , 45 t o 
55 p e r cen t . 

R . A. Hadf ie ld found for t h e tens i le p r o p e r t i e s exp re s sed i n t o n s p e r sq . in . 
t o b e : 

Elastic 
l imit 

H 
1 4 

7 

Tensile 
strength 

1 6 - 2 5 
3 2 - 2 0 
3 1 - 2 5 

% Elongation 
in 2 inches 

4 - 5 0 
4 5 - 5 0 
54-OO 

% Reduction 
of area 

9 - 7 6 
5 7 0 4 
52-5O 

Fracture 
O r a n u l a r 
F i b r o u s , s i lky-
F i b r o u s , s i l k y 

C a s t b a r u n a n n e a l e d . 

J . K o l l m a n n gave 38-9 t o n s p e r sq. in . for t h e t e n a c i t y of n ickel c o n t a i n i n g 0-05 p e r 
cen t , of m a g n e s i u m . O b s e r v a t i o n s were m a d e b y H . J . Coe, M. Combe , S. E r k , 
H . J . F r e n c h a n d W . A. Tucke r , C. E . Gu i l l aume , T. K a w a i , R . K o c h a n d 
R . Die te r l e , P . D . Merica a n d R . G. W a l t e n b e r g , H . F . Moore a n d T . M. J a s p e r , 
W . A. M u d g e a n d L.. W . Luff, C. E . R a n s l e y a n d C. J . Smi the l l s , a n d A. Schulz . 

P . L u d w i k , a n d W . del Regno obse rved t h a t t h e tens i le s t r e n g t h of n icke l 
g r a d u a l l y falls as t h e t e m p , rises u n t i l i t a t t a i n s a v a l u e of 48*5 k g r m s . p e r sq . m m . 
a t 400°, a n d i t t h e n falls n ine t i m e s m o r e r a p i d l y t o 35-8 k g r m s . p e r sq. m m . a t 500° . 
T h e b r e a k n e a r 400° co r r e sponds w i t h b r e a k s a lso found in t h e r ig id i ty , r e s i s t ance , 
the rmo-e lec t r i c power , a n d emiss ive power . F . R o b i n f o u n d t h a t t h e m a x i m u m 
br i t t l eness occur red a t 30O t o 350° ; I . M. B r e g o w s k y a n d L . W . Sp r ing gave for t h e 
tensi le s t r e n g t h , a n d y ie ld p o i n t in lbs . p e r sq . in . a t different t e m p . : 

21° 149° 232° 315° 399° 460° 482° 499° 538° 
Tens i le s t r e n g t h . 38,0OO 40 ,900 36 ,700 35 ,900 36 ,600 28 ,500 27,8OO 31 ,900 16,800 
Yie ld po int . 23 ,800 25 ,100 25 ,100 22 ,900 22 ,600 — 14,200 — 

a n d A. Ie Chate l ie r g a v e for t h e tens i le s t r e n g t h , T k g r m s . , a n d t h e e longa t ion , 
E p e r cent . , of a w i re a t different t e m p . : 

T 
JE . 

15° 
5 5 - 2 
1 6 

100° 
5 5 - 2 
1 6 

150° 
5 5 - 1 
1 6 

200° 
5 5 0 
1 7 

250° 
54-O 
2 0 

300° 
5 1 0 
2 1 - 5 

350° 
4 6 - 0 
2 3 

400° 
3 7 0 
2 1 

460° 
3 0 - 4 
1 5 

T h e fall in t h e tens i le s t r e n g t h a n d t h e c o r r e s p o n d i n g d r o p in t h e e longa t ion a n d 
r e d u c t i o n of a r ea h a v e been a t t r i b u t e d t o a n a l lo t rop ic c h a n g e c o r r e s p o n d i n g w i t h 
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t h e c h a n g e i n m a g n e t i c p r o p e r t i e s . Th i s does n o t ag ree w i t h o b s e r v a t i o n s on t h e 
space - l a t t i ce , a n d Z . Jeffries a n d R . S. A r c h e r a t t r i b u t e t h e effect t o a s p o n t a n e o u s 
h a r d e n i n g of t h e m e t a l , s uch a s occu r r ed w i t h t h e s a m p l e s t e s t e d b y W . P . S y k e s 
for Br ine l l ' s h a r d n e s s . T h e h a r d e n i n g is a t t r i b u t e d t o t h e s p o n t a n e o u s hea l ing 
of s l ip-p lanes f o r m e d d u r i n g de fo rma t ion . I n W . P . S y k e s ' t e s t s , n ickel wires 
freshly c o l d - d r a w n f rom 0-090 in . t o 0-025 in . d i ame te r , were p laced in a muffle 
for h e a t t r e a t m e n t , or k e p t in l iquid a i r un t i l t e s t e d for t h e tens i le s t r e n g t h , in lbs . 
p e r sq . i n . — t h e ob j ec t of t h e l iqu id a i r t r e a t m e n t w a s t o p r e v e n t se l f -hardening 
w h i c h is k n o w n t o occur in i ron , b u t v e r y s lowly a t low t e m p . : 

Tested af ter 
15 min . in 
l iquid a i r 

250° 
(45 min. after 

drawing) 

250° 
(2 hxs. after 

drawing) 
275° 

T i m e h e a t i n g 
T e n s i l e s t r e n g t h X 1 0 ~ 3 1 2 5 - 7 5 

1 
1 2 6 1 2 8 

2O 
130 

5 
1 2 8 

15 
1 3 0 - 5 

5 
1 3 0 - 5 

2 0 
1 3 2 

3O 
1 3 1 

760 

ci- 740 

£> 120 

=S 700 

S 80 

40 
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W . P . S y k e s ' cu rves , F i g . 7, d i scussed b y Z. Jeffries a n d R . S. Archer , for t h e 
tens i le s t r e n g t h of a n n e a l e d a n d c o l d - d r a w n nickel show t h e t e n d e n c y of t h e m e t a l 
t o dec rease in s t r e n g t h w i t h a r ise of t e m p . T h e 
b r e a k in t h e a n n e a l e d wi re b e t w e e n 200° a n d 300° 
h a s j u s t b e e n d iscussed . T h e d i s c o n t i n u i t y w i t h 
t h e c o l d - d r a w n wire is less a p p a r e n t . A n n e a l i n g 
occurs r a p i d l y b e t w e e n 600° a n d 800° . T h e 
e longa t ion cu rves for t h e s a m e wi res a r e s h o w n 
i n F i g . 8. Be low t h e t e m p , of r ec rys ta l l i za t ion 
of t h e a n n e a l e d wire , t h e r e is a genera l t e n d e n c y 
t o inc reas ing e longa t ion w i t h decrease of t e m p . 
T h i s is i n t e r r u p t e d a t 200° t o 400°, a n d t h e m i n i m u m 
in t h e e longa t ion a t 200° co r r e sponds w i t h t h e 
h o r i z o n t a l p o r t i o n of t h e tens i le s t r e n g t h cu rve . 
T h e s l ight d r o p in t h e e longa t ion on cool ing f rom 
r o o m t e m p , t o t h e t e m p , of l iqu id a i r is a t t r i b u t e d 
t o t h e b e g i n n i n g of low t e m p , b r i t t l eness . I t is 
p r o b a b l e t h a t a t s o m e i n t e r m e d i a t e t e m p , t h e 
e longa t ion will be h ighe r t h a n a t a n y p o i n t on t h e 
c u r v e . T h e e longa t ion of c o l d - d r a w n wire increases c o n t i n u o u s l y as i t is cooled 
f rom 200° d o w n t o t h e t e m p , of l i qu id a i r . T h e r e is n o d r o p i n e longa t ion a t low 
t e m p . , a n d t h i s co r r e sponds w i t h t h e gene ra l o b s e r v a t i o n t h a t co ld -d rawn m e t a l s 
r e m a i n duc t i l e a t lower t e m p , t h a n d o a n n e a l e d m e t a l s . T h e rise in e longa t ion 
in t h e c o l d - d r a w n wire 
a b o v e 400° is d u e t o 
a n n e a l i n g . T h e e longa t ion 
cu rves , F i g . 9, refer t o 
wi re r e d u c e d t h e s a m e 
a m o u n t (61 p e r cent . ) a t 
r o o m t e m p , a n d a t 400° , 
r e spec t ive ly . T h e e longa­
t i o n of t h e l a t t e r is h ighe r 
in a g r e e m e n t w i t h t h e 
gene ra l o b s e r v a t i o n t h a t 
t h e effect of co ld-work is 
g r e a t e r t h e lower is t h e 
t e m p . a t wh ich i t is 
effected. T h e r e is a 
d i s t i n c t 

O 

5 

200 400 800 -200 600 8OO IOOO 

m i n i m u m i n 

F i a s . 8 a n d . 9 . — T h e E l o n g a t i o n - T e m p e r a t u r e C u r v e s 
of N i c k e l . 

e longa t ion a t 300° co r r e spond ing w i t h t h e h o r i z o n t a l zone in t h e tensi le s t r e n g t h 
c u r v e for a n n e a l e d n icke l . T h e m i n i m u m in t h e e longa t ion , F i g . 10, is a t t r i b u t e d , 
in p a r t a t l eas t , t o a b l u e - h e a t p h e n o m e n o n . O b s e r v a t i o n s on t h e effect of t e m p . 
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on t h e tensile proper t ies of nickel were m a d e b y B . Bogi tch , A. Ie Chatel ier , 
P . Chevenard , E . W . Colbeck a n d W . E . MacGil l ivray, F . A. F a h r e n w a l d , 
P . Goerens a n d P . Mailander, L . Guillet a n d J . Cournot , W . J . de H a a s a n d 
R . Hadfield, D . H . Ingal l , K . R . K o c h a n d R . Dieter le , W . Lode , P . L u d w i k , 
W . del Regno, F . Sauerwald a n d co-workers , W . P . Sykes , H . J . Tapsel l a n d 
J . Bradley , a n d C. TJpthegrove a n d A. E . W h i t e . 

O. Schwarz observed for t h e effect of rolling, expressed as a pe rcen tage reduc t ion , 
on t h e tensile s t rength , expressed in kg rms . pe r sq. m m . 

R e d u c t i o n . 0 6 0 9 1 20-8 39-5 60-2 8OO 8 8 0 p e r c e n t . 
T e n a c i t y . 43-6 45-1 46-6 54-4 65-2 77-0 84-5 95-1 

L. Guillet and co-workers, a n d M. Weidig observed t h a t annea l ing t h e m e t a l a t 
400° t o 800°, a n d t h e n cooling i t in air , r educed i t s tensi le s t r eng th , expressed in 
t ons per sq. in. : 

Original 
meta l 

4 8 O 
3 - 5 

400° 
4 7 - 9 
1 1 0 

Annealed a t 
600° 800° 

4 0 - 1 3 4 - 5 p e r c e n t . 
1 1 - 5 3 2 - 5 

Tensile s t r e n g t h 
E l o n g a t i o n . 

Li. Guillet examined t h e effect of annea l ing on t h e tensi le s t r eng th of h a r d - d r a w n 
nickel wires. I n all cases t h e t e m p , of comple te annea l ing cor responded wi th a 
r ap id fall in t he m a x i m u m s t r eng th a n d elastic l imit , a n d a r ap id increase in t h e 

elongat ion, a n d i t was 
" P k T T - " ! r~ ,L^Z-n„r~l p rac t i ca l ly i n d e p e n d e n t of 

t h e a m o u n t of cold work . 
The tensi le s t r eng th , elast ic 
l imit , a n d e longat ion of 
h a r d e n e d nickel a re n o t 
affected b y hea t ing t h e 
m e t a l t o a t e m p , below 
400° ; a sl ight deflection 
occurred a t a b o u t 400°, a n d 
a m a r k e d a l te ra t ion be tween 
700° a n d 750°. The t e m p , 
of comple te annea l ing for 
nickel is be tween 700° a n d 
750°. L . Guillet also con­
c luded t h a t t h e effect of 
t ime on t h e annea l ing 
process is re la t ively smal l . 
W . B . Pr ice a n d P . Dav idson 

represented t h e effect of annea l ing on t h e tensi le p roper t i es of commercia l , cold-
rolled nickel b y t h e curves , F ig . 10. The t e s t s were m a d e wi th a n d across t h e 

gra in . The annea l ing range is be tween 600° t o 
800°. Commercial ly , t h e m e t a l is annea led a t a b o u t 
900°. N o difference h a s been not iced in qu ick or 
slow cooling from t h e annea l ing t e m p . 

J . Gal ibourg, a n d A. Ancelle s tud ied t h e effect 
of ageing on t h e cold-worked m e t a l a t 15°, a t 175° 
t o 180°, a n d a t 225° t o 235° ; J . McNeil, t h e effect 
of t h e cas t ing t e m p . ; F . C. Lea , t h e effect of h y d r o ­
gen—see i r o n ; P . D . Merica a n d R . Gr. Wa l t enbe rg , 
t h e effect of impuri t ies—vide infra, t h e al loys of 
nickel ; a n d G. T a m m a n n , t h e effect of cold-work. 

Elongation 

350° 550° 750 

F I G . 

Annealing temperatures 

10. T h e Effect of Annea l ing on t h e Tensi le 
P rope r t i e s of Commerc ia l Nicke l . 
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FiO. 1 1 . — N o t c h e d - b a r S t r e n g t h 
a n d H a r d n e s s of Nicke l . 

F . Sauerwald a n d T. Sperl ing s tud ied t h e no t ched -ba r t e s t , a n d t h e resu l t s a r e 
summar ized in F ig . 1 1 . There is a m i n i m u m n e a r 380°, a n d a m a x i m u m n e a r 450°, 
a n d these s ingular po in t s also occur in t h e ha rdness cu rve . A. J a c q u e r o d a n d 
H . Mtigeli observed t h e bend ing elast ic i ty of d r a w n nickel t o be 22,100 k g r m s . pe r 
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sq. m m . a t 0°, a n d of annea led nickel, 20,400 k g r m s . pe r sq. m m . The t e m p . 
coefE. be tween 0° a n d 100° are , respect ively, 0-0003108 a n d 0 0 0 1 0 5 6 . J . Cournot 
a n d M. S. SiIva found t h a t t h e creep-stress of nickel is a b o u t twice t h a t of steel a t 
t e m p , be tween 500° a n d 700°. P . L . I rwin , H . J . Gough a n d D . G. Sopwi th , 
G. A. H a n k i n s , H . F . Moore a n d T. M. J a spe r , a n d J . M. Lessels s tud ied t h e fat igue 
a n d corrosion fa t igue s t r e n g t h of nickel . D . J . M c A d a m ob ta ined d a t a for some 
s ta t ic t e s t s , a n d also for t h e endu rance l imit of nickel u n d e r cyclic stresses-— 
ro t a t i ng a n d a l t e r n a t i n g tors ion. T h e resul ts are expressed in lbs. per sq. in. : 

Hot-rolled 

T e n s i l e s t r e n g t h 
T o r s i o n a l s t r e n g t h 
S h e a r i n g s t r e n g t h . 
E l a s t i c m o d u l u s 
E n d u r a n c e l i m i t / r o t a t i n g 

( a l t e r n a t e t o r s i o n 

T e n s i l e s t r e n g t h 
T o r s i o n a l s t r e n g t h 
S h e a r i n g s t r e n g t h 
E l a s t i c m o d u l u s 
E n d u r a n c e l i m i t / r o t a t i n g 

( a l t e r n a t e 

AB received Annealed 
60,5OO t o 76 ,20O 5 9 , 1 0 0 t o 7 5 , 9 0 0 
66,3OO t o 71 ,10O 73,4OO 
4 3 , 5 0 0 t o 49 ,70O 4 6 , 9 0 0 t o 5 6 , 1 0 0 

2 9 , 4 0 0 , 0 0 0 
2 4 , 0 0 O t o 31 ,00O 

2 0 , 0 0 0 
Cold drawn 

As rece 
84 ,50O t o 
67,0OO 
5 7 , 5 0 0 t o 

2 3 , 0 0 0 t o 

As rece 
1 1 5 , 8 0 0 t o 

8 1 , 5 0 0 t o 
6 5 , 5 0 0 t o 

2/5,5OO t o 
1 7 , 0 0 0 

ived 
1 0 0 , 8 0 0 

6 5 , 6 0 0 

2 9 , 0 0 0 

Cold-r 

Ived 
166 ,20O 

96 ,90O 
9 4 , 9 0 0 

4 0 , 0 0 0 

Annealed 
6 3 , 8 0 0 t o 7 8 , 0 0 0 
8 4 , 2 0 0 
4 9 , 7 0 0 t o 5 5 , 9 0 0 

3 4 , 0 0 0 t o 37 ,50O 
1 9 , 0 0 0 

oiled 

Annealed 
7 2 , 4 0 0 t o 1 6 5 , 5 0 0 
5 5 , 7 0 0 t o 106,9OO 
5 0 , 4 0 0 t o 94 ,90O 

2 5 , 5 0 0 t o 4 9 , 0 0 0 
15,0OO t o 18,0OO 

a l t e r n a t e t o r s i o n 

T e n s i l e s t r e n g t h 
T o r s i o n a l s t r e n g t h 
S h e a r i n g s t r e n g t h 
E l a s t i c m o d u l u s 
E n d u r a n c e l i m i t / r o t a t i n g 

( a l t e r n a t e t o r s i o n 
D . J . M c A d a m f o u n d t h a t s a m p l e s o f c o l d - r o l l e d , 9 8 - 9 6 p e r c e n t , n i c k e l w h i c h w e r e 
g i v e n a l o w t e m p , a n n e a l t o r e l i e v e t h e s t r e s s , a n d a l s o f u l l y a n n e a l e d , g a v e t h e 
f o l l o w i n g s t a t i c m e c h a n i c a l t e s t s : 

Elast ic 
l imit (lbs. 
per sq. in.) 

8 6 , 0 0 0 
1 9 , 3 0 0 

Tensile 
s t rength 

1 3 1 , 7 0 0 
77 ,60O 

L o w a n n e a l e d 
F u l l y a n n e a l e d 

The s imul taneous ac t ion of corrosion 
a n d fa t igue—corros ion-fa t igue— 
m a y cause failure a t stresses far 
below t h e o r d i n a r y endu rance l imi t— 
vide t h e corrosion of i ron. T h e 
resul t s of t h e t e s t s a re represen ted in 
t h e form of g raphs of t h e stress, a n d 
t h e l o g a r i t h m of t h e n u m b e r s of 
cycles for fai lure. T h e specimens 
were s imul taneous ly exposed t o t h e 
ac t ion of fat igue a n d corrosion in a i r 
(fat igue curve) , fresh, c a r b o n a t e 
wa te r , a n d sa l t w a t e r h a v i n g a b o u t 
one- th i rd t h e saline c o n t e n t of sea-
wa te r , a n d stresses a l t e rna t i ng a t 
1450 revs , pe r m i n u t e , gave t h e 
resu l t s for corrosion-fat igue ind ica ted 
in F ig . 12. O. Behrens s tud ied t h e 
subjec t . 

Proport ional 
l imit (lbs. 
per sq. in.) 

8 5 , 0 0 0 
1 9 , 0 0 0 

Elongation 
(Per cent. 
in 2 ins.) 

16-2 
4 9 - 3 

!Reduction 
of area 

(Per cent.) 
34*1 
75-2 

120,000 

Logarithm of the number of cycles 

F i O . 1 2 . — T h e F a t i g u e a n d C o r r o s i o n - F n t i g i J O 
of N i c k e l . 

C. Schaefer gave 9518 kgrms . pe r sq. m m . for t h e torsion modulus , or the 
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rigidity of nickel ; W. Voigt gave 782O kgrms. per sq. mm. ; and E. Griineisen, 
A. Wassmuth, K. F. Slotte, and W. Meissner gave 7800 kgrms. per sq. mm. 
H. Tomlinson obtained 723 X 106 grms. per sq. cm. for the rigidity of hard-drawn 
and annealed nickel wires. K. Honda and T. Tanaka gave 7-5OxIO11 dynes per 
sq. cm. for the rigidity of nickel ; and B. Gutenberg and H. Schlechtweg obtained 
8XlO11 dynes per sq. cm. K. Iokibe and S. Sakai found the rigidity of wires of 
length 27-2 cm., and diameter 0-326 mm., to be 

27° 58° 127° 208° 330° 402° 490° 572° 

Rig id i ty x 1 0 - 1 1 - 7-23 7-21 7-09 6-95 6-68 6-31 5-38 4-29 
The results are plotted in Fig. 14. The diminution of the rigidity with rise of temp, 
is relatively small in the ferromagnetic region up to 400°, but above that temp, the 
decrease is rapid. W. del Regno noted a break in the rigidity-temperature curve 
near 400°. W. Voigt said that the temp. coefE. of the torsion modulus, in per­
centages between 20° and —186°, is —3*18. Observations were made by T. Gnesotto 
and Li. A. Alberti, T. Kawai, C E . Guye and H. Schapper, S. Higuchi, K. Honda and 
S. Konno, T. Kikuta, G. Subrahmanian, and H. J. Tapsell and J. Bradley. 
P. W. Bridgman found that with an increase in press, up to 10,000 kgrms. per 
sq. cm., the rigidity modulus increases 1-84 per cent. W. Lode discussed the rate 
of flow under the influence of press, and of tension. T. Kawai measured the effect 
of cold-working on the rigidity of nickel, and obtained the results summarized in 
Fig. 13 for the metal annealed at 15° and at 100°. K. R. Koch and C. Dannecker's, 

and E. P. Harrison's results are indicated 
above, and those of D. J. McAdam, below. 
T. Lonsdale studied the changes in the 
dimensions of nickel produced by torsion, and 
he found that if e denotes the elongation of 
nickel wire as a percentage of the initial 
length ; T, the twist in turns per cm. ; t, the 

„ r n initial torsion in kgrms. per sq. cm. : and D, 
0 5 10 15 20 25 3O .35 4O , , . . & , ± T&rr;r o i ft AOOA 

Percentage elongation t h e diameter m cm., then e=DT{&'& \-0-023t). 
„ , 0 ^ 1 „„ , . „ . , w , L. di Lazzaro observed that when torsional and P I G . 13 .—The Effect of Cold-Work j . -i j . - i , i T J J . 

on the Rigidity Modulus of Nickel. tensile stresses are simultaneously applied to 
nickel, the modulus of torsion is diminished, 

and restored when the tension is released. C. Schaefer observed that the relation 
between the torsion modulus and the m.p. is the same as that observed between 
the hardness and the m.p. ; and D. Schenk studied the effect of torsional 
oscillations on the rigidity of nickel. 

H. Tomlinson gave 0-002005 for the logarithmic decrement (base 30), A, of a 
torsionally-oscillating, hard-drawn nickel wire, and for the annealed wire, 0-000852. 
K. Iokibe and S. Sakai measured the logarithmic decrement of nickel wires at 
different temp., and for wires with the moment of inertia 33,358 grms. per sq. cm., 
length 27-2 cm., and diameter 0-326 mm., they found 

22° 72° 115° 205° 239° 338° 492° 646° 

A X l O 5 . . 160 147 151 180 163 252 2730 4130 
The results are plotted in Fig. 14. For ordinary temp., and up to 80°, the 
logarithmic decrement decreases ; then increases to a maximum at 160° ; decreases 
slightly to 250°, and then increases rapidly. The existence of the maximum is a 
resultant of the increasing effect due to temp., and the decreasing effect due to the 
magnetic transformation of nickel. J. Cournot and M. S. SiIva, and M. Ishimoto 
also studied the internal viscosity of nickel ; and T. Gnesotto and L. A. Alberti, 
and K. Honda and S. Konno, the rigidity and viscosity at the Curie point. 

T. W. Richards gave )S=0-0643 for the average compressibility of nickel at 20° 
between 100 and 500 megabars press. ; L. H. Adams gave /8=0-0654, and for 
dfifdp, —0-O11̂  ; R. F. Mehl gavej8=0-06495 ; and P. W. Bridgman gave£=006516 
up to 12,000 kgrms. press, per sq. cm. The low result obtained by T. W. Richards 
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A. L . K i m b a l l 

14 

12 

is a t t r i b u t e d t o t h e i n t e r n a l s t r a i n s i n t r o d u c e d b y t h e h e a v y forging w h i c h w a s 
f o u n d necessa ry t o e l i m i n a t e flaws in t h e m e t a l . P . W . B r i d g m a n obse rved for 
c o m m e r c i a l n icke l r o d s , a t 30°, 8v/v0=~0-06525^+0-01121^>2 a n d , a t 75°, Sv/v0 
= —0-06528j9-{-0-01121^2 ; a n d . for d r a w n wi re of t h e purif ied m e t a l , a t 30° , 
8v/v0=— 0-06529jo+0-01121^>2 ; a n d j a t 750^ 8v/vo=—0'0e5S5p-\-0-0ll21p*. 
T. W . R i c h a r d s g a v e 508 k i l o m e g a b a r s . J . P . A n d r e w s , E . Gri ineisen, 
S. R a t n o w s k y , a n d A . P r e s s d iscussed t h e re la t ion b e t w e e n t h e coeff. of t h e r m a l 
e x p a n s i o n , t h e a t . vo l . , a n d t h e i s o t h e r m a l compress ib i l i ty ; a n d F . Bergfeld, t h e 
r e l a t ions b e t w e e n c o m p r e s s i o n a n d t ens ion w h e n t h e nickel is cons idered a s a l iquid 
of g r e a t t e n a c i t y . 

R . F . Mehl g a v e 508 k i l o m e g a b a r s for t h e internal pressure of n ickel , a n d 
1890 k g r m s . p e r sq . m m . for t h e m a x i m u m d i s r u p t i v e i n t e r n a l p ressure . I . T r a u b e , 
a n d J . H . H i l d e b r a n d a n d co -worke r s ca l cu la t ed r e l a t ive va lues for t h e i n t e r n a l 
p ress , of t h e e l e m e n t s . R . v o n D a l l w i t z - W e g n e r g a v e 315,558 t o 357,14O a t m . for 
t h e c o h e s i v e pressure of n ickel a t 0° , a n d 212,020 t o 301,948 a t m . a t 100°. M. B o r n 
a n d O. F . !Bollnow ca l cu l a t ed t h e cohes ive force b e t w e e n t h e a t o m s in t h e space-
l a t t i ce t o b e 3-6 X IO 1 1 d y n e s p e r sq. c m . 

W . L o d e , W . R o h n , G. Sachs , a n d F . C. T h o m p s o n a n d W . E . W . Mi l lmgton 
d i scussed t h e p last ic flow of nickel ; a n d J . Ga rn i e r , t h e fluidity. 
a n d D . E . Love l l g a v e 1-55 X l O 1 5 c.g.s. u n i t s for 
t h e in ternal fr ict ion of t h e cold-rol led m e t a l ; 
a n d B . G u t e n b e r g a n d H . Sch l ech tweg gave 
2 x l 0 8 c.g.s. u n i t s for t h e i n t e r n a l f r ic t ion. 
K . H o n d a a n d S. K o n n o g a v e 0-722 X 10 8 for t h e 
coeff. of v i scos i ty of rol led n ickel . J . G a m i e r , 
T. G n e s o t t o a n d L . A. Albe r t i , a n d W . S u t h e r l a n d 
m a d e o b s e r v a t i o n s on t h e v i scos i ty of t h e m e t a l ; 
a n d J . C o u r n o t a n d S. SiI v a found t h a t t h e 
v i scos i ty of nickel a t 500° t o 600° is n e a r l y d o u b l e 
t h a t of a n o r d i n a r y soft, or semi-soft s teel . 
K . Tokibe a n d S. S a k a i s t u d i e d t h e effect of t e m ­
p e r a t u r e . S. S a t o m e a s u r e d t h e i n t e r n a l e n e r g y 
d u e t o co ld-work . P . E . S h a w a n d 
E . W . L . L e a v e y s t u d i e d t h e fr ict ion of n icke l 
in v a c u o a g a i n s t n ickel , coppe r , si lver, a l u m i n i u m , 
a n d i ron ; a n d o b s e r v a t i o n s were a lso m a d e b y 
G. A. T o m l i n s o n . 

T h e c h a n g e in size of cas t -n icke l b e t w e e n t h e c u s t o m a r y p o u r i n g t e m p , a n d 
r o o m t e m p , w a s f o u n d b y D . H . B r o w n e a n d J . F . T h o m p s o n 4 t o be a b o u t | in . 
p e r f o o t — o r 0-244 in . p e r foot . N . B . P i l l ing a n d T. K ih lg ren also s tud ied t h e 
c a s t i n g s h r i n k a g e of n icke l a n d i t s a l loys . T h e coeff. of thermal expans ion of 
n ickel is v e r y n e a r t o t h a t of s teel . Th i s is of g r ea t p rac t i ca l i m p o r t a n c e , because 
i t a l lows t h e t w o m e t a l s t o be u s e d i n con junc t i on u n d e r cond i t ions of v a r y i n g 
t e m p , w i t h o u t d i s t o r t i on or r e l a t ive c h a n g e s of size or shape . W . IT. Soude r a n d 
P . H i d n e r t found t h a t t h e a v e r a g e coeff. of expans ion of t e n samples of commerc i a l 
n icke l v a r i e d f rom 0-O4129 t o 0-04135 for t h e r a n g e 25° t o 100°, a n d t h e s e d a t a a r e 
a p p r o x i m a t e l y 10 t o 20 p e r cen t , g r e a t e r t h a n t hose for o r d i n a r y steel in t h e s a m e 
r a n g e of t e m p . E . Gri ineisen g a v e for a r o d a m e t r e long a t 0° , u p t o 1000°, 
67=1000{0-0 4 13460(# 2 —#i)+OO 8 3315(0 2 2—0 ± 2)} m m . ; a n d for t h e coeff. of e x p a n ­
sion, h e g a v e a = 0 0 4 1 0 2 1 b e t w e e n —190° a n d 17°, a n d 0-041335 be tween 17° a n d 
100°. H . D o n a l d s o n gave for t h e lemgth of a r o d a t 0° wh ich is un i t l eng th a t 0°, 
IX 1 0 - 6 = 1 +0*350-f-0-00160 2 . H . F i z e a u obse rved t h a t t h e coeff. of l inear , t h e r m a l 
e x p a n s i o n for nickel r e d u c e d b y h y d r o g e n a n d compres sed is O-00OO1279 a t 40°. 
T h i s v a l u e increases 0*0871 for e a c h degree v a r i a t i o n of t e m p . R . v o n Dal lwi tz -
W e g n e r g a v e 0*04357 t o 0-04444 for t h e cub ic coeff. a t 0° , a n d 0-04419 t o 0-04468 
a t 100°. 

.1. 
100" 200" 300" 400" 

FiG-. 14,-—-The !Rigidity a n d Loga ­
r i t h m i c D e c r e m e n t of N icke l afc 
d i f ferent T e m p e r a t u r e . 
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H . Ie Chatelier gave 0-O4125 for t h e coeff. of expans ion of nickel a t ordinary-
t e m p . , a n d 0O 4130 a t 1000° ; W . Voigt , for t h e expans ion of u n i t l eng th a t 0°, 
O-O41315-4-O-O7413(0—30) ; J . A. N . F r i end a n d R . H . Val lance, 0-04133, be tween 
10° a n d 100° ; H . Masumoto , 0 0 4 1 2 7 6 for electrolyt ic nickel , a n d 0 0 4 1 2 9 0 for 
Mond nickel ; H . Masumoto a n d S. N a r a , 0 0 4 1 3 5 8 , be tween 30° a n d 100° ; 
A. E . H . Tu t ton , for nickel reduced from carbonyl , O-O41248+O-O71480. L.. H o l b o r n 
a n d A. Xi. !Day found for t h e average coeff. of expans ion be tween 0° a n d 250° was 
0-04138 ; th ree d a y s later , 0-04139 ; a n d five d a y s la ter , 0*04142 ; be tween 250° 
a n d 375°, t h e coeff. was 0O 4 162 ; be tween 250° a n d 500°, 0-O4162, a n d five d a y s 
Later, 0O4162 ; be tween 375° a n d 500°, 0-04164 ; be tween 500° a n d 750°, 0-04179, 
a n d five days la ter , 0 0 4 1 7 9 ; be tween 0° a n d 750°, 0-04159, a n d t h e same five 
days la ter ; a n d be tween 750° a n d 1000°, 0-04192, a n d t h e s a m e five d a y s la te r . 
They represented t h e resul ts b y O-O41346O0+OO8331502 for t e m p , a b o v e 375°. 
F . H e n n i n g gave 0 0 4 1 0 3 1 be tween —191° a n d 16° ; a n d 

— 198° t o 16° 16° t o 250° 16° t o 375° 16° t o 5 0 0 ° 500° t o 750° 5 0 0 t o 1000° 
a . . 0 O 4 I O l 0 0 4 1 4 0 0 0 4 1 4 7 0-0 4 l52 0 0 4 1 7 6 0 0 4 1 8 4 

Observat ions "were m a d e b y N . L*. Mochel, A. E u c k e n a n d W . D a n n o h i , C. Wi l l i ams , 
a n d P . Chevenard . P . H i d n e r t gave for t h e ave rage coeff. of t h e r m a l expans ion , 
a, for 99-94 per cent , n i cke l : 

25° to 100° 25° to SOO° 300° to 600° 600° to 900° 
a X 10-« . . . 13-3 14-4 16-5 17-8 

There is an i r regular i ty in t h e region nea r 350°. C. E . Gui l laume o b t a i n e d for 
purified nickel of commerce , 0-O412666-f-O08542<9 • a n d for va r ious samples of 
commercial n ickel^ the coeff. r anged from 0O 4 12491 +O-O87O20 t o 0-0 4 655+0-0 8 550#. 
A. K r u p k o w s k y gave for t h e m e a n coeff. of l inear expans ion of nickel, 8-10 X 10~ 6 

between —252-6 a n d 1 0 ° ; 1 0 - 1 2 x 1 0 - 6 be tween —183° a n d 1 0 ° ; 14-04 x 10~» 
be tween 18° a n d 2 1 7 ° ; a n d 1 5 - 1 1 x 1 0 - 6 be tween 18° a n d 4 4 4 ° ; whi ls t for t h e 
coeff. a a n d 26 in Z=Z 0 ( I - | - a0+60 2 ) he ob t a ined be tween —183° a n d 217°, 
a = = l l - 8 6 x l 0 - 8 a n d 2 6 = 2 - 0 1 x 1 0 - 6 ; a n d be tween 18° a n d 444°, a = 12-83 X 10-« 
a n d 2 6 = 1 - 0 3 X 1O - 8 . C. E . Gui l laume observed t h a t t h e t h e r m a l expansion of 
commercia l nickel of 1911 was d is t inc t ly lower t h a n t h a t of some 1891 samples . 
J . Disch found for t h e l inear expans ion in m m . p e r m e t r e be tween 0° a n d 6° : 

E x p a n s i o n 

W . H . Souder a n d P . H i d n e r t found t h a t t h e annea l ing of hot- rol led samples 
(Ni, 99-02 ; C, 0-08 ; Cu, 0-12 ; F e , 0-37 ; Mn, 0-22 ; Si, 0-16) general ly caused a 

sl ight increase in t h e coeff. of t h e r m a l 
expans ion . T h e average coeff. be tween 
25° a n d 300° for samples con ta in ing 
98-76 t o 99-06 p e r cent , n ickel a r e 
0O 4 144 for t h e hot-rol led a n d 0-04145 
for t h e annea led samples . F o r t h e 
r ange 25° t o 600°, t h e coeff. of five 
hot- rol led samples va r ied from 0-O4149 
t o 0-04156, a n d for five annea l ed 
specimens from 0-04154 t o 0-04157. 
T h e y represen ted the i r obse rva t ions 
on t h e expans ion a n d con t r ac t ion of 
rods of commerc ia l nickel b y t h e 
cu rve , F ig . 15. On ly a s l ight i r regu­
l a r i ty was percep t ib le in t h e region 

of 350°, b u t n o m a r k e d change occurs . This agrees w i t h E . P . H a r r i s o n ' s s t a t e m e n t 
t h a t t h e effect w i th i m p u r e m e t a l s m a y be m a s k e d or modified b y changes of 
a chemical n a t u r e . H . W e d d i n g observed n o essential difference i n t h e t h e r m a l 
expans ion of cas t a n d w r o u g h t nickel . 
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F . S i m o n a n d R . B e r g m a n n ' s r e su l t s for t h e eoeff. of t h e r m a l e x p a n s i o n of 
n ickel b e t w e e n —178° a n d 2° a re i nd i ca t ed in F i g . 16. F . L . Uf fe lmann ' s va lue s 
of t h e coeff. of t h e r m a l e x p a n s i o n on h e a t i n g a n d cool ing c u r v e s a re i n d i c a t e d in 
F i g . 17. G. A. T o m l i n s o n d iscussed t h e r e l a t ions b e t w e e n t h e i n t e r a t o m i c forces 
a n d t h e t h e r m a l e x p a n s i o n . E . P . H a r r i s o n found for purif ied nickel for t e m p , 
u p t o 300° , 0 - 0 4 1 2 8 0 + 0 - 0 5 7 5 ^ + 0 - 0 1 0 3 5 ^ 2 j a n a for t h e COefr. b e t w e e n 0° a n d 50°, 
0-04128 ; 50° a n d 100°, 0O 4 136 ; 150° a n d 200°, 0-O4151 ; 250° a n d 300°, 0O 4 174 ; 
300° a n d 350° , 0-04191 ; a n d 350° a n d 365°, 0-04205 ; 380° a n d 400°, 0-04191 ; 
400° a n d 450°, 0 0 4 1 8 9 ; 450° a n d 500°, 0 O 4 1 9 2 ; a n d 500° a n d 550°, 0 0 4 1 9 0 . 

16 
14 

I 12 

8 
6o 

F i o . 16.-

^ _ 

— 

0K 140° 180° 220 

-Coefficient of T h e r m a l E x p a n s i o n 
of N i c k e l . 

~W0° 200° 300° 400" 500" 600" 700' 

FIG. 17. Coefficient of T h e r m a l E x p a n s i o n 
o n R i s i n g a n d F a l l i n g T e m p e r a t u r e s . 

E . P . H a r r i s o n a d d e d t h a t u p t o a b o u t 365° , t h e c u r v e is regular , b u t b e t w e e n 365° 
a n d 380° t h e r e is a n a n o m a l o u s c h a n g e in t h e expans ion , whi l s t a b o v e 380° t h e 
c u r v e is a g a i n r egu la r a n d l inear , w i t h a different s h a p e f rom t h e p a r t wh ich p recedes 
i t . N o difference in t h e pos i t ion or s h a p e of t h e a n o m a l o u s p o r t i o n of t h i s c u r v e 
w a s no t i ced , w h e t h e r t h e t e m p , w a s r i s ing or fal l ing, a n d in e v e r y case t h e wire 
r e t u r n e d a f te r h e a t i n g t o i t s or ig ina l l e n g t h . T h e r e w a s n o p e r m a n e n t e longa t ion . 
T h e a n o m a l o u s p o r t i o n of t h e c u r v e e x t e n d s f rom 340° t o 370°, a n d i t is a p p r o x i ­
m a t e l y t h e r a n g e over w h i c h changes occur in t h e t he rmoe lec t r i c force, e lect r ical 
r es i s tance , a n d m a g n e t i c p e r m e a b i l i t y — t h e m a g n e t i c suscep t ib i l i ty van i shes 
a t 370° . T h e a n o m a l o u s c h a n g e in t h e e x p a n s i o n w a s a t t r i b u t e d t o changes 
in t h e m e t a l i t se l f ; t h o u g h w i t h i m p u r e m e t a l s , t h e t r u e effect m i g h t be 
m a s k e d or modif ied b y c h a n g e s of a chemica l n a t u r e . E . J a n e c k e obse rved a b r e a k 
in t h e e x p a n s i o n c u r v e a t 347° t o 360°, b u t M. W e r n e r obse rved no a b r u p t change 
in v o l u m e . H . M. R a n d a l l ' s , a n d H . F . Colby ' s m e a s u r e m e n t s i n d i c a t e d a cr i t ical 
region i n t h e t h e r m a l e x p a n s i o n of n icke l b e t w e e n 280° a n d 370°. W . F . B a r r e t t 
obse rved a n a n o m a l o u s m o m e n t a r y e x p a n s i o n occu r r ed in t h e cooling of a nickel 
wire , a n d t h i s w a s co inc iden t w i t h a t e m p o r a r y , s p o n t a n e o u s r e -hea t i ng of t h e 
wire . L*. H o l b o r n a n d A. L . D a y sa id t h a t a t r a n s f o r m a t i o n occurs a t a b o u t 370°, 
a n d t h a t a r o d or ig ina l ly 482-6 m m . a t 0° w a s a p p r o x i m a t e l y 0 0 2 m m . s h o r t e r af ter 
each t e s t . O b s e r v a t i o n s were m a d e b y W . P . D a v e y . W . F . Colby m e a s u r e d t h e 
coeff. of t h e r m a l e x p a n s i o n of n icke l in t h e n e i g h b o u r h o o d of t h e Curie po in t , 374° , 
a n d t h e r e su l t s a r e s u m m a r i z e d in F i g . 15 . W h i l s t i ron shows a n a n o m a l o u s 
inc rease in pa s s ing f rom t h e n o n - m a g n e t i c t o t h e m a g n e t i c s t a t e , nickel shows a n 
a n o m a l o u s c o n t r a c t i o n . F . C. Powe l l c a l cu l a t ed t h e c o n t r a c t i o n a t 220° t o be 
dl/l= —0-9 X 10~4—vide i ron . 

W . H . S o u d e r a n d P . H i d n e r t also obse rved t h a t a f te r h e a t i n g t o 600° a n d 
cool ing rods of c o m m e r c i a l n icke l t o a t m . t e m p . , t h e rods were 0 0 0 4 t o 0 0 6 5 p e r 
cen t , s h o r t e r t h a n before. E . P . H a r r i s o n obse rved n o c h a n g e w i t h purif ied n ickel ; 
a n d H . G. J o n e s found t h a t w h e n n icke l is q u e n c h e d f rom 525° , i t c o n t r a c t s for 
a b o u t 10 m i n . , a n d for s o m e h o u r s i t suffers v e r y l i t t le c h a n g e in l e n g t h , b u t , a f t e r 
t h a t , a gradual c o n t r a c t i o n occurs . A. Merz d iscussed t h e sub jec t . A. -Press, 
J . P . A n d r e w s , E . Gri ineisen, a n d S. R a t n o w s k y s t u d i e d t h e re la t ion b e t w e e n 
t h e t h e r m a l e x p a n s i o n , compress ib i l i ty , a n d a t . vol . 

W . F . B a r r e t t 5 f ound t h e thermal conduct iv i ty of n ickel t o be 0-131 w h e n t h a t 
of s i lver is u n i t y . L . R . Ingerso l l g a v e 0-1428 c.g.s. u n i t s for t h e t h e r m a l con­
d u c t i v i t y of n i c k e l ; W . Jager and H . B iesse lhors t f ound for Ni , 97 ; Co, 1-4 ; Mn, 

VOL. x v . * v 
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1 0 ; F e , 0-4 ; C, O l ; a n d Si, 0 1 , t h e c o n d u c t i v i t y 0 1 4 0 a t 18°, 0 1 2 9 a t —160° , 
a n d 0 1 3 8 4 a t 100°, a n d t h e t e m p , coeff. —0-31 p e r c en t . ; E . H . H a l l gave for N i , 
85-4 • F e , 7-6 ; a n d Si, 0-4, 0 1 0 6 a t 116° ; a n d W . C. El l is a n d co-workers , 0-168 
cal pe r cm. per sec. pe r degree ; C. H . Lees o b t a i n e d for 99 p e r cen t , n icke l , 0-129 
a t —160°, a n d 0 1 4 0 a t 18° ; K . H o n d a , 0 0 8 3 3 a t 30° ; a n d H . M a s u m o t o , 0-1821 
a t 30°. T. C. Baill ie observed for t h e c o n d u c t i v i t y , k i n c.g.s. u n i t s , of N i , 97*22 ; 
F e , 0-75 ; Mn, 1-68 ; a n d Mg, 0-28 : 

40° 
O 118 

60° 
O-125 

80° 
0-133 

1 0 0 ° 
0 1 3 7 

120° 
O - 1 3 9 

140° 
0 1 4 0 

1 5 0 ° 
0-142 

Measu remen t s were m a d e b y M. S. v a n D u s e n a n d S. M. She l ton . 
va lues in c.g.s. u n i t s , a t different t e m p . , -were : 

F . H . Schofield 's 

100° 
0 1 4 5 

140° 
O-144 

190° 
0-138 

2 9 0 ° 
0 1 2 8 

355° 
0 1 2 8 

4 9 1 ° 
0 1 2 8 

703° 
0 1 3 6 

7 3 3 ° 
0 1 3 3 

R . H . F r az i e r s tud ied k/c=1-3269 ± 0 0 0 1 2 , whe re c d eno t e s t h e sp . h t . M. F . Angel l 
gave 0-126 a t 300° ; 0-104 a t 500° ; 0 0 6 9 a t 700° ; 0-065 a t 950° ; a n d 0-058 a t 
1200°. H i s resul ts , p l o t t e d in F ig . 18, show a b r e a k in t h e c u r v e n e a r 700° . T h i s 
b r e a k was n o t observed b y K . H o n d a a n d T . S imidu , w h o found, for k in c.g.s. u n i t s : 

k . ( 0 1 3 2 ) 
100° 

0-132 
2 0 0 ° 

0-130 
3 0 0 ° 

0-124 
400° 

0-117 
500° 

0-123 
6 0 0 ° 

0-13O 
- 7 0 0 ° 
0-135 

800° 
0-140 

9 0 0 ° 
(0-142) 

0 15 
I 

.-3* 0-13 

JjI= on I * 
^ S.0 09 

I * 
S 007 

0-05 
0" 200° 400° 600° 800° 1000° 1200" 

F i o . 18. T h e T h e r m a l Con­
d u c t i v i t y of N icke l . 

\ _ J 

P . W . B r i d g m a n m e a s u r e d t h e effect of p ressu re on t h e t h e r m a l c o n d u c t i v i t y 
a n d found a l inear decrease of 14-1 p e r cen t , for a p ress , of 12,000 k g r m s . p e r sq . c m . 

T h e press . coefE. of t h e t h e r m a l c o n d u c t i v i t y is 
—0-O412 ; a n d i n t ens ion , u n d e r a load of 1900 
k g r m s . pe r sq . cm. , t h e p r o p o r t i o n a l c h a n g e of t h e 
t h e r m a l c o n d u c t i v i t y is 0-076 p e r cen t . , or 0-0640 
k g r m . p e r sq . c m . F . Gab le r , R . K i k u c h i , a n d 
M. J a k o b s t u d i e d t h e sub jec t ; a n d K . D i t t r i c h , 
M. J a k o b a n d S. E r k , a n d G. F . Sager , t h e 
app l i ca t ion of W i e d e m a n n a n d F r a n z ' s con­
d u c t i v i t y law—v ide infra, n icke l -copper a l loys . 
A. J o h n s t o n e found t h a t t h e t h e r m a l c o n d u c t i v i t y 
is ra i sed a b o v e 0-5 p e r cen t , b y a t ens ion of a b o u t 
0-7 of t h e e las t ic l imi t , a n d t h e original con­

d u c t i v i t y is res tored when t h e tens ion is w i t h d r a w n . G. T a m m a n n a n d W . B o e h m e 
found t h a t t h e t h e r m a l c o n d u c t i v i t y is dec reased b y co ld -work ing t h e m e t a l . 

J . D a l t o n 6 g a v e 0-10 for t h e specific h e a t of n ickel , a n d P . L . D u l o n g a n d 
A. T. P e t i t gave 0-1035. H . V . R e g n a u l t f o u n d t h e sp . h t . of n ickel c o n t a i n i n g 
some ca rbon t o be 0-11095 b e t w e e n 21° a n d 98° ; a n d for a s amp le of a h ighe r degree 
of p u r i t y , 0-1108 b e t w e e n 12° a n d 97°. A n o t h e r s a m p l e g a v e 0-10752 b e t w e e n 17° 
a n d 97°. W . F . B a r r e t t g a v e 0 1 0 9 1 for t h e sp . h t . of n ickel ; a n d L.. B . Ingersol l , 
0-1168 be tween 25° a n d 1 0 0 ° ; W . Voig t , 0-1084 for t h e sp . h t . of a s a m p l e of 
commerc ia l nickel ; P . SchUbel, 0-1086 b e t w e e n 18° a n d 100°, a n d 0-1254 b e t w e e n 
18° a n d 600° ; H . Copaux , 0-108 b e t w e e n 20° a n d 100° ; W . J a g e r a n d H . Diessel-
hors t , 0 1 0 6 5 a t 18°, a n d 0-1159 a t 100° ; H . E . Schmi t z , for n ickel w i t h Co, 0-9 ; 
F e , 0-6 ; a n d Cu, 0-7, b e t w e e n t h e b . p . of l iqu id oxygen a n d 0° , 0-0826, a n d b e t w e e n 
20° a n d 100°, 0 1 0 9 4 ; a n d A. N a c c a r i : 

Sp. ht . 
18° 

0-1057 
5 0 ° 

0 1 0 9 0 
1 0 0 ° 

0-1137 
1 5 0 ° 

0 1 1 8 5 
2 0 0 ° 

0 1 2 3 2 
2 5 0 ° 

0-1279 
8 0 0 ° 

0 1 3 2 7 

or c=O-lO596-f-O-O4946(0—15). W . A . T i lden o b t a i n e d for n ickel p r e p a r e d f rom 
n icke l ca rbonyl , a n d fused i n h y d r o g e n , b e t w e e n 15° a n d 

— 182° 
0 0 8 3 8 

— 78° 
0 0 9 7 5 

1 0 0 ° 
0-1084 

1 8 6 ° 
0 1 1 0 1 

3 5 0 ° 
0*1186 

4 1 5 ° 
0 1 2 2 7 

4 3 5 ° 
0 1 2 4 0 

660° 
0-1240 

6 3 0 ° 
0 1 2 4 6 
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W . H . K e e s o m a n d C. W . Cla rk s t u d i e d t h e a t o m i c h e a t b e t w e e n 
— 254°. W . S c h l e t t f o u n d b e t w e e n 0° a n d 

271-9° a n d 

20 86° 
0-10347 

50-41° 
O-10534 

101-37° 
0-10790 

110-50° 
0-10842 

200° 
0 1 1 1 9 0 

300° 
0 1 1 7 4 0 

or c=O-lO28O-{-OOOOO47O10. F . Wi i s t a n d co -worker s f o u n d t h a t f rom 0° t o 320° 
t h e m e a n s p . h t . is O-1O95O+O-O4524O0, a n d t h e t r u e s p . h t . , 0 -10950+0-O 3 1480 ; 
b e t w e e n 330° a n d 1451° t h e m e a n sp . h t . is 0 4 1 0 - ! + 0 1 2 9 3 1 H - O O 6 I l A , a n d t h e 
t r u e s p . h t . , 0-12931 -f-OO6220. P . N. B e c k o b t a i n e d : 

1 2 4 ° 
0-11278 

1 9 8 ° 
0 1 1 5 3 0 

2 4 8 ° 
0 1 1 8 7 9 

2 9 5 ° 
0-12151 

3 1 8 ° 
0-12288 

340° 
0 1 2 3 7 9 

3 5 0 ° 
0-12500 

3 0 1 ° 
0 1 2 5 8 3 

or c=O-O95451+O-O3230—O-O63O7202 b e t w e e n 0° a n d 361 c 

a n d 800° c = 0 - 1 5 5 4 8 5 — OO 3 128920-f O-O615859023 G r 
a n d b e t w e e n 37 6c 

376° 
c . 0-12692 

4 0 0 ° 
0-12686 

4 4 5 ° 
0-12703 

5 0 0 ° 
0-12732 

5 9 9 ° 
0-21821 

6 4 8 ° 
0 1 2 8 7 7 

752° 
0 1 3 1 0 7 

A. D u m a s g a v e for t h e s p . h t . of pur i f ied n ickel b e t w e e n 17° a n d 
9 8 ° 

0 1 0 9 0 
1 9 7 ° 

0 1 1 1 8 
2 6 6 " 

0-1145 
3 2 1 ° 

0-1174 
3 6 6 ° 

O-1200 
406° 

0 1 2 0 8 
5 9 5 ° 

0 1 2 2 1 

8 0 0 ° 
0-13195 

6 1 2 ° 
0 1 2 2 1 

G. T a m m a n n a n d A. R o h m a n n g a v e for t h e h e a t c a p a c i t y , C1 0 0 cals . p e r g r a m - a t o m : 

C100 

— 2 0 0 ° t o — 1 0 0 ° 
. 384-36 

— 100° t o 0° 
548-07 

0° t o 100° 
635-89 

1 0 0 ° t o 2 0 0 ° 2 0 0 ° t o 3 0 0 ° 
665-43 695-36 

3 0 0 ° t o 4 0 0 ° 
7 3 7 0 2 

4 0 0 ° t o 5 0 0 
741-72 

H . Schimpff g a v e 0-1092 for t h e sp . h t . b e t w e e n 17° a n d 100°, 0-0975 b e t w e e n 
17° a n d —79° , a n d 0-0829 b e t w e e n 17° a n d —190° ; XJ. Be Im, for 98 p e r cen t , 
n ickel , 0-0572 a t —186° , 0-0888 a t —79° , 0-0934 a t 0° , a n d 0-1053 a t 18° ; 
T . W . R i c h a r d s a n d F . G. J a c k s o n , 0-0869 b e t w e e n 19-6° a n d —185-6° ; P . N o r d -
m e y e r a n d A . L.. Be rnou l l i , 0 0 9 1 8 b e t w e e n 20° a n d —185° ; J . D e w a r , 0-0208 
b e t w e e n —253° a n d —196° ; a n d E . Grune i sen g a v e c^^O-0844 be tween —190° 
a n d 17° ; a n d 0-1094 b e t w e e n 17° a n d 100°. F . S i m o n a n d M. R u h e m a n n , 
K. A h r e n s , N . F . M o t t , a n d M. S. v a n D u s e n a n d S. M. S h e l t o n s t u d i e d t h e sub jec t . 

W . Geiss a n d JT. A . M. v a n I a e m p t s h o w e d t h a t t h e t e m p , coeff. of t h e s p . h t . 
of c o l d - d r a w n n icke l is 0-00505, a n d of n ickel a n n e a l e d a t 1000°, 0 0 0 6 3 6 ; a n d 
t h e s p . h t s . a r e , r e spec t ive ly , 0-1035 a n d 0-1036, so t h a t t h e difference is ou t s ide 
t h e r a n g e of m e a s u r e m e n t . M. A. A u d i n s f o u n d t h a t t h e sp . h t . of nickel is s l igh t ly 
i nc reased b y p e r m a n e n t d e f o r m a t i o n ; a n d W . S c h l e t t , t h a t t h e sp . h t . of n icke l 
c o l d - d r a w n f rom 2 m m . t o 0-36 m m . is 0-1068 (sp. gr . 8-8209) w h e n t h a t of t h e 
a n n e a l e d m e t a l is 0*1057 (sp. gr . 8-8442). T h e m o r e dense t h e m e t a l , t h e lower 
s p . h t . T h e r e su l t s a r e p l o t t e d in F ig . 19. I t is infer red t h a t a r ise of t e m p , causes 

0 16 

-S3 0-75 

* O 14 

0 11 U 
" " " • 

^Af 

J! 
?an~ 

VV 

tX 
sp- ^ t. 
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100° 300" 500° 7OCT 1OO 500 

F i o s . 19 a n d 20 . T h e Specific H e a t of N i c k e l 
1000 

m o l e c u l a r c h a n g e s t o t a k e p l ace wh ich a r e v e r y different f rom t h o s e b r o u g h t a b o u t 
b y m e c h a n i c a l t r e a t m e n t . 

J . P i o n c h o n o b t a i n e d 0-10836 a t 0 ° , 0 1 1 7 2 9 2 a t 200°, 0-1300 a t 250°, 0 1 2 6 a t 
400° , 0-15759 a t 350° , a n d 0-1665 a t 1000°. H e sa id t h a t t h e r e a re b r e a k s i n t h e 
c u r v e a t 230° and a t 400° , so t h a t h e r e p r e s e n t e d t h e sp . h t . b e t w e e n 0° a n d 230° b y 
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c=O-lO836-}-O-O444660, be tween 230° a n d 400° b y c=O-183493-f-OO35640 
-+-0-O6139999802, a n d be tween 400° a n d 1150° b y c=O-O99-f-OO461750. p . Weiss 
a n d co-workers found t h e m a x i m u m sp . h t . t o be 0-1527 b e t w e e n 361° a n d 376° . 
T h e y gave for t h e va r i a t i on in t h e t h e r m a l c a p a c i t y , Q, w i t h t e m p . , B3 t h a t is, t h e 
sp . h t . : 

17 3 123-7° 2 4 7 7 ° 3 5 0 ° 3 7 5 6 ° 4 0 0 ° 5 0 0 2 7 0 5 2 ° 7 5 1 6 ° 7 9 9 6 ° 
dQ/dd . 0 0 9 7 7 0 1 1 2 4 0 1 3 1 6 0-1457 0-1527 0-1259 0-1330 0-1391 0-1526 0-1445 

T h e p a r t of t h e sp. h t . d u e t o d e m a g n e t i z a t i o n is e s t i m a t e d t o be 0-025. T h e 
subjec t was discussed b y P . Weiss , L . F . B a t e s , K . E . Grew, W . M. !Latimer, 
M. Gaud ino , F . S imon, a n d C. Schwarz . M e a s u r e m e n t s were also m a d e b y E . H o r n , 
a n d C. Drucke r . F o r A. W . F o s t e r ' s obse rva t ions , see t h e n i c k e l - c h r o m i u m al loys . 
H . K l i n h a r d t found a m a x i m u m in t h e sp . h t . a t 360° co r re spond ing w i t h t h e Curie 
poin t—v ide i r o n — b u t , a d d e d W . S u c k s m i t h a n d H . H . P o t t e r , c o n t r a r y t o P . Weiss* 
t h e o r y of fe r romagne t i sm, b e y o n d t h a t p o i n t t h e sp . h t . falls con t inuous ly a n d n o t 
d i scon t inuous ly . S. U m i n o ' s va lues for t h e m e a n a n d t r u e sp . h t . p l o t t e d r o u g h l y 
in F ig . 20, a re 

M e a n 
T r u e 

M e a n 
T r u e 

100° 2 0 0 ° 
0-1079 0 1 1 0 7 
0-111 0 1 1 6 

1000° 
0-1243 
0 1 3 2 

1100° 
0 - 1 2 5 1 
0 1 3 4 

300° 
O H 3 4 
0 1 2 2 

1200° 
O-1265 
0 1 3 6 

390° 
0-1173 
0 1 3 1 

1250° 
0-1270 

500° 
0-1203 
0-134 
1300° 

0 1 2 7 9 
0-139 

GOO" 
0-1216 
0 1 2 3 
1400° 

0 1 2 8 9 
0 1 4 2 

7 0 0 ° 
0 1 2 1 8 
0-124 
3 5 0 0 ° 

0 1 7 8 3 
0 1 8 1 

8 0 0 ° 9 0 0 ° 
0-1220 0 1 2 2 8 
O-126 0-130 
] 55O" 

0 - 1 7 8 3 
0 1 8 1 

1050° 
O-1783 
0 1 8 1 

There is t h u s , as w i t h o the r fe r romagne t ic m e t a l s , a n a b n o r m a l c h a n g e in t h e 
fe r romagnet ic r ange , C ^ - 6 - 2 5 + 0 - 0 0 1 1 4 7 T . T h e resu l t s of A. D u m a s , a n d of 
J . Dor fman a n d R . J a a n u s a re s u m m a r i z e d in F igs . 21 a n d 22. C L a p p obse rved 

OS" 

/U 

14 

12 

10 

- -

' 

/1 

—^ 

J 

700 200 

F i o s . 21 a n d 22.-

180 

^170 

^2- 150 

, 140 

^ 130 

120 
280 

C o ! 

0 !̂ 

' L_ 

300 400 500 600 280 320 36O 
- T h e Specific H e a t s of N i c k e l a t Different T e m p e r a t u r e s . 

be tween —175° a n d 460°, a rise t o w a r d s t h e Curie p o i n t w i t h a region be tween 353-5° 
a n d 360°, where t h e cu rve is d i s con t inuous , a n d a p a r a m a g n e t i c region where t h e 
sp . h t . rises slowly—cf. F ig . 22, m a g n e t i s m . 

A. E u c k e n a n d co-workers o b t a i n e d for t h e a t o m i c heat of recrys ta l l ized nickel 
a t c o n s t a n t press , a n d t e m p . , a n d for D e b y e ' s c o n s t a n t &—the x of 1 . 13 , 1 4 — t h e 
v a l u e s : 

Cv 
& 

K . 15-05° 
0 0 4 6 4 6 
0 0 4 6 4 6 

324 

18-06° 
0-06260 
0 0 6 2 6 0 

353 

a n d for pressed nickel 
/TTTO 

S: 
e 

K . 17-70° 
005577 
0-0558 
361 

22-30° 
O-0917 
00917 
383 

40-93° 
0-5637 
0-5635 
378 

32-25° 
0-2819 
0-282 
379 

82-30° 
2-536 
2-53O 
357 

84-90° 
2-638 
2-631 
376 

123-96° 
4-O0O 
3-976 
368 

139-32° 
4-402 
4-369 
359 

168-74° 
4-975 
4-924 
334 

171-76° 
5-005 
4-953 
337 

185-57° 
5-205 
5-144 
323 

175-23° 
5-053 
4-999 
335 

204 05° 
5-432 
5-359 
3OO 

188-51° 
5-232 
6 1 6 9 
332 

F . M. J a g e r gave 6-34 CaIs. for t h e a t . h t . , Cp, of n ickel a t 50° ; a t 100°, 6-65 
CaIs. for Cv a n d 6-30 for C„; a t 365°, 7-95 CaIs. for Cv a n d 7-13 CaIs. for Cv. F o r 
/?-nickel C3, is 7-30 t o 7*40 CaIs. u p t o 600°, a n d Cvt 6*38 t o 6-18 CaIs. H . A. J o n e s 
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a n d co -worke r s g a v e for t h e a t . h t . of n ickel a t a t e m p . T° K. , O j , = 4 - 3 9 - 4 ~ 0 - 0 0 4 m ' . 
T h e v a l u e s c a l c u l a t e d f rom t h e sp . h t s . of J . D e w a r , W . J a g e r a n d H . Diesse lhors t , 
U . B e h n , a n d J . P i o c h o n a re : 

— 253° —186° —79° 18° 100° 800° 1000° 
A t o m i c h e a t . . 1-22 4-30 5-8O 6-24 6-8O 7-36 8-71 

I . M a y d e l g a v e for t h e a t . h t . C p=8-639—938-9(<9-f-354)- i . W . H . R o d e b u s h a n d 
J . C. Micha l ek f o u n d t h e va lues for t h e a t . h t . , Cpy of n ickel a t low t e m p , ag ree v e r y 
closely w i t h t h o s e for i ron : 

— 203° —190° —183° —173" —73° 25° 
Op 1-980 2-48O 2-90O 3-300 /5-52 7-24 

E . D . E a s t m a n a n d co-workers ca l cu l a t ed C7,—Ov=0-16 CaI. p e r degree pe r mol . 
F . Wi i s t a n d co -worke r s g a v e 50-21#~i + 0 - 1 3 3 8 0 for t h e m e a n sp . h t . of t h e m o l t e n 
m e t a l b e t w e e n 1451° a n d 1520°, a n d for t h e t r u e sp . h t . 0-13380. S. U m i n o obse rved 
no v a r i a t i o n of t h e t r u e sp . h t . of nickel w i t h t e m p , a f te r fusion. G. A. T o m l i n s o n 
d iscussed t h e r e l a t i ons b e t w e e n t h e sp . h t . a n d t h e i n t e r a t o m i c forces ; A. L . Bernoul l i , 
a n d A. H . S t u a r t , t h e r e l a t ions b e t w e e n t h e e las t ic c o n s t a n t s a n d t h e sp . h t . ; a n d 
P . S. E p s t e i n , a n d J . R . A s h w o r t h , t h e r e l a t ions b e t w e e n t h e t h e r m a l a n d m a g n e t i c 
c o n s t a n t s . 

J . B . R i c h t e r , 7 a n d B.. T u p p u t i sa id t h a t n icke l is as easi ly m e l t e d as is m a n g a n e s e ; 
O. Li. E r d m a n n , t h a t i t is as easi ly m e l t e d a s cas t - i ron ; a n d L . T h o m p s o n , t h a t i t is 
m o r e eas i ly m e l t e d t h a n c o b a l t a n d i ron . T h e o x i d a t i o n of t h e m e t a l whi le m o l t e n 
w a s d i scussed b y C. L . Wink l e r , I . W h a r t o n , a n d C. W . S iemens a n d A. K . H u n t i n g ­
t o n ; R . R u e r a n d K . K a n e k o found t h a t m o l t e n n icke l dissolves t h e ox ide , t h e 
f.p. is a cco rd ing ly lowered , a n d t h e m e t a l r e n d e r e d b r i t t l e . L . P e b a l d iscussed 
t h e r e a d y u n i o n of t h e m o l t e n m e t a l w i t h c a r b o n . R . C. S m i t h found t h a t filings 
of t h e m e t a l s i n t e r ed a t 650° , a n d t h e p r e c i p i t a t e d m e t a l a t 700°. A. Scher te l 
gave 1392° t o 1420° for t h e m e l t i n g po int of n i c k e l ; R . P i c t e t gave 1450°. 
P . H . v a n d e r W e y d e , a n d T . Carne l ley s o m e h o w go t wide of t h e m a r k , for t h e y 
g a v e 1600° for t h e m . p . of t h e m e t a l . H . Ie Cha te l i e r g a v e 1420° ; H . C o p a u x , 
1 4 7 0 ° ; E . M. T e r r y , a n d O. Ruff a n d W . B o r m a n n , 1452° ; G. K . Burges s a n d 
R . G. W a l t e n b e r g , 1452° ; A. L,. B a y a n d R . B . S o s m a n , 1452-3° ; L.. H o l b o r n 
a n d W . W e i n , 1484° ; G. P e t r e n k o , a n d M. L e v i n , 1484° ; A. G. C. Gwyer , 
W . G u e r t l e r a n d G. T a m m a n n , N . Kons tan t inof f , K . Bosseft, H . Giebe lhausen , 
A. D . D o u r d i n e , a n d G. Voss , 1451° ; K . F r i e d r i c h , 1484° ; N . B a a r , 1456° ; 
S. P . S c h e m t s c h u s c h n y a n d co-workers , 1484° ; G. K . Burges s , 1435° for 99-95 
p e r cen t , n ickel ; C. G. F i n k a n d F . A. R o h r m a n , 1458° ; IL. C. Cross, 1455° ; 
a n d L . J o r d a n a n d W . H . Swange r , a n d H . T . W e n s e l a n d W . F . Roeser , 1455° drfor 
t h e m . p . or f .p. of 99-94 p e r cen t , n ickel . W . G u e r t l e r a n d M. P i r a n i , a n d L. I . D a n a 
a n d P . D . F o o t e g a v e 1452° for t h e bes t r e p r e s e n t a t i v e va lue . T. Carnel ley dis­
cussed t h e r e l a t i on b e t w e e n t h e m . p . a n d t h e coeff. of t h e r m a l expans ion ; a n d 
K . H o n d a a n d H . M a s u m o t o , a n d G. A . Toml inson , t h e r e l a t i on b e t w e e n t h e 
m . p . a n d t h e i n t e r a t o m i c forces ; W . Crossley, t h e r e l a t ion b e t w e e n t h e a t . vol . 
a n d t h e m . p . ; A . S te in , t h e r e l a t i on b e t w e e n t h e res i s tance a n d t h e m . p . ; 
R . F o r r e r , t h e r e l a t i o n b e t w e e n t h e m . p . a n d t h e l a t t i ce s t r u c t u r e ; a n d 
J . A. M. v a n L i e m p t a n d J . A. d e Vr i end , t h e t i m e of m e l t i n g t h i n fuses. 

W . Crookes e s t i m a t e d t h e v o l a t i l i t y of n ickel t o be 10-99 w h e n t h a t of gold is 
IOO ; W . N . H a r t l e y o b s e r v e d t h a t n icke l is vo la t i l e in t h e o x y - h y d r o g e n flame ; 
a n d H . Moissan s h o w e d t h a t n icke l d is t i l s in t h e e lect r ic fu rnace m o r e r ead i ly 
t h a n c o b a l t . 150 g r m s . w e r e dis t i l led in 5 min . , in a n e lect r ic a r c furnace , a n d 
200 g r m s . i n 9 m i n . O. Ruff a n d W . B o r m a n n g a v e 2340° for t h e bo i l ing 
po int of n icke l u n d e r 30 m m . press . W . R . M o t t e s t i m a t e d t h e b . p . t o be 2700° ; 
H . A. J o n e s a n d co-workers , 3377° ; a n d R . W . Millar c a l c u l a t e d 3075° a t 760 m m . , 
2950° a t 5OO m m . , 2560° a t 100 m m . , a n d 1840° a t 1 m m . p ress . H . A. J o n e s a n d 
co -worke r s c a l c u l a t e d t h e b . p . t o be 3377°. O. Ruff a n d co -worker s sa id t h a t a n 
a l loy s a t u r a t e d w i t h c a r b o n beg ins t o boil a t a b o u t 12,500°. R . W . Millar r ep re ­
s e n t e d t h e vapour pressure , p m m . , of m o l t e n n ickel b y log p=—1*448 log T 
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— 1 8 3 4 O T - 1 + 13-451. H . A. J o n e s a n d co-workers c a l cu l a t ed va lues for t h e r a t e 
of e v a p o r a t i o n , m, of nickel filaments, log1 G m = 4 0 - 2 1 8 / 4 - 5 7 7 — ( 8 5 1 0 0 + 4 0 0 ) / 4 - 5 7 7 r 
—(0-971/4-577) log 1 0 T—0-00206T/4-577 —4340/4-577 X 1725 ; a n d for t h e v a p . p ress . , 
p, lofr10 p = 40-218/4-577+3-475 — ( 4 3 4 0 + 4 0 0 ) / 4 - 5 7 7 X 1725 —(0-971—0-5) l o g 1 0 T 
— 0-00206274-577 ; or 

T 0 K . 500° 1000° 1500° 2000° 2600° 3000° 3650° 
j> . 1 - 6 2 x 1 0 - * ° 1-34 X l O - 7 2 - 9 4 X l O - 1 2-9 X 10 2 2-4 X IO* 1-6 X 10 5 1 0 x 1 0 « 

Nickel becomes n o n - m a g n e t i c w h e n h e a t e d a b o v e a b o u t 350°. J . P l u c k e r 8 

observed t h a t t h e m a g n e t i c p o w e r of n icke l is five t i m e s smal le r a t 350° t h a n i t is 
a t 50°. E . Becquere l a d d e d t h a t t h e m a g n e t i c p o w e r of n icke l is c o m p l e t e l y los t 
a t 400°. W h i l s t i ron unde rgoes t r a n s f o r m a t i o n s a t a b o u t 890° a n d 770°—vide 
i r o n — c o b a l t unde rgoes a m a g n e t i c t r a n s f o r m a t i o n a t a b o u t 1143°, a n d n icke l a t 
a b o u t 340°, w h e n m a g n e t i c , or ct-nickel passes i n t o t h e n o n - m a g n e t i c , or /J-nickel. 
T h e co r re spond ing t r a n s f o r m a t i o n w i t h i ron is lowered c o n t i n u o u s l y b y inc reas ing 
p r o p o r t i o n s of nickel u p t o 25 p e r cen t . , so t h a t C E . G u i l l a u m e s u g g e s t e d t h a t 
ct-iron a n d <x-nickel a r e i s o m o r p h o u s . S imi la r ly , t h e b e h a v i o u r of i ron a l loyed 
w i t h h igher p r o p o r t i o n s of n ickel led F . O s m o n d , F . O s m o n d a n d G. C a r t a u d , a n d 
W . Guer t l e r a n d G. T a m m a n n t o a s s u m e t h a t y - i ron a n d /?-nickel fo rm i s o m o r p h o u s 
mix tu re s—vide infra, i ron-n ickel a l loys . T h e m a g n e t i c c h a n g e is of ten r e g a r d e d 
as a n a l lo t ropic change , b u t E . C. B a i n , a n d F . W e v e r found t h a t t h e space - l a t t i ce 
of nickel a t 500° is t h e s a m e as i t is a t o r d i n a r y t e m p . , a n d the re fo re t h e m a g n e t i c 
change is n o t d u e t o a r e a r r a n g e m e n t of t h e a t o m s . J . H o p k i n s o n found t h a t a n 
i m p u r e s a m p l e becomes n o n - m a g n e t i c a t 310° , a n d H . E . J . T. d u Bois found 300° 
for a n o t h e r i m p u r e s ample . J . M. G a u g a i n g a v e 350° for t h e t r a n s i t i o n t e m p e r a ­
t u r e ; a n d , for n ickel free f rom coba l t , of a h igh degree of chemica l p u r i t y , a n d m e l t e d 
in h y d r o g e n , H . C o p a u x o b t a i n e d 340° . T h e p o i n t is dep re s sed b y t h e p resence 
of i m p u r i t i e s . V a r i o u s o b s e r v a t i o n s , w i t h m o r e or less p u r e samples , were m a d e 
b y W . G u e r t l e r a n d G. T a m m a n n , 325° ; J . H o p k i n s o n , 310° ; T. P . H a r r i s o n , 
374° ; P . Cur ie , 340° ; H . P e c h e u x , 335° t o 345° ; I . I . Schukoff, a n d H . Ie Chate l ie r , 
340° ; E . J a n e c k e , 347° t o 360° ; P . Weiss a n d R . F o r r e r , 357° : P . Weiss a n d 
co -worker s , 363° ; A. K r u p k o w s k y , 368-3° ; H . M a s u m o t o , 376° ; H . C o p a u x , 
340° ; B . S t a r k a n d D . T a r a r c z e n k o , 370° ; I ) . a n d H . E . H a n s o n , 348° a n d 393° 
r e spec t ive ly o b t a i n e d f rom t h e cool ing a n d h e a t i n g c u r v e s ; A. L . Baikoff, 360-80° ; 
K . H o n d a , 348° t o 351° ; K . H o n d a a n d H . T a k a g i , 370° ; L . Tier i , 355° ; 
W . F . Colby, 280° t o 310° for c o m m e r c i a l n ickel , a n d 370° t o 380° for e lec t ro ly t ic 
n icke l ; M. W e r n e r , 352° ; R . L . Sanford , a n d L . J o r d a n a n d W . H . Swange r , 
370° t o 380° , for 99-94 p e r cen t , n icke l ; J . D o r f m a n a n d R . J a a n u s , 356-5° t o 
359-5° ; B . V. Hi l l , 355° for h a r d n icke l , a n d 340° for a n n e a l e d n icke l ; a n d 
M. W e r n e r o b t a i n e d b y different m e t h o d s v a l u e s r a n g i n g f rom 352° t o 360° . 

W . del R e g n o sa id t h a t t h e t r a n s f o r m a t i o n t a k e s p lace ove r a r a n g e of t e m p , 
of 100° be tween 300° a n d 400° , M. F . Angel l o b s e r v e d t h a t t h e m a g n e t i c t r a n s ­
fo rma t ion t e m p , of n ickel c a r b i d e shi f ted 130° b y h e a t t r e a t m e n t ; a n n e a l i n g f rom 
h igh t e m p , gives a low v a l u e , a n d a b r u p t cool ing p r o d u c e d a v a l u e a s h igh a s 420° . 
J . H o p k i n s o n obse rved n o t r a c e of t h e p h e n o m e n o n of reca lescence as n icke l c h a n g e s 
f rom t h e n o n - m a g n e t i c t o t h e m a g n e t i c s t a t e in cool ing p a s t 310° , b u t A . L . Baikoff 
obse rved a s l ight b r e a k in t h e different ial cool ing c u r v e a t 360° in a g r e e m e n t w i t h 
t h e m a g n e t i c t r a n s f o r m a t i o n of t h e m e t a l . M. G a r v i n a n d A . M. P o r t e v i n a lso 
s t u d i e d t h e cooling c u r v e s of n icke l . H . C. Cross o b s e r v e d a b r e a k in t h e h e a t i n g 
c u r v e of 99-94 p e r cen t , n icke l beg inn ing a t 351° t o 353° , a n d e n d i n g a t 357° t o 359° ; 
a n d in t h e cool ing c u r v e beg inn ing a t 332° a n d 351°, a n d e n d i n g a t 316° a n d 342° . 
T h e r e is the re fore a t h e r m a l t r a n s f o r m a t i o n a t a b o u t 350° . A . P e r r i e r a n d 
F . Wrolfers obse rved k i n k s in t h e h e a t i n g c u r v e of n icke l a t 480° a n d 880° . Obser ­
v a t i o n s were also m a d e b y M. F a r a d a y , S. Bidwel l , A . Heydwe i l l e r , C. D r u c k e r , 
A. Schulze , C. H . M. J e n k i n s a n d M. ~L*. V. Gay le r , R . R u e r a n d co -worker s , 
H . A. R o w l a n d a n d L . Bel l , J . A. E w i n g a n d G. C. Cowan , a n d K . H o n d a a n d 
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S. Sh imizu . L o r d K e l v i n d iscussed t h e b e a r i n g of t h e p h e n o m e n o n on t h e l aw 
of t h e t r a n s f o r m a t i o n of ene rgy—v ide i ron . A c h a n g e a t a b o u t 700° w a s obse rved 
b y C. Toml inson , T . P . H a r r i s o n , W . Sch le t t , I . I . Schukoff, E . J . J a n i t z k y , 
M. W e r n e r , E . Cohen, E . J a n e c k e , a n d P . N . L a s c h t s c h e n k o . Accord ing t o 
M. Copisarow, t h e c h a n g e v a r i o u s l y r e p o r t e d t o occur b e t w e e n 345° a n d 365° is 
t h e Cur ie p o i n t w h i c h h e r ep re sen t s b y / 3 ^ y ; a n d t h a t wh ich occurs a t a b o u t 700° 
c o r r e s p o n d s w i t h t h e y ^ S c h a n g e in i ron . I f t h e A 2 - a r r e s t is t h e Cur ie p o i n t of 
i ron t h e c h a n g e a t a b o u t 350° is t o be r e p r e s e n t e d a s a ^ ) S c h a n g e ; a n d t h e 
second will be e q u i v a l e n t t o t h e fi^=±y c h a n g e of i ron . C. L . TJ t te rback obse rved a 
b r e a k in t h e t o t a l r a d i a t i o n of n icke l b e t w e e n 1127° a n d 1170°, i nd i ca t i ng s o m e 
k i n d of a l lo t rop ic o r i n t e r n a l c h a n g e . 

F . W i i s t a n d co-workers 9 g a v e 56*1 cals . p e r g r a m , or 3-29 CaIs. pe r g r a m - a t o m 
for t h e l a t e n t h e a t of fus ion of n icke l a t 1451° ; W . P . W h i t e gave 73 cals . p e r 
g r a m , or 4-3 Cals. p e r g r a m - a t o m . J . W . R i c h a r d s ca l cu la t ed 68 cals . pe r g r a m , 
a n d P . W . R o b e r t s o n , 7 3 cals . p e r g r a m , for t h e l a t e n t h e a t of fusion of nickel . 
S. U m i n o g a v e 70-40 cals . p e r g r a m for t h e l a t e n t h e a t of fusion of nickel . T h e 
s u b j e c t w a s d iscussed b y E . K o r d e s , a n d N . v o n R a s c h e v s k y ; a n d t h e r e l a t ion 
b e t w e e n t h e h e a t of fusion a n d t h e v i b r a t i o n f requency , b y W . H e r z . N . F . M o t t 
s t u d i e d t h e re la t ion b e t w e e n t h e l a t e n t h e a t , t h e m . p . , a n d t h e electr ic c o n d u c t i v i t y . 
H . A. J o n e s a n d co -worke r s c a l c u l a t e d t h e l a t e n t h e a t of vapor izat ion a t a b o u t 
1000° t o be 89,440 cals . p e r g r a m - a t o m ; or LQT~*=40-218—0-971 log 1 0 T 
—4-577 log1 G m — 0 - 0 0 2 0 6 T — 4 0 0 T - 1 . E . R a b i n o w i t s c h a n d E . Thi lo gave 0-14 
v o l t for t h e h e a t of fusion, 3-80 vo l t for t h e h e a t of v a p o r i z a t i o n , a n d 3-94 vo l t for 
t h e h e a t of s u b l i m a t i o n w h e n 1 vo l t is 23 Cals. C. Zengelis d e t e c t e d n o volat i l i ­
za t ion a t o r d i n a r y t e m p . 

M. W e r n e r 1 0 f o u n d t h e h e a t of the m a g n e t i c t ransformat ion t o be a b o u t 
0-013 cal . p e r g r a m a t 352° ; S. U m i n o g a v e 2-01 cals . pe r g r a m ; P . N . Lasch ­
t s c h e n k o , 3*11 cals . p e r g r a m - a t o m ; a n d F . Wi i s t a n d co-workers , 1-33 cals . p e r 
g r a m a t 320° . J . W . R i c h a r d s e s t i m a t e d t h a t 4-64 cals . pe r k i log ram a re a b s o r b e d 
b y n ickel a t 230° a n d 400° . I . I . Schukoff s t u d i e d t h e sub jec t . J . T h o m s e n found 
t h e h e a t of d i s so lut ion of n icke l i n su lphur i c ac id ( N i , H 2 S O 4 , a q . ) = 2 6 - 1 1 Cals. , 
in h y d r o c h l o r i c ac id ( C o , 2 H C l , a q . ) = 2 2 - 5 8 Cals . W . G. Mix te r found t h e hea t of 
ox idat ion ( N i , £ 0 2 ) = - 5 7 - 9 Cals . ; W . A . R o t h gave 58-45 Cals. ; G. C h a u d r o n , 57-1 
Cals . ; a n d O. Ruff a n d E . Ge r s t en g a v e 51-5 Cals. O. Ruff a n d E . Gers t en gave for 
3 N i + C g r a p h i t o = N i 3 C — 3 9 4 Cals. , a n d W . A. R o t h , -—10 Cals . E . D . E a s t m a n , 
a n d G. N . Lewis a n d co-workers c a l c u l a t e d 7-2 Cals . p e r degree a t 25° for t h e 
entropy of n icke l . W . M. L a t i m e r , B . B r u z s , K . K . Kel ley , R . D . K l e e m a n , a n d 
W . H e r z s t u d i e d t h i s sub j ec t . E . K o r d e s g a v e 2-2 for t h e c h a n g e of e n t r o p y in 
m e l t i n g t h e m e t a l . R . v o n D a l l w i t z - W e g n e r d iscussed t h e free energy . 

T h e i n d e x of retract ion , /x ; t h e e x t i n c t i o n coeff., k ; a n d t h e reflecting power , 
R, of e lec t ro ly t ic n icke l were m e a s u r e d b y R . S. Minor , 1 1 F . R o t h e r a n d K . L a u c h , 
K . L a u c h , H . H a u s c h i l d , A. d e G r a m o n t , M. Luck ie sh , R . H a m e r , I . C. G a r d n e r , 
A. K u n d t , M. L a u e a n d F . F . M a r t e n s , P . B e r g m a n a n d W . Guer t l e r , F . H I u c k a , 
A. Q. Tool , H . d u Bois a n d H . R u b e n s , A. Pfluger, W . R a t h e n a u , a n d E . H a g e n 
a n d H . R u b e n s . T h e r e su l t s of W . Meier for wave - l eng ths A —589 t o 668, for 
e lec t ro ly t ic n ickel , a n d of G. Ffes tor f for A = 5 7 8 t o 254, a re : 

A . 6 6 8 5 8 9 5 7 8 4 3 6 4OO 3 6 6 3 1 3 2 5 4 
fi. . 1 -74 1 -58 1-63 1-42 1-36 1-33 1-35 1-14 
k . 3 - 8 0 3 - 4 2 2 1 O 1-94 1-8O 1-69 1-49 1-69 
H . 6 8 - 3 6 5 - 5 65-O 5 4 0 53-O 4 9 - 1 4 3 - 5 4 4 - 9 p o r c e n t . 

T h e o b s e r v a t i o n s of G. Qu incke for A u p t o 527, 589 , a n d 656, a n d of P . D r u d e 
for A = 5 8 9 a n d 630, a n d of M. L a u e a n d F . F . M a r t e n s for A—630 : 

A . 4 3 1 
/* . 1-4O 
Jc . 2-49 
H . 53-3 

486 527 
1-54 1-63 
2-90 3-11 

68-6 64-5 

589 589 
1-74 1-79 
3-39 3-32 

63-4 62-0 

630 630 
1-89 1-99 
3-55 3-95 

63-7 67-6 

656 
1-93 
3-83 

66*8 per cent. 
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Observa t ions were also m a d e b y H . v o n Warfcenberg, M. Xaickiesh, G. Pfestorf, 
P . R . Gleason, F . Henn ing , L,. R . Ingersoll , C. Zakrewsky , a n d . A . Q. Tool 
I . C. Ga rdne r s tudied t h e refleoting power in t h e u l t ra -v io le t ; E . H a g e n a n d 
H . R u b e n s , t h e va r i a t ion of t h e emissive power w i th t e m p . ; a n d E . H a g e n a n d 
I I . R u b e n s found for t h e reflecting power : 

A 
M 

2 5 1 
3 7 - 8 

326 
40-3 

3 8 5 
4 7 - 8 

4 2 O 
5 1 - 9 

5 5 O 
6 2 - 6 

7 7 O 
6 8 - 8 

8 0 O 
6 9 - 6 

5 0 O O 
9 4 - 4 

1 4 , 0 0 O 
9 7 - 2 p e r eenfc . 

Ul tra-v io le t Vis ib le Ul tra-red 

651 r — T r 

| / 5 

I 50 

i l l 4 5 

"<S 40 

r — ' 

v . 

j ^ 

"" 
N̂ C ̂  

.--"IA 

V 

«A&^ 
'Electrc 

tfC* of 

m l * e&^ 
: = = • ] 

250 
IPi a. 

300 

23.— 
4OO 550 600 mfx 

- T h e R e f l e c t i n g P o w e r o f N i c k e l . 

W . W . Coblentz a n d R. S ta i r found t h e reflecting power of c h r o m i u m t o be grea te r 
t h a n t h a t of nickel ; a n d the i r resul ts are s u m m a r i z e d in F ig . 23 . T h e reflecting 

power of nickel in t h e u l t ra -v io le t 
was s tud ied b y R . H a m c r . 
H . N . E d w a r d s measured t h e 
t o t a l reflection of nickel films ; 
H . Hausch i ld , C. A. Sk inner a n d 
A. Q. Tool, a n d K. Kiessig, t h e 
opt ical p roper t i es of t h i n films of 
nickel . W . del R e g n o observed a 
b reak in t h e emiss ivi ty curve nea r 
400°. L . T r o n s t a d , A. H . P fund , 
a n d E . R u p p s tud ied t h e opt ical 
p roper t ies of nickel . 

J . H . Glads tone 1 2 gave for t h e refraction equivalent 10-4, a n d for t h e sp . 
refraction, 0-177. W . J . P o p e gave 12-84 for t h e refract ion equ iva len t of nickel . 
H . Knob lauch gave 77-50 for t h e polarization angle for t h e u l t ra - red h e a t r ays , 
a n d 70-00 for yellow l ight . C. J . Davisson a n d L. H . Germer s tud ied t h e polar i ­

zat ion of t h e reflected electron waves ; W . Liobach, 
a n d A. K u n d t , t h e e lec t romagnet ic ro t a t ion of t h e 
p l ane of polar ized l ight ; a n d L . R . Ingersol l , 
I I . E . J . G. d u Bois, J . G. Leathern , K . I I . von 
Kl i tz ing , A. Pie tzcker , C. J . Gor ter , E . Hi rsch , 
W . Lobach , P . D . Foo te , a n d C. Snow, t h e Kerr 
effect. 

V. A. S u y d a m 1S found t h a t t h e t o t a l radiat ion 
energy, E, f rom h e a t e d nickel wires be tween 463° K . 
and 1283° K . can be represen ted by E=^cTn, where 
c, a n d n a re cons t an t s , a n d T deno tes t h e abso lu te 
t e m p . V. A. S u y d a m ' s va lue for n is 4-648 be tween 
463° K . a n d 1283° K . W . del R e g n o gave w = 4 - 5 8 8 ; 
a n d M. K a h a n o w i c z found w = 5 - 5 be tween 273° K . 
a n d 903° K . The sub jec t was s tud ied b y H . S c h m i d t 

a n d E . F u r t h m a n n , A. G. W o r t h i n g , W . Geiss, A. L . Hel fgot t , a n d G. R . Greens lade . 
V. A. Suv d a m ' s va lues a re p l o t t e d in FIg . 24 for 0-0002 m m . press . T h e t e m p , is 
expressed in 0 K. , a n d t h e energy, E3 in w a t t s p e r sq. cm. : 

1073 1473°K 

F i o . 2 4 . T h e R a d i a n t E n e r g y 
o f N i c k e l a n d . N i c h r o m e . 

E 
463° 

0 - 0 2 5 8 
603° 

0-10OO 
661° 

0 1 5 2 6 
773° 

0 - 2 4 0 8 
8 8 3 ° 

0 - 4 4 9 8 
9 5 1 ° 

0 - 7 0 1 2 
1071° 

1 - 2 5 5 3 
1181° 

1 - 9 3 2 4 
1283° K . 
2 - 9 5 7 2 

B . T. B a r n e s ob ta ined for t h e t o t a l emiss iv i ty of soot-covered nickel 

S o o t y -
P o l i s h e d . 

400° 
0 - 0 9 6 
0 0 0 9 2 

6 0 0 ° 
0 - 5 9 
0 - 0 7 9 

700° 
1 0 9 

O - 1 6 6 

8 0 0 ° 
1 - 8 7 
0 - 3 1 0 

900° 
3 0 
0 - 5 5 

1000° 
4 - 8 
0 - 9 1 

1100° 
7 - 2 
1 - 4 4 

1200° 1300° 1400° 

2 - 1 7 3 1 7 4 - 4 9 

C. X.. U t t e r b a c h o b t a i n e d for n ickel E=C1T
5'2* for t e m p , be tween 650° K . a n d 

1400° K. , a n d E=C2T*75, b e t w e e n 1450° K . a n d 1600° K . T h e r e is a b r e a k in 
t h e va lue for nickel a t a b o u t 1450°. C. H u r s t , a n d A. G. W o r t h i n g also s tud ied t h e 
spec t ra l emiss ivi ty of nickel ; J . K . R o b e r t s , t h e energy be tween t h e a t o m s of 
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h e l i u m a n d t h e surface of n icke l ; H . B . W a h l i n , t h e emiss ion of p o s i t i v e ions by-
h e a t e d n icke l ; a n d N . C. Beese , R . S. B a r t l e t t , G. W . F o x a n d R . M. Bow ie , 
M. B e n j a m i n , a n d B . J . T h o m s o n , t h e t h e r m i o n i c emiss ion f r o m wi res c o a t e d w i t h 
b a r i u m ox ide . C. J . D a v i s s o n a n d L . H . G e r m e r o b s e r v e d a d i s c o n t i n u i t y n e a r 
1-3 A. , for t h e e lec t ron w a v e s f rom nickel . 

Nicke l sa l t s furnish n o d i s t i nc t i ve f lame spec trum, b u t J . N . Liockyer a n d 
W . C. R o b e r t s - A u s t e n , 1 4 J . N . L o c k y e r , W . N . H a r t l e y a n d H . W . Moss, P . G. H a r t o g , 
O. d e W a t t e v i l l e , a n d H . A u e r b a c h s t u d i e d t h e flame s p e c t r a in t h e o x y - h y d r o g e n 
n a m e ; A. K . Russanoff, t h e s p e c t r u m in t h e ace ty l ene flame ; A. G. G a y d o n 
a n d R . W . B . P e a r s e , t h e f lame s p e c t r u m of n icke l h y d r i d e , a n d nickel c a r b o n y l ; 
F . W a r b e l , t h e q u a n t i t a t i v e a n a l y s i s of nickel a l loys ; a n d G. D . L ive ing a n d 
J . D e w a r , t h e s p e c t r u m o b t a i n e d d u r i n g gas explos ions . I t is possible w i t h t h e 
a id of t h e electr ic s p a r k t o o b t a i n t h e spark s p e c t r u m w h e r e t h e m o r e sa l ien t 
l ines a r e : 5716 in t h e ye l low ; 5477 (<x, F ig . 25), 5156, 5143 , 5115(T7), 5100, 5081 (/3) 

a. V/3 8 e T £ 

I ' ' • ^"T--r--r-*x—H—p-, T , ' " , • . y ^V_ t tJ_LH.J_.T_J....,1 T__J T 
6500 6000 5500 50O0 4500 

F I G . 25 . -Tlio S p a r k S p e c t r u m of N i c k e l . 

t h e d o u b l e S-line 5035 a n d 5017, 4983(e), a n d 4936 in t h e green ; 4905, 4866, 4715(y) , 
4647, a n d 4606 in t h e b lue ; a n d 4461 , a n d 4401(£) in t h e ind igo-b lue . N u m e r o u s 
o t h e r l ines a r e deve loped b y s t r o n g e r s p a r k s . O b s e r v a t i o n s on t h e s p a r k s p e c t r u m 
of n icke l we re first m a d e b y G. Kirchhoff, a n d a f t e r w a r d s b y W . A. Miller, R . Tha l en , 
A. J . A n g s t r o m , J . N . L o c k y e r , L . de B o i s b a u d r a n , J . R . Capron , G. Ciamic ian , 
J . P a r r y a n d A. E . T u c k e r , A. Cornu , W . N . H a r t l e y a n d H . W . Moss, E . O. H u l b u r t , 
W . K r a e m e r , H . N a g a o k a a n d co-workers , B . d e la R o c h e , H . Slevogt , H . N . Russe l l , 
W . G. D u m e l d , F . Miiller, A. G. W o r t h i n g a n d R . R u d y , L . a n d E . Bloch , A. G. Shon-
s t o n e , G. I). L i v e i n g a n d J . TJewar, W . J . H u m p h r e y s , G. E . H a l e a n d W . S. A d a m s , 
J . H . Po l lock a n d A. G. G. L e o n h a r d , F . McClean, J . M. E d e r , J . M. E d e r a n d 
E . V a l e n t a , H . A . R o w l a n d , J . F o r m a n e k , A. T . Globe , F . Miiller, R . J . L a n g , 
E . D e m a r c a y , F . E x n e r a n d E . H a s c h e k , W . E . A d e n e y , G. A. ITemsalech, 
O. L o h s e , H . M. R e e s e , A. H a g e n b a c h a n d H . K o n e n , H . F inge r , a n d C E . Gissing. 
A. W . S m i t h a n d M. M u s k a t , W . H . Fu lwe i l e r a n d J . B a r n e s , a n d E . O. H u l b u r t 
s t u d i e d t h e s p a r k s p e c t r u m in w a t e r . 

T h e axe s p e c t r u m w a s e x a m i n e d b y A. Cornu , G. D . L ive ing a n d J . D e w a r , 
E . H a s s e l b e r g , F . E x n e r a n d E . H a s c h e k , L . S t i i t t i ng , H . N . Russel l , J . M. E d e r 
a n d E . V a l e n t a , L o r d B l y t h w o o d a n d W . A. Scobie , S. H a m m , R . J . L a n g , S. P . de 
R u b i e s , A . Sel ler io , J . H o l t s m a r k a n d B . T r u m p y , H . Slevogt , C. C. Kiess , 
I I . H . M a r v i n a n d A. E . B a r a g a r , P . Mesnage , K . B e c h e r t a n d L . A. S o m m e r , 
W . G. D u m e l d , L . S t i i t t i n g , a n d A. C. Menzies . T h e effect of pressure w a s 
s t u d i e d b y W . J . H u m p h r e y s , W . G. D u m e l d , E . G. B i l h a m , a n d B . T. B a r n e s ; 
t h e ultimate rays, b y A . d e G r a m o n t ; t h e enhanced lines, b y J . N . L o c k y e r , 
F . E . B a x a n d a l l , a n d H . M. R e e s e ; self-induction, b y G. A. H e m s a l e c h , B . H u b e r , 
a n d P . J o y e ; anomalous dispersion, b y G. Geisler ; t h e effect of pressure, b y 
B . T . B a r n e s ; t h e Z e e m a n effect, b y H . H . M a r v i n a n d A. E . B a r a g a r , I . M. Gra f tdyk , 
W . Arkadieff, C. J . B a k k e r , H . M. Reese , N . A. K e n t , C. P e t e r k e , H . N a g a o k a a n d 
co -worke r s , C. W a l i - M o h a m m a d , K . Y a m a d a , a n d J . H . v a n Vleck a n d A. F r a n k ; 
t h e S tark effect, b y H . N a g a o k a a n d Y . Sug iu r a , E . V. Condon , T. T a k a m i n e , a n d 
H . L o w e r y ; H . I s rae l , t h e m a g n e t i c s p e c t r u m w i t h s h o r t H e r t z i a n w a v e s , a n d t h e 
electrode luminescence in e lect rolysis , b y W . v o n B o l t o n . T h e u l tra-v io le t spec trum 
w a s e x a m i n e d b y G. D . L i v e i n g a n d J . D e w a r , R . G. zu D o h n a , A. Cornu, 
J . C. M c L e n n a n a n d A. B . M c L a y , R . A. Mil l ikan a n d co-workers , L . a n d E . Bloch , 

4O00 
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R . J . L a n g , V. S c h u m a n n , J . M. E d e r , J . M. E d e r a n d E . V a l e n t a , F . E x n e r a n d 
E . H a s c h e k , e t c . ; a n d t h e s p e c t r u m of e lec t r ica l ly -exploded wire , b y S. S m i t h , 
a n d R. Dechene ; a n d t h e ultra-red spectrum, b y H . Becquere l , H . M. R a n d a l l a n d 
E . F . Ba rke r , W . W. Coblentz , a n d W . F . Meggers a n d C. C. Kiess . T h e q u a l i t a t i v e 
or q u a n t i t a t i v e chemical ana lys is b y t h e s p e c t r u m w a s i n v e s t i g a t e d b y A. de G r a -
m o n t , F . T w y m a n a n d A. H a r v e y , J . P a r r y a n d A. E . Tucke r , A. Schleicher , 
F . T w y m a n a n d C. S. H i t c h i n , C. G. F i n k a n d F . A. R o h r m a n , a n d J . H . Po l lock a n d 
A. G. G. Leona rd . T h e absorption spec trum of t h e v a p o u r w a s e x a m i n e d b y 
J . N . Lockye r a n d W . C. R o b e r t s - A u s t e n , E . v o n Ange re r a n d G. J o o s , 
W . F . Meggers, A. T. Wi l l i ams , A. L . N a r a y a n , R . G. L o y a r t e a n d A. T . Wi l l i ams , 
a n d A. T. Wil l iams ; a n u n d e r - w a t e r s p a r k s p e c t r u m , b y K . M a j u m d a r , 
A. L . N a r a y a n a n d K . R . R a o , W . F . Meggers a n d F . M. W a l t e r s , M. C. W . Buffam 
a n d H . J . C. I r e ton , S. P . de R u b i e s , A. W . S m i t h a n d M. M u s k a t , A. C. Menzies , 
R . J . L a n g , A. S. K i n g , a n d S. H a m m ; n ickel h y d r i d e , b y E . Olsson ; a n d t h e 
explos ive spec t rum, b y H . N a g a o k a a n d co-workers . T h e s tructure of the l ine 
spectrum was discussed b y C. C. Kiess a n d O. L a p o r t e , O. L a p o r t e , J . V e l d k a m p , 
F . M. W a l t e r s , K . Beche r t , W . M. Cady , W . G. Duffield, K . B e c h e r t a n d co-workers , 
C. R . D a v i d s o n a n d F . J . M. S t r a t t o n , H . H . Marv in , J . E . Mack, R . A. Merri l l , 

A. G. S h e n s t o n e , L . S. Orns te in 
a n d T. B o u m a , F . H u n d , 
H . N . Russe l l , M. K i m u r a a n d 
G. N a k a m u r a , W . A. M. D e k k e r s 
a n d A. A. Krui thof , M. S a w a d a , 
A. L . N a r a y a n a n d K . R . R a o , 
R . J . L a n g , H . P u r k s , 
R . G. L o y a r t e a n d A. T . Wi l l i ams , 
A. C. Menzies , A. L . N a r a y a n , 
P . G. N u t t i n g , L . J a n i c k i , C. WaI i -
M o h a m m a d , a n d J . E . P a u l s o n , 
b u t n o series spectra h a v e been 
d e t e c t e d . 

F o r t h e colour of nickel , vide 
supra. The absorption spectra 
of green cone . aq . soln. of n ickel 
sa l t s shows c o n t i n u o u s a b s o r p t i o n 
b a n d s a t t h e v io le t a n d red ends , 
wh i l s t dil . soln. of t h e chlor ide , 
s u l p h a t e , a n d n i t r a t e shove a 
feeble a b s o r p t i o n b a n d a t 6563 
wh ich is cha rac te r i s t i c . Obse rva ­
t i ons on t h e a b s o r p t i o n s p e c t r a of 
a q u e o u s , alcoholic, o r a c e t o n e 
soln. of nickel sa l t s were m a d e 
b y D . B r e w s t e r , 1 5 H . Becquere l , 
V. Agafanoff, H . E m s m a n n , 
M. P a v l i k , W . N . H a r t l e y , 
J . M. H i e b e n d a a l , T . I n o u e , 

04 0-6 
Ultraviolet Visible spectrum 

Sulphate 
1^o Y-2 A 

Ultrared 
F i a . 26. - - T h e A b s o r p t i o n S p e c t r a of A q u e o u s 

So lu t ions of N i c k e l S a l t . 

C. K u b i e r s c h k y , H . Ley , E . Muller , J . L . Sore t , J . Moir, J . v o n K o c z k a s , Y . S h i b a t a 
a n d K . M a t s u n o , R . S a m u e l a n d co-workers , M. E a h a n o w i c z a n d P . Orecchioni , 
J . Gielessen, J . C. M c L e n n a n a n d co-workers , N . S. Kurnakoff , T . Dre i sch , 
J . Angers te in , H . W . Vogel , M. K i m u r a a n d M. T a k e w a k i , R . A . H o u s t o u n a n d 
co-workers , H . C. J o n e s a n d J . A. Ande r son , a n d J . E o r m a n e k . T h e colour of 
n icke l w a s discussed b y J . P i c c a r d a n d E . T h o m a s . T h e mol . e x t i n c t i o n 
coeff., A, is a func t ion of w a v e - l e n g t h , A, a s i n d i c a t e d b y R . A . H o u s t o u n , 
whose resul t s for aq . soln. a r e s u m m a r i z e d in F i g . 26—vide t h e a b s o r p t i o n 
s p e c t r a of coba l t sa l t s . T h e effect of c o n c e n t r a t i o n on t h e mol . e x t i n c t i o n 
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coeff. of a q . soln. of n icke l ch lo r ide is s u m m a r i z e d in F i g . 27 . T h e t h r e e a q . 
soln. h a v e t h e r e spec t i ve c o n c e n t r a t i o n s O-IO, l-OO, a n d 4-0O mols . p e r l i t r e ; a n d t h e 
a lcohol ic so ln . h a s t h e c o n c e n t r a t i o n 0*026 m o l p e r l i t r e . N icke l ch lo r ide in a c o n e , 
h y d r o c h l o r i c ac id so ln . is ye l lowish-green . T h e soln. a b s o r b s feebly in t h e r e d 

n ^ — — • —— -J 

F i O . 27 a n d 2 8 . T h e A b s o r p t i o n S p e c t r a of A q u e o u s a n d Alcohol ic S o l u t i o n s of 
N i c k e l S a l t s . 

a n d s t r o n g l y i n t h e b l u e a n d v i o l e t . B y d i l u t i n g t h e s o l n . , n o a b s o r p t i o n b a n d s 
a p p e a r , b u t t h e c o n t i n u o u s a b s o r p t i o n i n t h e r e d a n d v i o l e t b e c o m e s w e a k e r . 
A m m o n i a c a l s o l n . o f n i c k e l s a l t s h a v e a b r o a d a b s o r p t i o n b a n d i n t h e y e l l o w a t a b o u t 
5 7 4 0 . A l c o h o l i c s o l n . o f n i c k e l s a l t s a r e g r e e n , a n d t h e c o n e . s o l n . h a v e a s t r o n g 
a b s o r p t i o n b a n d i n t h e r e d a n d v i o l e t . I f t h e s o l n . b e d i l u t e d w i t h a l c o h o l , t h e 
a b s o r p t i o n i s w e a k e r , a n d b e s i d e s a c o n t i n u o u s a b s o r p t i o n i n t h e r e d a n d v i o l e t 
t h e r e i s a w e a k b a n d a t 6 6 0 7 . R . A . H o u s t o u n a n d A . H . G r a y f o u n d f o r t h e m o l . 
e x t i n c t i o n coeff. o f a l c o h o l i c s o l n . o f n i c k e l s a l t s t h e r e s u l t s s u m m a r i z e d i n F i g . 3 0 ; 
a n d f o r a c e t o n e s o l n . . t h e r e s u l t s i n d i c a t e d in F i g . 3 1 . 

o i L 1— i L=_ _i o i i 1"->—F^—J 1 1 o i 1 ^ t r — i — i 1——i 
035 039 043 /X 04 0-5 06 0-7/J- 04 OS 06 0-7/J-

F i o . 2 9 . — T h e Effec t of F i O . 3 0 . — A b s o r p t i o n S p e c t r a F I G . 3 1 . — A b s o r p t i o n S p e c t r a 
C o n c e n t r a t i o n o n t h e of A lcoho l i c S o l u t i o n of of A c e t o n e S o l u t i o n s of 
A b s o r p t i o n S p e c t r a . N i c k e l S a l t s . N i c k e l S a l t s . 

A c c o r d i n g t o J . F o r m a n e k , t i n c t u r e of a l k a n n a r e a c t s d i r ec t ly wi th nickel sa l t s 
so t h a t a n e u t r a l soln. of nickel ch lor ide becomes v io le t , a n d t h e a b s o r p t i o n s p e c t r u m 
shows a b a n d a t 6192, a n d s u b o r d i n a t e b a n d s a t 5725 a n d 5320 . I f a d r o p or t w o 
of a m m o n i a b e a d d e d t o t h e l iqu id , t h e colour becomes m o r e b lue , t h e r e is a smal l 
d i s p l a c e m e n t of t h e t h r e e b a n d s r e spec t ive ly t o 6198, 5732, a n d 5325 ; w i t h m o r e 
a m m o n i a , a b l u e p r e c i p i t a t e a p p e a r s . S imi la r r esu l t s were o b t a i n e d wi th a soln. 
of t h e n i t r a t e . M. L u c k i e s h , D . S t a r k i e a n d W . F . S. T u r n e r , T . Dre i sch , 
R . W . W o o d , H . P . G a g e a n d W . C. Tay lo r , a n d P . Gi la rd a n d P . Swings s t u d i e d t h e 
s p e c t r a l t r a n s m i s s i o n of glasses co loured w i t h nickel . 

T h e X - r a y s p e c t r u m of n icke l w a s e x a m i n e d b y S. K . Allison,1® A. A r e n d s , 
M. B a l d e r s t o n , A . H . B a r n e s , D . K . B e r k e y , H . B e u t h e , S. B h a r g a v a a n d 
J . B . M u k h e r j e e , S. B j o r c k , H . Bohl in , D . M. Bose , G. B . D e o d h a r , V. Dole jsek 
a n d K . PestrecofE, R . W . Dr i e r , W . D u a n e a n d co-workers , S. E r i k s o n , P . G u n t h e r 
a n d I . N . S t r a n s k y , E . H j a l m a r , M. I s h i n o a n d K . K o j i m a , S. K a w a t a , B . K i e v i t 
a n d G. A . L i n d s a y , A . I . KrasnikofE, K . L a n g , A. Le ide , A. E . L i n d h , L . H . M a r t i n , 
H . G. J . Moseley , B . C. M u k h e r j e e a n d B . B . R a y , G. O r t n e r , J . Pa l ac io s a n d 
N . Ve lasco , L . G. P a r r a t t , S. P a s t o r e l l o , M. P r i v a u l t , H . P u r k s , W . F . R a w l i n s o n , 
B . B . R a y a n d co -worke r s , H . S. R e a d , O. W . R i c h a r d s o n a n d co-workers , 
F . K . R i c h t m y e r a n d E . R a m b e r g , N . Seljakoff a n d co-workers , J . Sheare r , 
M. S i e g b a h n and co -worker s , N . S tensson , C. H . T h o m a s , R . T h o r a e u s , J . Valasek , 
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J . H . Wil l iams, Y . H . W o o , R . W . G. Wyckoff, a n d S. Yosh ida , w h o obse rved 
for t h e K-ser ies , ct2o/ = l -65860 ; Ct1Ct=1-65467 ; Ct3Ct4=1-6476 ; ^ 1 ) S = I - 4 9 6 6 9 ; a n d 

{3.,y = J-48403, wi th t h e a b s o r p t i o n l imi t s 1-4890. M. S i egbahn a n d R . T h o r a e u s , 
B . C. Mukher jee a n d R. B . R a y , S. B jo rck , J . H . v a n d e r T u u k , J . Sheare r , 
W . S t e n s t r o m , H . H i r a t a , S. K a w a t a , M. L e v i , C. E . H o w e , F . C. Cha lk in , 
a n d G. K e l l s t r o m s t u d i e d t h e L-ser ies ; a n d B . C. Mukher j ee a n d B . B . R a y , 
E . C. S toner , R . B . W i t m e r a n d J . M. Cork, S. B jo rck , N . B o h r a n d D . Coster , 
B . W a l t e r , M. Lev i , a n d S. R . R a o , t h e M-series. 

W . M. Coa tes , 1 7 a n d O. W . R i c h a r d s o n a n d co-workers s t u d i e d t h e emiss ion 
of X - r a y s ; N . A h m a d , S. J . M. Allen, L . M. A lexande r , T . E . Auren , M. B a l d e r s t o n , 
C. G. B a r k l a a n d co-workers , Li. L . B a r n e s , J . A. B e a r d e n , J . A. Becker , W . H . B r a g g 
a n d H . L . P o r t e r , A. H e b e r t a n d G. R e y n a u d , R . A. H o u s t o u n , G. W . C. K a y e , 
H . Kiessig, P . G. K r u g e r a n d W . E . S h o u p p , Li. H . M a r t i n a n d K . C. L a n g , 
J . Pa l ac io s a n d M. Velasco, L . G. P a r r a t t , J . A. P r i n s , S. R . R a o , B . B . R a y a n d 
R . C. M a z u m d a r , H . S. R e a d , a n d F . K . R i c h t m y e r a n d co-workers , t h e a b s o r p t i o n 
of X - r a y s ; K . Gros sku r th , a n d J . A. B e c k e r s t u d i e d t h e effect of a m a g n e t i c field 
on t h e abso rp t ion of X - r a y s ; G. W . B r i n d l e y a n d F . Spiers , D . E . L e a , a n d 
D . Blochinzei i a n d F . H a l p e r i n , t h e s c a t t e r i n g of X - r a y s ; H . E . S tauss , t h e reflec­
t ion of X - r a y s ; A. J . L a m a r i s a n d J . A. P r i n s , a n d I . U m a n s k y a n d V. Veksler , 
t h e d ispers ion of X - r a y s ; J . V e l d k a m p , t h e effect of t h e l a t t i ce on t h e s t r u c t u r e 
of t h e X - r a y abso rp t ion s p e c t r u m ; H . Kiessig, t h e in ter ference of X - r a y s b y t h i n 
films ; S. B h a r g a v a a n d J . B . Mukher jee , t h e changes p r o d u c e d in X - r a y s b y the i r 
pa s sage t h r o u g h t h i n films of n ickel ; S. R . R a o , t h e exc i t a t i on of X - r a y s f rom 
t h e different faces of a c rys t a l ; C. T . Chu, F . C. Cha lk in , E . V e t t e , S. R . R a o , a n d 
O. W . R i c h a r d s o n a n d S. R . R a o , t h e exc i t a t i on of soft X - r a y s f rom single c rys ta l s 
a n d po lyc rys ta l l ine nickel ; A. H . C o m p t o n , O. W . R i c h a r d s o n a n d F . S. R o b e r t s o n , 
L . P . Dav ie s , a n d TJ. N a k a y a , t h e effect of ox ida t ion on t h e emission of X - r a y s b y 
nickel . H . S. R e a d s t u d i e d t h e effect of t e m p e r a t u r e ; a n d J . A. Becker , t h e s l ight 
effect of a m a g n e t i c field of 18,000 gauss on t h e a b s o r p t i o n coeff. of n ickel for 
X - r a y s of s h o r t wave - l eng th ; R . W . G. Wyckoff, H . Kiessig, R . P iedmi l le r , a n d 
H . W . E d w a r d s , t h e reflection of X - r a y s f rom nickel ; W . A. W o o d , G. 1. F i n c h 
a n d A. G. Quarre l l , t h e diffraction ; L . T. P o c k m a n a n d co-workers , t h e in tens i t ies ; 
E . A c e n d s , t h e fluorescent effects; IL. Kulenkampff , a n d F . K . R i c h t m y e r a n d 
L . S. Tay lo r , t h e i n t ens i t y of X - r a y s f rom nickel ; S. Pas to re l lo , n ickel a s a 
deflect ion l a t t i ce for X - r a y s ; C. D . Cooksey, t h e r ad i a t i on p r o d u c e d b y X - r a y s . 
Accord ing t o R . W . J o n e s a n d G. W . Br ind ley , B . B . R a y , a n d R . W . G. Wyckoff, 
t h e a t o m i c s ca t t e r ing of X - r a y s is a m i n i m u m a t t h e K - a b s o r p t i o n l imi t of nickel , 
a n d a m a x i m u m n e a r i t s r e sonance wave - l eng th ; H . Moller found t h a t t h e 
K - d o u b l e t s a r e spl i t i n t o t w o c o m p o n e n t s b y s t r a in ing t h e m e t a l . N . H . Moxnes , 
a n d P . G i in the r a n d I . N . S t r a n s k y s tud i ed t h e ana lys i s of al loys of n ickel a n d 
coba l t ; E . Wa ine r , m i x t u r e s w i t h ferric oxide , a n d w i t h ca lc ium oxide ; a n d 
W . Arkadieff, t h e m a g n e t i c s p e c t r u m of t h e H e r t z i a n w a v e s . 

A. T . W a t e r m a n , H . Schenck , C. Dav i s son a n d C. H . K u n s m a n , K . H a y a k a w a , 
S. R . R a o , H . Schenck , H . N u k i y a m a a n d H . H o r i k a w a , H . E . F a r n s w o r t h , 
A. L . P a t t e r s o n , E . W . B . Gill, R . M. C h a u d h r i , R . L . P e t r y , W . E s p e , a n d 
P . T a r t a k o v s k y a n d V. K u d r j a v z e v a s t u d i e d t h e emiss ion of e lec trons b y n ickel ; 
H . A. B a r t o n , t h e emission of e lec t rons f rom ox ide-coa ted f i laments ; E . F . R i c h t e r , 
t h e emission f rom films c o a t e d w i t h b a r i u m ox ide ; W . Dis t l e r a n d G. Monch , t h e 
p o t e n t i a l of e lectronic emission f rom glowing n i c k e l ; G. Glockler , e lec t ron affinities ; 
W . U y t e r h o v e n a n d M. C. H a r r i n g t o n , H . A. E r i k s o n , C. H u r s t , S. R . R a o , 
G. Shearer , a n d M. L . E . O l i p h a n t a n d P . B . Moon, t h e l ibe ra t ion of e lec t rons b y 
pos i t ive ions ; H . B . W a h l i n , t h e emission of e lec t rons f rom h o t wires ; R . Viohl , 
t h e h e a t of condensa t ion of e lec t rons on nickel ; C. H . T h o m a s , A . L . K le in , 
M. C. H a r r i n g t o n , S. R . R a o , M. N . D a v i s , B . J . T h o m s o n , W . S. S te in , S. R . R a o , 
H . N u k i y a m a a n d H . H o r i k a w a , K . S. W o o d c o c k , P . B . Moon, P . T a r t a k o v s k y a n d 
V. K u d r j a v z e v a , R . M. Chaudhr i , W . U y t e r h o v e n a n d M. C. H a r r i n g t o n , N . C. Beese , 
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W. J . J a c k s o n , a n d M. L . E . O l iphan t , t h e s e c o n d a r y emiss ion of e lec t rons f rom 
nicke l b o m b a r d e d b y pos i t i ve r a y s ; L . H . Germer , H . R a e t h e r , C. D a v i s s o n a n d 
L . H . Ge rmer , K . L . H o r o v i t z a n d co-workers , T . B e n e c k e , a n d E . R u p p , t h e 
diffraction of e lec t rons b y n icke l ; H . E . F a r n s w o r t h , C. Dav i s son a n d co-workers , 
R . W . Gr. Wyckoff, A. L . P a t t e r s o n , a n d R . L . D o a n , t h e s c a t t e r i n g of e lec t rons ; 
L . H . Germer , H . W . E d w a r d s , a n d E . R u p p , t h e reflection of e lec t rons ; 
G. Boeckne r , t h e r a d i a t i o n s e m i t t e d b y b o m b a r d m e n t w i t h slow e lec t rons ; 
O. K l e m p e r e r , e lec t ronic collisions ; E . R u p p , C. D a v i s s o n a n d co-workers , t h e 
a b s o r p t i o n of e lec t rons ; C. D a v i s s o n a n d L . H . Germer , t h e a n o m a l o u s d ispers ion 
a t 1-3 A. of e lec t ron w a v e s b y n icke l ; C. Dav i s son a n d L . H . Ge rmer , t h e 
re f rac t ion of e lec t rons ; G. W . F o x a n d R . M. Bowie , a n d H . E . F a r n s w o r t h , a n d 
D . A . Wel l s , t h e ene rgy of d i s t r i b u t i o n of s e c o n d a r y e lec t rons ; a n d E . D . E a s t m a n , 
t h e t h e r m a l c a p a c i t y of t h e e lec t rons ; L . H . Germer , t h e e lec t ronic m o t i o n s a n d 
gas a b s o r p t i o n ; R . R u e d y , t h e free a n d b o u n d e lec t rons in n ickel ; D . A. Wel ls , 
t h e e n e r g y of t h e emiss ion ; a n d W . Di s t l e r a n d G. Monch , t h e t h e r m i o n i c w o r k 
func t ion . 

Li. L . B a r n e s s t u d i e d t h e emiss ion of pos i t ive i ons f rom nickel ; A. K . Brewer , 
t h e effect of a m m o n i a on t h e emiss ion of pos i t ive ions ; H . R . v o n T r a u b e n b e r g , 
t h e r a n g e of t h e a -pa r t i c l e s in n i c k e l ; a n d K . S. W o o d c o c k , t h e emiss ion of 
e l ec t rons f rom nicke l b o m b a r d e d b y ct-rays. J . K . R o b e r t s s t u d i e d t h e e x c h a n g e 
of ene rgy b e t w e e n h e l i u m a t o m s a n d a n ickel surface ; P . B . Moon, t h e emiss ion 
of e lec t rons f rom nickel b o m b a r d e d b y caes ium ions ; R . B . Sawyer , a n d 
A. L o n g a c r e , t h e reflection a n d s ca t t e r i ng of l i t h i u m ions f rom nickel c rys t a l s ; 
a n d A . Coehn a n d K . Sper l ing , t h e a c t i o n on a p h o t o g r a p h i c p l a t e . W . G. G u y 
obse rved n o r a d i o a c t i v i t y w i t h nickel . 

R . D . K l e e m a n found t h e ion iza t ion p r o d u c e d b y t h e a.-, /?-, a n d y - r a y s t o be in 
t h e p r o p o r t i o n 1-72 : 2-67 : 2 -81 . H . P a t t e r s s o n s t u d i e d t h e reflection of a -pa r t i c l e s 
f rom a t o m i c nuclei ; a n d E . R i e , t h e p e n e t r a t i o n of r a d i u m rays . G. P . T h o m s o n 
s t u d i e d t h e diffraction of t h e ca thode rays b y n ickel ; J . A. Becker , t h e loss in 
i n t e n s i t y on t r a n s m i t t i n g s low c a t h o d e r a y s t h r o u g h n icke l films of t h i cknes s 
0 02/JL a n d 004/xft, a t 20 v o l t s — i t a m o u n t s t o 1-12 X 10~ 4 , a n d 0 0 4 7 X 10~ 4 , respec­
t i ve ly ; a n d G. F o u r n i e r , t h e a b s o r p t i o n of/3-rays. E . R ie obse rved t h a t t h e d e p t h 
of p e n e t r a t i o n of r a d i o a c t i v e recoil a t o m s f rom r a d i u m e m a n a t i o n s is 10/x/x. I . Curie 
a n d F . Jo l io t , E . F e r m i a n d co-workers , a n d W . G. G u y s t u d i e d t h e i n d u c e d 
r a d i o a c t i v i t y of n ickel . W . Arkadieff s t u d i e d t h e e lectr ic and m a g n e t i c spectra of 
e l ec t ro -magne t i c w a v e s ; a n d Y . H . W o o , t h e Compton effect. A. I m h o f showed 
t h a t s t a t i o n a r y w a v e s a r e e m i t t e d b y wires h e a t e d b y a n a l t e r n a t i n g c u r r e n t . 

N . Pil tschikoff sa id t h a t n ickel e m i t s Moser rays c a p a b l e of pas s ing t h r o u g h 
p a p e r , celluloid, or a l u m i n i u m , a n d of d e c o m p o s i n g si lver b r o m i d e . E . A m a l d i 
a n d co-workers observed n o i n d u c e d r a d i o a c t i v i t y w i t h nickel . R . R o b l obse rved 
n o luminescence w i t h nickel in u l tra-v io le t l ight . 

T h e photoe lectr ic effect w a s i n v e s t i g a t e d b y L . P . D a v i e s , 1 8 J . F . C h i t t u m , 
J . S. H u n t e r , R . H a m e r , R . B . J o n e s , H . K l u m b , J . R . Nil lson, T . P a v o l i n i , 
G. R e b o u l , S. C. R o y , F . H l u c k a , W . K l u g , J . C h a d w i c k a n d M. G o l d h a b e r , 
A . G. S h e n s t o n e , J . J . Weigle , a n d G. B . Welch . S. W e r n e r g a v e 2850 A. for t h e 
pho toe l ec t r i c t h r e s h o l d co r r e spond ing w i t h t h e l imi t ing f requency of t h e pho toe l ec t r i c 
effect ; R . H a m e r g a v e 3050 A. ; G. B . Welch , 3050 A. ; a n d J . J . Weigle , 3540 A . 
T h e sub j ec t w a s s t u d i e d b y J . H . Wol fenden , C. K e n t y , P . L u k i r s k y a n d 
S. Prilezaeff, TJ. N a k a y a , F . H l u c k a , G. B . B a n d o p a d h y a y a , G. 1ST. Glasoe, 
O. K o p p i u s , a n d F . G. T u c k e r . H . K l u m b , O. I . L e y p u n s k y , a n d W . F r e s e 
i n v e s t i g a t e d t h e inf luence of occ luded gas on t h e pho toe lec t r i c effect ; a n d 
R . F . H a n s t o c k , t h e effect of po l i sh ing t h e m e t a l . H . S. Allen, a n d W . F r e s e 
f o u n d t h a t t h e oxidiz ing a g e n t s wh ich m a k e nickel pas s ive a re t h o s e which r educe 
t h e pho toe l ec t r i c sens i t iveness . F . E h r e n h a f t found t h a t p o w d e r e d nickel exh ib i t ed 
pos i t ive a n d n e g a t i v e photophores i s , o r m o v e m e n t w i t h or aga in s t t h e d i rec t ion 
of a b e a m of inc iden t l igh t . 
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H. N . Russel l i e gave 7-64 a n d 18-2 vol ts for t h e ionizat ion potentials of nickel , 
a n d t h e subject was s tudied by C. T. Chu, B . B . R a y a n d R . C. Mazumdar, 
S. C. Biswas, A. C. Davies a n d F . H o r t o n , U . Aindrewes a n d co-workers , R . Li. P e t r y , 
G. B . Welch, G. B . Kis t iakowsky , a n d C. H . T h o m a s . H . W a h l i n found t h e critical 
potentials in nickel vapour be tween 0 a n d 17 vo l t s ; a n d O. W . R i c h a r d s o n a n d 
co-workers represented the series b y v=181-9—2357n 2 , where w = 4 , 5, 6, 7, 8, 9, 
10, 11 , a n d 12 vol ts . C. H . T h o m a s gave for t h e L-series of nickel , 833*4 a n d 948 
vol ts . W. Herz gave for t h e vibration frequency of nickel 8-07 x l O 1 2 . T h e 
subject was s tudied b y W . Herz , J . B . Aus t in , J . E . P . Wags ta f l , a n d 
G. B . Kis t iakowsky. 

A. Mat thiessen a n d C. Vogt 2 ° found t h a t t h e electrical conductivi ty of w h a t 
was t h o u g h t t o be pu re nickel was 13-106 on t h e a s sumpt ion t h a t t h e va lues for 
silver a n d ha rd -d rawn copper were respect ively 100 a n d 99-75. L . Weil ler o b t a i n e d 
a conduc t iv i ty of 7-89 (silver 100). J . D e w a r a n d J . A. F l e m i n g o b t a i n e d 
14-5 X 10 4 mhos a t 0° for t h e conduc t iv i ty of nickel ; L . Ho lborn , 15-2 X 10 4 m h o s ; 
G. Niccolai, 8 - 3 x 1 0 * m h o s ; a n d W . C. Ellis a n d co-workers , 0-966 X 10 5 m h o s . 
J . A. F leming calcula ted t h e electrical resistance* R, t o be 12-357 m i c r o h m s pe r 
cm. cube, b u t wi th electrolyt ic nickel he ob ta ined a sp. res is tance of 6-935 m i c r o h m s 
pe r cm. cube a t 0°. H . M a s u m o t o gave JR-0-00000858 ohm per cm. cube for t h e 
resis tance of nickel a t 30°. A. Campbel l r epor t ed t w o commerc ia l samples w i th 
t h e respect ive resis tances 8 a n d 12 mic rohms pe r cm. cube a t 0° ; H . Copaux gave 
6-4 microhms ; R . R u e r a n d K . K a n e k o , 7-7 mic rohms ; H . P e c h e u x — c u r v e 3 , 
F ig . 32, 9 microhms ; P . D . Merica, 6-5 mic rohms ; L . J o r d a n a n d W . H . Swanger , 

7-236 mic rohms ; F . W e n n e r a n d F . R . Caldwell, 
7-236 m i c r o h m s for annea led 99-94 per cent , n ickel 
a t 20° ; a n d E . P . H a r r i s o n — c u r v e 2, F ig . 3 2 — 
10-288 m i c r o h m s per cm. cube of purified n ickel . 
M. F . Angell ob t a ined be tween 0° a n d 1200° a cu rve 
resembl ing 2, F ig . 32. B . D . E n l u n d , C. M. S m i t h 
a n d J . C. MacGregor, J . MacGregor-Morris a n d 
R . P . H u n t , D . H . Browne a n d J . F . T h o m p s o n , 
W . R o h n , H . Ie Chatelier , F . H . Schofield, 
C. A. de B r u y n , a n d C H . Lees also m e a s u r e d t h e 
electrical resis tances of nickel. W . H . S t a n n a r d gave 
a t ab le of t h e res is tance of t h e me ta l . H . P e c h e u x 

r e p o r t e d four commercia l samples wi th resis tances 9, 10-24, 13 :25, a n d 14-25 
mic rohms per cm. cube respect ively ; a n d W . J a g e r a n d H . Diesselhorst o b t a i n e d 
8-50 mic rohms pe r cm. cube a t 18°, a n d 6-37 a t 100°, w i th a sample con ta in ing 
Co, 1-4 ; Fe , 0-4 ; Mn, 1 0 ; a n d Cu, 0 1 . 

M. A. H u n t e r a n d co-workers ' r e su l t s—curve 4, F ig . 32—are based on a 
res is tance of 1 o h m a t 20°, when t h e ac tua l va lues were respect ively 64, 84, a n d 
117 for t h e t h ree g rades of nickel , A, C, a n d D . 

-200" 0" 200° 400° 600° 800° WOO° 

F i Q . 3 2 . E l e c t r i c a l R e s i s t a n c e 
C u r v e s of N i c k e l . 

( A 

n \c }r> 

2 0 ° 
1-0OO 
1 0 0 

. 1-00 

ioo° 
1-43 
1-36 
1-39 

200° 
2 0 6 
1-90 
1-68 

40O° 
3-52 
3 -02 
2 -31 

600° 
4 - 1 5 
3 -49 
2 -62 

800° 
4 - 7 3 
3 -96 
2 -94 

1000° 
5 - 3 8 
4 - 5 0 
3-3O 

The resis tance decreases ve ry m u c h as t h e p ropor t ion of impur i t i e s increases . 
T h e t rans format ion t e m p , for t h e t h r e e g rades a re respect ive ly 350°, 320°, a n d 
275°. V. A. S u y d a m gave for t h e res is tance , R o h m s a t : 

R 
o° 

l-OOO 
339° 

2 - 6 4 9 
352° 

3 - 5 4 2 
457° 

4 - 0 2 8 
551° 

4 3 5 9 
726° 

4 - 9 6 6 
980° 
5 - 4 6 3 

1000° 
5 - 9 2 0 

G. Niccolai gave for t h e ra t io of t h e res is tances a t 6 a n d 0° , R : R2—curve 1, F ig . 32 : 

Ji 
H 

— 192° 
0 - 1 7 3 
0 1 1 4 

— 78° 
O-6OO 
0 - 5 8 1 

ioo° 
1-683 
1-666 

2 0 0 ° 
2 - 5 3 7 
2 - 5 1 1 

3 0 0 ° 
3 - 5 5 9 

400° 
4-770 
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where t h e data i n t h e l a s t l ine a r e d u e t o L . H o I b o r n . H . S c h i m a n k gave for t h e 
r a t i o s a t 0-09°, —78-6°, —122-6°, a n d —252-8°, r e spec t ive ly , R : .R0=I-OOOO, 0-6722, 
0-2904, a n d 0-2046, a n d R0=2 14:7 o h m s . O b s e r v a t i o n s were m a d e b y W . Giess 
a n d J . A. M. v a n L i e m p t , B . Svensson , C. D r u c k e r , E . H o r n , C. A. H e r i n g , a n d 
K . H o n d a a n d Y . O g u r a . K . H o n d a a n d T . S i m i d u g a v e for t h e res i s t ance , R 
m i c r o h m s p e r c m . c u b e : 

2? x 10« 
26° 

11-9 
81° 

14-8 
1 9 7 ° 
21-6 

3 1 0 ° 
31-2 

4 0 1 ° 
37-4 

5 3 1 ° 
4 2 0 

664° 
46-8 

F . H . Schofield g a v e for t h e res i s tance , R o h m s p e r c m . c u b e : 

R x 10« 
1 4 ° 

10-04 
1 1 1 ° 

14-60 
142-4° 

1 6 1 7 
2 0 0 - 5 ° 
19-73 

3 0 4 1 ° 
28-15 

4 0 9 6° 
35-OO 

5 1 9 4° 
38-65 

7 6 4 ° 
49-3 

691-1° 
43-60 

8 3 6 ° 
5 1 0 

820-7° 
47-60 

W . Meissner a n d co -worke r s m e a s u r e d t h e res i s t ance a t t e m p , d o w n t o —271-8°, 
a n d h e o b t a i n e d for t h e r a t i o , r, of t h e res i s tance , R, a t t h e obse rved t e m p , t o t h e 
r e s i s t ance , R0, a t 0° , a n d for t h e r a t i o , rred> of t h e p u r e m e t a l w h e n t h e o b s e r v e d 

r 
**red 

O 1 6 ° 
1 
1 

— 1 8 5 - 5 8 ° 
0-1179 
0 1 1 3 5 

— 1 9 4 1 5 ° 
0 0 9 1 9 3 
0 0 8 7 3 5 

— 2 5 2 - 6 0 ° 
0-006622 
0-001610 

— 2 6 8 - 7 9 ° 
0 0 0 5 0 7 8 
0 0 0 0 0 5 8 

— 2 7 1 66° 
0 0 0 5 0 2 7 
0-000000 

J . C. M c L e n n a n a n d co -worke r s found t h e sp . r e s i s t ance of n icke l a t 0C 

a n d a t —152-4°, 0-59. W . Meissner g a v e : 
t o be 6-93 

R 
0-20° 

1 
— 1 8 5 - 5 7 ° 
0 1 1 7 9 

— 1 9 4 1 4 
0-09193 

— 252-60° 
0 0 6 6 2 2 

— 2 6 8 - 7 9 ° 
0-005078 

— 271-66° 
0 0 0 5 0 2 7 

0 008\ 

0006 

r~o 0004 

0002 

1 U H 
\ 

§ I 

or, b y e x t r a p o l a t i o n , 0 0 0 5 0 2 a t —273° . W . T u i j n a n d H . K . O n n e s found t h a t 
n icke l d i d n o t show s u p e r - c o n d u c t i v i t y a t low t e m p . J . D e w a r a n d J . A. !Fleming 
g a v e 0-00620 for t h e t e m p . coefT. of t h e r e s i s t ance b e t w e e n 0° a n d 100° ; L . H o l b o r n , 
0-00675 ; P . W . B r i d g m a n , 0-00634 ; C. G. F i n k a n d F . A. R o h r m a n , 0 0 0 6 4 ; 
F . W e n n e r a n d F . R . Caldwel l , 0-0067 ; W . Giess a n d J . A . M. v a n L i e m p t , 0 0 0 6 6 7 
for a n n e a l e d nickel , a n d 0-00706 for n icke l a f te r h e a t i n g 30 m i n . in v a c u o a t 1000° ; 
a n d A. A . Somerv i l l e g a v e t h e r e su l t s s u m m a r i z e d in F ig . 3 3 . C F . M a r v i n found t h a t 
t h e r e l a t ion b e t w e e n t h e res i s t ance b e t w e e n 
t h r e e s a m p l e s of n icke l a n d t h e t e m p , cou ld be 
r e p r e s e n t e d b y log R = 1-08539 + 0 - 0 0 1 6 9 9 0 ; 
log #=l-9OO45-f-OOO18180 ; a n d log R= 
0-96145+0-001450 . J . K r a m e r , Y . M a s l a k o -
v e t z , R . C. L . B o s w o r t h , a n d A. R i e d e m e a s u r e d 
t h e r e s i s t ance of t h i n films. J . Miiller s t u d i e d 
t h e r e s i s t ance w i t h d i r e c t a n d a l t e r n a t i n g 
c u r r e n t s ; a n d A. T . W a t e r m a n , E . W . H a l l , a n d 
K . H o j e n d a h l , t h e e lec t ronic t h e o r y of con­
d u c t i v i t y w i t h r e spec t t o t h e n ickel . 

C. G. K n o t t o b s e r v e d t h a t t h e inc rease in t h e res i s tance p e r degree rise of 
t e m p , c o n t i n u e s r egu l a r ly u p t o a b o u t 200° , a n d i t is t h e n n e a r l y c o n s t a n t u p t o 
320° , w h e n a n a b r u p t c h a n g e occurs , a n d a f te r t h a t t h e r e is a slow un i fo rm rise. 
T h u s , w i t h i n 200° a n d 320° , t h e s lope of t h e t e m p e r a t u r e - r e s i s t a n c e c u r v e is s t eepe r 
t h a n i t is a n y w h e r e else. W . de l R e g n o found a b r e a k in t h e res i s t ance c u r v e n e a r 
400° . A . Batte l l i r e p r e s e n t e d t h e c h a n g e in t h e res i s t ance a t 0, be tween 0° a n d 
220°, t o b e 0-0039810-O-O 52202 ; b e t w e e n 230° a n d 360°, O-OO43520—O-O51802 ; 
a n d b e t w e e n 380° a n d 410°, 00033^20—0-O 5 1202, w h e n t h e res i s t ance a t 0° is 2-312. 
M. F . Angel l o b s e r v e d a b r e a k i n t h e f o r m of t h e c u r v e a t t h e m a g n e t i c t r a n s ­
f o r m a t i o n p o i n t , n e a r 370° , a n d a n o t h e r b r e a k a t a b o u t 700°, .which w a s sa id t o 
c o r r e s p o n d w i t h a n o t h e r a l lo t rop ic c h a n g e , b u t t h e cr i t ica l p o i n t a t 700° was n o t 
observed b y K . H o n d a a n d T. S i m i d u . B o t h F . H . Schofield, a n d M. T u o r n e u r 
observed points of inflexion in the curve near the t e m p , of t h e m a g n e t i c t r a n s -

200 400 6OO 800 1000 1200 

F l O . 3 3 . T h e T e m p e r a t u r e Co­
efficient of t h e E l e c t r i c a l R e s i s t a n c e 
of N i c k e l . 
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ioo° 
1-4873 
0 0 B 1 6 3 1 

- 0 0 5 1 5 3 5 

M. C a n t o n e , Gr. 
I , . W . M c K e e h a n , 

125 

Ereol in i , A. Nobi le , 
a n d F . S k a u p y a n d O. 

x 

-A6 

fo rmat ion . A. L . Wi l l iams a n d co-workers s t u d i e d t h e e lect r ica l c o n d u c t i v i t y of 
m i x t u r e s of nickel a n d mica . 

W . Broniewsky s tud ied t h e re la t ion be tween t h e specific volume a n d t h e e lect r ica l 
res is tance . S. R . Wil l iams a n d R . A. Sande r son o b t a i n e d t h e r e su l t s s u m m a r i z e d 
in F ig . 34 for t h e change in t h e res is tance of s t r ips of n ickel of different degrees of 
hardness in a magne t i c field of 75-3 gauss . 

P . W . B r i d g m a n found t h a t t h e electr ical res i s tance of n ickel is modif ied b y 
pressure r ang ing from 0 t o 12,000 k g r m s . pe r sq. cm. : 

0° 25° 50° 75° 
Res i s t ance . . . 1 0 0 0 0 1 1 1 0 8 1-2288 1-3542 

™ <0 . . ~ 0 0 6 1 5 8 1 — O O B 1 5 7 8 0-051586 —0-0 61600 
l r e s s coef f . | 1 2 Q O O 0-061393 — 0 0 6 1 4 2 8 — 0 0 5 1 4 6 4 - 0-0»l499 

The press . coefT. a t 0° is t h u s —0-05158 aga ins t t h e v a l u e —0-0 5138 o b t a i n e d b y 
E . Lisell . P . W . B r i d g m a n found t h e press , coeff. a t 0° , —78-4°, a n d —182-9°, w i t h 
7,000 k g r m s . per sq. cm. , t o be respec t ive ly 0-05185, —0-0 520, a n d —0-0 5 188. 
E . D . Wil l iamson gave 0-9823 for t h e r a t io of t h e electr ical res i s tance w i t h 1 k g r m . 
p e r sq. cm. , a n d w i t h 12,000 k g r m s . pe r sq. cm. O b s e r v a t i o n s on t h e effect of 
press , on t h e res is tance were m a d e b y K . H o n d a a n d co-workers , S. Arzibischeff 
a d n V. J . U . Juschakoff, A. W . S m i t h , A. Schulze , H . Toml inson , W . E . Wi l l i ams , 

J . B . Se th a n d C. A n a n d , R . S. B e d i , 
K a n t o r o w i c z . Accord ing t o S. Arzibischeff 

a n d V. J . TJ. Juschakoff , 
t h e res i s tance of a nickel wi re 
u n d e r tension decreases a t 
first, reaches a m i n i m u m a t 
0-05 e longa t ion a t room 
t e m p . , a n d t h e n increases . 
The re a re d i scon t inu i t i e s 
be tween 343° a n d 360°. T h e 
inflexion p o i n t occurs a t 
a b o u t 353°, which is n e a r t h e 
Curie p o i n t for nickel , so 
t h a t t h e p h e n o m e n o n a p p e a r s 
t o be r e l a t ed w i t h t h e m a g ­
ne t i c t r a n s f o r m a t i o n of t h e 
m e t a l . T h e m i n i m u m is less 

p r o n o u n c e d a t h igher t e m p . , a n d disaj>pears a t t h e c r i t i ca l p o i n t ; b e y o n d t h a t , 
t h e effect of s t r e t ch ing is t o increase t h e res i s t ance a l m o s t l inear ly . P . W . B r i d g m a n 
obse rved t h e p e r c e n t a g e c h a n g e in t h e e lect r ica l c o n d u c t i v i t y of nickel , in t ens ion 
w i th a load of 1900 k g r m s . p e r sq. cm. , t o be 0-48, o r 0-05252 pe r k g r m . p e r sq. c m . 
R . S. Bed i , L . W . M c K e e h a n , a n d S. Arzibischeff a n d V. J . U . Juschakoff s t u d i e d t h e 
effect of t ens ion . H . T o m l i n s o n obse rved t h a t t h e decrease in t h e e lect r ical res is t ­
a n c e pe r u n i t p r o d u c e d b y a s t ress of a g r a m p e r sq. c m . is 3216 x 10~ 1 2 . 
F . G r e d n e r obse rved t h a t t h e dec rease in t h e res i s tance of m e t a l wi res u n d e r 
t ens ion as t h e t e m p , is r a i sed t o a b o u t 500° is qu icke r a n d g r e a t e r t h e h i g h e r is t h e 
t e m p . T h e m i n i m u m res i s t ance w i t h n ickel occurs a t a b o u t 550°. T h e c h a n g e 
is n o t d u e t o a c h a n g e f rom a n a m o r p h o u s t o a c rys ta l l ine s t a t e , b u t r a t h e r t o t h e 
f o r m a t i o n of spaces b e t w e e n t h e c rys ta l l i t es , a n d d e p e n d s also on t h e g l id ing surfaces 
of t h e m e t a l , a s well a s t o t h e a l t e r a t i o n u n d e r t ens ion f rom a n i r r egu la r t o a s u i t a b l y 
a r r a n g e d s y s t e m of c rys ta l l i t e s ; J . B . S e t h a n d C. A n a n d n o t e d t h a t t h e res i s t ance 
of a n ickel wire dec reased on s t r e t ch ing , r e a c h i n g a m i n i m u m v a l u e w h e n t h e 
ex t ens ion w a s 15 p e r cen t , of t h a t of f r ac tu re , a n d t h e r e a f t e r i t i nc reased con­
t i n u o u s l y . T h e in i t ia l p a r t of t h e ex tens ion- res i s t ance c u r v e d o w n t o t h e m i n i m u m 
v a l u e of t h e res i s tance exh ib i t ed a hys te res i s effect w h e n t h e wi re w a s s u b j e c t e d t o 
a cycle of va lues of ex t ens ion . R . S. R e d i o b s e r v e d t h a t t h e m i n i m u m a t t a i n e d in 
t h e res i s tance cu rve w h e n nickel is s t r e t c h e d c o r r e s p o n d s w i t h t h e e las t ic l imi t . 

]Change in length \ \ — -" 
in resistance 2£££. 

o 
32 40 

Scleroscopic hardness 
Vio. 34. Tl ie Effect of H a r d n e s s o n t h e E l e c t r i c a l 

l i e s i s t a n c o a n d M a g n e t o s t r i c t i o n of N i c k e l . 
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T h e p r e l i m i n a r y s t r e t c h i n g w a s n o t obse rved w i t h copper , i ron , or s tee l . T . TJeda 
s t u d i e d t h e effect of torsion on t h e res i s t ance of n icke l ; W . B r o w n , t h e effect of a n 
e lect r ica l c u r r e n t on t h e subs idence of to r s iona l o s c i l l a t i o n s ; a n d H . !L. B r a k e l , 
t h e effect of vibration on t h e r e s i s t ance of n ickel . 

K . H o n d a a n d T . H i r o n e , a n d S. d e Negr i s t u d i e d t h e effect of p re s s , on t h e 
res i s t ance of n icke l ; F . S k a u p y a n d O. K a n t o r o w i c z , t h e r e s i s t ance of compres sed 
p o w d e r e d n icke l ; O. J a a m a a a n d Y . E . G. Le inbe rg , a n d L . R e i c h a r d t m e a s u r e d 
t h e r e s i s t ance of p o w d e r e d n icke l ; a n d J . K r a m e r a n d H . Z a h n , A. R i e d e , 
H . B . P e a c o c k , a n d I t . R iedmi l l e r , t h e res i s t ance of t h i n films of n ickel . L . R . Ingerso l l 
a n d J . D . H a n a w a l t o b s e r v e d t h a t t h e e lec t r ica l r es i s tance , a t 0° t o 450° , is g r e a t e r 
w i t h films s p l u t t e r e d in a r g o n a t 0-5 m m . press , t h a n i t is w i t h films o b t a i n e d b y 
t h e e v a p o r a t i o n of n icke l ; a n d t h e r e s i s t ance of e v a p o r a t i o n films is g r e a t e r t h a n 
i t is w i t h n icke l en masse. A . Sie v e r t s d iscussed t h e effect of occ luded gases on 
t h e c o n d u c t i v i t y of n icke l ; a n d T. S k u t t a obse rved t h a t t h e res i s t ance of n ickel 
inc reases i n a n a t m . of h y d r o g e n a n d n i t r o g e n a t p ress , u p t o 30 a t m . I t w a s 
s u p p o s e d t h a t a n u n s t a b l e solid soln. of n icke l a n d h y d r o g e n is fo rmed in t h e 
p re sence of h y d r o g e n . T h e t h e o r y of t h e e lec t r ica l c o n d u c t i v i t y was d iscussed b y 
K . F . Herz fe ld , K . H o j e n d a h l , M. v o n P i r a n i a n d A. R . Meyer , a n d F . S i m o n . 

A l t h o u g h M. F . Angel l o b s e r v e d t h a t t h e r e s i s t ance of n ickel , in t h e r a n g e 200° 
t o 800° , is n o t c h a n g e d b y h e a t t r e a t m e n t , H . W e d d i n g sa id t h a t t h e e lec t r ica l 
r e s i s t ance of ca s t n ickel is n o t c h a n g e d b y forging. M. Mac lean found t h e res i s t ance 
of d r a w n a n d u n d r a w n n icke l t o be r e spec t ive ly as 0-2287 : 0*0480. H . T o m l i n s o n 
o b t a i n e d a n a l o g o u s r e su l t s . P . K a p i t z a sa id t h a t t h e p h y s i c a l c h a n g e s p r o d u c e d 
in n icke l b y h a r d e n i n g a n d a n n e a l i n g h a v e a m a r k e d effect on t h e e lect r ica l r e s i s t ance . 
A . K r u p k o w s k y g a v e for t h e r e s i s t ance of q u e n c h e d n ickel 8-84 x 10~~6, wh ich 
b e c o m e s 8-03 X 10~ 6 w h e n a n n e a l e d ; t h e c o r r e s p o n d i n g t e m p , coeff. were , respec­
t i ve ly , 0-00577 a n d 0-00622. L . Gui l le t a n d M. B a l l a y found t h a t a s a r e su l t of 
co ld -work , t h e r e s i s t ance of n icke l w a s i nc reased 2-7O p e r c en t . G-. T a m m a n n a n d 
co -worke r s s t u d i e d t h e sub j ec t . 

R . K i k u c h i , a n d H . M. B a r l o w c o m p a r e d t h e e lect r ica l a n d thermal conductivities 
of nickel ; a n d K . H o n d a a n d T. S i in idu f o u n d t h a t t h e p r o d u c t of t h e sp . resis t ­
a n c e s w i t h t h e t h e r m a l c o n d u c t i v i t i e s is n o t c o n s t a n t , b u t r anges b e t w e e n 1-58 
a t 26° t o 4-3O a t 400° . T h i s is in a g r e e m e n t w i t h o b s e r v a t i o n s on o t h e r ferro­
m a g n e t i c m e t a l s . M. F . Angel l f ound a s t e a d y reg ion in t h e v a l u e of t h e p r o d u c t 
kRTt w i t h a rise of t e m p . , a n d Iv. H o n d a a n d T. S i m i d u , a n d F . H . Schofield 
o b s e r v e d t h a t t h e p r o d u c t t e n d s t o b e c o m e c o n s t a n t a t a b o u t 2-6 f rom 300° u p w a r d s . 
A. E u c k e n a n d K . D i t t r i c h also s t u d i e d t h e a p p l i c a t i o n of W i e d e m a n n a n d F r a n z ' s 
ru le . C. D r u c k e r s t u d i e d t h e r e l a t i on b e t w e e n t h e specific heat a n d t h e e lect r ical 
r e s i s t ance ; A. S t e in , t h e r e l a t i on b e t w e e n t h e melting-point a n d t h e res i s t ance ; 
N . F . M o t t , t h e r e l a t i on b e t w e e n t h e latent heat a n d t h e m . p . ; a n d A. F a r k a s a n d 
H . H . R o w l e y , t h e loss of h e a t b y h e a t e d wires . C. E . G u y e a n d A. Schidloff 
e s t i m a t e d t h a t t h e r a i s ing of t h e e lec t r ica l r es i s t ance of n ickel b y a n electric field 
will p r o b a b l y be g r e a t e r t h a n is t h e case w i t h i ron . R . H o l m a n d W . Meissner 
s t u d i e d t h e c o n t a c t r e s i s t ance of n icke l . 

D . G o l d h a m m e r m e a s u r e d t h e c h a n g e in t h e e lect r ical res i s tance of n ickel in a 
magnetic field ; 1*. G r u n m a c h a n d F . W e i d e r t obse rved a dec rease of —1-4 p e r cen t , 
b y a field s t r e n g t h of 10,000 gauss , W . E . Wi l l i ams g a v e —1-2 p e r cen t . , a n d 
G. B a r l o w , 1-4 p e r cen t . , wh i l s t N . d ' A g o s t i n o obse rved a decrease of 1-0 p e r cen t , 
w i t h a field-strength of 6000 g a u s s ; a n d G. B e r n d t , a dec rease of 0-60 p e r cen t , 
w i t h a f i e ld -s t reng th of 3040 gauss . C. G. K n o t t o b s e r v e d t h a t in a field of 3800 
gauss , t h e p e r c e n t a g e c h a n g e i n t h e r e s i s t ance w i t h r ise of t e m p , becomes smal le r 
u p t o 260° , i t t h e n passes t h r o u g h a m i n i m u m , a n d a f t e r w a r d s r ises r a p i d l y t o a 
m a x i m u m a t 310° , a n d t h e n falls t o a p r o p o r t i o n a l l y low v a l u e a t 344°. C. G. K n o t t 
also m e a s u r e d t h e r e l a t i on b e t w e e n t h e m a g n e t i z a t i o n a n d t h e e lec t r ica l res i s tance 
of n icke l a t e l e v a t e d t e m p . , a n d h e f o u n d t h a t w h e n a n icke l s t r i p is c o n v e y i n g a 
c u r r e n t i t s c o n d u c t i v i t y is d i m i n i s h e d in a l ong i t ud ina l m a g n e t i c field, a n d increased 
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in a t ransverse magne t ic field. Reversa l of e i ther magne t i c field does n o t change the 
accompany ing effect on t h e conduc t iv i ty . W h e n a cyclic long i tud ina l field is 
superposed upon a s t eady t r ansverse field of m a g n i t u d e less t h a n a c e r t a in cr i t ica l 
va lue , t h e d iminu t ion in t h e conduc t iv i t y is less m a r k e d a s t h e t r ansve r se field 
increases a n d pract ical ly vanishes when th i s cr i t ical va lue of t r ansve r se field is 
reached. When t h e s t e a d y t ransverse field exceeds t h i s cr i t ical va lue t h e super­
posed cyclic longi tudinal field causes an increase in t h e conduc t iv i ty , a n d t h i s 
increase becomes more m a r k e d as t h e longi tud ina l field is m a d e grea ter . W h e n a 
cyclic t ransverse field is superposed u p o n a s t e a d y long i tud ina l field t h e increase 
in conduc t iv i ty is a u g m e n t e d . N o t only does t h e increase of c o n d u c t i v i t y g row 
grea ter wi th t he s t ronger t r ansverse field b u t i t also grows g rea te r as t h e s t e a d y 
longi tudinal field is increased. H . Tomlinson ob t a ined s imilar resul ts . 

Observa t ions on t h e res i s tance of n ickel in m a g n e t i c fields were m a d e b y M. S. A l a m , 
G. Alloco, K . B a m b e r g e r , G. Bar low, H . E . J . G. d u Bois , M. C a n t o n e , R . Dong ie r , A . D r i g o , 
E . E n g l e r t , G. F a e , A. Garbasso , W . Ger lach , W . G e r l a c h a n d K . S c h n e i d e r m a n n , 
T . Gneso t to , L . G r u n m a c h a n d F . W e i d e r t , M. M. S. G u p t a a n d co-workers , C. W . H e a p s , 
T . H i r o n e , W . A. J e n k i n s , "W. M. J o n e s a n d J . E . M a l a m , P . K a p i t z a , S. K a y a, 
P . McCorkle, L . W . M c K e e h a n , Y . M a t u y a m a , M. Medici , A. Nobi le , J . O b a t a , E . A . O w e n , 
H . H . P o t t e r , K . Schne ide rhan , A. W . S m i t h , 13. S. S t e inbe rg a n d F . 13. M i r o s c h n i t s c h e n k o , 
O. S t i e r s t a d t , W . T h o m s o n (Lord Ke lv in ) , F . Vilbig, S. K . W i l l i a m s a n d R,. A. S a n d e r s o n , 
a n d "W. E . Wi l l i ams . 

F . C. B l a k e o b t a i n e d t h e f o l l o w i n g c h a n g e s of e l e c t r i c a l r e s i s t a n c e , SR p e r c e n t . , 
b y a t r a n s v e r s e m a g n e t i c field of H g a u s s , a t d i f f e r e n t t e m p . : 

H . 
O 

1,0OO 
2,0OO 
3,0OO 
10,000 
14,000 
20,000 
35,000 

—100° 
0 
0-20 
0 1 7 
O 

- 0 1 8 
- O-l 8 
- O-16 
— 0-10 

— 75° 
O 
O-23 
0-16 

-O-05 
— 0-27 
— 0-32 
— 0-41 
— 0-63 

0° 
O 
0 0 7 
0 03 

— 0-34 
— 0-82 
— 0-91 
— 1-03 
— 1-32 

18° 
O 
0-7 
O-03 

— 0-36 
— 0-95 
— 1 0 4 
— 1-17 
— 1-50 

100° 
O 
0-96 
0-72 

— 0 1 4 
— 1-23 
— 1-37 
— 1-59 
— 2-13 

182° 
O 
0 04 

— 0 0 7 
— 0-60 
— 1-76 
— 1-95 
— 2-25 
— 2-98 

C. W . H e a p s r e p r e s e n t e d t h e effect of a t r a n s v e r s e field o n t h e e l e c t r i c a l r e s i s t a n c e 
b y F i g . 3 5 . C. G. K n o t t g a v e fo r t h e c h a n g e of r e s i s t a n c e , SR, of 1 0 0 , 0 0 0 o h m s of 

0 2O00 4000 6000 8000 10000 Q 10Q 200 3OO H 

F i a . 3 5 . — T h e Effect of a M a g n e t i c F ie ld on F i o . 3 6 . — T h e Effect of t h e S t r e n g t h of 
t h e E lec t r i ca l !Resistance of Nicke l . t h e L o n g i t u d i n a l Magne t i c F i e ld on 

t h e E l e c t r i c R e s i s t a n c e . 

nickel wire when subjec t t o t r a n s v e r s e magne t i c field of c.g.s. un i t s : 
10° 100° 20O° 250° 300° 310° 320° 340° 3509 

8/2 . . 750 640 390 25O 201 250 320 IOO 5 
a n d for t h e change SR pe r 10,000 d u e t o cyclic long i tud ina l a n d t r a n s v e r s e fields, 
H=50 c.g.s. un i t s : 

0° 100° 200° 300° 400° 600° 8OO0 

S i ? r L o n g . . 61 27 1-8 —7-2 —11-4 —148 —15-6 
\ T r a n s . . — —83 —142 —164 —175 —183 —185 

W . Gerlach 's curves for t h e pe r cen t age changes in t h e res i s t ance of n ickel a s a 
func t ion of t h e longi tud ina l field s t r e n g t h a t different t e m p - below the Curie p o i n t , 
are shown in F i g . 36 . T h e s e changes are approximately proportional t o the 
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e x t e r n a l field. T h e lower c u r v e s refer t o t h e lower t e m p . T h e cu rves , F i g . 36 , for 
t h e c h a n g e in t h e r e s i s t ance w i t h m a g n e t i z a t i o n a r e l inear f rom a b o u t t h e beg inn ing 
of t h e k n e e of, m a g n e t i z a t i o n u p t o s a t u r a t i o n for a b o u t 20° a n d 200°. W h e n t h e 
l inear p a r t of t h e c u r v e is e x t r a p o l a t e d ( d o t t e d line) t o furn ish a m a g n i t u d e 
whose p r o d u c t b y t h e a b s o l u t e t e m p , is c o n s t a n t , t h e c h a n g e in t h e r e s i s t ance 
w i t h f ie ld-s t rength r e p r e s e n t e d b y c o n t i n u o u s l ine, F ig . 37 , shows a hys te res i s 
wh ich is smal le r t h a n t h e hys t e re s i s of m a g n e t i z a t i o n r e p r e s e n t e d b y t h e d o t t e d 
l ine, F i g . 3 8 . 
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FiO. 37 . T h e Effect of M a g n e t i z a t i o n on 
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S. K a y a found t h a t w i t h single c ry s t a l s of n icke l t h e l o n g i t u d i n a l effect in eve ry 
d i r ec t ion of t h e a x e s — t e t r a g o n a l , d i agona l , a n d t r i gona l—inc reases t h e res i s tance , 
a n d in t h e dec reas ing o rde r (111), (110), a n d (10O). T h e t r a n s v e r s e effect g ives a n 
inc rease or dec rease in t h e r e s i s t ance acco rd ing t o t h e d i rec t ion of t h e m a g n e t i c 
field. T h e r e is a n increase w i t h (001), a n d a decrease w i th (110) a n d (111). Accord­
ing t o W . L . W e b s t e r , t h e r e is a n effect w i t h t h e (IOO) a n d (110) d i rec t ions e x a c t l y 
s i m i l a r t o w h a t h a s been found for i ron (q.v.) for t h e m a g n e t i c a l l y co r r e spond ing 
d i r ec t ions , F i g . 39 ; b u t t h e r e is, in a d d i t i o n , a v e r y large effect in t h e d i rec t ion of 
eas ies t m a g n e t i z a t i o n b o t h for l o n g i t u d i n a l a n d t r a n s v e r s e 
p h e n o m e n a . T h e c u r v e for t h e (111) d i rec t ion , w h e r e 
t h e c h a n g e of r e s i s t ance occurs w i t h i n 5 p e r cen t , of 
s a t u r a t i o n , m a y b e d u e t o t h e acqu i s i t ion , n e a r t h e reg ion 
of s a t u r a t i o n , of u n i f o r m i t y a n d c o n t i n u i t y in t h e m a g n e t i c 
d i r ec t ion of t h e c r y s t a l s . T h i s e x p l a n a t i o n invo lves a 
decrease in t h e res i s t ance a n d n o t t h e increase a c t u a l l y 
obse rved . W . L . W e b s t e r c o n t i n u e d : I n t h e case of t h e 
t r a n s v e r s e p h e n o m e n o n , t h e r e is also a c h a n g e of res i s tance 
w i t h m a g n e t i z a t i o n a long t h e (111) ax i s , b u t in t h i s case 
i t is a dec rease i n r e s i s t ance . T h i s sugges t s t h a t b o t h 
t h e c h a n g e s t h a t w e r e found for t h i s d i rec t ion a re ak in t o 
t h e c h a n g e s of l eng th in t h e d i r ec t ion of eas ies t m a g n e t i z a ­
t i on t h a t occur in n icke l a n d i ron . T h a t is, t h e y a re d u e 
t o t h e e lec t r ica l a n i s o t r o p y of n ickel m a g n e t i z e d a long i t s m a g n e t i c ax is . If t h i s be 
so, t h e n t h e a p p e a r a n c e of t h e cu rve , wh ich is n o t a t all w h a t wou ld be e x p e c t e d on 
such a v iew, m u s t b e d u e t o c o m p a r a t i v e l y la rge e r rors in t h e m a g n e t i z a t i o n scale 
— e r r o r s p a r t i c u l a r l y l ikely t o occur for t h e d i r ec t ion of eas ies t m a g n e t i z a t i o n . 
T h e fac t t h a t t h e a n i s o t r o p y occurs on ly in n icke l a n d n o t in i ron m u s t be con­
n e c t e d w i t h t h e difference in t h e r e l a t ion b e t w e e n t h e m a g n e t i c a n d c ry s t a l l og raph i c 
axes in t h e t w o m e t a l s . I n t h e case of i ron t h e t w o se t s co inc ide , a n d b o t h h a v e 
t h e s imp les t s y m m e t r y possible , w h e r e a s in n icke l t h e r e a r e four m a g n e t i c axes 
w h i c h d o n o t possess t h e s imple s y m m e t r y of t h e c ry s t a l s t r u c t u r e of t h i s m e t a l . 
T h e r e m a y b e a f u r t h e r cause in t h a t in i ron t h e r e a r e a p p r o x i m a t e l y t h r e e m a g n e t i c 
e l ec t rons p e r a t o m , all of wh ich h a v e n o t y e t been s h o w n t o h a v e t h a t r e l a t i on t o 
c o n d u c t i v i t y w h i c h w a s found for t h e s ingle m a g n e t i c e lec t ron of n ickel . Anomal i e s 
i n t h e r e s i s t ance of n icke l in a m a g n e t i c field r e p o r t e d b y F . Vilbig, were found 
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F i O . 39 . M a g n e t o - r e ­
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by O. Stierstadt to be the result of errors mainly arising from incomplete 
demagnetization. 

H. H. Potter measured the change of resistance of a nickel wire with transverse 
and longitudinal magnetization, and a selection of these results at different temp, 
is summarized in Fig. 40. The dotted curves refer to the field parallel to the 
current, and the continuous curves to a field perpendicular to the current. In the 

neighbourhood of the Curie point, the change 
of resistance is independent of the field, and 
varies with the field and temp, in a way 
analogous to the variation of the magneto-
caloric effect—Fig. 40. 

N. Harvey 2 1 observed no voltaluminescence 
w i t h n i c k e l . R . D . K l e e m a n a n d W . F r e d -
r i c k s o n s t u d i e d t h e e l e c t r i c a l c h a r g e s o n 
c o l l o i d a l p a r t i c l e s o f n i c k e l i n d i s t i l l e d w a t e r ; 
A . C o e h n a n d A . L o t z , a n d P . E . S h a w 
a n d c o - w o r k e r s , t h e f r a c t i o n a l e l e c t r i c i t y o r 
t r i b o e l e c t r i c a l e f f e c t o f n i c k e l a g a i n s t g l a s s , 
e t c . ; W . A . R u d g e , t h e p r o d u c t i o n o f e l e c t r i ­
c a l l y c h a r g e d d u s t w h e n n i c k e l i s s p l u t t e r e d 
i n a i r i n a b r a s s t u b e ; a n d J . B . S e t h a n d 
c o - w o r k e r s , t h e e .m.f . d e v e l o p e d w h e n n i c k e l 
a n d s t e e l a r e i n c o n t a c t a n d i n r e l a t i v e m o t i o n . 
P . A . M a i n s t o n e s t u d i e d t h e e f fec t o f h e a t 
t r e a t m e n t . 

o 2000 40oo 6000 Hgauss w E n d e measured the gas-metal contact 
FIG. 40.—The Effect of Longitudinal potential difference between pieces of the same 

(dotted) and Transverse (continu- m e t a l in air and in vacuo ; and M. Andauer 
ous fields on the Resistance. - , . - -, ~ o r t -,, „ .-, , , . •. c 

obtained —0*32 volt for the potential of 
nickel in air. S. J. French and L. Kahlenberg studied the gas-metal electrode of 
nickel in hydrogen, oxygen, and nitrogen. R. D. Kleeman and co-workers 
studied the negative charge assumed by nickel in contact with a liquid. The 
contact potential of nickel was studied by M. Forro and E. Patai, P. H. Dowling, 
H. Kosters, and O. Stierstadt. G. N. Glasoe found 0-20 volt for the contact 
potential of nickel and iron ; G. Monch measured the effect with nickel and copper, 
and nickel and silver ; and J. E. Schrader found the contact potential of nickel 
and copper to be 0-25 volt, and with simultaneous heat treatment of the metal, 
the difference of potential was —0-15 volt with high frequency, induced current. 
O. Scarpa, and E. Dubois also studied the Volta effect ; and L. Bernoulli, 
V. Freedericksz, and A. Hesehus, the position of nickel in Volta's contact series. 
C. Drucker placed nickel in the electrochemical series . . . Zn, Fe, Cd, Tl, Co, Ni, 
Pb, . . . j and B. Neumann, . . . Zn, Cd, Fe, Co, Ni, Pb, . . . G. Tammann's 
observations were discussed in connection with cobalt. M. Faraday, and 
J. C. Poggendorff observed the place of nickel in the electrochemical series in dil. 
sulphuric acid ; S. Marianini, in sea-water with T~o tn P a r t o f sulphuric acid ; 
M. Faraday, and A. Avegadro and V. Michelotti, in dil. nitric acid ; M. Faraday, 
in cone, nitric acid ; M. Faraday, in hydrochloric acid ; J. C. Poggendorff, in a soln. 
of potassium cyanide, and of potassium ferrocyanide ; M. Faraday, in potassium 
hydroxide, and potassium sulphide. M. M. Haring and E.G. van der Bosche found 
cobalt to be more electropositive than nickel. The subject was studied by 
A. S. Russell and co-workers, H. T. S. Britton, E. Dubois, G. N. Glasoe, R. Vieweg, 
and by C. B. Gates ; and J. E. Schrader examined the effect of heat treatment on 
the contact difference of potential. W. J. Miiller and K. Konopicky showed that 
nickel exhibits a motoelectric effect, in that a current is produced in a short-
circuited cell, consisting of two similar electrodes, with one electrolyte, by a 
movement of one electrode. T. Mashimo observed that with electrodes in a 
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ifcf-soln. of ferric ch lor ide , w i t h a g i t a t i o n a t one e lec t rode , t h e p o t e n t i a l a t t h e 
d i s t u r b e d e l ec t rode w a s pos i t ive , a n d a t t h e u n d i s t u r b e d e lec t rode , n e g a t i v e . 
S. P r o c o p i u f o u n d t h e e.m.f. of n ickel e lec t rodes m o v i n g in w a t e r , in 0-22V-H2SO4 , 
a n d 0 2 2 V - H N O 3 , t o be , respec t ive ly , 0 0 1 0 , 0-072, a n d 0-054 vo l t . C. E . M e n d e n h a l l 
a n d L . R . Ingerso l l f o u n d t h a t g lobules of m e t a l on a N e r n s t ' s g lower m o v e a g a i n s t 
t h e c u r r e n t . 

O . E r b a c h e r 2 2 s t u d i e d t h e ionic e x c h a n g e w i t h n icke l a n d a soln. of a n icke l 
s a l t ; a n d H . B r i n t z i n g e r a n d co -worke r s , t h e h y d r a t i o n of c o m p l e x ions . 
A . H e y d w e i l l e r f o u n d t h e i on i c mobi l i ty of n ickel , ^ N i " , t o be 44-2 a t 18°. 
A. Fe i le r g a v e 50-5 ; K . M u r a t a , 45-1 a t 18°, a n d 53-0 a t 25° ; E . R o n a , 48-O a t 18° ; 
W . A l t h a m m e r , 50-1 for t h e ch lor ide , 51 1 for t h e b r o m i d e , a n d iodide ; a n d 
W . R i e d e l g a v e for soln. w i t h a m o l of t h e sa l t p e r 21-5 a n d 300, t h e r e spec t ive 
va lue s 0-3616 a n d 0-3960. W . O s t w a l d c a l c u l a t e d t h e h e a t of ion iza t ion , Co—>Co", 
t o be 68 ki lojoules on t h e a s s u m p t i o n t h a t t h e h e a t of ion iza t ion , H 2 ~ 2 H ' , is ze ro . 
J . D . B e r n a l a n d I i . H . F o w l e r ca l cu l a t ed for t h e ion iza t ion e n e r g y of t h e Co**-ions, 
580 CaIs. p e r g r a m - i o n . 

H . v o n E u l e r 2 3 g a v e for t h e e lectrode potent ia l of n ickel a g a i n s t t h e ca lomel 
e l ec t rode a n d 2V-NiSO4, 0-466 vol t , a n d w i t h 0-22V-NiSO4, 0-472 vo l t ; t a k i n g t h e 
ca lome l e l ec t rode a s 0-560 vo l t , t h e s e d a t a b e c o m e , respec t ive ly , —0-094 a n d 
—0-088 vo l t . B . N e u m a n n g a v e —0-022 v o l t for t h e e lec t rode p o t e n t i a l of n icke l 
a g a i n s t 2V-NiSO4, —0-020 v o l t a g a i n s t 2V-NiCl2, a n d - 0-060 v o l t a g a i n s t 
2V-Ni(NO s)2 . T h e r e is, i ndeed , a s t r i k i n g difference in t h e va lue s r e p o r t e d b y 
different obse rve r s for t h e e lec t rode p o t e n t i a l of n icke l in a n o r m a l soln. of t h e 
s u l p h a t e . I n a d d i t i o n t o t h e v a l u e s j u s t q u o t e d , N . T. M. W i l s m o r e a n d W . O s t w a l d 
g a v e —0-049 v o l t ; W . P f a n n h a u s e n , —0-041 a n d —0-060 v o l t for n icke l in 
2V-NiSO4 a n d 2V-(NH 4 ) 2 Ni(S0 4 ) 2 , r e s p e c t i v e l y ; O. B a u e r , for n ickel in a 1 p e r 
c e n t . soln. of s o d i u m ch lor ide , a n d a n o r m a l ca lomel e lec t rode , —0-213 v o l t a t t h e 
s t a r t , a n d —0-080 v o l t a f t e r 12O h r s . ; A . S iemens , —0-036 v o l t ; E . N e w b e r y , 
—0-031 v o l t ; a n d A. Schwei tze r , — 0*033 v o l t ; N . M. I I a r i n g a n d E . G-. v a n d e r 
B o s c h e , —0-231 v o l t a t 25° ; F . AV. K u s t e r , —0-243 v o l t ; W . M u t h m a n n a n d 
F . F r a u n b e r g e r , —0-323 v o l t ; a n d T. I l e y m a n n a n d K . Je l l inek , —0-268 v o l t a t 
25° . O b s e r v a t i o n s w e r e a lso m a d e b y S. Bodforss , KL. M u r a t a , O. E r b a c h e r , 
V . S i h v o n e n a n d O. E n w a l d , B . B . Bane r j i , a n d K . GeorgL N . R . D h a r s t u d i e d 
t h e e.m.f. of soln. of p o t a s s i u m ch lo r ide a g a i n s t n ickel ; C. Bede l , a soln. of s o d i u m 
h y d r o x i d e , hydrof luor ic ac id , a n d s u l p h u r i c ac id ; E . Mul ler a n d J . J a n i t z k y 
u s e d a soln . of n icke l ch lo r ide ; H . N . H u n t z i c k e r a n d I J . K a h l e n b e r g , soln. of 
s a l t s of copj)er, s i lver , a n d n icke l ; a n d G. B . K i s t i a k o w s k y , in h y d r o g e n , a n d 
n i t r o g e n . S. M a k i s h i m a s t u d i e d t h e sub jec t . E . N e w b e r y a t t r i b u t e d t h e d i s ­
c r epanc i e s t o t h e use of e lec t ro ly t i c n icke l , or of n icke l t r e a t e d e lee t ro ly t i ca l ly 
before use , for h e cons ide red t h a t u n d e r t h e s e c o n d i t i o n s t h e m e t a l c o n t a i n e d 
x p e r cen t , of occ luded h y d r o g e n o r n ickel h y d r i d e . H e obse rved t h a t t h e 
e l ec t rode p o t e n t i a l of n ickel d e p e n d s l a rge ly on t h e m e t h o d of p r e p a r i n g t h e 
e l ec t rode a n d on i t s sub j ec t i on t o i n t e r m i t t e n t a n o d i c ac t ion . A v e r y s l igh t 
m o t i o n of t h e n icke l e l ec t rode suffices t o ra ise t h e p o t e n t i a l 0-07 vol t , a n d a 
r a p i d s h a k i n g of t h e e l ec t rode in t h e soln. ra i sed t h e p o t e n t i a l 0-11 vo l t . A 
c u r r e n t of 10~ 5 a m p . is sufficient t o a l t e r t h e c a t h o d e p o t e n t i a l 0-1 v o l t ; wh i l s t 
t h e v a l u e for t h e a n o d e p o t e n t i a l r e m a i n s n e a r l y c o n s t a n t u n t i l t h e c u r r e n t pa s s ing 
is n e a r l y a t h o u s a n d t i m e s t h i s v a l u e . H e n c e , in a g r e e m e n t w i t h L . Colombier , 
i t w a s in fe r red t h a t a d s o r b e d h y d r o g e n (or oxygen) affects ser iously t h e c a t h o d e 
p o t e n t i a l of n icke l , a l t h o u g h K . M u r a t a sa id t h a t h y d r o g e n h a s no effect on t h e 
t r u e e l ec t rode p o t e n t i a l of n icke l e x c e p t in t h e p re sence of oxygen , w h i c h shou ld 
be e x c l u d e d w h e n m e a s u r e m e n t s a r e m a d e . K . Georgi , a n d P . H . Dowl ing s t u d i e d 
t h e sub j ec t . A. Schwe i t ze r o b s e r v e d t h a t t h e e lec t rode p o t e n t i a l of a c a t h o d e , in 
w h i c h n icke l is be ing depos i t ed , b e c o m e s m o r e a n d m o r e pos i t ive a s t h e c u r r e n t 
d e n s i t y inc reases a n d a s t h e t e m p , falls. A t 16°, w i t h n ickel powder , c h a r g e d wi th 
h y d r o g e n , t h e e lec t rode p o t e n t i a l of n ickel i n 2V-NiSO4 is —0-33 vol t , a n d in 0-12V-
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NiSO 4 , —0-35 vo l t ; whi ls t in 2V-NiCl2, a n d 0-12V-NiCl2 t h e p o t e n t i a l s a r e respec­
t ive ly —0-31 a n d —0-36 v o l t — t h e po t en t i a l of t h e n o r m a l ca lomel e lec t rode is 
0-283 vol t . W i t h sheet nickel in 2V-NiSO4 t h e p o t e n t i a l is 0 3 1 vo l t , a n d i n 
0-12V-NiSO4, —0-336 vol t . These resu l t s were d e t e r m i n e d in a n a t m . of h y d r o g e n . 
The po t en t i a l requi red t o depos i t n ickel is h ighe r t h a n t h e va lues j u s t i n d i c a t e d , 
even wi th t h e smal les t c u r r e n t dens i ty . A. Schwei t ze r sugges ted t h a t poss ib ly a 
n ickel -hydrogen a l loy is formed which gives h ighe r p o t e n t i a l s . T h e p o t e n t i a l 
cor responding w i t h N i + 2 (T )=Nr* c a n n o t be m e a s u r e d if t r a c e s of o x y g e n a r e 
presen t . The po ten t i a l s in a n a t m . of h y d r o g e n m a y therefore be t o o h igh , a n d 
those w i t h o u t hyd rogen too low. H e n c e , t h e rea l v a l u e for nickel in 2V-NiSO4 
lies be tween E . P . Schoch ' s va lue —0*2 vol t , a n d t h e a b o v e m e n t i o n e d —0-33 vo l t . 
A. Smi t s po in t ed o u t t h a t nickel is a v e r y i n e r t m e t a l , a n d t h a t t h e p resence of 
hydrogen ions or of molecu la r h y d r o g e n c a n p ro found ly modi fy t h e e lec t rode so t h a t 
i ts p o t e n t i a l becomes t h e s a m e as t h a t of a hyd rogen e lec t rode . A n a t m . of h y d r o g e n 
should n o t therefore be emp loyed for t h e m e a s u r e m e n t s , b u t p re fe rab ly a n a t m . 
of n i t rogen , or else t h e con ta in ing vessel shou ld be comple t e ly rilled w i t h t h e soln. 
w h i c h h a s been prev ious ly boiled i n v a c u o . I n t h i s w a y , A. S m i t s o b t a i n e d for t h e 
p o t e n t i a l of t h e nickel e lec t rode re la t ive t o t h e n o r m a l ca lomel e lec t rode —0-480 
vol t , or w i th reference t o t h e h y d r o g e n e lec t rode , 0-194 vo l t . A. Oliver io a n d 
O. Belfiori s tud ied zinc a n d nickel e lec t rodes in soln. of n i t r a t e s . 

E . N e w b e r y gave —0-32 vo l t for t h e e lec t rode p o t e n t i a l of n ickel in 2V-NiSO4 ; 
—0-34 vo l t in 2V-Ni(N03)2 ; a n d —0-32 vo l t in 2V-NiCl2, a n d in 2V-(NH 4 ) 2 Ni(S0 4 ) 2 . 
H e found t h a t t h e e lect rode p o t e n t i a l of n ickel in 0-52V-NiSO4 a s s u m e s t h r e e 
different values u n d e r different condi t ions , n a m e l y , —0-25 a n d —0-65 vo l t , w i t h 
a n i n t e r m e d i a t e va lue —0-53 vo l t a t 25° . H e exp la ined t h i s resu l t b y a s s u m i n g 
t h a t solid nickel con t a in s t w o a l lo t ropes w i t h n o r m a l e lec t rode po t en t i a l s a p p r o x i ­
m a t i n g —0-5 a n d — 0 0 vo l t respec t ive ly w h e n referred t o t h e n o r m a l h y d r o g e n 
e lec t rode ; a n e q u i l i b r i u m m i x t u r e of t h e t w o a l lo t ropes , a t o r d i n a r y t e m p . , h a s a 
p o t e n t i a l of —0-17 vol t . S. Tr iandaf i l s t ud i ed t h e effect of t e m p . A. M. H a s e b r i n k 
obse rved t h a t t h e p o t e n t i a l of n ickel r u b b e d w i t h e m e r y in a n indifferent a t m . falls 
a t first, t h e n recovers pa r t i a l l y , and , af ter r e p e a t e d rubb ings , t h e p o t e n t i a l becomes 
c o n s t a n t a t a va lue wh ich is lower t h a n t h e in i t ia l one . 

S. J . F r e n c h a n d L.. K a h l e n b e r g found t h a t t h e p o t e n t i a l of nickel in 2V-KC1 
in h y d r o g e n becomes m o r e basic, r each ing a m a x i m u m a n d t h e n falling, a n d l ike­
wise also in n i t rogen ; in oxygen t h e p o t e n t i a l becomes less basic , r e ach ing a 
m a x i m u m a n d t h e n falling off in bubb l ing gas , b u t in a qu iescen t s t a t e t h e p o t e n t i a l 
becomes m o r e bas ic . L . K a h l e n b e r g a n d J . V. S te in le obse rved t h a t t h e single 
p o t e n t i a l of nickel in 0-52V-Na3AsO4 is 0-216 v o l t ; in 0-52V-K3AsO4 , 0-241 v o l t ; 
a n d a 2V-KC1 sa t . w i t h arsenic t r iox ide , 0-228 vo l t . G. W . S m i t h a n d L.. H . R e y e r s o n 
s t u d i e d t h e e lec t rok ine t ic p o t e n t i a l ; G. T a m m a n n a n d E . J e n c k e l , t h e p o t e n t i a l 
in soln. of p o t a s s i u m h y d r o x i d e u n d e r press . ; P . Bechterefr , t h e p o t e n t i a l of n icke l 
in fused s o d i u m h y d r o x i d e ; a n d O. Scarpa , t h e re s i s t ance a t t h e c o n t a c t surface 
of e lec t rode a n d e l ec t ro ly te . 

M. H . J a c o b i s t u d i e d t h e cell N i : dil . H N O 3 : soln. K C y : Zn (Cu, Cd, Sn , Ag, 
or Ni ) ; J . R e g n a u l d a m a l g a m a t e d a n d u n a m a l g a m a t e d zinc w i t h a soln . of z inc 
s u l p h a t e , n i t r a t e , or ch lor ide a n d t h e co r re spond ing n icke l s a l t a n d nickel ; 
A. Schwei tze r gave —0-596 v o l t for t h e e.m.f. of t h e cell N i : 0-52V-NiCl2 : 2V-
K C l : H g 2 C l 2 : H g ; a n d C. v o n N e u m a n n , t h e e.m.f. of t h e n i cke l - ca rbon cell w i t h 
n i t r i c acid, a q u a regia , or su lphur i c ac id as exc i t ing l iqu id . C. H . P r e s c o t t a n d 
M. J . Ke l ly s t u d i e d t h e cell w i t h a n ickel wire a n o d e , a n d a n oxid ized s i lver foil w i t h 
a depos i t of caesium. N . A. F u r m a n a n d C W . L o w s t u d i e d t h e use of n icke l 
t u n g s t e n e lec t rodes in t h e e l ec t rome t r i c t i t r a t i o n of s t r o n g ac ids a n d b a s e s . 
P . Jo l ibo i s found t h a t a n icke l sa l t soln. a n d dist i l led w a t e r in s e p a r a t e vessels 
connec t ed b y a U - t u b e , w i t h a p l a t i n u m e lec t rode , furnished nickel hydroxide. 

J . Tafel obse rved tha t the p o t e n t i a l of a n ickel c a t h o d e goes on inc reas ing for 
h o u r s , a n d he cons idered t h a t his results do n o t f a v o u r the hypothes i s t h a t the 
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v a r y i n g po l a r i za t i on is d u e t o t h e v a r y i n g t h i c k n e s s of a l a y e r of gas on t h e e lec t rode , 
b u t r a t h e r does t h e c a t h o d e surface h a v e different c a t a l y t i c effects o n t h e process 
of fo rming h y d r o g e n gas . E . P . Schoch g a v e —0-48 v o l t for t h e t r u e e q u i l i b r i u m 
p o t e n t i a l of n icke l in .ZV-NiSO4. T h i s v a l u e w a s a t t a i n e d in a b o u t 12 h r s . w i t h a n 
e l ec t rode of c o m m e r c i a l n icke l i m m e r s e d in a soln. of n icke l s u l p h a t e wh ich h a d 
been boi led for s o m e m i n u t e s , a n d a l lowed t o cool in c o n t a c t w i t h a i r . T h e soln. 
is n e u t r a l t o l i t m u s . T h e p o t e n t i a l is d i m i n i s h e d b y a i r or o x y g e n ; i t is i nc reased 
b y h y d r o g e n , a n d lowered b y a s l ight a c i d i t y of t h e soln. Occ luded h y d r o g e n 
inc reases t h e p o t e n t i a l so t h a t t h e e lec t rodepos i t ion of n ickel does n o t t a k e p lace 
u n t i l t h e p o t e n t i a l is 0*2 t o 0*3 vo l t h i g h e r t h a n t h e equ i l i b r i um va lue , a n d h y d r o g e n 
s i m u l t a n e o u s l y a p p e a r s on t h e e l ec t rode . T h e e q u i l i b r i u m p o t e n t i a l of finely-
d i v i d e d n icke l in JV-NiSO4 w a s t a k e n t o b e —0*52 vo l t . 

S. G las s tone found t h e c a t h o d e p o t e n t i a l of n ickel in N-NiSO4, a t 15°, for 
c u r r e n t dens i t i e s D a m p . x 10~ 4 p e r sq . cm. , t o be : 

D 
0 1 4 
0-42 
0-84 
2-80 
5-6O 

12 00 
40 00 
8 0 0 0 

0-02AT-H2SO4 
— 0-14 
— 0-21 
— 0-30 
— 0-43 
— 0-52 
— 0-59 
— 0-61 
— 0-62 

T h e v a l u e s a t 95° were 

2-8 
5-6 

1 2 0 
40-O 

16OO 

2>H = 2-8 
— 0 1 6 
— 0-18 
— 0-23 
— 0-29 
— 0-31 

£>H = — 2 8 
— 0-18 
— 0-29 
— 0-40 
— 0*51 
— 0-58 
— 0-61 
— 0-64 
— 0-65 

JOHC = 4 
— 0-19 
— 0-23 
— 0-28 
— 0-30 
— 0-31 

P H = 4 - 0 
— 0-21 
— 0-28 
— 0-39 
— 0-52 
— 0-59 
— 0-61 
— 0-64 
— 0-65 

^ H = S 
— 0-23 
— 0-25 
— 0-27 
— 0-30 
— 0-31 

^ H = S-O 
— 0-25 
— 0-35 
— 0-46 
— 0-58 
— 0-61 
— 0-63 
— 0-65 
— O-OG 

— 0-28 
— O-30 
— 0-30 
— 0-31 
— 0-31 

J )H = 6 - 0 
— 0-26 
— 0-39 
— 0-50 
— 0-58 
— 0-62 
— 0-46 

/>H = 6 
— 0-25 
— 0-31 
— 0-37 
— 0-44 
— 0-47 

C. G. F i n k a n d C. M. D e c r o l y f o u n d t h a t t h e c o n t a c t p o t e n t i a l s of n ickel aga in s t 
3ulphuric ac id of t h e fol lowing p e r c e n t a g e c o m p o s i t i o n s a r e : 

H 2 S O 4 
P o t e n t i a l 

0-45 2-4O 5 1 4 9-92 17-54 32-03 
0-420 —0-598 — 0-587 —0-548 — 0-446 —0-471 

54-69 p e r c e n t . 
— 0-480 v o l t 

E . V i g o u r o u x o b s e r v e d t h a t w i t h n icke l e l ec t rodes in 2V-Ag2SO4, t h e e.m.f. 
va r i e s f rom — 0 0 0 2 1 t o + 0 - 0 1 6 8 
v o l t ; a n d A. K r u p k o w s k y g a v e 
—0-490 t o —0-506 v o l t for t h e 
e.m.f. of n icke l i n 2V-NH 4 NO 3 
c o n t a i n i n g 1 p e r cen t , e a c h of 
n icke l a n d c o b a l t n i t r a t e s . T h e 
p o t e n t i a l s of n icke l a n d of p l a t i n u m 
in 14O c.c. of 0-l iV-soln. of n icke l 
n i t r a t e c o n t a i n i n g 0-4, 0*6, 0*8, a n d 
1*0 c.c. of a 3 p e r cen t . soln. of 
b r o m i n e w a t e r were m e a s u r e d b y 
A. S m i t s . A s s h o w n in F i g . 4 1 , t h e 
p o t e n t i a l of t h e n icke l a n o d e rises 
i m m e d i a t e l y a f te r t h e a d d i t i o n of 
b r o m i n e w a t e r , a t t a i n s a m a x i m u m , 
a n d t h e n s inks r a p i d l y . T h e 
p o t e n t i a l of p l a t i n u m a lso r ises a t 
t h e b e g i n n i n g , b u t soon a t t a i n s a 
s t a t e of e q u i l i b r i u m . N icke l is 
t he re fo re g r e a t l y d i s t u r b e d b y t h e 
cor ros ive a c t i o n of b r o m i n e , b u t 
t h i s d i s t u r b a n c e is soon c o m p e n s a t e d 

0 95 

0-85 

0 45 

S 040 

0 35 

0 30 

0-25 

0-20 

Sm 

jFjjggy rr 

Platinum 
— H 

__ 

^ ^ SlK « Niche! 

I ] 
6 10 12 14 8 

Minutes 
F i O . 4 1 . T h e Effec t of B r o m i n e W a t e r on t h e 

E l e c t r o d e P o t e n t i a l of N i c k e l a n d P l a t i n u m . 
b y t h e a c t i v a t i n g influence of t h e b romine 
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ions t h u s formed. T h e p o t e n t i a l of nickel also falls in t h e p resence of h y p o c h l o r i t e , 
a n d less so in t h e ixresence of p o t a s s i u m p e r m a n g a n a t e . M. B a l l a y e x a m i n e d t h e 
influence of oxidizing a g e n t s on t h e e lec t rodepos i t ion of n ickel , a n d f o u n d t h a t -with 
0-175 g rm. p e r l i t re of p o t a s s i u m p e r m a n g a n a t e , t h e c u r r e n t efficiency w a s 97 p e r 
cen t , w i t h o u t a pe rcep t ib le evo lu t ion of h y d r o g e n , b u t w i t h m o r e p e r m a n g a n a t e , 
t h e efficiency falJs t o 93 p e r cent . , a n d t h e depos i t is b r i t t l e . W i t h a n a c i d i t y of 
_pH=r6-8, t h e deposi t is b r i t t l e , a n d t h e efficiency is 96*2 p e r cen t . ; w i t h j t? H =6-1 , 
t h e efficiency is 97-8 p e r cen t . ; a n d w i t h J O H = 5 - 5 t o 4-4, t h e efficiency is 95*4 t o 
94-9 pe r cent , a n d t h e depos i t is good—vide supra. 

Accord ing t o A. S m i t s a n d C. A. TJ. d e B r u y n , in t h e case of a m e t a l l ike n ickel 
w h i c h is v io l en t ly d i s t u r b e d b y soln. c o n t a i n i n g o x y g e n b y depos i t ing t h e m e t a l on 
t h e c a t h o d e in air , p o t e n t i a l s can be o b t a i n e d for v e r y smal l c u r r e n t dens i t i es which 
are a l w a y s s o m e w h a t less n e g a t i v e t h a n t h e e q u i l i b r i u m p o t e n t i a l ; a n d t h i s will b e 
t h e case so long as t h e r a t e of c a t h o d e depos i t ion is so smal l t h a t corros ion can 
a p p r e c i a b l y affect t h e depos i t ed m e t a l . F o r v e r y sma l l c u r r e n t dens i t ies , t h e 
po ten t i a l of nickel d u r i n g c a t h o d i c depos i t ion r e m a i n s less n e g a t i v e t h a n t h e equ i ­
l i b r i u m p o t e n t i a l ; on ly a t h igher c u r r e n t dens i t i es does t h e p o t e n t i a l become m o r e 
nega t i ve , a n d only t h e n does t h e depos i t ion occur . T h e e q u i l i b r i u m p o t e n t i a l is 
•—0-48 vol t , a n d even when t h e c u r r e n t d e n s i t y is 200 X 1 O - 6 a m p . pe r sq. cm. , t h e 
p o t e n t i a l is less nega t ive t h a n t h e equ i l i b r ium p o t e n t i a l . W i t h a soln. of a nickel 
ha l ide i n s t e a d of t h e n i t r a t e or s u l p h a t e , t h e p o t e n t i a l of n ickel passes m o r e 
qu ick ly t h r o u g h t h e v a l u e of t h e equ i l i b r i um p o t e n t i a l . So long as t h e r a t e of 
deposi t ion is small , t h e depos i t can be a p p r e c i a b l y affected b y dissolved o x y g e n — 
ha logen ions exe r t a m a r k e d c a t a l y t i c influence t e n d i n g t o a n n u l t h e d i s ­
t u r b a n c e . A t g r e a t e r c u r r e n t dens i t i es , t h e d i s t u r b i n g influence of d issolved 
oxygen will become re l a t ive ly smal ler , a n d t h e pos i t ive c a t a l y t i c influence re la t ive ly 
decrease , so t h a t if t h e c u r r e n t d e n s i t y is a l lowed t o increase , t h e n icke l p o t e n t i a l 
m u s t soon p a s s t h r o u g h t h e v a l u e of t h e equ i l i b r i um p o t e n t i a l , a n d i t will e x h i b i t 
c a thod i c po l a r i za t i on which increases s t r o n g l y a t first, a n d a f t e r w a r d s m o r e s lowly. 

I n t h e electrolysis of a soln. of a m e t a l sa l t , s a y n icke l s u l p h a t e , b e t w e e n soluble 
e lec t rodes of t h e s a m e m e t a l , n ickel , t h e c o n c e n t r a t i o n of t h e nickel ions in t h e 
film of soln. n e a r t h e c a t h o d e decreases , a n d increases n e a r t h e a n o d e . As a resu l t , 
t h e c a t h o d e becomes m o r e nega t i ve , a n d t h e a n o d e m o r e pos i t ive ; in o t h e r w o r d s , 
t h e e lec t rodes a re polar ized . T h e s t a t i c or e q u i l i b r i u m p o t e n t i a l of t h e m e t a l is 
t h e single e lec t rode p o t e n t i a l w h e n n o c u r r e n t is flowing, a n d t h e d y n a m i c 
p o t e n t i a l is t h e single p o t e n t i a l w h e n t h e c u r r e n t is flowing a t a specified c u r r e n t 
d e n s i t y ; t h e difference be tween t h e t w o p o t e n t i a l s is t h e po lar izat ion a t t h e 
specified c u r r e n t dens i t y . I f t h e d y n a m i c p o t e n t i a l is m o r e n e g a t i v e t h a n t h e 
s t a t i c po t en t i a l , t h e po la r i za t ion is c a t h o d i c , a n d if less n e g a t i v e , a n o d i c . T h e 
re la t ions be tween t h e s t a t i c a n d d y n a m i c p o t e n t i a l s of n ickel in a soln. of 
^V-NiSO4, 0-25iV-NH4Cl, a n d 0-2SiV-H 3BO 3 a re shown in F i g . 42 d u e t o W . B l u m , 
a n d t h e genera l t r e a t m e n t h e r e is also d u e t o h i m . T h e s t a t i c p o t e n t i a l of n icke l is 
he re a s s u m e d t o be —0-26 vo l t , i.e., 0-03 v o l t m o r e n e g a t i v e t h a n t h e n o r m a l 
p o t e n t i a l of nickel —0-23 vo l t . T h e cone , of t h e N i " - i o n in t h i s soln. is a b o u t 
0-IiV. T h e cu rve for a t y p i c a l c a t h o d e c u r r e n t d e n s i t y - p o t e n t i a l c u r v e for n icke l 
depos i t ion is shown a long w i t h a t y p i c a l c u r r e n t d e n s i t y - p o t e n t i a l c u r v e for a n o d e 
po la r i za t ion w i t h ac t ive n ickel . T h e anod ic or c a t h o d i c po l a r i z a t i on a t a n y 
specified c u r r e n t d e n s i t y is equa l t o t h e difference b e t w e e n t h e p o t e n t i a l s of t h e 
p o i n t s co r r e spond ing w i t h t h e e q u i l i b r i u m p o t e n t i a l a n d t h e c u r r e n t d e n s i t y on 
a p p r o p r i a t e cu rves . 

T h e m a i n fac tors t e n d i n g t o c o u n t e r a c t t h e changes i n c o n c e n t r a t i o n a b o u t t h e 
e lec t rodes , a n d t o dec rease t h e po l a r i z a t i on a r e ion iza t ion , m i g r a t i o n , diffusion, a n d 
convec t ion c u r r e n t s w h e t h e r p r o d u c e d by changes of t e m p , or sp . gr . r e s u l t i n g f r o m 
electrolysis , b y s t i r r ing d u e t o t h e escape of gases or e x t e r n a l a g i t a t i o n . T h e 
po l a r i za t i on m a y be d u e n o t o n l y t o a c h a n g e in m e t a l - i o n c o n c e n t r a t i o n of t h e 
a d j a c e n t soln. , b u t also t o a c h a n g e in t h e soln. p ress , of t h e c a t h o d e . F o r p u r e 
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m e t a l s , such a n effect is u sua l ly v e r y s l ight . H o w e v e r , in a l loy depos i t ion , o r w h e n 
h y d r o g e n is d i s cha rged s i m u l t a n e o u s l y w i t h a m e t a l , t h e c o m p o s i t i o n a n d so lu t ion 
p r e s s u r e of t h e c a t h o d e m a y c h a n g e d u r i n g e lec t rolys is , a n d t h u s m a y cause an 
effect u p o n t h e po l a r i za t i on . N . A . IsgarischefE a n d H . R a v i k o v i t s c h i n v e s t i g a t e d 
t h e effect of n e u t r a l sa l t s on t h e c a t h o d i c po l a r i z a t i on of n icke l ; S. Tr iandaf i l , t h e 
effect of a c id i t y . G. A t h a n a s i u e x a m i n e d t h e effect of i l l u m i n a t i n g t h e e lec t rodes ; 
G. W . S m i t h a n d L . H . R e y e r s o n , a g i t a t i o n of t h e e l ec t ro ly t e . W . J . Mul ler a n d 
K . K o n o p i c k y , a n d O. S c a r p a a n d E . D e n i n a s t u d i e d t h e sub jec t . 

T h e p o t e n t i a l s a t t h e e lec t rodes d u r i n g e lect rolys is d e t e r m i n e t h e a n o d e a n d 
c a t h o d e efficiencies. I n accord w i t h F a r a d a y ' s l aw, t h e t o t a l e lec t rode efficiency 
is a l w a y s 1OO p e r cen t , w h e n all t h e p r o d u c t s of e lectrolysis , or changes in v a l e n c y , 
a r e c o n s i d e r e d — w h e r e , in e l ec t rodepos i t ion , t h e v a l e n c y of t h e m e t a l ions is r e d u c e d 
t o ze ro , t h e v a l e n c y of m e t a l s in t h e free s t a t e , t h e c a t h o d e efficiency is de t e r ­
m i n e d b y t h e p r o p o r t i o n of c u r r e n t used in t h e d i scha rge of t h e m e t a l . I t is some­
t i m e s e r roneous ly a s s u m e d t h a t t h e t e n d e n c y for t h e d i scha rge of h y d r o g e n f rom 
a n y m e t a l s a l t soln. will d e p e n d on t h e r e l a t ive pos i t ions of h y d r o g e n a n d m e t a l in 
t h e e l ec t rochemica l ser ies ; a c tua l l y , t h e r e spec t ive c o n c e n t r a t i o n s of H"-ions a n d 
m e t a l - i o n s in a g iven soln. a r e n o t l ikely t o be n o r m a l , or e v e n e q u i v a l e n t t o one 
a n o t h e r . I n n icke l -p la t ing , t h e N i S 0 4 - c o n t e n t of t h e e lec t ro ly te m a y be a b o u t 
O-IiV, b u t t h e H"-ion c o n t e n t will u sua l ly be less, e.g., 10~6iV, or J » H = 6 . As a first 
a p p r o x i m a t i o n i t c a n be a s s u m e d t h a t t h e in i t ia l t e n d e n c i e s for t h e d i scha rge of 
h y d r o g e n a n d m e t a l ions will d e p e n d on t h e i r r e spec t ive s t a t i c p o t e n t i a l s in t h a t 
so ln . T h e a c t u a l p r o p o r t i o n s of m e t a l a n d h y d r o g e n d i scha rged a t a n y c u r r e n t 
d e n s i t y will be in acco rd w i t h t h e respec t ive c u r r e n t d e n s i t y - p o t e n t i a l c u r v e s for 
m e t a l depos i t i on a n d for h y d r o g e n d i scharge on t h a t m e t a l in t h a t soln. W . B l u m ' s 
c u r v e for h y d r o g e n evo lu t ion on n ickel in t h e e lectrolysis of t h e given soln. , a n d 
t h e c u r v e for a c t u a l n icke l depos i t i on , a r e s h o w n in F ig . 42 . A t a n y given c u r r e n t 
d e n s i t y t h e o r d i n a t e 
of A is e q u a l t o t h e ''" 
s u m of t h e o r d i n a t e s oo 
of C a n d £>. T h e e og 
m e t a l c a t h o d e effiei- sr 
e n c y a t t h a t c u r r e n t | ° 7 

d e n s i t y is e q u a l t o t h e S 0.e 
r a t i o of t h e c o n e - |-
s p o n d i n g o r d i n a t e s of D T 
a n d A. U n d e r t he se %0'4 

cond i t i ons , t h e nickel -I o-3 
c a t h o d e efficiency will g 
inc rease as t h e c u r r e n t J 
d e n s i t y is inc reased , 01 

b u t c a n n e v e r r e a c h 
100 p e r c e n t . If, how- *2 

ever , a s in ac id c o p p e r 
soln. , t h e s t a t i c p o t e n ­
t i a l of t h e m e t a l is 

• 7-5 + 10 
-•— Anode polarization (volts) Cathode polarization (uolts) 

F l O . 4 2 . - - T y p i c u l E l e c t r o d e P o t e n t i a l s d u r i n g N i c k e l 
D e p o s i t i o n . 

m u c h m o r e pos i t i ve t h a n t h a t of h y d r o g e n in t h a t soln. , t h e c a t h o d e efficiency 
a t low c u r r e n t dens i t i e s will be 100 p e r cen t . , a n d will decrease as t h e c u r r e n t 
d e n s i t y is inc reased . 

V. O. K r e n i g a n d V. N . U s p e n s k a y a obse rved t h a t w h e n a base m e t a l , 
i m m e r s e d i n ac id , is coup led w i t h a nob le r me ta l—e .g . a l u m i n i u m a n d nickel—-
t h e r e is a difference in t h e a m o u n t of h y d r o g e n evo lved a g a i n s t t h e resu l t s w h e n 
t h e m e t a l s a r e n o t coup led . O b s e r v a t i o n s were also m a d e in cells w i th t h r ee electrodes 
—e.g. A l - N i - P t . 

T h e s h a p e of t h e po l a r i z a t i on c u r v e s for h y d r o g e n d i scharge involves t h e sub jec t 
of o v e r - v o l t a g e . I n o rde r t o d i scha rge gaseous h y d r o g e n u p o n a n y m e t a l surface , 
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i t is necessary t o m a k e t h e p o t e n t i a l of t h e l a t t e r a t l eas t a s n e g a t i v e a s t h a t of a 
revers ible hyd rogen electrode, i.e., t h e equ i l ib r ium p o t e n t i a l of gaseous h y d r o g e n in 
t h a t soln. I t is equa l ly t r u e , however , t h a t if t h e m e t a l of t h e c a t h o d e , e.g., z inc , 
h a s a h igher soln. press , t h a n h y d r o g e n in t h a t soln. , i t is a lso neces sa ry t o c o u n t e r ­
a c t t h e t e n d e n c y of t h e m e t a l t o dissolve, a n d t o r ep l ace h y d r o g e n . T h i s r e q u i r e s 
t h e app l ica t ion of a p o t e n t i a l a t l eas t as n e g a t i v e as t h a t of t h e m e t a l (in t h i s case 
of zinc). Ord inar i ly t h e h y d r o g e n ove r -vo l t age is d e n n e d a s t h e excess p o t e n t i a l 
beyond t h a t of a revers ible h y d r o g e n e lec t rode r e q u i r e d t o d i scha rge gaseous 
hyd rogen from t h a t soln. e i t he r a t some m i n i m u m c u r r e n t d e n s i t y o r a t some 
specified c u r r e n t dens i ty . I f t h e l a t t e r defini t ion is used , t h e h y d r o g e n over -
vol tage is t h e s ame as h y d r o g e n po la r i za t ion a s a b o v e defined. F o r m e t a l s m o r e 
noble t h a n hydrogen , such as copper , si lver, a n d gold, t h i s ove r -vo l t age is p r o b a b l y 
due pr inc ipa l ly t o t h e c o n c e n t r a t i o n a n d s t a t e of t h e h y d r o g e n in or on t h e m e t a l . 
F o r m e t a l s such as t in , lead, nickel , a n d zinc, however , t h e so-cal led h y d r o g e n ove r -
vo l t age is largely a func t ion of t h e p o t e n t i a l of t h e m e t a l itself. T h e p o t e n t i a l 
r equ i red t o depos i t h y d r o g e n w i t h a g iven c u r r e n t d e n s i t y u p o n a n y c a t h o d e is a 
funct ion n o t only of t h e m e t a l (as u sua l ly e m p h a s i z e d ) , b u t also of t h e h y d r o g e n - i o n 
cone, of t h e soln., or of t h e c a t h o d e film. H e n c e t h e c a t h o d e efficiency a s well a s 
t h e c h a r a c t e r of t h e depos i t ed m e t a l m a y d e p e n d d i r ec t ly u p o n t h e H"-ion cone , 
of t h e soln. In nickel deposi t ion t h e j»n of t h e soln. p r o b a b l y h a s a g r e a t e r effect 
t h a n t h a t of a n y o t h e r factor . S imi lar ly t h e m e t a l a n o d e efficiency is d e t e r m i n e d 
b y t h e respec t ive po la r i za t ion cu rves for m e t a l soln. a n d for o x y g e n evo lu t i on , 
which l a t t e r is influenced b y o x y g e n ove r -vo l t age . W i t h m e t a l s such as n ickel , 
a n o d e po la r iza t ion is affected b y pas s iv i ty , i.e., t h e t e n d e n c y of t h e m e t a l t o a s s u m e 
a n a b n o r m a l l y pos i t ive p o t e n t i a l . I n F ig . 42, c u r v e F r e p r e s e n t s o x y g e n e v o l u t i o n 
u p o n nickel f rom a nickel s u l p h a t e soln. If t h e n icke l becomes pass ive , a s r e p r e ­
sen ted b y t h e cu rve E, t h e a n o d e efficiency will be lowered b y t h e s i m u l t a n e o u s 
evo lu t ion of oxygen . W . A. Caspar i gave for t h e oVer-vol tage of h y d r o g e n on 
nickel 0-21 ; J . Tafel , 0 0 7 ; E . Miiller, 0-03 ; A. Coehn a n d K . D a n n e n b e r g , 0-14 ; 
W . D . H a r k i n s , 0-15 ; E . N e w b e r y , 0-19 ; a n d A. Thie l a n d W . H a m m e r s c h m i d t , 
0 1 4 . H . M. Cassel a n d E . K r u m b e i n , N . T h o n , H . F i cke , O. Ess in , a n d F . Meun ie r 
s t u d i e d t h i s sub jec t . 

E . N e w b e r y found t h e ca thod i c over -vo l t ages of nickel , refer red t o t h e h y d r o g e n 
e lec t rode , in n o r m a l soln. of t h e sa l t s , t o be w i t h c u r r e n t dens i t i es D m i l l i ampe re s 
p e r sq. c m . : 

D 
K i S O 4 . 
( N H 4 ) 2 N i ( S 0 4 ) 2 
Ni(NO 3 ) a 
NiCl 2 . 
TI 2 SO 4 
N a O H 

2 
0-58 
0-45 

. 0-40 

. 0-71 
0-29 

. 0-18 

6 
0-63 
0-68 
O -44 
0-74 
0-31 
O-2O 

IO 
0-65 
0-72 
0-47 
0-75 
0-30 
0-20 

2 0 
0-76 
0-74 
0-52 
0-77 
0-29 
0-20 

5O 
0-79 
0-77 
0-70 
0-81 
0-26 
0-21 

IOO 
0-80 
0-78 
0-91 
0-87 
0-24 
0-21 

20O 
0-8O 
O-7 7 
0-94 
0-95 
0-21 
0-21 

4OO 
O-80 
0-75 
0-88 
0-96 
0-18 
0-22 

R e d u c t i o n occurs in soln. of t h e n i t r a t e . H y d r o g e n is l i be ra t ed a t q u i t e m o d e r a t e 
c u r r e n t dens i t ies . T h e anod i c ove r -vo l t ages were : 

IJ 
N a O H 
H 2 S O 4 
N i S O 4 
N i ( N O 3 ) , 
NiCU 

2 
0-45 

- — • 

0 0 4 
0 1 2 

6 
0-49 

0 0 9 
O 15 

1 0 
0-51 

0-13 
1-6O* 

2 0 
0-53 

0-16 
1-64* 

5 0 
0-54 

0-22 
1-67* 

1 0 0 
0-55 
0-62 
1-65* 
1-68* 

4OO 
0-55 
0-67 
1-68* 
1-69* 

120O 
0-57 
0-68 
1-69* 
1-71* 

0 0 7 0-09 0 0 9 0 0 8 0 0 8 0 0 8 0 0 9 O-IO 

T h e as te r i sk i nd i ca t e s t h a t t h e m e t a l b e c a m e pass ive . T h e anod i c o v e r - v o l t a g e 
of nickel is low a n d fair ly c o n s t a n t , a n d i t h a s s imi la r va lue s in ac id ic a n d in a l k a l i n e 
soln. I t shows a s l igh t t e n d e n c y t o inc rease w i t h t i m e . Nicke l is a useful m e t a l 
t o replace p l a t i n u m in cases w h e r e a low c a t h o d i c ove r -vo l t age is r equ i r ed , b u t i t is 
v e r y difficult t o keep t h e ove r -vo l t age d o w n . R o u g h e n i n g t h e sur face m e c h a n i c a l l y 
o r depos i t ing a t h i n c o a t i n g of r o u g h si lver on t h e m e t a l depresses t h e o v e r - v o l t a g e 
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for a t i m e . W i t h a c u r r e n t d e n s i t y of 10 mi l l i amperes p e r sq . cm. t h e ove r -vo l t age 
in ac id rose f rom 0-18 t o 0-38 vo l t in t e n m i n u t e s , a n d t h e n fell t o 0-33 v o l t a f te r a 
f u r t h e r t w e n t y m i n u t e s . I n t e r r u p t i n g t h e c u r r e n t for a few seconds causes a 
t e m p o r a r y fall in t h e ove r -vo l t age , b u t i t r a p i d l y r ises t o a st i l l h ighe r v a l u e on 
r e n e w i n g t h e c u r r e n t . I n a lka l i t h e ove r -vo l t age is m u c h m o r e c o n s t a n t , t h e t i m e 
effect be ing a l m o s t nil a t all c u r r e n t dens i t ies , a l t h o u g h a smal l rise is p r o d u c e d b y 
s u b j e c t i n g t h e m e t a l t o t h e a c t i o n of a v e r y h igh c u r r e n t d e n s i t y . T h e s u b j e c t w a s 
s t u d i e d b y W . D . H a r k i n s a n d I I . S. A d a m s , M. K n o b e l , E . D e n i n a a n d G. F e r r e r o , 
T . O n o d a , A. G u n t h e r - S c h u l z e , F . Meunier , N . KobozefE a n d N . I . Nekrasoff, 
E . L i eb r i ch a n d W . W i e d e r h o l t , A. Thie l a n d W . H a m m e r s c h m i d t , G. J o n e s a n d 
S. M. Chr i s t ian , a n d T. O n o d a . Accord ing t o S. Glass tone , t h e e lec t rodepos i t ion 
p o t e n t i a l a n d t h e ove r -vo l t age of n ickel in iV-soln. were respec t ive ly —0-57 a n d 
0-33 v o l t a t 15° ; —0-43 a n d 0 1 9 v o l t a t 55° ; a n d —0-29 a n d 0-05 v o l t a t 95° . 
I . S l e n d y k a n d P . H e r a s y m e n k o s t u d i e d t h e s e p a r a t i o n of h y d r o g e n a t t h e n icke l 
c a t h o d e ; C. Mar ie a n d G. L e j e u n e , t h e influence of col loids on t h e over -vo l t age ; 
Gr. R . H o o d a n d F . C. Krauskopf , t h e ove r -vo l t age of n ickel c a t h o d e in connec t ion 
w i t h t h e e lec t ro ly t i c r e d u c t i o n of p o t a s s i u m c h l o r a t e ; a n d T . E r d e y - G r u z a n d 
M. Volmer , t h e effect of occ luded h y d r o g e n . 

E . N e w b e r y m e a s u r e d t h e c a t h o d i c ove r -vo l t age of n ickel in ^V-NiSO4 in t h e 
p r e sence of t h e i n d i c a t e d p e r c e n t a g e s of ge la t in , g u m a rab ic , a n d d e x t r i n , a n d 
f o u n d : 

Current 
density 

2 . 
6 . 

IO . 
50 . 

100 . 
2OO . 
4OO . 
I n c r e a s e 

T h e ove r -vo l t age of nickel in soln. of a m m o n i u m nicke l s u l p h a t e is ra ised 0-11 v o l t 
b y t h e p resence of 1-0 p e r cen t , of g u m a rab ic , whi l s t 0-02 pe r cen t , of ge la t in 
ra i ses t h e ove r -vo l t age b y 0-5 v o l t a t low c u r r e n t dens i t i es , b u t depresses i t by 
0-01 v o l t a t h igh c u r r e n t dens i t i e s . 

J . N . P r i n g a n d J . R . Curzon obse rved t h a t t h e ove r -vo l t age increases w i t h rise 
of t e m p , a n d is h ighe r w i t h c a s t a n d rol led shee t m e t a l t h a n w i t h t h e e lec t ro ly t ic 
m e t a l . T h e ove r -vo l t age of n ickel w a s s t u d i e d b y J . W . R i c h a r d s , A. Th ick a n d 
E . B r u e n i n g , S. K o i d z u m i , F . P . B o w d e n a n d E . K . R i d e a l , a n d N . KobozefE a n d 
N . I . Nekrasoff. Accord ing t o W . J . Miiller, ac t ive nickel a n o d e s requ i re a n over-
v o l t a g e of 0-4 v o l t t o pa s s i n t o soln. G. P a t o u x obse rved t h e re la t ion be tween 
t h e c u r r e n t d e n s i t y a n d po la r i za t ion of nickel in soln. of nickel s u l p h a t e t o be : 

N i l 
0 - 7 7 
0 - 8 1 
0 - 8 3 
0 - 8 2 
0 - 8 2 
0 - 8 1 
0 - 8 1 

0 1 
0 - 8 2 
0 - 8 7 
0 - 8 7 
0 - 8 6 
0 - 8 6 
0 - 8 5 
0 - 8 4 
0 - 0 4 

Gelatin 
1 0 

0 - 8 8 
O-91 
0 - 9 2 
0 - 9 0 
0 - 8 9 
0 - 8 8 

0 0 9 

G u m 

0 1 
0 - 8 2 
0 - 8 7 
0 - 8 8 
0 - 8 7 
0 - 8 6 
O-86 
O-85 
0 - 0 5 

a rab ic 
1-0 

O-83 
0 - 8 7 
0 - 8 8 
0 - 8 7 
0 - 8 7 
0 - 8 6 
0 - 8 6 
0 - 0 5 

Dex t r in 
r ""•" " 

O l 
0 - 8 4 
0 - 8 7 
0 - 8 8 
O-86 
0 - 8 5 
O-84 
0 - 8 4 
O 0 4 

1-0 per cent 
O-80 v o l t 
0 - 8 3 
0 - 8 4 
O-84 
O-83 
O-83 
O-83 
0 - 0 2 

>t 
ff 
9f 
,, 
,, 
,, 
,, 

C u r r e n t d e n s i t y 
P o l a r i z a t i o n 

0-9 
2-27 

1 3 
2-33 

2-3 
2-30 

3 0 
2-38 

4-4 
2-39 

0-7 
2-39 

7 1 
2-39 

8-6 
2-39 v o l t s 

E x p e r i m e n t s w i t h v e r y cone , a n d v e r y dil . soln. of t h e s u l p h a t e show t h a t t h e cone , 
of t h e soln. h a s l i t t l e inf luence on t h e resu l t . A soln. c o n t a i n i n g a g r a m of a m ­
m o n i u m ch lor ide in 50 c.c. of a soln. of 62 g r m s . of nickel s u l p h a t e p e r l i t re , a n d 
w i t h a g r a m of c i t r ic or bor ic ac id each in p lace of a m m o n i u m chlor ide , gave : 

NH4Cl Citric acid Boric arid 

C u r r e n t d e n s i t y 
P o l a r i z a t i o n 

0-6 
0-58 

1-7 
0-61 

4-6 
0-66 

O-8 
1-66 

3-1 
1 66 

6-3 
1-69 

1-2 
1-8O 

2 O 
1-83 

3-37 
1-83 v o l t s 

D . R e i c h e n s t e i n a t t r i b u t e d po la r i za t ion t o a slow reac t ion in or a t pass ive as 
well a s revers ib le e lec t rodes d u e in p a r t t o t h e f o r m a t i o n of c o m p o u n d s wi th t h e 
gases s e t free a t t h e e lec t rodes . U . C. T a i n t o n found t h a t a h igh c u r r e n t dens i t y 
i nc reases t h e h y d r o g e n ove r -vo l t age a t t h e c a t h o d e . R . L . D o r r a n c e a n d 
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W . C. Ga rd ine r found t h a t t h e anod ic po la r i za t ion is cons ide rab ly r e d u c e d in t h e 
p resence of chlor ides or b romides . Accord ing t o F . F o r s t e r a n d F . K r u g e r , in t h e 
e lec t rodepos i t ion of nickel , t h e a d d i t i o n of chlor ides h i n d e r s t h e p a s s a g e of t h e 
nickel anodes i n t o t h e pass ive s t a t e—v ide supra, t h e e l ec t rodepos i t ion of n icke l . 
T h e t r a n s i t o r y pa s s iv i t y of n ickel a n o d e s is recognized b y t h e i r r e g u l a r i t y of t h e 
p o t e n t i a l difference, t h e c u r r e n t s t r e n g t h , t h e ac id i ty , t h e cu r r en t -y i e ld , t h e fo rma­
t ion of a n o d e slime, a n d , in some cases, b y t h e f o r m a t i o n of a t h i c k l a y e r of n icke l 
pe rox ide . C. R u s s o obse rved t h a t c h r o m o u s s u l p h a t e h i n d e r s b u t does n o t p r e v e n t 
t h e pass iva t ion of nickel a n o d e s . T h e sub j ec t w a s d i scussed b y F . F o r s t e r a n d 
F . Kruge r , G. Grube a n d H . Metzger , A. Coehn a n d M. Glaser , E . Vogel , W . G. El l i s , 
H . E . H a r i n g , A. D . Gar r i son a n d J . F . Li l ley , a n d K . M u r a t a . M. S c h a d e obse rved 
t h a t if t h e cone, of t h e ac id is t o o smal l , s o m e h y d r o x i d e as well a s n icke l s e p a r a t e s 
o u t d u r i n g t h e electrolysis of soln. of n icke l sa l t s . T h e p o l a r i z a t i o n d e p e n d s on t h e 
k i n d of nickel sa l t e m p l o y e d ; i t is g r e a t e r in s u l p h a t e soln. t h a n i t is in ch lo r ide 
soln. T h e po la r i za t ion is inc reased b y t h e p resence of H*-ions, a n d dec reased b y 
ra is ing t h e t e m p , a n d cone, of t h e soln. A. O b e r b e c k d i scussed t h e p o l a r i z a t i o n in 
soln. con t a in ing p o t a s s i u m s u l p h a t e , ch lor ide , b r o m i d e , a n d iod ide ; a n d M. K r i e g , 
va r ious o t h e r sa l t s . Accord ing t o N . A. Isgarischefr a n d C. M. R a v i k o v i t s c h , t h e 
c a t h o d e po la r iza t ion vo l t age o b t a i n e d in t h e e lec t ro ly t i c depos i t i on of n ickel f rom 
nickel chlor ide soln. is affected b y t h e a d d i t i o n of v a r i o u s ch lor ides in t h e o r d e r : 
C d C l 2 < A l C l 3 < : L i C l < C o C l 2 < M g C l 2 < N i C l 2 < N a C l < K C l < : C a C l 2 < : S r C l 2 < : N H 4 C l 
<rRaCl 2 <cZnCl 2 . T h e y ie lds of n icke l depos i t ed p e r u n i t of c u r r e n t a r e a s follow : 
in t h e presence of N H 4 C l , 68 pe r c e n t . ; NaCl , 66 p e r c en t . ; LiCl, 64 p e r c en t . ; 
KCl , 60-1 p e r cen t . ; MgCl2 , 55-9 p e r c en t . ; BaCl 2 , 52 p e r c en t . ; SrCl 2 , 32-4 per­
cen t . ; NiCl2 , 35-4 pe r cen t . ; a n d CaCl2 , 30-8 p e r cen t , of t h e t heo re t i ca l . Of t h e 
a b o v e ca t ions , on ly zinc a n d c a d m i u m a re d e p o s i t e d t o g e t h e r w i t h n icke l on the1; 
c a t h o d e . T h e m o s t l u s t r o u s depos i t s a r e o b t a i n e d in t h e p re sence of l i t h i u m , 
sod ium, a m m o n i u m , a n d m a g n e s i u m , wh i l s t t h e t o u g h e s t depos i t s a re g iven b y t h e 
a d d i t i o n of t h e first t h r e e of t h e s e m e t a l s a n d of c a d m i u m . E v o l u t i o n of gas a t 
t h e c a t h o d e occurs t o a n y cons ide rab le e x t e n t on ly in t h e p resence of a lka l ine -ea r th 
m e t a l s . N . A. Isgarischeff a n d N . Kudr jawzeff s t u d i e d t h e effect of a n a l t e r n a t i n g 
c u r r e n t in t h e electrolysis of soln. of z inc s u l p h a t e . J . W . Sh ip ley a n d C. F . G o o d e v e 
found t h a t in a l t e r n a t i n g c u r r e n t e lectrolysis t h e r e is a cr i t ica l dens i t y , 4-6 a m p . 
p e r sq. cm. , which m u s t be exceeded before gas is evo lved f rom a soln. of s o d i u m 
h y d r o x i d e . A. P . Ro l l e t d iscussed t h e anod i c r e a c t i o n s of n ickel in ac id ic a n d 
a lka l ine soln. ; a n d S. Veil, in t h e p resence of ge la t in . 

Accord ing t o B . Bruzs , w h e n a c u r r e n t is pa s sed b e t w e e n nickel e lec t rodes in a 
soln. of a nickel sa l t t h e a n o d e is a t a h ighe r t e m p , t h a n t h e c a t h o d e , a n d t h e 
difference is d i r ec t ly p r o p o r t i o n a l t o t h e c u r r e n t d e n s i t y u p t o a c e r t a in v a l u e of 
t h e l a t t e r , a t which t h e r e is a s u d d e n inc rease in t h e t e m p e r a t u r e difference, 
a t t r i b u t e d t o t h e evo lu t ion of o x y g e n a t t h e a n o d e . I f t w o n icke l e l ec t rodes 
t h r o u g h which a smal l c u r r e n t h a s been p a s s e d for a few m i n u t e s a r e sho r t - c i r cu i t ed , 
a chemica l ly i n d u c e d c u r r e n t , in t h e s a m e d i r ec t ion a s t h e i m p r e s s e d c u r r e n t , is 
obse rved w h e n t h e p o l a r i z a t i o n h a s been d i s s ipa t ed . T h i s i n d u c e d c u r r e n t is 
ascr ibed t o d i s in t eg ra t i on of t h e l a t t i c e g iv ing rise t o e n h a n c e d a c t i v i t y of t h e 
loosened l a t t i ce a t o m s . 

XJ. Sborgi e x a m i n e d t h e a n o d i c b e h a v i o u r of n icke l in soln. of s o d i u m ch lo r ide 
in m e t h y l alcohol ; TJ. Sborg i a n d G. C a p p o n , in soln. of a m m o n i u m a n d c a l c i u m 
n i t r a t e s in e thy l a lcohol ; TJ. Sborg i a n d P . M a r c h e t t i , in soln. of l i t h i u m ch lor ide 
a n d si lver n i t r a t e in a c e t o n e ; a n d E . Siegler a n d R . Cerna te sco , in qu ino l ine , 
glycerol , o- toluidine, an i l ine , n i t r o e t h a n e , p r o p y l a lcohol , a n d w a t e r . 

J . Nickles 2 4 obse rved t h a t t h e pass iv i ty of n i c k e l t o w a r d s fuming n i t r i c ac id is 
p r o d u c e d b y superficial ly ox id iz ing t h e m e t a l b y h e a t i n g i t i n a n a lcohol flame. 
Purif ied nickel , sa id H . S t . C. Devi l le , is pas s ive i n o r d i n a r y cone . n i t r i c ac id ; a n d 
E . S t . E d m e found t h a t w h e r e a s s h e e t n icke l is pa s s ive i n o r d i n a r y n i t r i c ac id , 
s p . gr . 1 -4, i ron is pass ive on ly in t h e f u m i n g ac id . Iron b e c o m e s pas s ive s lowly, 
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nickel r a p i d l y , b u t if t h e t w o m e t a l s a re i n t r o d u c e d in t h e ac id t oge the r , b o t h b e c o m e 
pass ive i n s t a n t l y . E l e c t r o l y t i c n ickel depos i t ed from, a n a m m o n i a c a l soln. of t h e 
ch lo r ide or s u l p h a t e b e c o m e s pass ive i m m e d i a t e l y . I r o n loses i t s p a s s i v i t y w h e n 
h e a t e d in h y d r o g e n , b u t pass ive n icke l r e m a i n s pass ive a l t h o u g h i t y ie lds a smal l 
q u a n t i t y of a m m o n i a , a n d acqu i re s a s i lvery l u s t r e . W . W . Hol l i s f o u n d t h a t 
a b o v e 80° , n icke l is n o longer pass ive . H . N . H u n t z i c k e r a n d L . K a h l e n b e r g sa id 
t h a t n icke l is n o r m a l l y pass ive , b u t i m m e d i a t e l y af te r c a t h o d i c t r e a t m e n t in a soln. 
of p h o s p h o r i c ac id , i t wil l d i sp lace coppe r a n d si lver f rom soln. of t h e i r sa l t s , a n d 
yeduce p o t a s s i u m p e r m a n g a n a t e , ferric ch lor ide , a n d n i t r i c ac id . V . R o t h m u n d 
o b s e r v e d t h a t nickel becomes pass ive in su lphu r i c , perch lor ic , n i t r i c , ace t ic , bor ic , 
p h o s p h o r i c , c i t r ic , t a r t a r i c , oxal ic , hydrofluosi l icic , t h i o c y a n i c , a n d t h e ha logen 
ac ids ; F . E i s e n k o l b , in oxy-ac ids ; a n d E . S. H e d g e s o b s e r v e d t h e per iodic p a s s i v i t y 
of n icke l . 

A c c o r d i n g t o M. Ie B l a n c a n d M. G. L e v i , a t r o o m t e m p , a n d w i t h a c u r r e n t 
d e n s i t y of 0*5 a m p . p e r sq. d m . , n icke l d issolves q u a n t i t a t i v e l y in ha l ides a n d 
c y a n i d e soln. , a n d su lphu r i c ac id ; b u t in soln. of o t h e r sa l t s i t is pass ive ; a b o v e 
80° , h o w e v e r , i t gene ra l ly loses i t s p a s s i v i t y . Nicke l is pass ive in p o t a s h - l y e even 
a t 80° ; a n d i t is p a r t i a l l y pas s ive in soln. of a m m o n i u m o x a l a t e or s o d i u m a c e t a t e . 
I n c r e a s i n g t h e c u r r e n t increases t h e p a s s i v i t y , b u t c h a n g e s in t h e cone, of t h e soln. 
h a v e n o effect. Acco rd ing t o M. G. L e v i , if t h e p a s s i v i t y of a m e t a l d e p e n d s on t h e 
f o r m a t i o n of a n inso lub le coa t i ng , i t shou ld be r e m o v e d b y t h e a d d i t i o n of t h e soln. 
of a n o t h e r sa l t , t h e a n i o n of w h i c h forms w i t h t h e m e t a l a r ead i ly soluble sa l t . T h e 
b e h a v i o u r of n ickel in such m i x t u r e s of e lec t ro ly tes i nd i ca t e s t h a t t h e p a s s i v i t y of t h e 
m e t a l in s o d i u m c a r b o n a t e or p o t a s s i u m h y d r o x i d e soln. m a y be d u e t o t h e f o r m a t i o n 
of a p r o t e c t i v e l aye r . Th is could , howeve r , n o t be obse rved in t h e o t h e r soln. 
e x a m i n e d , so t h a t he r e t h e p a s s i v i t y a p p e a r s t o b e d u e t o t h e smal lness of t h e r eac t i on 
ve loc i ty . A smal l a d d i t i o n of s o d i u m ch lor ide t o a soln. caus ing pa s s iv i t y b r ings t h e 
ve loc i t y of i on - fo rma t ion u p t o t h e v a l u e r e q u i r e d for t h e q u a n t i t a t i v e d i sso lu t ion 
of t h e m e t a l . S u l p h u r i c ac id also a c t s in t h i s w a y , b u t t o a less e x t e n t t h a n s o d i u m 
ch lo r ide . T h e a d d i t i o n of s u g a r or a c e t o n e is w i t h o u t influence, b u t c a r b a m i d e 
d e s t r o y s t h e p a s s i v i t y , a l t h o u g h i t is u n c e r t a i n w h e t h e r i t s a c t i o n is a d i r ec t one or 
'whether i t is d u e t o i t s d e c o m p o s i t i o n p r o d u c t s . A c c o r d i n g t o E . N e w b e r y , n ickel 
b e c o m e s pas s ive in d i l . s u l p h u r i c ac id w h e n a c u r r e n t d e n s i t y of 100 mi l l i amperes 
p e r sq. c m . is app l i ed . I f t h e c u r r e n t d e n s i t y is lowered t o 50 mi l l i amperes , t h e 
we l l - known per iod ic p a s s i v a t i o n a n d a c t i v a t i o n a r e obse rved , be ing m o r e easi ly 
p r o d u c e d w i t h t h i s t h a n w i t h a n y o t h e r m e t a l . T h e p o t e n t i a l falls f rom a b o u t 
0-6 v o l t ( referred t o a s t a n d a r d o x y g e n e lec t rode) s lowly a t first a n d t h e n v e r y 
r a p i d l y t o a v a l u e of a b o u t —0-5 vo l t , i m m e d i a t e l y r i s ing aga in t o n e a r t h e h ighes t 
v a l u e . T h e lower l im i t is v e r y u n c e r t a i n , a s i t is a l m o s t imposs ib le t o follow t h e 
r a p i d c h a n g e s of p o t e n t i a l w i t h t h e usua l ove r -vo l t age a p p a r a t u s . T h e pe r iod of 
e a c h " v i b r a t i o n " is u s u a l l y f rom 6 t o 10 seconds , a n d t h e n a t u r e is such as t o 
sugges t s t r o n g l y a n a l t e r n a t e f o r m a t i o n a n d b r e a k a g e of a c o n t i n u o u s p r o t e c t i v e 
film o v e r t h e surface of t h e e l ec t rode . I n a lka l ine soln. p u r e nickel pa s s iva t e s a t 
once , e v e n a t t h e lowes t c u r r e n t dens i t i es . I f t h e n ickel con t a in s a smal l pe r ­
c e n t a g e of coppe r , h o w e v e r , t h e p a s s i v i t y is on ly p a r t i a l , a n d t h e nickel is d issolved 
a n d d e p o s i t e d in a b lack , s o o t y fo rm on t h e c a t h o d e , l eav ing t h e coppe r a d h e r i n g 
t o w h a t is left of t h e a n o d e . F o r t h i s reason , s amp le s of n icke l f rom different 
m a n u f a c t u r e r s m a y s h o w wide ly differing res i s t ance t o d i s i n t eg ra t i on . T h e anod ic 
o v e r - v o l t a g e of n icke l is low a n d fa i r ly c o n s t a n t , a n d h a s s imi la r va lues in acidic 
a n d a lka l i ne soln. W . R a t h e r t o b s e r v e d t h a t t h e a b r u p t c h a n g e of t h e anod ic 
p o t e n t i a l w h i c h occurs w h e n a c t i v e n icke l becomes pass ive h a s n o t t h e s a m e va lue 
a s t h a t w h i c h occurs w h e n t h e pas s ive m e t a l b e c o m e s a c t i v e . F . Kr i ige r a n d 
E . N a h r i n g , W . L iebere ich , C. T . T h o m a s a n d W . B l u m , G. R u s s o , a n d K . Georgi 
d i scussed t h e sub jec t . H . D i e t r i c h e x a m i n e d t h e pe r iod ic p h e n o m e n a in t h e 
e lec t ro lys is of nickel sa l t s . A. B r o c h e t a n d J . P e t i t f ound t h a t w i t h nickel as 
so luble a n o d e w i t h a n a l t e r n a t i n g c u r r e n t , in a soln. of p o t a s s i u m c y a n i d e , t h e 
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m e t a l dissolves q u a n t i t a t i v e l y so long a s t h e c u r r e n t d e n s i t y d o e s n o t exceed 
2 a m p . p e r sq. d m . ; b e y o n d th i s , t h e d isso lu t ion decreases , r e a c h i n g a m i n i m u m of 
80 p e r cen t , of t h e theore t i ca l w h e n t h e c u r r e n t d e n s i t y is 8 a m p . p e r sq . d m . T h e 
sub jec t w a s s tud ied b y O. Sackur , a n d M. Ie B l a n c , G. C. S c h m i d t , W . J . Mtiller 
a n d co-workers , E . Muller a n d F . Spi tzer , C. "W. B e n n e t t a n d W . S. B u r n h a m , 
F . E i senko lb , A. D . Gar r i son a n d J . F . Li l ly , D . R e i c h e n s t e i n , K . M u r a t a , N . I s g a r i -
schefT, A. Adler , H . E g g e r t , E . B e c k e r a n d H . H i l b e r g , O. G r u b e , W . Hi t to r f , 
A. S. Russel l , E . Liebre ich , T. O n o d a , V. R o t h m u n d , E . G r a v e , E . P . Schoch , 
E . B a u m a n n , e tc .—vide t h e p a s s i v i t y of i ron . W . J . Mul ler a n d W . M a c h u studied* 
t h e t i m e of pas s iva t ion of n icke l—v ide i ron . 

E . P . Schoch a n d C P . R a n d o l p h s t u d i e d t h e c o n n e c t i o n b e t w e e n t h e a n o d e 
p o t e n t i a l a n d t h e c u r r e n t d e n s i t y for JV-soln. of n icke l s u l p h a t e , a n d ch lo r ide , a n d 
p o t a s s i u m s u l p h a t e . F o r t h e c u r r e n t dens i t i e s less t h a n 4 m i l l i a m p e r e s p e r sq . d m . , 
t h e nickel shows n o r m a l anod ic b e h a v i o u r , a n d t h e p o t e n t i a l s a r e r e a d i l y r e p r o d u c i b l e . 
Th is is n o t t h e case if h ighe r c u r r e n t dens i t i e s a r e used , a n d w i t h excess ive dens i t i e s 
t h e p o t e n t i a l falls c o n t i n u o u s l y u n t i l t h e evo lu t i on of o x y g e n se t s in . T h e c h e m i c a l 
ac t i on which t a k e s p lace a s long as t h e p o t e n t i a l for t h e e v o l u t i o n of o x y g e n h a s n o t 
been reached , is a q u a n t i t a t i v e soln. of n ickel . T h e r e is n e i t h e r a c r i t i ca l v o l t a g e 
n o r a cr i t ical c u r r e n t d e n s i t y w h i c h m a r k s t h e t e r m i n a t i o n of t h e n o r m a l a n o d i c 
b e h a v i o u r a n d t h e t r a n s i t i o n t o t h e pass ive c o n d i t i o n . T h e p o t e n t i a l a n d d e n s i t y 
va lues co r re spond ing w i t h t h i s t r a n s i t i o n d e p e n d on t h e p r e v i o u s e lec t ro ly t i c t r e a t ­
m e n t . W h e n t h e c u r r e n t is d i s con t inued , t h e p o t e n t i a l a t t h e a n o d e beg ins t o r ise 
i m m e d i a t e l y , t h e r a t e of rise d i m i n i s h i n g w i t h increase in t h e e x t e n t of t h e p r e c e d i n g 
electrolysis a n d w i t h d i m i n u t i o n in t h e a c c o m p a n y i n g p o t e n t i a l . I t w a s c o n c l u d e d 
t h a t n ickel h a s a v e r y smal l i on iza t ion ve loc i ty ; in c o n s e q u e n c e of t h i s , c o m ­
p a r a t i v e l y smal l c u r r e n t dens i t i e s r e su l t in t h e l i be r a t i on of o x y g e n . W h e t h e r t h e 
nickel in t h e pass ive cond i t i on is p r o t e c t e d b y a l aye r of o x y g e n or cove red b y a n 
ox ide film c a n n o t b e dec ided on t h e bas i s of t h e o b s e r v e d f ac t s . E x p r e s s i n g t h e 
c u r r e n t d e n s i t y , D, in m i l l i amps . p e r 100 sq. cm. , a n d t h e p o t e n t i a l E r e l a t i v e t o t h e 
n o r m a l ca lomel e l ec t rode in vo l t s : 

L> . O 0 0 4 0 -2 2 4 2 2 2 4 3 2 2 4 1 8 5 
B . 0 - 4 7 5 — 0 - 4 6 3 - 0 - 4 4 5 — 0 3 9 — 0 - 3 6 — 0 - 2 7 - 0 - 1 2 3 — 0 0 5 + 1-06 - j - 1 - 1 3 1 

Act ive Pass ive 

C. A. L . de B r u y n found t h a t w i t h n ickel n i t r a t e t h e c u r r e n t d e n s i t y r e q u i r e d t o 
p r o d u c e p a s s i v i t y is q u i t e sma l l owing t o t h e c a t a l y t i c inf luence of t h e n i t r a t e ions . 
T h e g r e a t e r t e n d e n c y of n ickel t o b e c o m e pas s ive t h a n is t h e case w i t h i ron is a lso 
s h o w n b y t h e b e h a v i o u r of t h e m e t a l in soln. of t h e n icke l ha l i de s . W i t h i r o n t h e 
d i s t u r b a n c e p r o d u c e d b y t h e ha l ides is smal l , a n d w i t h n icke l l a rge . W . L i eb re i ch 
obse rved t h a t t h e r e is a p o t e n t i a l r a n g e in t h e feeble c a t h o d i c p o l a r i z a t i o n of n icke l 
in wh ich t h e m e t a l h a s a r e l a t i v e l y g r e a t t e n d e n c y t o d isso lve in t h e e l ec t ro ly t e 
a n d fo rm a surface film of a bas ic sa l t . B . S t r a u s s d e n i e d t h e t h e o r y t h a t sur face 
o x i d a t i o n is t h e cause of t h e p a s s i v i t y of n i cke l o r of n i c k e l - c h r o m i u m s tee l s . 
S. Tr iandaf i l s t u d i e d t h e effect of t e m p , on t h e p o l a r i z a t i o n of n icke l . 

T h e c u r r e n t d e n s i t y r e q u i r e d t o r e n d e r n icke l pas s ive is m a t e r i a l l y i nc r ea sed 
in a m a g n e t i c field. U . S b o r g i a n d A. B o r g i a e x a m i n e d t h e inf luence of 
m a g n e t i s m in pas s iv i t y . H . G. B y e r s a n d A. F . M o r g a n f o u n d t h a t t h e c u r r e n t 
d e n s i t y r equ i r ed t o p r o d u c e t h e pa s s ive s t a t e w i t h a n i cke l a n o d e , G w i t h o u t a 
m a g n e t i c field, a n d Cm w i t h a m a g n e t i c field in n i t r i c , su lphu r i c , a n d p h o s p h o r i c 
ac ids , as well as a soln. of s o d i u m n i t r a t e a n d p o t a s s i u m s u l p h a t e , w a s : 

H N O 3 H 8 S O 4 H 8 P O 4 N a N O 8 K 8 S O 4 
/ i . H • * N / • " A

 N /« " ^ 1 N / ' • i*»-.n ,—i . . . N 

10 per 5 per IO per 5 pe r 10 pe r JV- O-IJV 0-6JV 
cent . cen t . cen t . cen t . cen t . 
8 9 2 4 5 O 4 7 1 4 6 3 9 - 7 3 - 7 1 2 - 8 1 2 - 3 8 

1 0 5 1 5 5 0 6 2 7 5 1 4 2 1 4-46 3-13 30O 
159 IOO 156 5 2-4 0-75 0-32 0-62 

C 
Om 
jDiff. . 

1 per 
cent . 
2 4 7 
3 2 4 

77 

5 per 
cent . 
2 9 7 
3 8 5 

8 8 
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- A c t i v a t i o n C u r v e 
of P a s s i v e N i c k e l . 

C A. L . de B r u y n found t h a t t h e ac t iva t ion curve of nickel does-not show a por t ion 
a lmos t hor izon ta l as in t h e case of i ron. T h e oxygen t a k e n u p b y nickel d u r i n g 
anodic po lar iza t ion is g radua l ly r emoved b y hyd rogen u n t i l ' t h e nickel surface 
con ta ins on ly hydrogen , n o t oxygen. T h e curve wi th nickel n i t r a t e soln. is shown 
in F ig . 43 . Analogous resul ts are ob ta ined w i th soln. of t h e nickel hal ides . 
E . S. Hedges s tud ied t h e periodic pass iv i ty of nickel . 

G. G r u b e showed t h a t in neu t r a l soln. t h e va r i a t ion 
of t h e po ten t i a l of t h e a n o d e w i t h c u r r e n t dens i ty is 
m u c h m o r e m a r k e d wi th nickel t h a n w i th p l a t i n u m , 
a n d t h e curves show h o w v e r y s t rong t h e polar iza t ion 
is w i t h t h e nickel anode which forms a surface film of 
oxide—vide i ron. 

A. P . Rol le t s tud ied t h e electrolysis of dil . alkali- lye, 
or dil . su lphur ic acid w i th nickel anodes a n d a n a l ter­
n a t i n g cu r ren t , a n d observed t h a t t h e electrode is 
a l t e r n a t e l y coa ted w i th oxide a n d powdered me ta l . 
L . T r o n s t a d , a n d F . Kr i iger a n d E . N a h r i n g observed 
t h a t t h e X - r a d i o g r a m s agree w i th t h e a s s u m p t i o n t h a t a surface film is formed 
when nickel becomes passive, and , a d d e d L*. T rons t ad , t h e oxide film is n o t t o t a l ly 
des t royed on ac t iva t ion , b u t i t becomes porous a n d spongy ; on re-pass ivat ion, 
t h e holes a re refilled w i t h oxide, a n d t h e film becomes th icker . W . J . Mtiller 
a n d co-workers s tud ied t h e pass iva t ing film of oxide on nickel, a n d said t h a t t h e 
g rea te r res is tance of nickel t o corrosion t h a n of i ron is due t o t h e g rea te r s t ab i l i ty 
of t h e oxide film. E . Miiller a n d J . J a n i t z k i found t h a t r ubb ing the nickel m a k e s 
i t s po t en t i a l nea r ly reversible w h e n in soln. of acids, 
bases , or n e u t r a l sa l ts . P . K . Fro l ich a n d G. I J . Clark 
discussed t h e m e c h a n i s m of t h e deposi t ion—vide supra. 
L. McCulloch observed cases of pas s iv i ty in which a 
spar ing ly soluble film of s u l p h a t e was p resen t . The 
surface film of oxide was s tud ied b y L . T rons t ad , a n d 
U . R . E v a n s a n d C. S tockda le . U . R . E v a n s inves t iga ted 
t h e effect of pass iva t ion films on t h e anodic process ; 
W . Frese , t h e effect of films on t h e pho tochemica l effect, 
a n d pass ivi ty—vide t h e pass iv i ty of i ron ; a n d 
E . S. Hedges , t h e periodic pass iv i ty of nickel anodes . 
G. C. S c h m i d t discussed t h e h y d r o g e n t h e o r y of pass iv i ty 
—vide pass ive i ron ; A. B a r a t t i n i , a n d E . Werne r , t h e 
solubi l i ty of different k inds of nickel anodes—cas t , 
rolled, h a m m e r e d , s in tered , a n d electrolyt ic nickel. E . Newbery , a n d W . Ogawa 
s tud ied t h e rectifying qual i t ies of nickel a n d galena on t h e a l t e rna t i ng electric 
cu r ren t . 

J . B . O ' S u l l i v a n 2 5 measu red t h e deposit ion vol tages of nickel in soln. of 
N i S 0 4 . 7 H ? 0 , 24 g rms . pe r 100 c.c. ; NaCl, 1-56 g rms . per 1OO c.c. ; a n d 0-22V-NH4-
or a c e t a t e ion ; a n d t h e 0-2Af-borate ions, for cu r r en t densi t ies of 2, 5, 10, a n d 15 milli-
a m p s . p e r sq. cm. a t 17° a n d 35°, a n d ca lcu la ted values for un i t cu r ren t dens i ty . T h e 
depos i t ion po ten t i a l s were m e a s u r e d aga ins t a s a t u r a t e d calomel e lectrode. Some 
resu l t s a r e shown in Tab le I I I . H e r e t h e pH vol tage is t h e reversible hyd rogen 
p o t e n t i a l in t h e soln. aga ins t t h e s ame s t a n d a r d e lect rode. T h e difference be tween 
t h e depos i t ion po t en t i a l a n d t h e cor responding pH vol tage gives t h e hydrogen over-
vo l t age . G. Sar to r i , R . Saxon , H . T. S. B r i t t o n , N . V. E m e l i a n o v a a n d J . H e y -
rovsky , J . H e y r o v s k y , N . A. Isgarischeff a n d H . Rav ikov i t s ch , C. Marie a n d 
N . T h o n s tud ied t h e subjec t . M. P a v l i k found t h a t nickel deposi ts revers ibly only 
f rom soln. h a v i n g concen t ra t ions of ca lc ium or l i t h ium chloride over 6-42V-SoIn. 
a t r o o m t e m p . , or from soln. con ta in ing less of these sal ts a t 100°. T h e ca thode 
depos i t ion po t en t i a l of nickel f rom soln. con ta in ing large a m o u n t s of d e h y d r a t i n g 
chlor ides was a b o u t 0-3 vol t m o r e pos i t ive t h a n t h e po ten t i a l a t which nickel is 

/ 
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F I G . 4 4 . T h e Effect , of 
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A n o i i e P o t e n t i a l of 
N i c k e l . 
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T A B I E I I I . — D E P O S I T I O N V O L T A G E S O F N I C K E L . 

Buffer 
agent 

A c e t a t e 

B o r a t e 

N H 4 

Pa 

(4-4 
)5-3 
j 5-9 
{6-2 
(6-4 I 
rr>-9 
!6-3 
)6-8 
l 7 0 

17° 
Current density milliamps. per Bq. cm. 

1 

— 0-84O 
— 0-858 
— 0-833 
— 0-839 
- 0 - 8 4 7 
— 0-835 
- 0 - 8 2 8 
- 0 - 8 2 7 
— 0-820 

5 

— 0-885 
— 0-915 
— 0-905 
— 0-915 J 
— 0-940 
— 0-93O 
— 0-925 
— 0-920 
— 0-920 

10 

— 0-900 
— 0-945 
- O - 9 4 0 
— 0-945 
— 0-985 
— 0-980 
— 0-970 
— 0-965 
— 0-965 

15 

— 0-915 
— 0-960 
— 0-965 
— 0-970 

— 1-005 
— 1 0 0 0 
— 0-990 
— 0-99O 

Pa 
voltage 

— 0-505 
— 0-557 
— 0-592 
— 0-610 
— 0-621 
— 0-592! 
— 0 1 6 5 
— 0-644 
— 0-656 

35° 
Current density milliamps. per sq. cm. 

1 

— 0-775 
— 0-784 
— 0-744 
— 0-748 
— 0-748 
— 0-762 
- 0 - 7 3 9 

5 

— 0-82O 
— 0-845 
— 0-815 
— 0-815 
— 0-816 
— 0-835 
— 0-835 

1° 

-Q N -845 
— 0 ; 8 7 0 
— 0-850 
— 0-850 
- O - 8 5 0 
— 0-870 
— 0-875 

1 5 

— 0-855 
— 0-885 
— 0-870 
— 0-87O 
— 0-87O 
— 0-890 
— 0-890 

d e p o s i t e d f rom p u r e soln. of nickel ch lor ide "with t h e s a m e c o n c e n t r a t i o n of n ickel . 
T h e depos i t ion of nickel w a s n o t affected b y H*-ions ; a s l ight inf luence of a c i d i t y 
w a s a t t r i b u t e d t o t h e r e m o v a l of t h e p r o d u c t s of h y d r o l y s i s in di l . soln. T h e 
i r revers ib le depos i t ion of n ickel f rom dil . soln. is a t t r i b u t e d t o t h e slow d e h y d r a t i o n 
of n ickel ions in t h e inne r sphere of co-ord ina t ion , w h e r e a s t h e revers ib le depos i t ion 
of nickel in cone. soln. is a s s u m e d t o occur f rom complexes [NiCl n ] , f rom w h i c h t h e 
de fo rmab le chlor ine ions a r e r ead i ly r e m o v e d in t h e s t r o n g electr ic field of t h e 
ca thod ic surface—vide supra, coba l t ch lor ide . E . F o r s t e r a n d K . Georg i found 
t h a t t h e depos i t ion of n ickel does n o t , as supposed b y S. Glass tone , c o m m e n c e a t a 
definite p o t e n t i a l wh ich differs f rom t h e e q u i l i b r i u m p o t e n t i a l , a n d t h e n a f te r 
p roceed w i t h o u t r e t a r d a t i o n ; for, u n d e r specified cond i t ions , w i t h a c u r r e n t 
d e n s i t y of 0-56 X 10~ 4 a m p . p e r sq. c m . no depos i t ion occurs d u r i n g t h e first 30 mins . , 
b u t af ter 24 h r s . sufficient n ickel is depos i t ed t o ca l cu l a t e t h e c u r r e n t y ie ld . 
R . Miiller a n d co-workers , a n d G. D e v o t o a n d A. R a t t i e x a m i n e d t h e effect of 
o rgan ic subs t ances . F . B r a u n s t u d i e d some p h e n o m e n a c o n n e c t e d w i t h t h e 
electrolysis of nickel sa l t s . T. K i n b a r a obse rved t h e effect of a c u r r e n t w i t h a 
n ickel e lec t rode on a p h o t o g r a p h i c d r y p l a t e . 

T h e e l e c t r o d e p o s i t i o n of n i cke l h a s been p rev ious ly d iscussed. V. K o h l s c h u t t e r 
a n d E . Vui l leumier found t h a t in t h e e lec t rodepos i t ion of nickel , a film is first 
fo rmed on t h e c a t h o d e , a n d t h i s is fol lowed b y a c o n t r a c t i o n of t h e film wh ich 
causes a b e n d i n g of t h e c a t h o d e . T h e c o n t r a c t i o n is d e p e n d e n t on t h e c u r r e n t 
d e n s i t y a n d t h e compos i t ion of t h e e l ec t ro ly te ; i t is s t r o n g l y inf luenced b y t h e 
a d d i t i o n of o t h e r s u b s t a n c e s t o t h e e l ec t ro ly te , a n d is less i n soln. w h i c h cause a n 
evo lu t ion of h y d r o g e n , a n d also w h e n t h e depos i t is f ine-grained. W h e n a n a l r e a d y 
b e n t c a t h o d e is c h a r g e d w i t h h y d r o g e n i t s t r a i g h t e n s o u t aga in , b u t if t h e c u r r e n t 
is i n t e r r u p t e d a t t h i s s t age , t h e h y d r o g e n is se t free a n d t h e c a t h o d e t a k e s u p i t s 
or ig inal b e n t form. I n soln . w h i c h d o n o t evo lve h y d r o g e n t h e c o n t r a c t i o n occurs 
in j u m p s , w h i c h h a v e t h e c h a r a c t e r i s t i c s of d e l a y e d effects. T h e who le effect 
is p r o b a b l y d u e t o t h e f ac t t h a t t h e m e t a l is a t first d e p o s i t e d in a h i g h l y d i spe r se 
form, a n d t h e n t h e pa r t i c l e s s in t e r w i t h t h e f o r m a t i o n of a d e n s e r m a t e r i a l . T h i s 
p r o b a b l y occurs a long w i t h t h e f o r m a t i o n of a ga s l aye r on t h e c a t h o d e , w h i c h p l a y s 
t h e p a r t of a d ispers ion m e d i u m . Since t h e e lec t ro ly t ic soln. p r e s su re of t h e h i g h l y 
d i sperse fo rm is necessar i ly g r e a t e r t h a n t h a t of t h e d e n s e r m e t a l , t h i s v i e w exp l a in s 
t h e inc rease in t h e depos i t ion p o t e n t i a l a b o v e t h a t of t h e o r d i n a r y m e t a l . Accord ­
i n g t o H . S tager , t h e r e a r e t w o t y p e s of c o n t r a c t i o n ; i n one , t h e c o n t r a c t i o n 
g r a d u a l l y d imin i shes a n d i n t h e o t h e r , i t g r a d u a l l y increases . T h e t e m p , a t w h i c h 
t h e l aye r is fo rmed inf luences t h e s t r u c t u r e , a n d c o n s e q u e n t l y t h e m e c h a n i c a l 
behav iou r , of t h e depos i t ; s ince t h e d e v e l o p m e n t of a film of g a s a t t h e e lec t rode 
m u s t be r ende red difficult b y r i se of t e m p . , t h e d i m i n i s h e d d i s p e r s i v i t y a n d t h e 
r e s u l t a n t d imin i shed c a p a c i t y to^. s in t e r w h i c h a r e o b s e r v e d m a y well be d u e 
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t o decrease in t h e d e p o s i t of h y d r o g e n . W h e n nickel is d e p o s i t e d f rom soln. con t a in ­
i n g depo l a r i ze r s—such a s h y d r o g e n d iox ide , n i t r o b e n z e n e , p o t a s s i u m ch lo ra t e , a n d 
s o d i u m c i n n a m a t e — t h e c o n t r a c t i o n of t h e n i cke l depos i t s is m a r k e d l y d imin i shed 
a n d t h e i r s t r u c t u r e a l t e r ed u n d e r t h e s e cond i t ions , a s s h o u l d be t h e case if t h e 
d i s cha rged h y d r o g e n is t h e u l t i m a t e cause of t h e effect. T h e sub j ec t w a s d iscussed 
b y V. K o h l s c h i i t t e r a n d co-workers , H . Schodl , J . Pra jz le r , H . Marsha l l , 
O. A. E s i n a n d A . Alf imova, R . H a r r , V . P . Sacch i , a n d E . B o u t y . F o r 
E . J . Mill 's o b s e r v a t i o n s on t h e e lec t ros t r i c t ion of nickel , vide i ron . K . M. Oes te r le 
e x a m i n e d t h e c r y s t a l s t r u c t u r e a n d phys i ca l p r o p e r t i e s of c ry s t a l depos i t s 
of n ickel f rom A^-NiCl2 on p l a t i n u m or si lver c a t h o d e s us ing n ickel a n o d e s , 
a n d a c a t h o d e d e n s i t y of 2-5 a m p . p e r sq . d m . T h e c h a r a c t e r of t h e depos i t s 
d e p e n d s on t h e pj£ v a l u e of t h e e l ec t ro ly t e , a n d a lso on t h e p resence of ge la t in , 
which , in se rv ing a s a p r o t e c t i v e colloid of t h e d i spersed n ickel h y d r o x i d e , causes 
a b r i g h t s m o o t h l aye r t o be f o r m e d . T h e d a t a co r r e spond ing w i t h t h o s e 
depos i t s o b t a i n e d f rom soln. of j » H = 4 - 5 t o 6-0 i l l u s t r a t e h o w g rea t a n effect a 
smal l c h a n g e in T? H m a y h a v e on t h e q u a l i t y of t h e l ayer . I t is w i t h i n t h i s 
r a n g e t h a t t h e e lec t ro ly te becomes c o n t a m i n a t e d w i t h smal l a m o u n t s of n icke l 
h y d r o x i d e . 

E . P . Schoch a n d A. H i r s c h , a n d W . D . T readwe l l found t h a t , a t 18°, a soln. 
0-5 n o r m a l w i t h r e spec t t o b o t h z inc a n d n ickel s u l p h a t e s , a n d 0-01 n o r m a l w i t h 
r e spec t t o su lphu r i c ac id , g a v e t h e r e su l t s s u m m a r i z e d in Eig . 45 w h e n e lec t ro lyzed . 
T h e p e r c e n t a g e of n icke l in t h e z inc-nickel depos i t is v e r y low a t low c u r r e n t 
dens i t i e s , a t t a i n s a m i n i m u m , a n d t h e n s lowly r ises . T h e c u r r e n t efficiency a t 
h igh c u r r e n t dens i t i es is h igh , showing t h a t l i t t l e c u r r e n t is s p e n t in t h e g e n e r a t i o n 
of h y d r o g e n . T h e resu l t s a t 80° a r e s u m m a r i z e d in F ig . 45 . W i t h low c u r r e n t 

0 5 IO 15 20 25 30 35 40 0 5 W 15 20 25 30 35 40 45 
Cathode current density — amperes per sq. cm. x703 

FiO. 45 . T h e Effect of Current D e n s i t y on t h e S i m u l t a n e o u s Depos i t ion 
of Zinc and Nicke l . 

dens i t i e s , t h e depos i t is r i ch in n ickel , a n d t h e p r o p o r t i o n of n ickel decreases a s t h e 
c u r r e n t d e n s i t y inc reases ; a t t h e s a m e t i m e , t h e c a t h o d e p o t e n t i a l r ises t o v a l u e s 
r e q u i r e d for t h e depos i t i on of z inc . A t low c u r r e n t dens i t i es also, t h e c u r r e n t 
efficiency is be low 20 p e r cen t , a n d t h e c u r r e n t is s p e n t p r inc ipa l ly in g e n e r a t i n g 
h y d r o g e n . As t h e c a t h o d e p o t e n t i a l r ises w i t h inc reas ing c u r r e n t dens i t i es , so does 
t h e c u r r e n t efficiency also r ise . T h e s u b j e c t w a s i n v e s t i g a t e d b y S. Glass tone , 
A. F i sche r , B . Bog i t ch , F . F o r s t e r a n d K . Georgi , M. P a v l i k , a n d A. Thie l a n d 
A. W i n d e l s c h m i d t . 

J . Ii. O*Sullivan found t h a t t h e p resence of sma l l p r o p o r t i o n s of i ron sa l t s h a s 
no app rec i ab l e effect on t h e e l ec t rodepos i t ion of n ickel , owing t o t h e pre fe ren t ia l 
depos i t ion of i ron w h e r e b y t h i s m e t a l is r e m o v e d f rom t h e c a t h o d e film before i t 
c a n fo rm col loidal c o m p o u n d s . O n t h e o t h e r h a n d , a l u m i n i u m c a n a c c u m u l a t e in 

V O L . x v . H 
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t h e c a t h o d e film un t i l colloidal c o m p o u n d s a r e fo rmed . W h e n t h i s h a s gone far 
enough , t h e c h a r a c t e r of t h e depos i t is p r o f o u n d l y modif ied ; i t b ecomes b l a c k o r 
" b u r n t . " The b lack depos i t c o n t a i n s app r ec i ab l e a m o u n t s of a l u m i n i u m , t h e 
wh i t e depos i t ha s none . T h e sub jec t w a s d iscussed b y L . D . H a m m o n d , W . C. E l l i s , 
P . K . Fro l ich a n d G. L . Clark, K . E n g e m a n n , a n d G. F u s e y a a n d K . M u r a t a . 

A. B . Schiotz found nickel a lone is depos i t ed f rom soln. of n icke l ch lo r ide in t h e 
p resence of cerous chlor ide . V. E n g e l h a r d t a n d N . Schonfe ld t s t u d i e d t h e speeds 
of depos i t ion a t different d i s t ances f rom t h e a n o d e ; E . Becke r , t h e c o m p o s i t i o n of 
t h e anodes ; A. W . H o t h e r s a l l a n d R . A. F . H a m m o n d , t h e effect of ox id iz ing 
a g e n t s — h y d r o g e n d iox ide a n d nickel n i t r a t e ; a n d E . S. H e d g e s , t h e pe r iod ic 
e lec t rodeposi t ion . H . F o r e s t i e r obse rved t h a t in a m a g n e t i c field of 520O gauss , t h e 
r a t e of depos i t ion of n ickel f rom a 0-61 p e r c en t . aq . soln. of n icke l s u l p h a t e is 
cons iderab ly r e t a r d e d w h e n £ > H < 2 - 3 , a n d is a r r e s t e d w h e n £ > H < l - 0 . F o r h i g h e r 
va lues of pjj, t h e r e is a s l ight acce le ra t ion . F o r JP j 1 -1*2 , a n d inc reas ing in t ens i t i e s 
of t h e m a g n e t i c field, t h e r a t e of depos i t i on dec reases a s y m p t o t i c a l l y t o a 
m i n i m u m . 

T. A. E d i s o n , 2 6 a n d E . W . J u n g n e r c o n s t r u c t e d t h e so-cal led n i cke l - i ron a c c u m u ­
lator in which t h e cha rged cell h a d a pos i t ive e lec t rode of nickel ic ox ide , a n d t h e 
n e g a t i v e e lec t rode, finely d iv ided i ron ; t h e e lec t ro ly te is a 20 pe r c e n t . soln. of 
s o d i u m h y d r o x i d e . Accord ing t o F . F o r s t e r , t h e r eac t i on is : 

N i 2 0 3 . l - 2 - f - l - 8 H 2 0 ^ 2 N i ( O H ) 2 H - 2 0 H ' - f 2 © 
Discharging—> <—Charging 

T h e reac t ion d u r i n g t h e d i scharge invo lves F e - > F e " - - f - 2 @ , a n d N i " " - > N i " - f - © > or 
F e - f ~ 2 N i ( O H ) 3 - > F e ( O H ) 2 + 2 N i ( O H ) ? . F o r t h e e n e r g y of t h e r e a c t i o n s o b t a i n e d b y 
F . Giordan i a n d E . M a t t h i a s , vide infra, n ickel ic ox ide . T h e cell w a s s t u d i e d b y 
M. IJ. Schoop , A. D i n i n a n d M. XJ. Schoop , N y a A c k u m u l a t o r A k t i e b o l a t g e J u n g n e r , 
F . P e t ers , A. E r b , R,. Gah l , A. !L. !Marsh, M!. Sevi l lano , E . Sehneckenbe rg , A. E . K e n -
nel ly, C. F . H o l m b o e , F . W . M a n n , W . Dinse r , A. E . K e n n e l l y a n d S. E . W h i t i n g , 
H . L y o n , O. S c h m i d t , F . M. D a v i s , F . Sieg, I I . R o d m a n , A. Ba inv i l l e , F . F o r s t e r , 
F . F o r s t e r a n d V. He ro ld , G. H a g e n , M. RolofF, M. Roloff a n d H . W e h r l i n , 
K . E l b s , P . K r a s s a , O. F a u s t , J . W o o s t , O. P a t t e n h a u s e n , J . Zedner , E . F . R o e b e r , 
G. N o r d s t r o m , L . Gri ifenberg, W . H i b b e r t , C. W. B e n n e t t a n d I I . N . Gilbert,, 
M. de K a y T h o m p s o n a n d H . K . R i c h a r d s o n , R . J o n a u s t , a n d TJ. C. T u r n o c k . 
W . Dinser , D . W . T. K i r k m a n a n d F . W . M a n n , a n d F . W . M a n n d i scussed t h e 
n i c k e l - c a d m i u m cell. 

T h e thermoelectr ic force of a couple of n ickel a n d platinum, for 100°, w a s 
found b y J . D e w a r a n d J . A. F l e m i n g 2 7 t o be —1-43 mi l l ivo l t s ; b y K . F e u s s n e r 
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Via. 4 6 . — T h e r m o e l e c t r i c F o r c e of N i c k e l a g a i n s t P l a t i n u m , L e a d , 
Si lver , a n d C o p p e r . 

a n d S t . L i n d e c k , —1*20 mi l l ivol t s ; G. R e i c h a r d , —1-94 mi l l ivo l t s ; E . W a g n e r , 
— 1-52 m i l l i v o l t s ; K . Nol l , —1-65 m i l l i v o l t s ; W . J a g e r a n d H . Diesse lhors t , 
—1-62 mi l l ivo l t s ; a n d P . W . B r i d g m a n , —1-496 mi l l ivo l t s—v ide F i g . 46 . Nicke l 
is t h e r m o e l e c t r i c a l l y n e g a t i v e t o p l a t i n u m so t h a t in a s imp le t h e r m o e l e c t r i c c i r c u i t 
of t h e s e t w o m e t a l s , t h e c u r r e n t flows f rom p l a t i n u m t o n icke l a t t h e cold j u n c t i o n . 
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ioo° 
1-485 

2 0 0 ° 

3 1 0 5 
3 0 0 ° 

4-59O 
4 0 0 ° 

5 - 4 5 0 
5 0 0 ° 

6 - 1 6 5 
7 0 0 ° 

8-105 
9 0 0 ° 

1 0 - 6 9 5 
1 1 0 0 ° 

1 3 - 6 2 5 

K . E . Grew ' s resul t s a re p lo t t ed in F ig . 47, a n d t h e y show a s t r ik ing b r eak in t h e 
cu rve a t 360°. W . H . Ross s tud ied t h e effect of longi tud ina l ly a n d t r ansve r se ly 
m a g n e t i z e d wires. Obse rva t ions were m a d e b y K . E . Grew, W . I t o h h , a n d 
F . E . Bash—v ide F ig . 48 . F . R . Caldwell found t h e e.m.f., E mil l ivol ts , of 
99-94 pe r cent , nickel aga in s t p l a t i n u m t o be : 

E 

T h e resul t s a re p l o t t e d in F ig . 48 ; t h e r e is a change in t h e d i rec t ion of t h e cu rve 
in t h e region of t h e m a g n e t i c t r ans fo rma t ion . T h e resul t s of W . R o h n a re 
s u m m a r i z e d in F ig . 48 . T h e t e m p , 
coeff. of t h e the rmoe lec t r i c force 
o b t a i n e d b y J . D o r f m a n n a n d 
R . J a a n u s a re ind i ca t ed in F ig . 49. 
K . E . Grew s tud ied t h e t h e r m o ­
electric effect a t t h e Curie p o i n t of 
nickel ; a n d G. T a m m a n n a n d 
G. Bande l , t h e effect of cold-work. 
L . J o r d a n a n d W . H . Swanger 
gave 1-485 mil l ivol ts a t 100°, 6-165 
mil l ivol ts a t 580°, a n d 12-130 
mil l ivol ts a t 1000°. L . H o I b o r n a n d co-workers gave for t h e thermoelec t r ic 
force, E mil l ivolts , couples of nickel a n d tungsten, a n d of nickel a n d iron : 
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F r a . 47 . -—Tl io T h e r m o e l e c t r i c F o r c e of t h e 
N i - P t C o u p l e . 
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E . P . Ha r r i son found t h a t w i th t h e iron-nickel couple E=-—5-08 a t —185° ; zero 
a t 0° ; 3-13 a t 100° ; 6-16 a t 200° ; 11-81 a t 500° ; a n d 1 5 0 1 a t 700°. H . Broili , 
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F i O . 4 8 . T h e r m o e l e c t r i c ; F o r c e of N i c k e l 
a n d i t s A l l o y s a g a i n s t P l a t i n u m . 

0" 400 800 

IFiG. 4 9 . T h e r m o e l e c t r i c F o r c e of N i c k e l 
a n d . i t s A l l o y s a g a i n s t C o p p e r . 

a n d W . Gerlach s tud ied t h e t h e r m o m a g n e t i c effect of iron and nickel. F . Hoffmann 
a n d A. Schulze found for couples of nickel aga ins t nickel steel, a n d nichrome : 

X T . , , ( 6 0 p e r c e n t . N i 
N i - s t e e l { 3 B £ e r C o n t . N i l «jo p e r c o n t . m i 
TVT- , < 1 0 - 3 p e r c e n t . C r . 
N x - e h r o m e | 1 2 . 3 J ^ . c o n t C r 

o° 
ooo 
O OO 
O O O 

ooo 

1 0 0 ° 
2 1 2 
1 0 9 
2-2O 
3-52 

2 0 0 ° 
4 - 7 1 
2 - 9 4 
4 - 7 1 
7-47 

4 0 0 ° 

9-55 
0-67 
9-07 

14-9 

6OO ° 

14-2 
10-3 
14-0 
2 1 - 8 

8 0 0 ° 

2 0 - 4 
15-2 
21-O 
2 9 - 4 

1 0 0 0 ° 

27 5 
2 l-O 
2 8 3 
37 -2 

1 1 0 0 ° 

3 1 - 4 

4 1 - 2 

Observa t ions were also m a d e b y E . F . N o r t h r u p , J . Monheim, H . L e n t a n d 
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F . Kofler , a n d M. A. H u n t e r a n d H . Jones—v ide F i g . 50 . L.. Peck inge r 
m e a s u r e d t h e effect of v a r y i n g t h e d i a m e t e r of t h e wires of t h e t h e r m o c o u p l e . 

E . Rudolf i , H . P e c h e u x , A . W . F o s t e r , 
J . J . M c H e n r y , T . H . P i a n d W . B a n d , 
a n d A. K r u p k o w s k y m e a s u r e d t h e 
the rmoe lec t r i c force of t h e coup le of 
nickel a n d copper—Figs. 46 a n d 49 . 
J . E . S c h r a d e r s t ud i ed t h e effect of 
h e a t t r e a t m e n t ; a n d E . D u b o i s 
found t h a t t h e effect a g a i n s t c o p p e r 
becomes e lec t ronega t ive af te r t h e 
m e t a l h a s been h e a t e d a n d cooled. 
W . M. L a t i m e r , a n d G. v o n H e v e s y 
a n d E . Wolff g a v e for a couple 
of n ickel a n d silver—Fig. 50 ; 
R . v o n Da l lw i t z -Wegne r gave —0-0015 
vo l t a t 100° for t h e nickel a n d con-
stantan couple ; C. D a n n e c k e r , for 
couples of n ickel a n d nickel silver, 
a n d of n ickel a n d cobalt, F ig . 50 ; 

400 woo° 12OO 

FiO. 5 0 . — T h e r m o e l e c t r i c F o r c e of N icke l 
a g a i n s t o t h e r M e t a l s . 

C. R . Dar l ing a n d A. W . Grace , bismuth a n d n icke l ; a n d F . Hof fmann a n d 
A. Schulze , for a couple of n ickel a n d carbon : 

Ni + 
A g 
N i - A g 
C o 
C . 

. - 1 8 5 ° 

-0-5 

—. 

- 80° 
— 1-68 
- •0 -4 

—-

0 ° 
0 
O 
O 
0 

100° 
— 2 1 8 

0-6 
— 0-3 

2-20 

200° 
4-96 
1 1 

— 1-3 
4-61 

400° 
9-85 
0-4 

— 4-6 
8-82 

600° 
14-5 

— 25 
— 8-7 

12-9 

800 ° 
20-73 

— 5 1 
— 10-4 

18-7 

1000° 1200° 

26-1 34-8 

2,000 
6,000 

12,000 

1 0 ° 
. 0 1 2 
. 0-41 
. 0-91 

2 0 ° 
0-25 
0-85 
1-99 

4 0 ° 
0-54 
1-82 
4 0 0 

6 0 ° 
0-87 
2-88 
6-32 

8 0 ° 
1-25 
4-02 
8-81 

ioo° 
1-68 
5-24 

11-44 

J . D e w a r a n d J . A. F l e m i n g ' s resu l t s for n ickel a g a i n s t lead a r e shown in F ig . 50 ; 
a n d obse rva t i ons a t low t e m p , were m a d e b y G. Wei tze l . W . R o h n ' s resu l t s for 
nickel a g a i n s t tungsten, molybdenum, tantalum, aluminium, magnesium, iron, a n d 
gold a re s u m m a r i z e d in F i g . 50 ; P . W . B r i d g m a n rep resen ted t h e the rmoe lec t r i c 
force E, of nickel a g a i n s t lead, b y Ex 106—17-610—O-O17802 vo l t s . H e also found 
for t h e the rmoe lec t r i c force, JE XlO6 vo l t s , of a couple of uncompres sed nickel a n d 
of nickel compressed a t a press , p k g r m s . p e r sq. cm. : 

v 

E . W a g n e r gave for 300 k g r m s . p e r sq. c m . press , b e t w e e n 0° a n d 100°, 9-6 X 1 O - 1 2 

vo l t p e r degree pe r k i log ram. H . T o m l i n s o n obse rved t h a t a decrease in t h e t h e r m o ­
electr ic force is p r o d u c e d b y long i tud ina l t r a c t i o n . P . W . B r i d g m a n o b t a i n e d for 
t h e e.m.f., Exl0Q vo l t s , of a couple w i t h u n l o a d e d n ickel a n d of n ickel in tension 
u n d e r a load of T k g r m s . p e r sq. cm. , J^ X 1 0 6 = 0 - 0 0 3 3 5 x — 0 - 0 6 6 0 T 2 vo l t s a t 31° ; 
. #XlOe=-0 -00577<7—0-0 5 132T 2 vo l t s a t 5 1 ° ; Ex 1 0 G = 0 - 0 0 8 1 T — 0 - 0 5 1 7 5 T 2 vo l t s a t 
7 7 - 5 ° ; a n d Ex 1 0 6 = 0 - 0 1 2 1 x — 0 0 5 3 7 T 2 vo l t s a t 94-5°. M. Maclean found for a 
couple of n ickel wires , one of which was p e r m a n e n t l y s t r e t c h e d long i tud ina l ly , 
a n e.m.f. of 0-1341 m i c r o v o l t p e r degree difference of t e m p , b e t w e e n t h e h o t a n d 
cold j u n c t i o n s w h e n t h e c u r r e n t passed f rom t h e s t r e t c h e d t o t h e u n s t r e t c h e d "wire. 
W . del R e g n o obse rved a b r e a k in t h e t he rmoe lec t r i c power n e a r 400°. H . P e c h e u x 
s t u d i e d t h e effect of i m p u r i t i e s on t h e the rmoe lec t r i c force of nickel ; H . P e l a b o n 
f o u n d t h a t t h e t h e r m o e l e c t r i c power va r ies c o n t i n u o u s l y t h r o u g h t h e m . p . ; a n d 
G. We i t ze l i n v e s t i g a t e d t h e effect a t a low t e m p . T h e t he rmoe lec t r i c p r o p e r t i e s 
of n ickel were also s t u d i e d b y T. T s u t s u i , a n d P . N . L a s c h t s c h e n k o a n d c o - w o r k e r s ; 
A. P e r r i e r a n d T. K o u s m i n e , b e t w e e n m a g n e t i z e d a n d n o n - m a g n e t i z e d nickel ; a n d 
t h e c o n t a c t e.m.f. b e t w e e n solid a n d l iqu id nickel , b y P . H . D o w l i n g ; t h e t h e r m o ­
elec t r ic force b e t w e e n a n n e a l e d a n d s t r a i n - h a r d e n e d m e t a l , b y JJ. J . N e w m a n ; 
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t h e effect of ageing, b y J . Thiele ; t h e effect of co ld-work , b y G. T a m m a n n ; t h e 
decrease in t h e t he rmoe lec t r i c force by m a g n e t i z a t i o n , b y H . Toml in son , 
W . H . Ros s , S. R . Wi l l i ams , a n d S. Seass . 

T h e Pe l t ier effect w i t h n ickel a n d coppe r w a s f o u n d b y I I . J a h n t o be a t 0° , 
1-21 mil l icals . p e r c o u l o m b ; P . C e r m a k g a v e 1-90 a t 0° , 2-2 a t 100°, a n d 2-4 a t 
450° ; E . Beck , 1-385 a t 14-4° ; A. E . Caswell , 1-51 a t 22° ; a n d H . C. B a r k e r , 
1*61 a t 28-7°. E . B e c k g a v e for i ron a n d nickel , 2-288 mil l icals . p e r c o u l o m b a t 
15° ; for c a d m i u m a n d n icke l , 1-53 a t 15° ; a n d for zinc a n d nickel , 1-534 a t 15°. 
A. C a m p b e l l f ound t h e n e u t r a l p o i n t w i t h n ickel a n d n ickel s i lver t o be 
254-3°. T h e sub jec t w a s discussed b y E . I I . H a l l , a n d E . S e d s t r o m . F o r 
a couple of n ickel a n d l ead , P . W . B r i d g m a n g a v e for t h e Pe l t i e r effect 
P x l 0 6 = ( - 1 7 - 6 1 — 0-03560)(0+273) v o l t s ; a n d for u n c o m p r e s s e d n icke l a g a i n s t 
n ickel compre s sed a t a p ress , p k g r m s . p e r sq. cm. , t h e Pe l t i e r effect in joules p e r 
c o u l o m b X 10 1 6 , is : 

0° 20 a 40° 00° 80° 100° 
( 2 ,000 . 3 0 3-9 4-7 5-7 7 1 8-9 

pi 6,000 . . 10-9 13-2 15-8 18-3 20-8 23-3 
( ] 2 , 0 0 0 . . 2 4 1 29-3 34-7 4 0 1 45-1 49-9 

A. Ba t t e l l i , a n d A. W . F o s t e r s t u d i e d t h e T h o m s o n effect. H . E . S m i t h found 
t h a t t h e T h o m s o n effect dec reases w i t h t ens ion b y b e c o m i n g less n e g a t i v e , u n t i l 
t h e e las t ic l imi t is r eached , af ter w h i c h i t inc reases . P . W . B r i d g m a n f o u n d for t h e 
T h o m s o n effect, o , of n icke l a n d lead , a X 1 0 0 ^ - — 0-0356(0+273) vo l t s p e r degree ; 
a n d for u n c o m p r e s s e d n icke l a g a i n s t n icke l compres sed a t a press . , p, t h e T h o m s o n 
effect, or X IO 8 jou les pe r c o u l o m b p e r degree , is : 

0° 20° 40° C0° 80° 100° 

1 2,00O . . 4-4 2 1 2-21 3-8 6 0 8-6 

6,00O . . 8-0 7-4 7-2 7-2 7-3 7-5 
2 ,000 . . 16-4 16-5 16-2 14-6 12-2 9-6 

I I . E . S m i t h s t u d i e d t h e effect of s t r a i n on t h e T h o m s o n effect. J . D o r f m a n 
a n d co -worke r s found t h a t t h e cu rves for t h e t h e r m o e l e c t r i c force of n icke l a g a i n s t 
p l a t i n u m s h o w a b r e a k in t h e n e i g h b o u r h o o d of t h e Cur ie p o i n t . Th is co r r e sponds 
w i t h a m o r e or less r a p i d c h a n g e in t h e T h o m s o n ef fec t—the sp . h t . of e l ec t r i c i ty . 
E . C. S t o n e r s t u d i e d t h e p r o b l e m on t h e a s s u m p t i o n t h a t f e r r o m a g n e t i s m is d u e t o 
e lec t ronic sp in , a n d h e ca l cu l a t ed t h e s p . h t . p e r e l ec t ron t o be 3 ca ls . p e r g r a m 
e l e c t r o n — J . D o r f m a n a n d co-workers f o u n d 2-88 cals . 

E . H . H a l l 2 8 f ound for t h e H a l l effect—vide i r o n — w i t h n ickel w i t h a field of 
9000 gauss , 7? X l O 6 = - - 4 5 2 0 a t 2 2 ° ; a n d —5910 a t 5 7 ° ; J . K o n i g s b e r g e r a n d 
G. G o t t s t e i n , —2800 a t 18° ; H . Z a h n , —12,500 w i t h # = 6 2 9 0 a n d —4690 w i t h 
H=^ 10,620 a t 18° ; F . U n w i n , —3860 a t 18° ; G. Moreau , —12,300 for / / — 1 7 0 0 
a n d —5080 for / /==13 ,800 a t 37° ; H . A l t e r t h u m o b s e r v e d —1520 a t —253° , 
—2800 a t —79° , a n d —4700 a t 18° ; a n d for t h i n l aye r s of nickel , H . B . P e a c o c k 
g a v e —99,000 a t 18°. A. R i e d e , E . Bossa , a n d M. C a n t o n c a n d E . Bossa s t u d i e d 
t h e effect w i t h w e a k m a g n e t i c fields. I I . K . Onnes a n d K . H o f found < ; 1 1 0 for 
# = 1 1 , 3 0 O a t —270-92° a n d —268-75°, a n d -<500 for H= 1300 a t —268-75°. 
A. E . Caswell gave 770-7 X 1 O - 1 3 a t 57-2°. H . K . O n n e s a n d B . B e c k m a n g a v e a t 
—258-5° for # - - - 4 9 4 0 , 825O, a n d 10,270, r espec t ive ly , —506 , — 5 1 5 , a n d —505 ; 
a t —252-7° for # = 2 9 7 0 , 7260, a n d 10,27O, respec t ive ly , — 4 9 8 , —486, a n d —468 ; 
a t —183° for # = 2 9 8 0 , 7290, a n d 10,440, — 9 8 3 , — 8 6 5 , a n d —798 , r e spec t i ve ly ; 
a n d a t 17° for # = 5 1 7 0 , 9065, a n d 10,270, r e spec t ive ly , —6030, —4760, a n d 
—4490. W . F r e y o b s e r v e d : 

80° 100° 150° 210° 300° 420° 020° 750° 820° 
H . 4570 4590 4690 479O 4970 5280 5310 53 H) 5330 
i ? X l 0 6 . —1680 —2090 —2680 —3050 —1350 —94-2 —60-2 —75-5 —77-6 

T h e sub j ec t w a s s t u d i e d b y J . O b a t a , L . J . N e w m a n , H . B . P e a c o c k , a n d E . Bossa . 
T h e re la t ion b e t w e e n t h e H a l l effect w i t h f e r r o m a g n e t i c s u b s t a n c e s a n d t h e 
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FTCJ . 5 1 . — T h e H u l l a n d C o r b i n o 
!Effects f o r N i c k e l . 

m a g n e t i c field was s t ud i ed b y A. K i m d t , G. S. Nielson, E . M. P u g h , a n d A. W . S m i t h 
a n d R . W . Sears—vide i ron. O. M. Corbino , a n d E . P . A d a m s a n d A. K . C h a p m a n 
o b t a i n e d for t h e Corbino effect—vide i ron—for a field H= 170O, —32-0, a n d for 
t h e H a l l effect, —23-7 w h e n refer red t o c o p p e r u n i t y . T h e effects of different 
fields, obse rved by A. K . C h a p m a n , for t h e H a l l a n d Corb ino effects, a r e i l l u s t r a t e d 
in F ig . 5 1 . B o t h effects r ise t o a m a x i m u m , a n d t h e n dec rease . 

E . H . H a l l obse rved for t h e E t t i n g s h a u s e n 
effect w i t h n icke l , in a field of 9000 gauss , 
P x 10®=60-6 a t 22° , 105-7 a t 57° , a n d 154-2 
a t 86° . A . E . Caswell gave 3 - 6 7 x 1 0 - 8 a t 
55-8°. H . Z a h n g a v e a t 18°, 176 a n d 2 8 
r e spec t ive ly for # = 6 2 9 0 a n d 10,620 gauss ; 
a n d F . U n w i n , 40 a t 18°. E . H . H a l l o b s e r v e d 
for t h e N e m s t effect w i t h n icke l in a field of 
900O gauss , O x 1 0 « = 2 5 9 0 a t 38° , 3040 a t 57° , 
a n d 3660 a t 77° . A. E . Caswell g a v e 
8-36 x Kr - 1 2 a t —11-4°, a n d 2 7 - 4 7 x 1 0 - 1 2 a t 
37-6°. H . ZaIm g a v e a t 18°, 3550 a n d 130O, 

respec t ive ly , for # = 6 2 9 0 a n d 10,620 ; F . U n w i n , 1000 a t 1 8 ° ; a n d G. Moreau , 
3250 a n d 3800 a t 37°, respec t ive ly , for / 7 = 1 7 0 0 a n d 13,800. E . H . H a l l g a v e 
for t h e Leduc effect w i t h nickel in a field of 9000 gauss , > S x l 0 9 = — 5 2 8 a t 38° , 
— 494 a t 57°, a n d —447 a t 77° ; A. E . Caswell g a v e zero a t —11-8°, a n d 
— 1 0 1 7 x 1 0 - 7 a t 39-4°. H . Z a h n g a v e a t 18°, —550 a n d —200 re spec t ive ly for 
/ / = 6 2 9 0 a n d 10,620 ; F . U n w i n g a v e —250 a t 18° ; a n d A. W . S m i t h —615 a t 
61° for i / = 1 0 , 8 8 0 . 

8. T a o a n d W . B o n d obse rved a n e.m.f. w h e n a m a g n e t i c field is a p p l i e d pa ra l l e l 
t o a t e m p , g r a d i e n t . P . W . B r i d g m a n d iscussed t h e r e l a t i ons b e t w e e n t h e s e 
t h e r m o m a g n e t i c effects. I . S t r a n s k y 2 9 s t u d i e d n icke l a s a radio-detector . 

K . Meyer a n d A. G u n t h e r - S e h u l z e 3 ° s t u d i e d t h e c a t h o d i c s p l u t t e r i n g of n icke l . 
T h e n a t u r e of t h e e lectric d i scharge w i t h n icke l e lec t rodes w a s d i scussed b y 
S. R.. Milner , W . B . N o t t i n g h a m , A . J . D e m p s t e r , a n d H . D z i e w u l s k y ; t h e effect 
of t h e p re s su re of a i r on t h e s p a r k i n g p o t e n t i a l , b y S. S. Cerwin ; t h e p o t e n t i a l 
difference of t h e a rc be tween n ickel e lec t rodes , b y C. E . G u y e a n d L . Zebrikoff, a n d 
S. P . McCa l lum a n d I J . K l a t z o w ; t h e l u m i n o u s d i s cha rge f rom nicke l e l ec t rodes , b y 
A. V o e s m a n , J . L.. Meyer , a n d W . C. Moore ; t h e i n t e n s i t y of t h e u l t r a -v io l e t l i gh t 
f rom t h e n ickel a rc- l ight , b y M. H a i t i n g e r ; a n d t h e c a t h o d i c s p l u t t e r i n g of n icke l , 
b y H . P . W a r a n , L . R . Ingersol l a n d L . O. S o r d a h l , E . B l e c h s c h m i d t , a n d 
C. H . T h o m e s a n d O. S. Duf fendack—v ide supra, n icke l m i r r o r s . 

Accord ing t o R . T u p p u t i , 3 1 a n d L . T h o m p s o n , n ickel is a t t r a c t e d b y t h e m a g n e t , 
a n d i t s m a g n e t i c p o w e r is r a t h e r less t h a n t h a t of i ron . W . A. L a m p a d i u s sa id 
t h a t i t s m a g n e t i c p o w e r is t o t h a t of i ron a s 1 : 1-6, a n d W . I I . W o l l a s t o n a s 1 : 3 
or 1 : 4. B . G. Sage , a n d M. F a r a d a y s t u d i e d t h e sub jec t . J . P l u c k e r sa id t h a t t h e 
r a t i o is 4650 : 10,00O ; i t is u s u a l l y t a k e n t o b e a b o u t t w o - t h i r d s t h a t of i ron . 
C. D . T u r t e a d d e d t h a t t h e m a g n e t i c p o w e r is d e s t r o y e d b y r e p e a t e d h e a t i n g , b u t 
t h i s is n o t cor rec t , a l t h o u g h t h e m e t a l does b e c o m e n o n - m a g n e t i c ove r a b o u t 350° , 
b u t t h e c h a n g e is revers ib le ; a n d , a cco rd ing t o J . H o p k i n s o n , a n a l loy w i t h 
75 pe r cen t , of i ron is n o n - m a g n e t i c a t o r d i n a r y t e m p . Th i s i l l u s t r a t e s t h e fac t 
t h a t t w o m a g n e t i c m e t a l s b e c o m e n o n - m a g n e t i c w h e n a l loyed ; b u t t h e a l loy does 
b e c o m e s t rong ly m a g n e t i c w h e n cooled t o a low t e m p . W . G. H a n k e l o b s e r v e d 
t h a t w i t h smal l m a g n e t i c fields, t h e m a g n e t i s m of n icke l is n e a r l y as g r e a t a s t h a t 
of i ron , b u t w i t h m o r e i n t ense m a g n e t i c fields, t h e difference b e t w e e n t h e m a g n e t i z a ­
t i o n of t h e m e t a l s is m o r e m a r k e d . Acco rd ing t o H . Becque re l , t h e r e l a t ion b e t w e e n 
t h e t e m p o r a r y m a g n e t i z a t i o n of w r o u g h t , c a r b o n a c e o u s n icke l a n d t h a t of soft i r o n 
h a s t h e following c h a r a c t e r i s t i c s : W i t h a n inc reas ing m a g n e t i z i n g force, t h e 
m a g n e t i z a t i o n of n ickel passes t h r o u g h a m i n i m u m (0*4), t h e n t h r o u g h a m a x i m u m 
(0;75), a n d t h e n a t t a i n s a c o n s t a n t v a l u e (0*2). More or less p o r o u s c a s t n icke l 
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b e h a v e s m o r e l ike soft i ron . Nicke l is s a t u r a t e d w i t h m a g n e t i s m m o r e r a p i d l y 
t h a n is t h e ease w i t h soft i ron . T h e m a g n e t i z a t i o n of n icke l w a s d i scussed b y 
P . Weiss , P . Weiss a n d A. P i c c a r d , F . W e v e r , GL F a l c k e n b e r g , A. F o n e s c a , J . Miiller, 
K . H a y a k a w a , L . Neel , F . Ty le r , M. P e s c h a r d , E . P . T . T y n d a l l a n d H . E . M a l m s t r o m , 
J . Sa f r anek , R . R e i n i c k e , V. R e t z o w , T . K a h a n , J . D o r f m a n , W . ArkadiefT, 
D . H . B r o w n e a n d J . F . T h o m p s o n , R . S a n g e r a n d co -worker s , T . Spoone r , 
N . N- Ma lov , A. M. Malco lm, H . P e c h e u x , S. J . B a r n e t t a n d L . J . H . B a r n e t t , 
Gr. E g e r , a n d B . G. L o y a r t e . 

C. W . Oseen g a v e a n e x p l a n a t i o n of t h e n o n - m a g n e t i c c h a r a c t e r of m a n y 
s p l u t t e r e d n icke l films w h i c h w a s b a s e d on t h e m o v e m e n t s of e lec t rons . Li. R . I n g e r -
soll a n d J . D . H a n a w a l t b a s e d a n e x p l a n a t i o n on t h e i nc reased d i s t a n c e b e t w e e n 

4 OO i 

30 20 JO 0 10 2O 
Magnetic field, H 

30 50 70 80 90 WO 

g 6\ 

S 5 

Via. 5 2 . M a g n e t i z a t i o n C u r v e s of N i c k e l . 

t h e a t o m s w h e n occ luded h y d r o g e n is p r e s e n t . T h e s p l u t t e r e d film c o n t a i n s m u c h 
o c c l u d e d gas . All ag ree t h a t p e r m e a b i l i t y is a v e r y r ap id , inve r se func t ion of t h e 
a t o m i c d i s t a n c e . T h e o lder t h e o r i e s g a v e t h e inve r se s i x t h or inverse t e n t h power , 
a n d l a t e r theor ies—e .g . , t h a t of W . I I e i s e n b e r g — m a k e i t a n e x p o n e n t i a l func t ion . 
C. M a u r a i n s t u d i e d t h i s sub j ec t . T h e t h e o r y of t h e f e r r o m a g n e t i s m of nickel was 
d i scussed b y B . C a b r e r a , J . D o r f m a n a n d R . J a a n u s , P . S. E p s t e i n , A. Pe r r i e r a n d 
C. E . Bore l , M. P e s c h a r d , 
J ) . R o z a n s k y , A . Ser res , 
J . C. S l a t e r , E . C. S tone r , 
I . T a m m , F . Ty le r , E . V o g t , 
R . H . d e W a a r d , a n d P . Wei s s . 
S. S. B h a t n a g a r a n d co -worke r s 
o b s e r v e d t h a t n icke l sa l t s 
lose t h e i r p a r a m a g n e t i s m a n d 
b e c o m e d i a m a g n e t i c w h e n a b ­
s o r b e d on cha rcoa l , a n d t h i s is 
t h o u g h t t o f a v o u r t h e v i ew t h a t 
a d s o r p t i o n is a case of chemica l 
c o m b i n a t i o n . T h e m a g n e t i s m of nickel c o m p o u n d s was s t u d i e d b y D . M. Bose , 
B . C a b r e r a , O. M. J o r d a h l a n d co-workers , W . K l e m m a n d W . Sch i i th , T. I . R a b i , 
a n d J . H . v a n Vleck. 

J . A- E w i n g o b t a i n e d for t h e p e r m e a b i l i t y of a n n e a l e d nickel t h e cu rves s h o w n 
in F i g . 52 . F i g . 5 3 shows t h e r e su l t s w i t h h a r d , u n a n n e a l e d nickel- T h e resu l t , 
for t h e m a g n e t i c i n t e n s i t y , / , a n d suscep t ib i l i ty , K3 for a n n e a l e d nickel a r e : 
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T h e r e su l t s of t h e m a g n e t i c i n d u c t i o n , J3, t h e m a g n e t i c i n t e n s i t y , I, a n d t h e 
p e r m e a b i l i t y , /x, a r e : 

H 
B 
I 
H-

550 
6,420 

4 5 3 
11-67 

for h a r d d r a w n n icke l : 

H 
B 
1 
H 

2,22O 
7,10O 

39O 
3 20 

a n d f o r a n n e a l e d n i c k e l 

B 
I 
H 

3,450 
<),850 

51O 
2-86 

3,410 
9,92O 

518 
3 1 2 

4 ,440 
9,21O 

380 
2-06 

6,42O 
12,86O 

5IO 
2 0 O 

6,290 
12,15O 

522 
2-57 

7,940 
12,970 

400 
1-63 

11,220 
17,20O 

480 
1-53 

9,600 
16,250 

527 
1-69 

14,660 
19,64O 

40O 
1-34 

12,78O 
19,310 

52O 
1-51 

12,62O 
19,220 

525 
1-52 

16,000 
21 ,070 

400 
1-32 

13,020 
19,800 

54O 
1-52 

Accord ing t o K. Li. Sand fo rd , t h e m a g n e t i c i n d u c t i o n of 99-94 p e r c e n t , n i cke l 
va r i e s w i t h t h e m a g n e t i z i n g force, in g i lbe r t s p e r cm. , as i n d i c a t e d in F ig . 5 3 . T h e 
s a t u r a t i o n va lue of t h e a n n e a l e d a n d co ld -worked m e t a l is 615O gausses , w h i c h 
agrees w i t h t h e va lues g iven b y A. Droz , F . H e g g , a n d L . W . McKee l i an . P . AVeiss 
s t u d i e d t h e res idua l m a g n e t i s m of n icke l . 

J . A. E w i n g a n d G. C. C o w a n f o u n d t h e fol lowing va lues for t h e r e l a t i on b e t w e e n 
t h e i n t e n s i t y , / , of m a g n e t i z a t i o n of a n n e a l e d n icke l w i t h different m a g n e t i c fields 
of s t r e n g t h H ; a n d s imi la r ly also "with t h e m a g n e t i c suscep t ib i l i ty , x '• 

II . 
I . 
X • 

O 
22 

. 

4-0 
36 

• — • 

8-O 
177 
22-1 

10-9 
251 
23-O 

24-6 
325 
13-2 

79-7 
392 

4-9 

100-4 
4Ol 

4-0 

T h e resu l t s for t h e cycl ic m a g n e t i z a t i o n of a n n e a l e d n icke l , a n d of nickel h a r d e n e d 
by s t r e t ch ing , a re s u m m a r i z e d in Eig . 52. T h e s a t u r a t i o n v a l u e of I is o n e - t h i r d 
or one - four th t h a t of w r o u g h t i ron . T h e sub j ec t w a s s t u d i e d b y W . E l e n b a a s , 
a n d R . F o r r e r a n d J . M a r t a k . 

C. Maura in , E . H . Wi l l i ams , a n d S. R . Wi l l i ams obse rved t h a t t h e m a g n e t i z a t i o n 
of t h e superficial l aye r s of a r o d of n ickel is g r e a t e r t h a n is t h e case w i t h i n t e r n a l 
l aye r s . C. Maura in showed t h a t , u n l i k e i ron , t h i n l aye r s of n icke l a re m o r e m a g n e t i c 
t h a n t h i c k l ayers . R . Li. E d w a r d s obse rved n o a b r u p t c h a n g e in t h e m a g n e t i c 
p r o p e r t i e s of nickel films of inc reas ing t h i c k n e s s ; a n d t h e sub jec t w a s a lso s t u d i e d 
b y A. A r o n , R . L . E d w a r d s , W . E l e n b a a s , J . IX H a n a w a l t a n d L . R . Inge r so l l , 
J . H . LIowey, L . R . Ingersol l , L.. R . Ingerso l l a n d S. S. d e V i n n e y , L . C. J a c k s o n , 
H . E . M a l m s t r o m , K . J . Miller, C. W . Oseen , N . H . Ot i s , A. J . Sorensen , a n d 
E . P . T. T y n d a l l a n d H . E . M a l m s t r o m . G. Sizoo s t u d i e d t h e effect of gra in-s ize 
on t h e m a g n e t i z a t i o n of n icke l ; G. T a m m a n n , a n d G. T a m m a n n a n d I I . J . R o c h a 
s t u d i e d t h e effect of co ld -work on t h e m a g n e t i z a t i o n of n ickel ; a n d V. I . Gaponoff, 
a n d R . M. B o z o r t h , t h e effect of m e c h a n i c a l d e f o r m a t i o n . W . K o h l g a v e for t h e 
s a t u r a t i o n va lue , 4-Zr/, of nickel w i t h different h e a t t r e a t m e n t s , "with a m a g n e t i z i n g 
force, Z/, e.g.s. u n i t s : 

M a g n e t i z i n g force 
Annealed. 
4 h r s . a t 400 
4 h r s . a t 55O 
4 hrs- a t 650 
6 h r s . a t 75O 4TTJ 

and quenched 
and quenched 
and quenched 
and quenched 

6 hrs. at 950° and quenched 
6 hrs. at 1250° and quenched 
6 hrs. at 1000° and slowly cooled 

5O 
1550 
22O0 
3585 

. 319O 
4570 
4375 
4885 

i 5785 

IOO 
268O 
3685 
4855 
4375 
6070 
5655 
632O 
6125 

2OO 
3940 
485O 
59OO 
5615 
697O 
6915 
7 H O 
6235 

4OO 
5080 
5645 
6300 
615O 
7365 
73IO 
7425 
6295 

80O 
556O 
6040 
6465 
6265 
7600 
7590 
7425 
6295 
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E . H . Wil l iams s tud ied t h e effect of t r ansverse jo in t s on the magne t i za t ion of 
nickel ba rs ; I I . G. B y e r s a n d A. F . Morgan, t h e m a g n e t i s m of pass ive nickel a n d 
i ron (q.v.) ; a n d S. R . R a o , S. S. B h a t n a g a r a n d co-workers , a n d C. G. Mon tgomery , 
t h e magne t i c p roper t i es of colloidal nickel . C. G. Mon tgomery found t h a t w i t h a 
magne t i c field of 3500 gauss , colloidal soln. of nickel, w i t h benzene, wa te r , a n d 
isopropyl alcohol as dispersion media , h a d a n in t ens i ty of magne t i za t i on : 

Benzene 

Concentration. Ni mgrra. per gram 
Intensity magnetizations - ^ , , 

H . Tomlinson found t h a t w i th small m a g n e t i c forces, H, t h e induc t ion , B, can 
be represen ted b y B=^aH-\-bII'2, where a a n d b a r e cons t an t s . The in te rna l friction 
in a n y comple te cycle can be decreased b y a repe t i t ion of t h e cycle so t h a t t h e 
molecules a p p e a r t o be a c c o m m o d a t e d b y t h e process . The accommoda t ion is 
d i s tu rbed b y slight mechanica l shocks, b y smal l changes of t e m p . , or b y magne t i za ­
t ion b e y o n d cer ta in l imi ts . U n d e r these influences, t h e i n t e rna l friction m a y for a 
t ime , or even p e r m a n e n t l y , be cons iderab ly increased. 
F o r s t rong fields, t h e re la t ion B=H X c o n s t a n t , where 
t h e c o n s t a n t 4^-TTI is nea r ly 6470 for nickel . P . Weiss 
a n d R. Fo r r e r ca lcula ted b y ex t r apo la t i on t h a t t h e s a t u r a ­
t ion in t ens i ty of a g r a m of nickel is 3377. I J . J o r d a n a n d 
W . H . Swanger gave 6150 gauss for t h e s a t u r a t i o n va lue of 
t h e in t r ins ic induc t ion . P . Weiss a n d R . F o r r e r observed 
t h a t w i t h m o s t samples of nickel , a feeble magne t i za t i on 
p ropor t iona l t o t h e field was superposed on t h e regu la r 
p h e n o m e n a of a p p r o a c h t o s a tu r a t i on . Th is pa ras i t i c 
m a g n e t i z a t i o n is zero a t 0° K . T h e cu rve of J . A. E w i n g a n d W. L o w for t w o 
specimens of nickel is shown in F ig . 54. Observa t ions were also m a d e by 
T. P . Har r i son , H . Gerdien, P . P lessmer , a n d C. A. Pe rk in s . K. Reinicke observed 
for t h e m a x i m u m magne t i c induc t ion , B, a n d pe rmeab i l i t y , /J, : 

-

£ n\—I—1—I—1-—1- L I 
6000 10000 74000 18000 

Induction B 

K i o . 5 4 . T h e P e r m e a ­
b i l i t y of S t r o n g l y 
M a g n e t i z e d N i c k e l . 

T i i t i o 

U^0G{B 

\H 

XH 
U = G-Ol1* 

\H 
H = 9.G{n 

(H 

2 4 

2 2 9 - 7 5 
0 5 - 7 8 

4 9 2 - 8 3 
9 8 - 4 3 

1 9 2 0 
2 0 3 - 0 

1 2 

1 4 4 - 3 8 
5 8 - 1 8 

2 34-OO 
6 0 - 8 5 

5 0 4 - 3 5 
1 0 0 - 9 7 

190O 
2 0 6 - 4 

G 
—-

1 4 4 - 2 8 
5 7 - 9 7 

2 3 6 - 4 5 
6 7 - 5 5 

5 0 9 0 0 
1 0 1 - 9 0 

1 9 8 1 
2 0 8 - 3 

3 
2 8 - 0 2 5 
5 1 - 0 4 

1 4 3 - 1 5 
5 7 - 5 9 

2 3 9 - 8 3 
6 8 - 4 4 

5 1 5 - 2 8 
1 0 3 1 0 

1 9 7 8 
2 0 8 - 9 

1 h r s . 
2 5 - 6 8 8 
5 1 - 3 0 

1 4 7 - 9 8 
5 9 - 4 9 

241-9O 
0 9 - I O 

5 2 3 - 2 3 
1 0 4 - 7 5 

2 O l 1 
2 1 0 - 5 

T. P . Har r i son gave for t h e magne t i c in t ens i ty a n d pe rmeab i l i t y of nickel annea led 
a t 500° : 

1 3 1 - 7 5 ° 

3 6 1 - 2 5 ° 

3 7 1 - 7 ° 

\H 

U \H 

U \H 
l H 
\ l 

3-56 
8-36 

7 1 
2 9 - 2 

1 0 - 6 5 
65 -2 

17-8 
1 6 7 1 

2 6 - 7 
2 4 6 - 5 

3 5 - 6 
2 9 2 - 2 

44-7 
322-O 

3 0 - 5 
O 
8 - 4 

5-34 
7-42 

5 2 - 8 
8-O 

6 9 - 4 
1 0 9 - 9 8 

8 - 9 
16-97 

78 -0 
9 - 8 

8 8 - 5 8 
1 1 4 - 9 

13 3 4 
2 9 - 6 

119 -2 
13-3 

117-O 
1 1 1 - 1 

2 2 - 2 
4 8 - 7 5 

1 1 7 - 1 
2 2 - 2 

1 5 2 1 
8 6 - 9 
3 1 - 1 
7 4 - 2 

1 0 4 - 3 
26-7 

1 0 0 - 4 
76 -5 
4 0 - 0 2 
7 9 - 6 

9 2 O 
4 4 - 5 

173-9 
5O-1 
4 4 - 4 7 
84-8 

18-47 2 4 - 9 8 2 9 - 9 2 2 8 - 5 6 3 0 - 9 5 2 5 - 9 8 2 4 - 9 8 

H . A. R o w l a n d ob ta ined a s a t u r a t i o n va lue of 434 wi th a magne t i z ing force Zf -
H . E . J . T. d u Bois gave for m o d e r a t e l y s t rong fields a t 100° : 

101. 

H . 
It 

1OO 
. 3 1 3 

2 0 0 
3 7 5 

4 0 0 
4 2 8 

6 0 O 
4 5 0 

8OO 
4 5 9 

IOOO 
4 6 7 

1 2 0 0 
4 7 1 
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K . H o n d a : 
H 
I 

46-2 
346 

a n d H . Masumoto 
ll 
I 

2-5 
98-1 

1 3 0 - 5 
4 4 9 

5 O 
1 9 7 - 2 

2 3 2 - 5 
4 6 5 

3O-2 
362 

4 7 2 - 5 
4 7 3 

7 1 5 - 5 
4 7 5 

9 8 0 - 5 
4 6 8 

1 2 3 - 3 
4 5 1 

2 0 4 
4 8 4 

4 2 3 
5 0 1 

1 2 0 5 - 5 
4 7 4 

6 4 2 
5 0 6 

O. Bloch found for a field of 10,000 gauss t h e s a t u r a t i o n v a l u e s B~H==4,TTICO : 

4TTI<X> 
— 273° 
5 7 - 9 0 

— 184° 
5 7 - 5 2 

25° 
5 5 - 2 4 

47° 
5 4 - 8 8 

199° 
4 6 - 9 3 

2 9 0 ° 
3 7 - 7 7 

3 0 9 ° 
3 5 - 2 0 

330° 
22-72 

3 7 6 ° 
1 1 - 3 3 

K . H o n d a a n d S. Sh imizu found t h e i n t e n s i t y of m a g n e t i z a t i o n , / , of n ickel 
wi th different field s t r eng ths , H, a t different t e m p . : 

1 8 0 ' SH 

1 1 4 9 H If 

3-42 
9 
O 5 3 
7 
1-53 

7 3 
1 8 2 

3-5 
1 2 9 

2-8 

1 1 - 3 5 
1-87 
7 -92 

1 9 2 
5 -62 

19O 
3 4 3 

5-4 
3 4 9 

5-1 

8 0 - 4 
4 1 8 

6 3 - 8 
4 3 9 
2 0 7 - 4 
3 9 8 
4 7 7 

0-4 
4 8 1 

5-7 

3 4 2 
4 7 7 
3 3 2 
4 9 4 
3 3 4 
4 0 1 

7 0 4 
5 1 8 
7 0 3 
5 0 6 
4 4 7 
4 0 3 
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— T h e M a g n e t i z a t i o n of 

8. K ay a a n d Y. M a s i y a m a found t h a t w i t h single c rys t a l s of n ickel t h e m a g n e t i z a ­
t i on curves in t h e d i rec t ions of t h e t e t r a g o n a l , d iagona l , a n d t r igona l axes a r e 
a lmos t s t r a igh t , a n d coincide w i t h each o t h e r u p t o a n i n t e n s i t y of m a g n e t i z a t i o n 

of 205 . A b o v e t h i s i n t e n s i t y , t h e m a g n e t i z a t i o n 
var ies for t h e different d i r ec t ions of t h e c rys t a l ; 
t h a t is, t h e t r igona l , d i agona l , a n d t e t r a g o n a l 
axes a re in decreas ing o rder of m a g n e t i z a b i l i t y . 
T h i s is t h e reverse of w h a t occurs w i t h i ron 
c rys ta l s . T h e para l le l a n d p e r p e n d i c u l a r c o m ­
p o n e n t s of m a g n e t i z a t i o n in t h e t h r e e p r inc ipa l 
p lanes v a r y per iodica l ly w i t h pe r iods of 90° , 
180°, a n d 60° w h e n t h e i n t e n s i t y of m a g n e t i z a ­
t i on exceeds 205°. T h e a m p l i t u d e of t h e s e 
per iodic v a r i a t i o n s in t h r e e p r inc ipa l p l anes is i n 
t h e decreas ing o rde r of (110), (100), a n d (111)— 

_,. , ,„ ^ 1 --- . , . . , , vide i ron . T h e ( l l l ) - a x i s is t h e d i rec t ion of 
Sinprlo C r y s t a l s of N i c k e l . , , • >. i J_-L. - - ^ i -i • ^- c 

to J eas ies t m a g n e t i z a t i o n , a n d t h i s is t h e d i rec t ion for 
which t h e r e is no b r e a k in t h e / / / - c u r v e ; whi l s t for t h e (HO)- a n d t h e (100)-axes , 
b r e a k s occur , respec t ive ly , a t V ^ a n ^ -\/\ of t h e s a t u r a t i o n . G. J . Sizoo a lso 
m e a s u r e d t h e Hl-curves for single c rys t a l s . T h e sub jec t was s t u d i e d b y W . Suck-
s m i t h a n d co-workers , F . C. Powel l , W . L . W e b s t e r , S. K a y a a n d co-worker s , a n d 
F . W . C o n s t a n t . A c c o r d i n g t o N . S. Akuloff, if a single c r y s t a l of n icke l or i ron 
is m a g n e t i z e d t o a c e r t a i n i n t ens i t y , first in t h e d i rec t ion of t h e p r inc ipa l ax i s , a n d 
t h e n t o t h e s a m e i n t e n s i t y i n a n y o t h e r d i rec t ion , t h e difference b e t w e e n t h e 
resu l t ing changes in l e n g t h of t h e c rys t a l pa ra l le l t o t h e d i r ec t ion of m a g n e t i z a t i o n , 
t h e difference be tween t h e r e l a t ive changes of e lec t r ica l r es i s t ance a n d t h e a r e a 
b e t w e e n t h e m a g n e t i z a t i o n cu rves , or t h e a l t e r a t i o n in t h e i n t e rna l ene rgy a r e all 
p r o p o r t i o n a l t o each o ther—v ide i ron . 

R . M. B o z o r t h g a v e for t h e hys te res i s loop of a n n e a l e d n icke l t h e c u r v e s h o w n 
in F i g . 56 ; a n d J . A . E w i n g , t h e c u r v e s h o w n in F i g . 57 . T h e sub jec t w a s s t u d i e d 
b y W . A. J e n k i n s , a n d W . M. J o n e s a n d J . E . M a l a m . R . M. B o z o r t h r e p r e s e n t e d 
b y F i g . 5 6 — t h e c u r v e for t h e co r r e spond ing B a r k h a u s e n effect, dBjdH, w h e n 
dH/dt—0-012 gauss p e r sec. T h e sub j ec t w a s s t u d i e d b y G. Alloco a n d A. D r i g o , 
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H. B a r k h a u s e n , R . M. B o z o r t h a n d J . F . Dill inger, H . Br ion , A. Dr igo, W . Ger lach 
a n d P . Ler tes , C. W . H e a p s a n d co-workers , P . K a p i t z a , M. K e r s t e n , H . KLuhlewein, 
E . Maurer , L . W . M c K e e h a n a n d co-workers , B . del Nuzio , Li. Pfaffenberger, B . v a n 
de r Pol , F . Pre i sach , S. P rocop iu , R - E . R e i n h a r t , J . Safranek, K . J . S ix tus a n d 
I J . Tonks , K . J . S ix tus , G. J . Sizoo, C. P . S te inmetz , O. S t i e r s t ad t , M. J . O. S t r u t t , 
O. Tesche, E . P . T. T y n d a l l a n d co-
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co 3000V 
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N i e k o l . 

workers , E . Vogt , R . G. de W a a r d , 
P . Weiss a n d G. R i b a u d , S. R . Wil l iams, 
K . Zschiesche—vide i ron . C. W . H e a p s 
a n d J . Tay lo r observed t h a t w i t h a n 
annea led nickel wire , t h e B a r k h a u s e n 
d iscont inui t ies a re smal l a n d f r equen t 
as w i th soft i r o n ; a n d if t h e wire is 
s t r e t ched beyond t h e elastic l imit , t h e 
effect is inapprec iable , b u t if a single 
bend be p u t in t h e wire a n d t h e n 
r emoved , t h e effect is m a r k e d . T h e 
mechanica l B a r k h a u s e n effect ob t a ined b y twis t ing or s t re tch ing was ob t a ined 
wi th i ron a n d annea led nickel , b u t n o t w i th u n a n n e a l e d nickel—-vide i ron. 
J . R . Ash w o r t h inves t iga ted t h e anhys te res i s of nickel . 

H . P e c h e u x observed t h a t quench ing decreases t h e i nduc t ion a n d increases t h e 
coercive force. The hysteres is losses of nickel were 424O ergs when fresh, 4330 ergs 
w h e n quenched , a n d 4750 ergs w h e n annea led . I n t h e e q u a t i o n W—-ajBlr,03> t h e 
va lues of a a re , respect ively , 0-068, 0-073, a n d 0*055. A. Gaiffe found t h a t electro­
lyt ic nickel ha s a large coercive force, a n d G. J . Sizoo observed t h a t t h e coercive 
force of single c rys ta l s of nickel , before a n d after annea l ing , is respect ive ly 9-5 a n d 
2-80 ; a n d t h e r emanence , respec t ive ly 2G0 a n d 220. G. J . Sizoo found t h a t as t h e 
grain-size increases, t h e coercive force a n d hys teres is energy of nickel increase, t h e 
m a x i m u m pe rmeab i l i t y increases whi ls t t h e r emanence remains c o n s t a n t . 
T. P . H a r r i s o n gave for t h e res idual m a g n e t i s m , t h e coercive force, a n d t h e 
hys teres is loss in ergs pe r c.c. pe r cycle for / / = 4 5 c.g.s. un i t s : 

l i e s i d u a l m a g . 
C o e r c i v e f o r c e 
! H y s t e r e s i s l o s s . 

17-O' 
1 0 8 - 5 

13-2 
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309-75* 
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3 5 2 " 
2 5 0 

1-2; 
4 5 0 

R. Gauss s tud ied t h e coercive force of nickel ; a n d , according to R . Gans , t h e 
coercive force of nickel ranges from 29 to 3-918 gauss as t h e t e m p , rises from t h a t of 
l iquid air u p t o 612°. 

J . R . A s h w o r t h s tud ied t h e re la t ion be tween t h e s t r eng th of an a l t e rna t i ng 
cu r r en t , a n d t h e in t ens i ty of magne t i za t ion . Gr. P o t a p e n k o a n d R . Sanger , 
W . Arkadieff, a n d M. J . O. S t r u t t s tud ied t h e magne t i za t i on in fields of high fre­
quency ; H . Israel , t h e pe rmeab i l i t y p roduced b y H e r t z i a n waves ; a n d M. Tschet -
ver ikova , t h e demagne t i za t i on of t h e m e t a l in d a m p e d , magne t i c a l t e rna t i ng fields, 
a n d in shor t H e r t z i a n waves . D e m a g n e t i z a t i o n was n o t observed wi th u n d a m p e d 
waves . B . W e d e n s k y a n d M. Theodor t sch ik observed t h a t t h e pe rmeab i l i t y of 
nickel , w i th waves of wave- leng th be tween 54 a n d 705 me t res , ha s a m a x i m u m a t 
88 , 100, a n d 180 me t r e s . Observa t ions were also m a d e b y W . Arkadieff, a n d 
E . M. Guyer . H . I s rae l found t h a t t h e a p p a r e n t pe rmeab i l i t y s p e c t r u m of nickel 
u n d e r t h e influence of sho r t H e r t z i a n waves shows n u m e r o u s m a x i m a for waves 
u p t o 50 cm. , af ter which t h e m a x i m a a re fewer, a n d n o t so p ronounced . According 
t o R . G. L o y a r t e , t h e magne t i c pe rmeab i l i ty , /JL, increases as t h e frequency, n, of 
t h e H e r t z i a n oscil lations increases, t h e n r ema ins cons t an t , a n d does no t decrease 
as t h e resu l t s of W . Arkadieff ind ica te : 
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joya r t e ca lcu la ted for t h e c o n s t a n t s of t h e e l e m e n t a r y m a g n e t of n icke l : 
b of iner t ia , 3-47 X 10~ 3 8 ; n a t u r a l f requency , 1 - 0 4 2 X 5 0 1 1 ; l o g a r i t h m i c 

R . G. Lc 
m o m e n t , . , ^ -
dec remen t , 0-5 X 10 1 0 ; d i ame te r , 0-62 X 10~ 6 m m . ; a n d molecu la r field, 3 X 10 6 . 
Observa t ions were also r e p o r t e d b y R . Gans , a n d R . G a n s a n d R . G. L o y a r t e . 
O. D a h l a n d J . Pfaffenberger s t u d i e d t h e m a g n e t i c a n i s o t r o p y of n icke l ; a n d 
S. P rocop iu a n d N . Florescu, t h e d e m a g n e t i z a t i o n of n ickel . 

O. Bloch found t h e m a g n e t i c suscep t ib i l i ty of n ickel a t 
516° 

4 4 0 0 
609° 

24-92 
665° 

19-89 
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16-69 
739° 

15-74 
779° 

13-78 
840° 

12-23 
874° 
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925° 
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M. F a r a d a y inferred t h a t all m e t a l s m i g h t be f e r romagne t i c a t a low e n o u g h 
t e m p . I t j u s t h a p p e n s t h a t nickel a n d i ron h a v e t r a n s f o r m a t i o n t e m p , a b o v e 
a tmosphe r i c t e m p . T h e t e m p , of m a g n e t i c t r a n s f o r m a t i o n , o r t h e Curie point , 
has been prev ious ly discussed. L . H . A d a m s a n d J . W . Green f o u n d t h a t p ress , 
h a d no percep t ib le influence on t h e cr i t ical po in t . T h e Curie p o i n t w a s a lso s t u d i e d 
b y L . F . Ba t e s , R . F o r r e r a n d A. Hoffmann, H . K u h l e w e i n , L . Neel , W . de l R e g n o , 
8. P rocop iu a n d T. F a r c a s , L). R o z a n s k y , H . Toml inson , a n d F . T y l e r ; t h e 
effect of press , on t h e Curie po in t , b y D . P . R a y - C h a u d h u r y , a n d t h e nul l -ef lect 
of stresses on t h e Curie po in t , b y L . Tieri . L . Tier i found t h a t t h e t e m p , is 355° 
for wires b o t h u n s t r c t c h e d a n d s t r e t c h e d b y a w e i g h t of 7 k g r m s . P . Weiss a n d 
G. F o e x found Curie 's law holds for nickel , b u t a t low t e m p . , t h e p o i n t s for t h e 
reciprocal of t h e suscept ib i l i ty do n o t lie on a s t r a i g h t l ine, b u t r a t h e r on t w o 
s t r a igh t lines, w i th a p o i n t of in te rsec t ion a t 412°. T h e y accord ing ly s p e a k of 
/^1- a n d /32-regions. This was n o t confirmed b y E . M. T e r r y , w h o w a s u n a b l e t o 
ob ta in a n y va lues for t h e Curie c o n s t a n t . H . Wi lde said t h a t in genera l t h e m a g n e ­
t i za t ion of m a g n e t i c subs t ances decreases w i th a rise of t e m p , for smal l a n d l a rge 
magne t iz ing forces, a n d t h a t t h e a p p a r e n t increase w i t h h e a t e d nickel is d u e t o a 
surface res is tance which d i s appea r s on ra is ing t h e t e m p . , on increas ing t h e 
magne t i z ing force, or on d imin i sh ing t h e m a s s of t h e s u b s t a n c e a c t e d u p o n . 
T h e effect of t e m p e r a t u r e on t h e m a g n e t i c suscep t ib i l i ty w a s s t u d i e d b y 
A. Townsend , E . Eng le r t , W . Ger lach, K . H o n d a a n d Y . Ogura , F . E . L o w -
ance a n d F . W . C o n s t a n t ; a n d R . R u e r a n d K . B o d e , E . M. T e r r y ' s 
obse rva t ions a re s u m m a r i z e d in F ig . 58 . Of t h e t h r e e f e r romagne t i c 

m e t a l s — i r o n , coba l t , a n d n icke l—nicke l a lone 
shows a t e n d e n c y t o o b e y Cur ie ' s l aw—v ide 
i ron . I f t h e d a t a a r e p l o t t e d on a m u c h 
la rger sca le , t h e rec iprocal of t h e suscep t ib i l i ty 
cu rve i m m e d i a t e l y a b o v e t h e t r a n s f o r m a t i o n 
p o i n t shows a d i s t i nc t c o n c a v i t y u p w a r d 
un t i l a b o u t 500°, a f te r wh ich t h e r e is a n 
i n t e r v a l of a b o u t 400°, w h e r e i t is s t r a i g h t . 
B e t w e e n 900° a n d 1000° i t cu rves d o w n w a r d s , 
a n d t h e n con t i nues s t r a i g h t u p t o t h e m . p . 
The re is no c h a n g e in t h e m a g n e t i c b e h a v i o u r 
as t h e m e t a l passes t h r o u g h t h e m . p . 1452°. 
T h e course of t h e c u r v e shows t h a t t h e r e a r e 
t h r e e d i s t i nc t regions for n icke l a b o v e t h e 

t r a n s f o r m a t i o n p o i n t for /3-nickel—vide supra. J . R . A s h w o r t h ' s r e la t ion—v ide 
i ron—for nickel is (H-\-92I)(I~i— 0-00196) = 20-82 \ a n d t h e cr i t ica l t e m p , is 
r c = 3 8 8 ° - f ~ 2 7 3 ° . T h e resu l t s of C. S. Y e h a r e s u m m a r i z e d in F ig . 58 . 
B . del Nuz io obse rved n o r e l a t i o n be tween t h e space l a t t i ce a n d t h e m a g n e t i c 
p r o p e r t i e s . C. Wi l l i ams g a v e 3 ' 2 4 x l 0 ~ 4 for t h e f e r romagne t i c change in v o l u m e 
p e r u n i t v o l u m e of n i c k e l ; b u t , accord ing t o J . A. H e d v a l l a n d co-workers , t h e r e 
is n o ev idence of a n y change in t h e m a c r o s t r u c t u r e of n ickel a t t h e Curie po in t . 
P . C h e v e n a r d used t h e t h e r m o m a g n e t o - m e t e r t o d e t e c t h e t e r o g e n e i t y i n h igh 
n i cke l a l loys . 
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F i o . 58 . T h o Effect of T e m p e r a t u r e 
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D . R a d o v a n o v i t c h f o u n d t h a t be low t h e t r a n s f o r m a t i o n po in t , t h e in i t ia l 
suscep t ib i l i t y a n d t h e in i t i a l s lope of t h e ̂ - c u r v e s increase w i th t e m p . ; from. 
r o o m t e m p , t o t h e c r i t ica l t e m p . , t h e in i t ia l s lope of t h e HX-GUTVG increases p r o ­
p o r t i o n a l l y w i t h t h e 4 t h p o w e r of t h e in i t ia l suscep t ib i l i ty ; t h e in i t ia l suscept i -
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Fi«. 59.—Tho Magnetization of Nickel 
at Constant Temperature. 

Era. 60.—Tho Magnetization of Nickel 
with Constant Magnetic Forces. 

bi l i ty t e n d s t o zero a s t h e t e m p , t e n d s t o a b s o l u t e zero ; a n d t h e d i sp l acemen t of 
t h e t e m p , of t h e t r a n s f o r m a t i o n p o i n t is p r o p o r t i o n a l t o t h e sq. roo t of t h e app l ied 
m a g n e t i c field. O b s e r v a t i o n s were m a d e b y P . Weiss a n d co-workers , R . F o r r e r 
a n d A. Hof fmann , F . Tyler , a n d ^ 
J . T o w b r i d g e a n d S. She ldon . 
Y . K . Hs i i a n d W . B a n d s tud i ed 
t h e t h e r m o m a g n e t i c hys te res i s of 
nickel . 

J . H o p k i n s o n m e a s u r e d t h e 
m a g n e t i z a t i o n cu rves of a s a m p l e 
of 95 p e r cen t , n ickel w i t h a 
cr i t ical t e m p , a t a b o u t 310° . 
J u s t be low t h e cr i t ica l t e m p . , 
t h e m a g n e t i c suscep t ib i l i ty 
d i m i n i s h e d r a p i d l y w i t h rise of 
t e m p . , b u t t h e r e w a s n o t so r a p i d 
a loss as t h a t wh ich occurs w i t h 
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i ron u n d e r w e a k m a g n e t i z i n g forces w h e n a p p r o a c h i n g t h e cr i t ical t e m p . A t low-
t e m p . , t h e suscep t ib i l i t y inc reases w i t h r ise of t e m p , w h e n t h e m a g n e t i c force is 
low, b u t decreases w i t h rise of t e m p , w h e n t h e m a g n e t i z i n g force is h i g h — F i g s . 59 
a n d 60. I n F i g . 59 , a t 245°, 
t h e r e is a m a r k e d ga in in suscep t i ­
b i l i ty for forces b e t w e e n / 7 = 4 5 
t o 50. T h e cu rves s h o w a m a r k e d 
loss i n m a g n e t i c qua l i t i e s w h e n 
t h e t e m p , is sufficiently ra i sed . 
T h e cu rves , F i g . 60, show t h e effect 
of t e m p , o n t h e i n d u c t i o n w h e n 
t h e m a g n e t i z i n g force is c o n s t a n t . 
T h e effect of low t e m p , is g r e a t e r 
w i t h n ickel t h a n w i t h i r o n ; t h e 
cr i t ical p o i n t is lower w i t h n icke l 
t h a n w i t h i ron ; a n d t h e t r a n s i t i o n 
is less a b r u p t w i t h n icke l t h a n i t 
is w i th i ron . T h e phys ica l c h a n g e s 
a c c o m p a n y i n g t h e t r a n s i t i o n a r e F l « • «2 . - -The Effect of Temperature,on the Charge 

L * J x t> - , I of Resistance and the Magnetocalonc Effect. 
n o t so m a r k e d w i t h nickel a s ° 
w i t h i ron . J . H o p k i n s o n , for i n s t a n c e , obse rved n o a b r u p t ab so rp t i on or 
evo lu t i on of h e a t b y t h e cooling m e t a l . 
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W . S u c k s m i t h a n d co-workers s t u d i e d t h e a p p l i c a t i o n of P . W e i s s ' t h e o r y of 
sp . h t . a n d magne t i za t i on , a n d t h e resu l t s , s u m m a r i z e d in F i g . 6 1 , a r e n o t con­
s idered t o be in a g r e e m e n t w i t h t h e o r y . H . H . P o t t e r m e a s u r e d t h e e n e r g y of 
m a g n e t i z a t i o n in t e r m s of t h e magne toca lo r i c ef fec t—the p r o d u c t of t h e s p . h t . , c, 
a n d t h e change of t e m p . , SO. T h e c h a n g e of res i s tance ( c o n t i n u o u s c u r v e , F i g . 62), 
as ind ica ted b y W . Ger lach a n d K . S c h n e i d e r h a m , is p r o p o r t i o n a l t o t h e c h a n g e s 
in m a g n e t i c energy ( d o t t e d l ine, F i g . 62). O b s e r v a t i o n s w e r e a l so m a d e b y 
P . Weiss a n d R. Fo r r e r , a n d b y A. P e r r i e r a n d H . K . O n n e s . A . T o w n s e n d d is ­
cussed t h e t e m p , changes a c c o m p a n y i n g t h e m a g n e t i z a t i o n of n icke l ; a n d t h e 
t h e r m a l effect of m a g n e t i z a t i o n w a s also s t u d i e d b y F . B i t t e r . 

The effect of press , a n d d e f o r m a t i o n on t h e m a g n e t i z a t i o n of n icke l w a s s t u d i e d 
b y I ) . P . R a y - C h a u d h u r y , V. I . Gaponoff, a n d L . H . A d a m s a n d J . W . Green . 
E . B a u e r discussed t h e r e l a t i on be tween t h e compress ib i l i ty a n d t h e m a g n e t i z a t i o n 
of nickel . C. S. Y e h m e a s u r e d t h e effect of h y d r o s t a t i c p re s su re on t h e m a g n e t i z a ­
t ion of nickel , a n d found for t h e i n d u c t i o n , B, t h e m a g n e t i z i n g force, / / gaus s , a n d 
t h e press , coeff. SBfB0 pe r cen t , pe r 1000 k g r m s . p e r sq . cm. , a t 20° : 
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Wi a. 64. T h e Kffect of T e m p e r a t u r e o n 

t l ie I n t e n s i t y of M a g n e t i z a t i o n of !Nickel. 

T h e resu l t s a r e p l o t t e d in F ig . 63 . T h e t e m p , coeff .—per cen t , p e r deg ree -
press , coeff.—per cen t , p e r 1000 k g r m s . p e r sq . c m . — a r e as follows : 

- a n d 

/ / 
T e m p . e o e f f . { £ - ° 3 0 0 -

P r e s s , coeff. /24-8° 
\99-8° 

0-223 
0-570 
0-670 
2-5 
3 1 

0-624 
0-587 
0-472 
4-2 
4 - 6 

1-338 
0-238 

— O 0 5 3 
5-62 
2 0 2 

2 0 1 
O-12 

— 0 1 4 7 
4-97 
1-53 

4-46 
0-069 

. 
0-6 3 

8-92 
0-039 

0-32 

L o r d K e l v i n no t i c ed t h a t pu l l ing dec reased , a n d r e l a x i n g t h e pu l l i n c r e a s e d t h e 
i n d u c e d m a g n e t i s m of n icke l in t h e e a r t h ' s m a g n e t i c field. T h e effect w i t h n icke l 
is g r ea t e r t h a n w i t h t h e o t h e r m a g n e t i c m e t a l s , b u t w i t h n icke l t h e r e is n o t t h e 
compl i ca t ion w i t h t h e vi l lar i r eversa l o b s e r v e d w i t h i ron a n d coba l t . J . A. E w i n g 
a n d co-workers showed t h a t t h e p e r m e a b i l i t y of n icke l is sens i t ive t o s t r e s s , b e i n g 
g r e a t l y r e d u c e d b y tens i le s t ress , a n d inc reased b y compres s ive s t ress a s i n d i c a t e d 
b y t h e cu rves for a n n e a l e d a n d h a r d (unannea l ed ) n i c k e l — F i g s . 65 a n d 66 ; aga in , 
if n ickel be m a g n e t i z e d whi le u n d e r t h e l o n g i t u d i n a l s t r ess of a c o n s t a n t load , t h e 
suscep t ib i l i t y is g r e a t l y r e d u c e d a s i n d i c a t e d b y t h e cu rves , F i g . 65 , for l o a d s cor re ­
s p o n d i n g re spec t ive ly w i t h 2 a n d 12 k g r m s . p e r sq. m m . T h e effect of t h e tens i le 
s t ress in depress ing t h e m a g n e t i z a t i o n c u r v e is v e r y m a r k e d . T h e suscep t ib i l i t y 
w i t h n o l oad is a b o u t 15 ; w i t h a load of 2 k g r m s . p e r sq . m m . i t is a b o u t 8 ; a n d 
w i t h a load of 12 k g r m s . p e r sq. m m . t h e m a x i m u m suscep t ib i l i t y is n o t a t t a i n e d 
w h e n H is ra ised t o IOO. T h e effect o n t h e r e t e n t i v i t y is e v e n g r e a t e r t h a n i t is on 
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t he suscept ib i l i ty . T h e d o t t e d lines, F ig . 66, show t h e res idual m a g n e t i s m on 
w i t h d r a w i n g t h e magne t i c force, H, a t each of a series of s tages , du r ing t h e process 
of magne t i z ing u n d e r each load. T h e presence of a load reduces t h e res idual 
m a g n e t i s m even m o r e t h a n i t reduces t h e t o t a l induced magne t i sm. As observed 
by H . Toml inson , t h e a m o u n t s of m a g n e t i s m which d i sappea r when t h e m a g n e t i c 
force, H, is r emoved is, wi th a s t rong force, g rea te r for a small load t h a n i t is for no 
load, a n d less aga in for a large load. T h e presence of a small load, a d d e d 
J . A. Ewing , m a y be sa id t o increase t h e suscept ib i l i ty of nickel wi th respect t o t h a t 

F I G . 65. Magnetization of Annealed 
Nickel by Longitudinal Tensile Stress. 

Magnetic force, H 
120 

Fio . 6G. Magnetization of Nickel by 
Longitudinal Tensile Stress. 

p a r t of t h e m a g n e t i s m which comes a n d goes w h e n t h e magne t iz ing force, II, is 
a l t e r n a t e l y appl ied a n d removed , p rov ided H is s t rong ; when H is weak, t h e effect 
of t h e load is to reduce t h e suscept ib i l i ty a lone. I n a s imilar exper iment , F ig . 68, 
w i t h h a r d e n e d nickel , t h e m a x i m u m suscept ib i l i ty wi th n o load was a b o u t 8, b u t 
u n d e r a load of a b o u t 19-8 kg rms . , eq. t o 50 kg rms . pe r sq. m m . , w i th II u p t o 
1OO e.g.s. un i t s , t h e va lue was a b o u t half, a n d t h e res idual m a g n e t i s m was a lmos t 
nil . T h e d o t t e d lines in F ig . 66 show t h e effect of g radua l ly removing t h e s t ronges t 
v a l u e of H which h a s been reached in t h e process of magne t i za t ion . The curves 
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Fio . 67. The Permeability of Feebly 

Magnetized Nickel—Annealed. 
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Fio . 68. The Permeability of Feebly 
Magnetized Nickel—Hard. 

i l lus t ra te how t h e res idual m a g n e t i s m becomes smaller when heavier loads are used. 
T h e sub jec t was s t u d i e d b y J . Russel l . 

J . A. E w i n g a n d co-workers showed t h a t t h e suscept ib i l i ty a n d r e t e n t i v i t y of 
n ickel a r e a u g m e n t e d b y long i tud ina l compress ive stresses. F i g . 69 shows t h e 
effect of compress ive loads in k g r m s . pe r sq. m m . on t h e induced magne t i sm, / ; 
a n d F ig . 70, t h e effect of these loads on t h e res idual m a g n e t i s m observed b y wi th­
d r a w i n g t h e magne t i c force, H, a t a n u m b e r of s tages d u r i n g t h e observa t ions on 
t h e m a g n e t i z a t i o n cu rve . T h e curves of t h e induced m a g n e t i s m bend ovei sha rp ly 
u n d e r t h e heav ie s t s tresses when H is a b o u t 20. T h e a p p r o a c h t o w a r d s sa tu ra t ion 
is v e r y r ap id , a n d t h e change f rom a s t a t e of h igh t o one of low suscept ibi l i ty is also 
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a b r u p t . I n F i g s . 71 a n d 72 , t h e c u r v e s a r e p l o t t e d i n a d i f f e r e n t w a y , s o a s t o 
s h o w t h e p e r m e a b i l i t y , /A. A c o r r e s p o n d i n g s e t o f o b s e r v a t i o n s fo r a n n e a l e d n i c k e l 
a r e s u m m a r i z e d i n F i g . 7 1 . 

J. A . E w i n g s h o w e d t h a t m a g n e t i z e d n i c k e l w h e n s u b j e c t e d t o c y c l i c v a r i a t i o n s 
of p u l l b y l o a d i n g a n d u n l o a d i n g w i t h s u s p e n d e d w e i g h t s suf fers a r e d u c t i o n of 
m a g n e t i s m w i t h l o a d , a n d a n i n c r e a s e of m a g n e t i s m w i t h o u t t h e l o a d . T h i s 
h a p p e n s w h e t h e r t h e m a g n e t i s m b e i n d u c e d o r r e s i d u a l . T h e r e s u l t s w i t h a 
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FiG. 7O. Tlie Effect of a Compress ive 
L o a d on t h e !Residual M a g n e t i z a t i o n 
of H a r d Nicke l . 

m a g n e t i z i n g f o r c e of 116 c .g . s . u n i t s a r e s u m m a r i z e d i n F i g . 7 2 . T h e r e is s o m e 
h y s t e r e s i s . T h e c u r v e fo r l o a d i n g l ies a b o v e t h a t for u n l o a d i n g , e v e n w h e n t h e 
c y c l i c v a r i a t i o n s of s t r e s s a r e r e p e a t e d o f t e n e n o u g h t o m a k e t h e m a g n e t i c c h a n g e s 
c y c l i c . T h e r e is less h y s t e r e s i s w i t h h a r d e n e d n i c k e l . 

L o r d K e l v i n s h o w e d t h a t t r a n s i e n t c u r r e n t s a r e p r o d u c e d b y t w i s t i n g a l o n g i ­
t u d i n a l l y m a g n e t i z e d n i c k e l r o d , a n d t h e s e c u r r e n t s t a k e t h e o p p o s i t e d i r e c t i o n t o 
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F i a . 09 .—The Effect of a Compress ive 
L o a d on tho I n d i v i d u a l Magne t i za t i on 
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F I G . 7 1 . T h e Effects of Compress ive 
S t ress o n tho I n d u c e d a n d R e s i d u a l 
M a g n e t i s m of A n n e a l e d Nicke l . 
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F i o . 7 2 . — T h e Effect of L o a d i n g a n d 
U n l o a d i n g on t h e M a g n e t i s m of 
A n n e a l e d N icke l i n a C o n s t a n t F i e l d . 

t h o s e p r o d u c e d m i r o n . L1. Z e h n d e r , a n d H . N a g a o k a o b s e r v e d t h a t w h e n a n i c k e l 
w i r e i s t w i s t e d a s a r i g h t - h a n d e d s c r e w , t h e t r a n s i e n t c u r r e n t f lows f r o m t h e s o u t h 
t o t h e n o r t h p o l e . W h e n m a g n e t i c m e t a l s a r e m a g n e t i z e d , t h r e e s u c c e s s i v e s t a g e s 
c a n b e b r o a d l y d e t e c t e d : (i) i n t h e e a r l y s t a g e , t h e s u s c e p t i b i l i t y i s s m a l l , a n d t h e 
c u r v e o f m a g n e t i z a t i o n h a s a n e a s y g r a d i e n t ; (ii) i n t h e m i d d l e s t a g e , t h e s u s c e p t i ­
b i l i t y i s h i g h , a n d t h e m a g n e t i z a t i o n c u r v e b e n d s u p w a r d s a n d r i s e s r a p i d l y t o a 
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F I G . 7 3 . T h e E f f e c t of 
T o r s i o n o n t h e M a g n e t i s m 
of N i c k e l . 
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t u r n i n g - p o i n t ; a n d (iii) t h e l a s t s t age occurs w h e n t h e m e t a l h a s pa s sed t h e t u r n i n g -
po in t , a n d i t a p p r o a c h e s a s t a t e of s a t u r a t i o n . I n genera l , t h e t h r e e m e r g e one i n t o 
t h e o t h e r . H . N a g a o k a s h o w e d t h a t w i t h to r s ion , or t o r s ion a c c o m p a n i e d b y 
l o n g i t u d i n a l pu l l , t h e t h r e e s t ages d i f ferent ia ted t o a far g r e a t e r e x t e n t . T h e 
r e su l t s s h o w n in F i g . 73 w e r e o b t a i n e d w i t h a m a g n e t i z i n g force of a b o u t 30 c.g.s. 
u n i t s , a n d w i t h a t w i s t of a b o u t 3° p e r cm. , a n d a 
c o m p a r i s o n w i t h t h e d o t t e d c u r v e for t h e m a g n e t i ­
z a t i o n w i t h o u t to r s ion shows t h a t t h e in i t ia l suscep t i ­
b i l i t y is lowered b y to r s ion ; t h e first s t a g e of 
m a g n e t i z a t i o n w i t h t o r s ion is m o r e s h a r p l y differ­
e n t i a t e d t h a n w i t h o u t t o r s i on ; in t h e second s t age , 
t h e t w i s t e d wi re h a s a g r e a t differential suscep t ib i l i ty , 
a n d t h e t u r n i n g - p o i n t is s h a r p ; a n d finally, b y 
c o m p a r i n g t h e c u r v e s o b t a i n e d b y r e m o v i n g t h e 
m a g n e t i z i n g force, t h e r e t e n t i v i t y of t h e t w i s t e d 
wi re is g r e a t e r t h a n t h a t of t h e o the r . I t w a s also 
o b s e r v e d t h a t w h e n t h e ang le of t w i s t is g r e a t l y 
inc reased , t h e r e is a t e n d e n c y t o r e v e r t t o t h e n o r m a l t y p e for u n t w i s t e d wi re . 
T h e p h e n o m e n o n w a s s t u d i e d b y G. W i e d e m a n n , a n d I I . Gerd ien . 

I I . N a g a o k a e x a m i n e d t h e effect of c o m b i n i n g to r s ion a n d long i tud ina l pu l l , 
F i g . 74 . P u l l a lone lowers t h e m a g n e t i z a t i o n c u r v e of n ickel ; w h e n t w i s t is 
supe rposed , t h e ini t ia l p a r t of t h e c u r v e is sti l l f u r t h e r lowered , b u t w i th a m o d e r a t e 
m a g n e t i z i n g force, t h e differential suscep t ib i l i t y s u d d e n l y rises t o a la rge v a l u e . 
T h e r e is t h e n a t u r n i n g - p o i n t , a n d s a t u r a t i o n is t h e n 
s lowly a p p r o a c h e d . H . N a g a o k a also found t h a t if t h e 
t o r s i on be s u b j e c t e d t o cycl ic reversa l s , t h e c u r v e 
c o n n e c t i n g t h e m a g n e t i s m w i t h t h e ang le of t w i s t is 
n e a r l y s y m m e t r i c a l , a s is t h e case w i t h i ron , e x c e p t i n g 
t h a t w i t h nickel , t h e m a g n e t i s m increases w i th t w i s t 
i n s t e a d of d imin i sh ing as in t h e case of i ron . If t h e 
t w i s t i n g t o a n d fro be r e p e a t e d whi l s t t h e n ickel wire 
is s u b j e c t e d t o a c o n s t a n t l o n g i t u d i n a l pul l , t h e c u r v e is 
n o longer s y m m e t r i c a l ; t h e m a g n e t i s m is inc reased b y 
t w i s t i n g t h e wire t o t h e side t o w a r d s which t h e ear l ies t 
t w i s t is d i r ec t ed , a n d t w i s t i n g t o t h e o t h e r s ide does 
n o t increase t h e m a g n e t i s m n e a r l y so m u c h . I f t h e pu l l be g r e a t enough , t h e w a n t 
of s y m m e t r y is such t h a t w h e r e a s t w i s t i n g t o w a r d s one side increases t h e m a g ­
n e t i s m , t w i s t i n g t o t h e o t h e r s ide dec reases t h e m a g n e t i s m . I n d e e d , t h e decrease 
m a y b e g r e a t e n o u g h t o m a k e t h e p o l a r i t y reverse i t s s ign. I r o n does n o t reverse 
i t s p o l a r i t y u n d e r t h e c o m b i n e d inf luence of pu l l a n d tw i s t . G-. Erco l in i s t u d i e d 
t h e b e h a v i o u r of n icke l i n c o n t i n u o u s a n d a l t e r n a t i n g m a g n e t i c fields w h e n 
s u b j e c t e d t o cycles of t o r s i o n or t e n s i o n . 

W h e n a l o n g i t u d i n a l pu l l is a p p l i e d t o a b a r of i ron (q.v.), t h e m a g n e t i c i n d u c t i o n 
inc reases w i t h a w e a k m a g n e t i c field, a n d decreases i n a s t r o n g field. T h e p o i n t 
w h e r e t h e effect of t en s ion is r eve r sed is cal led t h e Villari reversa l p o i n t . ^ T h e r e 
h a s b e e n s o m e d iscuss ion b y A. H e y d w e i l e r , T . G n e s o t t o , R . Becke r a n d M. Ker s t e i i , 
F . C. Powel l , J . S. R a n k i n , A . Schu lze , L.. F . Miller, S. Meyer , a n d K . H o n d a a n d 
S. S h i m i z u a s t o w h e t h e r or n o t n icke l shows t h e Vil lar i r eversa l p o i n t e x h i b i t e d b y 
i ron . S. R . Wi l l i ams s h o w e d t h a t if a n y e x t r a n e o u s m a g n e t i c field is p r e sen t , t h e 
Vi l la r i p o i n t m a y a p p e a r , b u t w h e n t h e e x t r a n e o u s field is r e m o v e d , t h e p h e n o m e n o n 
n o longer occurs . K . H o n d a a n d K . K i d o f o u n d a c o n t r a c t i o n for t h e m a g n e t o ­
s t r i c t i on of n icke l (92-3 p e r cent . ) : 

H 
UjI x 10« 

J . J . T h o m s o n showed t h a t t h e J o u l e m a g n e t o s t r i c t i v e effect is t h e rec iproca l 
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L- J- / ....\Pull lunJyX-

O 10 20 30 
Magnetic force, H 

F i Q . 7 4 . - T I i O E f f e c t of P u l l 
a n d . T o r s i o n o n t h e M a g ­
n e t i s m of N i c k e l . 

16-6 
— 2-63 

51-6 
— 11-07 

90-5 
— 16-58 

189-6 
— 21-71 

389-6 
— 23-85 

589-6 
— 24-6O 

file:///Pull


114 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

Magnetic field. H gauss 
200 400 600 800 

W 24 32 40 48 56 
Scleroscopic hardness 

FICJ. 75.—Tlio Kffect of a Magne t i c F ie ld on 
t h e Cliango in L e n g t h of a Nicke l R o d . 

of t h e Villari effect. If a rod of m e t a l h a s i t s magne t i c i n d u c t i o n decreased b y 
tens ion , t hen t h a t rod will shor ten for those fields where t h e m a g n e t i c i nduc t ion is 
decreased b y tension ; a n d conversely, a rod will l eng then for those m a g n e t i c fields 
i n which tension increases t h e flux. The pr inc ip le of H . Ie Chatel ier appl ies 
(2 . 18, 4) . Consequent ly , if a m e t a l shows t h e Villari effect, i t will also show a 
reversal of sign in t h e change in l eng th as t h e field increases f rom zero t o h igher 
values. If nickel shows t h e Villari effect, i t will show t h e magne to s t r i c t i ve effect 

a n d l eng then for w e a k m a g n e t i c fields 
a n d sho r t en for s t r o n g ones. R o d s of 
nickel were sub jec ted t o different 
degrees of cold roll ing so t h a t t h e t h i n 
p la tes were progress ively h a r d e r t h a n 
t h e th i cke r ones . T h e t h i n s t r i p in 
F ig . 75 was decreased 93 pe r cen t , m o r e 
t h a n t h e th i ck one. T h e effect of a 
magne t i c field on t h e change in l eng th 
is shown b y the t w o con t inuous curves 
in F ig . 75, a n d t h e d o t t e d line in t h a t 
figure shows t h e change in l eng th w i t h 
nickel h a r d e n e d b y cold w o r k in a field 
of H=IJS-SS gauss . The resul t shows 
t h a t t h e sho r t en ing occurs for all field 
s t r eng th s u p t o 1200 gauss , a n d t h e 
t ens ion-magne t iza t ion curves exh ib i t 
n o sign of Villari reversal po in t s . 
T h e subjec t was s tud ied b y H . T o m -
linson, a n d S. R . Wil l iams. 

W . F . B a r r e t t found t h a t whi ls t s t ra in a l te rs t h e magne t i za t i on of a m e t a l , t h e 
effect is reversible, for magne t i z a t i on is accompan ied by s t ra in . S. Bidwell found 
t h a t in t h e case of nickel, t h e m e t a l con t r ac t s when magne t i zed . The con t r ac t i on 
expressed in ten-mil l ionths of t he length is i l lus t ra ted b y t h e curve , F ig . 76. T h e 
effect of tensile stress, wi th a m o d e r a t e magne t i z ing force, is first t o raise t h e cu rve 
in its earlier s tages m a k i n g t h e a m o u n t of magne t i za t ion less when t h e t e s t is m a d e 

while t he re is a pul l t h a n w h e n the re is n o pul l . 
Wi th a s t ronger field, t h e c o n t r a c t i o n is inc reased 
by t h e presence of a smal l a m o u n t of pul l , a n d 
decreased by t h e presence of a large a m o u n t of 
pul l . W . B r o w n a n d P . O 'Ca l laghan found t h a t 
t h e r ig id i ty of nickel increases in a d i rec t , 
long i tud ina l field un t i l i t reaches a m a x i m u m in 
a field of 26 c.g.s. un i t s , i t t h e n decreases r ap id ly 
t o a m i n i m u m in a field of 41 g.g.s. u n i t s , a n d 
the rea f t e r i t increases w i t h t h e field. T h e cu rve 
follows t h e s a m e genera l s h a p e w i t h a l t e r n a t i n g 
fields. W i t h t r ansve r se fields, t h e r ig id i ty s l ight ly 
decreases , a n d t h e n s t ead i ly increases a s t h e 

appl ied field is a u g m e n t e d . A. Schulze, a n d A. W . S m i t h s tud ied t h e sub jec t . 
W. A. B e a n ob ta ined t h e resu l t s i nd ica t ed in F ig . 77 for t h e effect w i t h nickel , 
s t a r t i n g from t h e demagne t i zed s t a t e a n d increas ing t h e app l ied field. The re is a 
hys teres is effect, for w h e n t h e app l ied field is r educed t o zero, i t r e t u r n s t o i t s 
original s t a t e a long a n o t h e r cu rve . K . H o n d a a n d T . T e r a d a obse rved t h a t t h e 
magne tos t r i c t i on change in l eng th 81/1 x 10«, w i t h m a g n e t i z a t i o n , is 0-02 for # = = 2 1 , 
a n d —44-9 for # = 3 8 9 wi th a t ens ion load of 1540 g r m s . pe r sq. m m . , a n d f rom 
zero w i t h H^3 8 t o —48-4 w i t h # = 3 9 0 , w h e n t h e load is 5240 g r m s . p e r sq. m m . 
T h e effect wi th commerc ia l n ickel is s imilar , b u t r a t h e r smal ler . 

A . K u s s m a n n a n d B . Scharnoff obse rved n o re la t ion be tween t h e coercive force 
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a n d t h e m e c h a n i c a l h a r d n e s s ; M. K e r s t e n , a n d H . H a n e m a n n a n d P . D . Merica 
s t u d i e d t h e r e l a t ion b e t w e e n t h e m a g n e t i c p rope r t i e s a n d t h e e las t ic i ty of t h e 
m e t a l . Accord ing t o K . H o n d a a n d T. T e r a d a , t h e change of e las t ic i ty , SE/E X IO2 , 
w i t h m a g n e t i z a t i o n for p u r e n icke l w i t h a load of 1540 g r m s . pe r sq. m m . is —0-05 
for H=I-S, —14-40 for H^37-7, 
a n d 2-19 for H=406, a n d for a 
load of 4498 g r m s . p e r sq. 
m m . , t h e c h a n g e is —0-40 for 
H=11-6, —9-90 for / / = 9 9 - 6 , 
a n d —0-83 for # = = 3 9 0 . W i t h 
commerc i a l n ickel , for a load of 
1326 g r m s . pe r sq. m m . , t h e 
c h a n g e is —0-65 for / / = 7-6, 
—1-96 for # = 5 2 - 1 , a n d 1-42 for 
# = 3 8 3 j a n d for a load of 
3874 g r m s . p e r sq . m m . , t h e 
c h a n g e is 0 for # - = 6 - 8 , —3-26 
for / / = 7 6 - 7 , a n d 0-78 for 
/ / = 3 9 8 . T h e c h a n g e of t h e 
r ig id i ty of nickel , SK/K X 10*2, 
w i t h m a g n e t i z a t i o n is —0*21 
for # = - 3 - 9 , —6-80 f o r / / = 7 8 - 2 , 
a n d 2-12 for / / — 406 w i t h a load 
of 1158 g r m s . p e r sq . m m . ; 
a n d —0-01 for # — 1 1 - 8 , — 8-59 
for / / — 2 8 7 , a n d —6-35 for / / — 382 for a l o a d of 9075 g rms . pe r sq. m m . T h e 
c h a n g e of P o i s s a n ' s r a t i o ocr/o-X 10 1 2 w i t h m a g n e t i z a t i o n is -—6-1 for / / - - - 3 0 , 5O for 
/ / — 150, a n d 7 for / / = 250 . T h e c h a n g e of m a g n e t i z a t i o n SI1 w i t h in i t ia l 
l oad ing , a n d S/c w i t h cyclic l oad ing for loads in t ens ion , / g rms . pe r sq. m m . , is : 

8513 g r m s . p e r sq. m m . 
— 9-2 

— 108-G 
— 1 1 3 

T h e y also found t h a t w i t h a c o n s t a n t t en s ion , t h e m a g n e t i z a t i o n increases s t e ep ly 
in low fields, a n d a f te r pa s s ing a p o i n t of inflexion, 
g r a d u a l l y a p p r o a c h e s s a t u r a t i o n . T h e effect of 
t e n s i o n is la rge , a n d a l w a y s t o d imin i sh m a g ­
n e t i z a t i o n . T h e y also e x a m i n e d t h e effect of a 
tw i s t , a n d of a c o m b i n e d t w i s t a n d t en s ion on t h e 
m a g n e t i z a t i o n . I n al l cases t h e rec iproca l n a t u r e 
of t h e changes of s t r a i n s b y m a g n e t i z a t i o n a n d of 
t h e c h a n g e s of m a g n e t i z a t i o n b y s t r a i n were 
es tab l i shed . F o r i n s t a n c e , m a g n e t i c e longa t ion 
u n d e r c o n s t a n t t ens ion a n d of m a g n e t i z a t i o n u n d e r 
c o n s t a n t t ens ion ; of e longa t ion b y t ens ion u n d e r 
a c o n s t a n t field, a n d t h e c h a n g e of m a g n e t i z a t i o n 
b y t en s ion u n d e r a c o n s t a n t field ; of m a g n e t i c 
t w i s t i n g u n d e r a c o n s t a n t couple , a n d m a g n e t i z a ­
t i o n u n d e r a c o n s t a n t t w i s t ; a n d of t h e c h a n g e 
of r i g i d i t y u n d e r a c o n s t a n t field ; a n d t h e c h a n g e 
of m a g n e t i z a t i o n b y t w i s t u n d e r a c o n s t a n t 
field. 

W . B r o w n m e a s u r e d t h e effect of different 
m a g n e t i c fields, t r a n s v e r s e a n d a l t e r n a t i n g , w i t h 
d i r e c t a n d a l t e r n a t i n g c u r r e n t s of 50 t o 150 cycles , on Y o u n g ' s m o d u l u s of 
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elast ici ty, E9 in g rams per sq. cm., w i th a load of 10 5 g rms . pe r sq. cm. ; t h e resul t s , 
p lo t ted in Fig. 78, are : 
H . . . . 

/ T I D . O. 

/ T r a n s . ( A C 

Y. Masiyama found t h a t wi th single crys ta ls t h e longi tudina l effect of magne t i z a t i on 
is a contract ion for all fields, a n d i t is g rea tes t in t h e di rect ion of (100), n e x t in t h e 
direction (110), a n d least in t h e direct ion (111). T h e t r ansve r se effect is j u s t t h e 
reverse of t h e longi tudinal effect. W i t h a c o n s t a n t field, t h e va r i a t i on of these 
effects wi th respect t o t h e or ien ta t ion is periodical , t h e per iod being 90°, 180°, a n d 
60° for t h e planes (100), (110), a n d (111) respect ively as in t h e case of magne t i za t i on . 
K . H o n d a and S. Shimizu 's observat ions on t h e effect of t e m p , a n d magne t i z ing 
force, H, on the magnetos t r ic t ion of nickel are summar ized in F ig . 79. H . M a s u m o t o 
gave : 

H . . 3-O 10-8 52-6 115-5 179 307 
S ^ x IO6 . -0-89 - 9-42 —24-21 - 33-30 - 38-42 — 4 3 0 3 

The subject was s tudied by S. R . Will iams, A. Schulze, C. W . H e a p s , B . W e d e n s k y 
and J . Simanoff, E . Giebe a n d E . Blechschmidt , 
W. Mobius, F . L ich tenberger , W . F r i cke , 
R . Gans a n d J . von H a r l e m , P . McCorble, 
F . C. Powell , J . S. R a n k i n , I I . S. Scheinberg, 
E . F r o m y , K . C. Black, A. W . Smi th , J . M. I d e , 
A. B . B r y a n a n d C. W . Heaps , B. Bidwell , 
J . A. Ewing a n d G. C. Cowan, H . Tomlinson, 
P . Curie, A. Gray a n d A. Wood , E . T. J o n e s , 
W. Leick, R. Bea t t i e , H . A. Pidgeon, P . E . Shaw 
a n d S. C. Laws , H . N a g a o k a a n d S. Ki i sakabc , 
H . N a g a o k a a n d K . H o n d a , K. H o n d a a n d 
S. Shimizu, L. W . McKeehan , C. G. K n o t t , 
C G. K n o t t a n d P . Ross , K . N a k a m u r a , 
G. Scharff, a n d J . Russel l . W . B r o w n 
compared t h e effect of t r ansverse a n d 

longi tudinal magnet ic fields, con t inuous a n d a l t e rna t ing , on t h e magne tos t r i c t ion 
of nickel, a n d found : 

1 U*«-.{5S2£. 
The resul ts are p l o t t e d in F ig . 80 . There is a s t e a d y cont rac t ion wi th b o t h 
a l t e rna t ing a n d d i rec t c u r r e n t s in a long i tud ina l field. F o r b o t h d i rec t a n d 
a l t e rna t ing t ransverse m a g n e t i c fields, n ickel e x p a n d s t o a m a x i m u m a n d t h e n 
diminishes gradua l ly for h igh fields. T h e m a x i m u m expans ion for b o t h 
d i rec t a n d a l t e rna t ing t r ansve r se fields t a k e s p lace in t h e s a m e field s t r eng th of 
a b o u t 50 e.g.s. un i t s . H e also m e a s u r e d t h e effect w i t h a l t e rna t i ng cu r r en t s 
wi th 50 t o 150 cycles ; a n d also t h e effect w i t h wires of different r igidi t ies . 
R . J o u a u s t s tud ied t h e subjec t . F o r N . S. Akuloff 's obse rva t ions , vide supra. 
J. S. R a n k i n s tudied t h e effect of overs t ra in on t h e magne tos t r i c t i on ; M. K e r s t e n , 
a n d R. Becker a n d M. K e r s t e n , t h e effect of la rge s t resses on t h e m a g n e t i z a t i o n 
of nickel ; C. S. Yeh , t h e effect of h y d r o s t a t i c p ressure ; a n d C. V. K e n t a n d 
B . J . B a b b i t t , t he effect on a v ib r a t i ng nickel wire . 

According to S. R . Wil l iams, w i t h cold-rolled nickel , t h e change in l eng th in a 
m a g n e t i c field decreased a sympto t i ca l ly t o t h e ax is of h a r d n e s s a n d as t h e a l ignmen t 
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of t h e c rys ta l s became comple te . N o ini t ia l l eng then ing was observed, a n d i t was 
concluded t h a t t h e r e is also no Villari reversal p o i n t for nickel . The a rea of t h e 
hysteres is curves t a k e n on t h e s t r ips increased w i t h increas ing ha rdness . T h e 
specific res is tance first decreased a n d subsequen t ly increased wi th t h e ha rdness . 
The m e c h a n i s m for change of l eng th 
m u s t h a v e some factor d i s t inc t ly 
different f rom t h a t which p roduces t h e 
o ther magne t i c p h e n o m e n a . T h e resul ts 
of Y . Mas iyama for single crys ta ls are 
s u m m a r i z e d in F ig . 8 1 . According to 
W . L.. W e b s t e r t h e roles of t h e (100)- a n d 
( l l l ) - a x e s a re i n t e r changed from w h a t 
t h e y a re w i th i ron, a n d t h e d i s to r t ion 
p roduced b y t h e increase of un i fo rmi ty 
becomes a con t rac t ion . T h e t w o k inds 
of d i s to r t ion can, however , still be 
sepa ra ted . I t is pa r t i cu la r ly not iceable 
t h a t t he r e is re la t ive ly l i t t le change 
in l eng th for t h e (lOO)-axis below 
intens i t ies 300 e g s. un i t s of magne t i za ­
t ion . F o r t h e (100) direct ion, t h e 
effect of t h e dev ia t ion t e r m is shown by 
t h e sha rp increase in slope a t 420 c.g.s. 
un i t s , where from t h e IjH cu rve i t is 
clear t h a t t h e dev ia t ion is first b r o u g h t 
in to p lay . S. R . Wil l iams a n d 
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Jl. A. Sanderson s tud ied t h e changes in l eng th p roduced b y a magne t i c field of 
58-8 gauss on samples of nickel of different degrees of hardness , a n d t h e resul ts 
a re summar i zed b y t h e d o t t e d cu rve in F ig . 75 . E . B a u e r s tud ied t h e relat ion 
be tween t h e di la t ion a n d t h e magne t i za t i on of nickel . 

K . H o n d a a n d T. T a n a k a found t h a t t h e effects of a magne t i c field on t h e 
elastic modu lus , JE, a n d t h e coeff. of r ig id i ty , K, of nickel are : 

H 
SJkJ/fiJ X l O 2 

/ / . 
SKjK X l O 2 

W . B r o w n measu red t h e subsidence of tors ional oscil lat ions of nickel wires when 
subjec ted t o t h e influence of d i rec t a n d a l t e r n a t i n g cu r r en t s wi th magne t i c fields 
u p t o 800 c.g.s. un i t s . W i t h a soft nickel wire b o t h d i rec t a n d a l t e rna t ing cu r r en t 
fields increase t h e d a m p i n g of t h e tors ional oscil lat ions. 
H e also measu red t h e fa t igue of nickel wire when 
subjected t o t h e influence of long i tud ina l a n d t r a n s ­
verse a l t e rna t i ng magne t i c fields. T h e m a x i m u m 
fat igue d u e t o a t r ansverse , a l t e r n a t i n g field is a b o u t 
8-5 per cent , less t h a n is t h e case w i t h a longi tudinal , 
a l t e rna t i ng field, a n d i t t a k e s a b o u t double t h e 
t i m e t o a t t a i n t h e m a x i m u m . J . W . P e c k a n d 
R . A. H o u s t o u n , C. V. K e n t a n d B . J . B a b b i t t , 
A. G r a y a n d A. W o o d , R . Becker a n d M. K o r n e t z k y , 
A. Dr igo measu red t h e effect of a var iab le magne t i c 
field on t h e in te rna l friction, or t h e d a m p i n g of t h e 
tors ional oscillations of nickel wire ; W . Mobius , t h e 
effect on t h e torsion m o d u l u s ; F . v o n Schmoller , t h e Matteucci effect w i th 
nickel a n d i r o n — t h a t is , t h e induc t ion of a t r ansve r se e.m.f. on changing t h e 
long i tud ina l magne t i za t ion of a wire unde r t o r s i o n ; a n d C. Wil l iams, t h e effect 
on t h e t h e r m a l expansion. 
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A. Pe r r i e r a n d C. E . Bore l , W . He isenberg , J . D o r f m a n , Li. C a m b i a n d L . Szego, 
R . Gans a n d co-workers , D . M. Bose , G. F o e x a n d B . Kess ler , W . K l e m m a n d 
co-workers , L. Neel , D . R o z a n s k y , R . S c h l a p p a n d W . G. P e n n e y , R . W . R o b e r t s , 
a n d J . R . Ashwor th d iscussed t h e t h e o r y . J . R . A s h w o r t h s t u d i e d t h e r e l a t i ons 
be tween t h e m a g n e t i c a n d t h e r m a l c o n s t a n t s . G. S c h m a l t z found t h a t w i t h a 
field s t r e n g t h of 1200 c.g.s. un i t s , t h e h e a t c o n d u c t i v i t y of n ickel decreases in t h e 
axia l d i rec t ion as opposed t o t h e e q u a t o r i a l d i rec t ion t o t h e e x t e n t of a b o u t 5 p e r 
cen t . T h e effect of a m a g n e t i c field on t h e electr ical res i s tance of n icke l h a s been 
examined b y S. K a y a , G. Bar low, a n d N . S. Akuloff, a n d t h e sub j ec t h a s b e e n 
previous ly discussed. W . S u c k s m i t h a n d L.. F . B a t e s , O. D a h l a n d J . Pfaffen-
berger, a n d S. J . B a r n e t t s t u d i e d t h e g y r o m a g n e t i c effect wh ich a m o u n t s t o a b o u t 
0-501—vide i ron : U . M. Bose a n d P . K . R a h a , t h e p h o t o m a g n e t i c effect ; F . E h r e n -
haft , t h e magne topho re s i s a n d e lec t rophores is of nickel ; A. Pe r r i e r a n d C. E . Bore l , 
t h e long i tud ina l m a g n e t i c effects of electr ic c u r r e n t s ; W . H . Ross , t h e effect of 
magne t i z a t i on on t h e the rmoe lec t r i c force ; H . Broil i , t h e t h e r m o m a g n e t i c effect 
in a longi tud ina l m a g n e t i c field ; a n d F . W e v e r , t h e a t o m i c a r r a n g e m e n t of 
magne t i c a n d non -magne t i c nickel . 

Accord ing t o W . Ger lach, if a fall of t e m p , t a k e s p lace in a f e r romagne t i c b o d y , 
t hen an e lec t romot ive force a p p e a r s be tween i t s ends in a h o m o g e n e o u s m a g n e t i c 
field whose lines of force r u n paral le l t o t h e d i rec t ion of t h e fall of t e m p . Th i s 
e.m.f. shows a b o u t t h e s a m e degree of d e p e n d e n c e on t h e m a g n e t i z a t i o n as t h e 
change of res is tance . If a piece of nickel wire is k e p t a t a t e m p . T1 of a b o u t 20°, 
a n d if t h e t e m p . T2 of t h e o the r end is raised, t hen a m a g n e t i c field para l le l t o t h e 
lines of fall of t e m p , c rea tes a n e.m.f. which s t ead i ly increases a n d reaches a n 

P\ra. 82.—The Thermomagnetic Kffect as a Function of Temperature . 

a p p r o x i m a t e l y c o n s t a n t va lue as soon as T 2 exceeds t h e Curie po in t . I f T1 be n o w 
increased while T2 is k e p t a t a n y g iven t e m p , a b o v e t h e Curie po in t , t h e n t h e e.m.f. 
c rea ted b y t h e m a g n e t i c field decreases a n d becomes zero as soon as T1 is equa l t o 
t h e t e m p , of t h e Curie p o i n t . T h e e.m.f. r e m a i n s c o n s t a n t whi le t h e field effect 
r e m a i n s c o n s t a n t . I t is i n d e p e n d e n t of t h e course of t h e fall of t e m p , a n d on ly 
d e p e n d e n t on t h e difference of t e m p . Th i s effect is obv ious ly c o n n e c t e d in t h e 
same w a y w i t h t h e m a g n e t i z a t i o n as is t h e c h a n g e of res i s t ance a t c o n s t a n t t e m p . 
W . Ger lach also found t h e re la t ion b e t w e e n t h e e.m.f. a n d t h e i n t e n s i t y of m a g n e ­
t i za t ion ; a n d showed t h a t t h e smal l hys te res i s c o r r e s p o n d s w i t h t h e hys te res i s of 
t h e res i s tance t o change . S. C. T a o a n d W . B a n d , a n d T . K o u s m i n e s t u d i e d t h e 
sub jec t . 

P . Weiss a n d co-workers g a v e 3 a n d 4 for t h e a t o m i c m o m e n t of n ickel , a n d 
o b s e r v a t i o n s on t h e sub jec t were m a d e b y J . D o r f m a n a n d co-worker s , A . "Wolf, 
G. S a d r o n , E . C. S toner , a n d H . F a h l e n b r u c h . H . Sachsse , E . V o g t , a n d C. S a n d r o n 
d iscussed t h e a t . m o m e n t of nickel w h e n a l loyed w i t h c h r o m i u m a n d m a n g a n e s e . 
S. D a t t a , TJ. Cambi a n d E . T r e m o l a d a , U . Deh l inger , R . B . J a n e s , a n d D . M. Bose 
a n d P . K . B a h a discussed t h e m a g n e t i c p r o p e r t i e s of t h e n icke l sa l t s (q.v.) ; a n d 
S. S. B h a t n a g a r a n d co-workers , t h e c h a n g e f rom p a r a m a g n e t i s m t o d i a m a g n e t i s m 
w h e n t h e sa l t s a re a d s o r b e d on charcoa l . 
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§ 7. Chemical Properties of Nickel 

E n t r o los p r o p r i e t e s c h i m i q u e s d u niekol e t d u c o b a l t , n o u s n e s a v o n s o t a b l i r q u ' u n o 
difference de d e g r e . — H . M O I S S A N . 

F . F i s c h e r a n d co-workers , 1 V. Koh l sch i i t t e r , J . C. S t imson , a n d W . F r a n k e n -
bu rge r a n d co-workers , s p l u t t e r e d e lec t rodes of nickel in l iqu id a r g o n , b u t obse rved n o 
sign of chemica l c o m b i n a t i o n . A. S iever t s a n d E . B e r g n e r a lso o b s e r v e d t h a t a r g o n 
a n d h e l i u m d o n o t show a m e a s u r a b l e so lubi l i ty in nickel . V. L o m b a r d s t u d i e d t h e 
p e r m e a b i l i t y of nickel t o a r g o n a n d he l ium. L . R . IngersolJ a n d J . D . H a n a w a l t 
t h o u g h t t h a t c o m p o u n d s of h e l i u m a n d a r g o n w i t h n ickel we re f o r m e d b y s p l u t t e r ­
ing t h e m e t a l in t he se gases , b u t t h e y l a t e r showed t h a t t h i s is n o t t h e case . W h e n 
nickel is cooled in t h e p resence of h e l i u m i t does n o t show t h e a b s o r p t i o n p h e n o m e n o n 
cha rac te r i s t i c of t h e c l ean -up , w i t h h y d r o g e n . T h e sub jec t w a s s t u d i e d b y 
V. L o m b a r d , a n d J . M. J a c k s o n . E . R u p p found a d s o r b e d a r g o n h a d n o pe r ­
cept ib le effect on t h e space - l a t t i ce of n ickel . G. I . F i n c h a n d J . C S t i m s o n s t u d i e d 
t h e e lect r ical cha rge of t h e m e t a l w h e n a d s o r b i n g a r g o n . 

W . Sch lenk a n d T. Weichse l fe lder 2 t r e a t e d a n h y d r o u s n ickel ch lo r ide w i t h a n 
e therea l soln. of m a g n e s i u m p h e n y l b r o m i d e a n d o b t a i n e d a d a r k b r o w n , col loidal 
soln. of nickel wh ich a b s o r b e d h y d r o g e n r a p i d l y , a n d t h e n icke l w a s t h e r e b y 
p r e c i p i t a t e d as a b l a c k s e d i m e n t , l e av ing t h e l iqu id c lear . T h e vol . of h y d r o g e n 
a b s o r b e d agrees w i t h N i H 4 , b u t w h e n t h e b l a c k p r o d u c t is d r i e d i n a c u r r e n t of 
h y d r o g e n , n icke l d ihydride , N i H 2 , r e m a i n s . W h e n t h i s p r o d u c t is t r e a t e d w i t h 
a lcohol , i t begins t o evo lve h y d r o g e n , b u t i t is s t a b l e in c o n t a c t w i t h e t h e r . 
T . Weichselfelder a n d B . T h i e d e d i d n o t r e g a r d N i H 4 a s a c h e m i c a l i n d i v i d u a l . 
M. Kossodo obse rved t h e cond i t i ons u n d e r w h i c h e t h y l e n e is t r a n s f o r m e d i n t o 
e t h a n e b y t h e ac t ion of n icke l d i h y d r i d e in t h e p re sence of e t h e r . G. F . H i i t t i g 
s t u d i e d t h e r e l a t ionsh ip of t h e h y d r i d e t o o t h e r h y d r i d e s . 
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H . T. Wense l and. W . F . Roese r obse rved t h a t before r e p e a t e d fusion in vacuo , 
t h e gas c o n t e n t of 99*94 p e r cen t , nickel was O-OOl pe r cen t , of oxygen ; 0 0 0 0 2 pe r 
cen t , h y d r o g e n ; a n d n o n i t r ogen ; whi ls t a f t e rwards t he r e were p r e s e n t 0-008 to 
0-015 p e r cen t , o x y g e n ; 0-0002 p e r cen t , h y d r o g e n ; a n d 0-004 pe r cen t , n i t rogen . 
T h e sub jec t w a s s t u d i e d b y W . H a s s e n b r u c h , A. K e m p e r , S. W . P t i t z y n a n d 
L . M. F i n k , G. A. Gr inbe rg , J . Mas lakove tz , a n d H . N i s h i m u r a . Accord ing t o 
P . D . Merica a n d R . G. W a l t e n b e r g , n ickel r ema ins mal leab le af ter i t h a s been 
m e l t e d a n d solidified in h y d r o g e n . I n 1869, F . M. R a o u l t found t h a t w h e n com­
merc ia l n ickel is used for 12 h r s . a s c a t h o d e in ac idu la t ed wa te r , i t absorbs 165 vols , 
of h y d r o g e n p e r u n i t vol . of m e t a l . A. Vi l lachon arid G. Chaudron , W . A. Laz ie r 
a n d I I . Adk ins , J . J . A c k w o r t h a n d H . E . A r m s t r o n g , W . Ipateeff, a n d R. B o t t g e r 
also obse rved t h e occlusion of h y d r o g e n b y nickel ; a n d L . Troos t a n d P . H a u t e -
feuille showed t h a t shee t nickel , e m p l o y e d as c a t h o d e in ac idu la ted water , can 
a b s o r b u p t o 40-0 vols , of h y d r o g e n , a n d w h e n h e a t e d in hyd rogen i t absorbs 
16 vols , of t h e gas . Nicke l p o w d e r o b t a i n e d b y reduc ing t h e oxide in hyd rogen 
abso rbed 100 vols , of h y d r o g e n , a n d G. N e u m a n n a n d F . S t re iu tz found t h a t t h e 
p o w d e r o b t a i n e d b y r educ ing t h e o x a l a t e a b s o r b e d 17-5 vols . M. Bel la t i a n d 
S. L u s a n n a found t h a t i m p u r e nickel wire e m p l o y e d as c a t h o d e absorbed IOO vols. 
of h y d r o g e n . W . H e m p e l a n d H . Thie le obse rved n o occlusion wi th nickel reduced 
f rom t h e ox ide of a h igh degree of p u r i t y , b u t G. P . !Baxter found t h a t t h e spongy 
nickel , r educed f rom t h e purif ied oxide , a b s o r b e d 3-0 t o 10-7 vols, of hyd rogen ; 
a n d M. Maye r a n d V. A l t m a y e r obse rved t h a t n ickel r educed from t h e oxide by 
h y d r o g e n a t 360° t o 560°, a n d 360 t o 440 m m . press . , abso rbed 50-5 vols. 
W . A. Laz ie r a n d H . A d k i n s found t h a t 100 g r m s . of nickel r educed b y h y d r o g e n 
a b s o r b e d 70 c.c. of h y d r o g e n u n d e r s t a n d a r d condi t ions , a n d 205 c.c. when t h e 
m e t a l h a d been r e d u c e d b y a lcohol . T h e occlusion of h y d r o g e n b y nickel was 
s t u d i e d b y W . B a u k l o h a n d H . K a y s e r , A. F . B e n t o n a n d T . A. W h i t e , W . F r a n k c n -
b u r g e r a n d co-workers , J . H a g e n a c k e r , F . C. Lea , N . I . Nik i t in , J . P a c e a n d 
H . S. Tay lo r , W . R o h n , I I . O. v o n San i son -Himmel s t j e rne , J . C. S t imson , W . Hessen-
b r u c h , I . J . S m i t t e n b e r g , L . L . H a s s e a n d B . Schenck , G. F . H u t t i g , D . Alekseefi 
a n d L . Sav in ia , H . N . H u n t z i c k e r a n d L . K a h l e n b e r g , S. l i j ima , R . Ivlar, 
E . W . R . Steacie , E . G. Ins ley , a n d A. Vi l lachon a n d G. C h a u d r o n . W . F r a n k e n -
b u r g e r a n d co-workers s t u d i e d t h e abso rp t i on of h y d r o g e n b y t h e h igh ly dis­
pe r sed m e t a l . 

W . R o m m l e r found t h a t e lec t ro ly t ic n ickel a t r o o m t e m p . , a n d 740 t o 760 m m . 
press . , ab so rbed f rom 4-3 t o 13-6 t i m e s i t s vol . of h y d r o g e n . T h e hydrogen c o n t e n t 
of e lec t ro ly t ic nickel increases a s t h e ac id i ty of t h e e l ec t ro ly t e—a soln. of nickel 
s u l p h a t e or ch lor ide—is decreased , a n d i t decreases as t h e t e m p , of t h e e lec t ro ly te 
is ra ised . A. S iever t s a n d W . K r u m b h a a r found t h a t t h e a m o u n t of hyd rogen 
abso rbed b y solid a n d m o l t e n nickel is p r o p o r t i o n a l t o t h e sq. roo t of t h e h y d r o g e n 
press . , t h a t t h e a b s o r p t i o n of gas is g r e a t e r w i t h t h e m o l t e n me ta l , so t h a t d u r i n g 
t h e solidification of t h e m e t a l in air , sp i t t i ng m a y o c c u r — 3 . 22, 7 ; a n d t h a t 100 g r m s . 
of 98-5 p e r cen t , n ickel wire , F ig . 8 3 , abso rbed S m g r m . of hyd rogen a t different 
t e m p . , a n d 760 m m . press . : 

212° 520° 822° 1123° 1300° 1400° 1451° 1405° J«000 

# . 0 1 6 0-39 0-72 1 1 4 8 1-320 1*539 m . p . 3 5 O 3 8 7 

G. Bore l ius gave t h e solubi l i ty S of h y d r o g e n in nickel a t T° K . t o be 
S=<xei92o/Tf where a is a func t ion of t h e t e m p . , a n d a t a h igh t e m p . , a. ha s nea r ly 
t h e s a m e v a l u e for all m e t a l s . B . C. H e n d r i c k s a n d R . R . R a l s t o n r ep resen ted t h e 
r a t e of diffusion of hyd rogen , Z>, t h r o u g h nickel b y D=kplTke-Q/*T, where j> a n d 
T, r espec t ive ly , d e n o t e t h e press , a n d abso lu t e t e m p . , whi l s t q a n d h a re c o n s t a n t s • 
W . R . H a m modified t h e e q u a t i o n ; a n d V. L o m b a r d gave D=kl0at, b u t B . C. H e n ­
d r i cks a n d R . R . R a l s t o n d id n o t ge t good resu l t s w i t h t h i s equa t ion , or w i th 
H . M. Ryder's e q u a t i o n , D==kTb. V. L o m b a r d found t h a t t h e r a t e of diffusion of 
hydrogen through nickel is independent of t h e p resence of n i t rogen , a n d i t var ies 



1 4 2 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

i n v e r s e l y a s t h e t h i c k n e s s i n a c c o r d w i t h F i c k ' s l a w . E x p r e s s i n g t h e r e s u l t s i n 
t e r m s of D m g r m s . of h y d r o g e n d i f fus ing p e r s q . m e t r e of m e t a l 1 m m . t h i c k , p e r 
h o u r , B . C. H e n d r i c k s a n d R . R . R a l s t o n f o u n d : 

760 mm. 390-6 mm. 115 mm. 

JJ 
478° 
34 '2 

570° 
88-6 

678° 
1 7 6 7 

798° 
369-2 

471° 
28-7 

597° 
81-7 

677° 
133-4 

498° 
2 3 1 

658° 
6 5 4 

719° 
94-2 

O b s e r v a t i o n s w e r e m a d e b y D . AlekseefT a n d L . S a v i n i a , H . G . D e m i n g a n d 
I i . C. H e n d r i c k s , A . W . G a u g e r , W . A . L a z i e r a n d H . A d k i n s , a n d C. J . S m i t h e l l s . 
T . A . W h i t e a n d A . F . B e n t o n s t u d i e d t h e a b s o r p t i o n of h y d r o g e n b y n i c k e l p o i s o n e d 
b y c a r b o n m o n o x i d e . 

G. T a m m a n n a n d J . S c h n e i d e r ' s o b s e r v a t i o n s o n t h e r a t e of a b s o r p t i o n of 
h y d r o g e n b y n i c k e l a t d i f f e r e n t t e m p , a r e s u m m a r i z e d i n F i g . 8 4 . T h e m e t a l 
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-The Solubi l i ty of H y d r o g e n 
in Nickel . 

20 30 mm. 

F i a . 84. T h e R a t e of A b s o r p t i o n of 
H y d r o g e n in Nicke l . 

a b s o r b s h y d r o g e n a t 2 0 0 ° t o 3 0 0 ° m o r e r a p i d l y , a n d t o a g r e a t e r e x t e n t , w h e n h a r d 
t h a n w h e n sof t , b u t t h e r e v e r s e h o l d s for e l e c t r o l y t i c h y d r o g e n . T h e r e s u l t s f o r 
t h e c o l d - w o r k e d , o r h a r d m e t a l w i t h a c a t h o d i c s u r f a c e a r e a of 4 -79 s q . c m . , t h i c k n e s s 
0 -288 m m . , a n d a c u r r e n t of 2 5 m i l l i a m p e r e s in 1-1.ZV-NaOH, a r e s h o w n i n F i g . 8 5 . 
A . F . I 3 e n t o n a n d T . A . "White f o u n d t h a t , a t a g i v e n p r e s s . , t h e a b s o r p t i o n of 
h y d r o g e n — e x p r e s s e d i n c .c . a t 0 ° a n d 7 6 0 m m . — - b y 23*10 g r m s . of n i c k e l , i s 
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F i a . 85 .—The A b s o r p t i o n of E l e c t r o l y t i c 
H y d r o g e n b y Nicke l . 

-200 -100° 0 100" 
F i a . 8 6 . — T h e Effect of P r e s s u r e on t h e 

A b s o r p t i o n of H y d r o g e n b y Nicke l . 

r e l a t i v e l y l a r g e a t v e r y l o w t e m p . ; i t t h e n d e c r e a s e s t o a m i n i m u m a t — 2 0 0 ° t o 
— 1 7 5 ° , d e p e n d e n t o n t h e p r e s s . ; a n d t h e n r i s e s t o a m a x i m u m a t a b o u t — 1 0 0 ° a s 
i n d i c a t e d in F i g . 8 6 . A t 60O m m . p r e s s . , t h e a d s o r p t i o n i s i n d e p e n d e n t of t h e t e m p , 
b e t w e e n — 1 1 0 ° a n d 0 ° , s h o w i n g t h a t a s a t u r a t e d s i n g l e l a y e r of m o l e c u l e s i s 
p r o b a b l y f o r m e d . 

A c c o r d i n g t o J . D . H a n a w a l t a n d L . R . I n g e r s o l l , w h e n n i c k e l i s b a k e d a t 2 0 0 ° 
t o r e m o v e s u r f a c e g a s , a n d a l l o w e d t o c o o l a t a p r e s s , o f a b o u t 0*1 m m . n o d e c r e a s e 
o f p r e s s , o c c u r s u n t i l a c e r t a i n c r i t i c a l t e m p , i s r e a c h e d , -when r a p i d a b s o r p t i o n 
o c c u r s . T h i s " c l e a n u p " p h e n o m e n o n i s l i m i t e d t o h y d r o g e n ; i t h o l d s f o r n i c k e l 
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s p l u t t e r e d in h y d r o g e n , he l i um, a n d a rgon . T h e cr i t ica l t e m p , d e p e n d s on t h e 
p r e v i o u s b a k i n g of t h e m e t a l . If t h e b a k i n g of t h e film h a s been t h o r o u g h so as t o 
p r o d u c e n o r m a l a n d c o m p l e t e c rys ta l l i za t ion , t h e cr i t ica l t e m p , m a y b e 400°, b u t 
if t h e b a k i n g h a s b e e n s l ight , t h e cr i t ical t e m p , m a y be 100°. T h e a b s o r b e d 
h y d r o g e n does n o t affect t h e c rys t a l l a t t i ce . T h e a m o u n t of h y d r o g e n a b s o r b e d 
m a y be m a n y t i m e s — p o s s i b l y f i f t y—tha t r equ i r ed for a m o n o m o l e c u l a r l aye r in 
t h e o r d i n a r y sense. T h e p rocess of a b s o r p t i o n is a k i n d of so lu t ion , wh ich occurs 
a t a t e m p , d e p e n d e n t o n l y on t h e s t a t e of aggrega t ion , a n d t h u s t h e p h e n o m e n o n 
differs f rom t h e a b s o r p t i o n s t u d i e d b y A. S iever t s , a n d G. Bore l ius . T h e gas seems 
t o be l o c a t e d i n t h e i n t e r c r y s t a l l i n e reg ion . T h e sub jec t was d iscussed b y 
A. W . G a u g e r a n d H . S. T a y l o r , N . I . N ik i t in , W . A. Laz ie r a n d I I . A d k i n s , 
I . J . S m i t t e n b e r g , a n d J . W . T e r w e n . C. G. F i n k a n d co-workers observed I i 1 

diffuses m o r e qu i ck ly t h a n I I 2 . W . H . Melvil le c o m p a r e d t h e ac t ion of t h e t w o 
i so topes on n ickel . 

H . C. H . C a r p e n t e r f o u n d t h a t t h e b r i t t l enes s wh ich deve lops w h e n nickel is 
e m p l o y e d for t h e r e s i s t ance wi res of e lec t r ica l furnaces , is d u e t o t h e abso rp t i on of 
gases b y t h e wires . L . Gui l l e t a n d J . C o u r n o t s t u d i e d t h e effect of h y d r o g e n on 
t h e m e c h a n i c a l p r o p e r t i e s of t h e m e t a l , vide i ron, 1 3 . 66, 23 ; G. T a m m a n n a n d 
J . Schne ide r , t h e effect of t h e c rys t a l l ine s t r u c t u r e of t h e m e t a l ; a n d G. T a m m a n n , 
t h e effect of co ld -work on t h e a b s o r p t i o n of h y d r o g e n . I i . F o r e s t i gave 11-4308 
CaIs. for t h e h e a t of a b s o r p t i o n of h y d r o g e n b y n icke l r e d u c e d f rom t h e oxide b y 
h y d r o g e n a t 300° ; a n d R . A . B e e b e a n d H . S. T a y l o r gave 13-35 t o 21-00 CaIs. p e r 
g r a m - a t o m of n icke l . O b s e r v a t i o n s were m a d e b y C. F . F ry l i ng . E . H u p p 
s t u d i e d t h e op t ica l p r o p e r t i e s of t h e a d s o r p t i o n film ; G. I . F i n c h a n d J . C. S t imson , 
t h e e lect r ica l s t a t e of t h e m e t a l d u r i n g t h e a d s o r p t i o n of gases ; T. S k u t t a , a n d 
A. Coehn a n d K . Sper l ing , t h e effect of t h e a d s o r b e d h y d r o g e n on t h e electr ical 
r e s i s t ance ; A. J a n i t z k y , a n d F . P . B o w d e n a n d E . K . R idea l , t h e e lec t rolyt ic 
b e h a v i o u r of a c a t h o d e of n ickel ; J . I I . Wol fenden , a n d G. B . K i s t i a k o w s k y , t h e 
i o n i z a t i o n p o t e n t i a l of t h e a d s o r b e d h y d r o g e n ; J . E . N y r o p , P . H . E m m e t t 
a n d R . W . H a r k n e s s , a n d G. I . F i n c h a n d J . C. S t imson , t h e electr ical s t a t e of 
t h e sur face ; J . A. K e n d a l l , t h e cell fo rmed w i t h a p l a t e of nickel t h r o u g h which 
h y d r o g e n is pa s s ing ; A. F a r k a s , H . B u s c h , K . F . Bonhoeffer a n d co-workers , 
K . F a j a n s , G. T a m m a n n , a n d I I . S. T a y l o r a n d A. S h e r m a n , t h e p a r a h y d r o g e n 
t r a n s f o r m a t i o n on t h e sur face of n ickel ; a n d J . H o r i u c h i a n d M. P o l a n y i , a n d 
O. S c h m i d t , t h e c a t a l y t i c p r o p e r t y of n ickel in h y d r o g e n a t i o n s . 

T h e a b s o r p t i o n of h y d r o g e n invo lves a r a p i d p r i m a r y abso rp t ion , a n d a m u c h 
s lower s e c o n d a r y a b s o r p t i o n . Acco rd ing t o one hypo thes i s—v ide n i c k e l — t h e 
p r i m a r y process is a t r u e surface a d s o r p t i o n , a n d t h e s e c o n d a r y process involves a 
g r a d u a l p e n e t r a t i o n b y diffusion or so lu t ion of t h e gas i n t o t h e in te r io r of t h e m e t a l . 
I I . S. T a y l o r a s s u m e d t h a t t w o a d s o r p t i o n processes a re involved , one w i t h mole­
cu l a r a n d t h e o t h e r w i t h a t o m i c h y d r o g e n . T h e sub jec t was s t ud i ed b y 
E . B . M a x t e d a n d N . J . H a s s i d , A. A. S h u k h o v i t s k y , a n d K . S. Ablezova a n d 
S. Z. R o g i n s k y . C. Y . M e n g a n d co-worker s , O. I . L e y p u n s k y , A. W . Gauger , 
M. V . Tolyakoff, T . F r a n z i n i , a n d N . Koboseff a n d N . I . Nekrassoff found t h a t 
h y d r o g e n e m i t t e d f rom a s t a t e of occlusion in n ickel is p r o b a b l y a t o m i c because 
i t r e d u c e s a suspens ion of t u n g s t i c ox ide . Th i s sub jec t is discussed in connec t ion 
w i t h p l a t i n u m , a n d p a l l a d i u m . JL. S. O r n s t e i n a n d A. A. K r u i t h o f found t h a t t h e 
o x i d a t i o n of t h e surface r educes t h e r a t e of r e - c o m b i n a t i o n of t h e a t o m s of occ luded 
h y d r o g e n . L . S. Orns t e in a n d A. A. K r u i t h o f obse rved t h a t t h e r e - c o m b i n a t i o n of 
h y d r o g e n a t o m s i n t o molecu les p r o c e e d s fas te r w i t h ox id ized nickel t h a n i t does 
w i t h a n icke l surface . 

A c c o r d i n g t o J . B . R i c h t e r , 3 a n d U . R . E v a n s , n icke l does n o t oxidize in air a t 
o r d i n a r y t e m p , e v e n t h o u g h t h e a i r be h u m i d . T h e m e t a l w a s found b y H . J . F r e n c h 
t o be r e s i s t a n t t o , b u t n o t p roof a g a i n s t , mo i s t , s a l t y a t m o s p h e r e s . W . H . J . Ve rnon 
f o u n d t h a t in t h e " fogging " of n icke l w h e n exposed t o a i r a film of n ickel s u l p h a t e 
w i t h a smal l p r o p o r t i o n of su lphu r i c ac id is fo rmed , a n d in t h i s s t a t e , t h e film m a y 
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be r e m o v e d by wiping w i th a c lo th . If n o t r e m o v e d , t h e a c t i o n p roceeds fu r the r , 
t h e su lphur ic acid r eac t s w i th t h e nickel , a n d t h e film is c o n v e r t e d i n t o a bas ic 
s u l p h a t e which can be r e m o v e d only b y abras ion—v ide infra, t h e ac t i on of s u l p h u r 
d ioxide . J . J a h n observed t h a t d u r i n g one h o u r ' s exposu re : 

Moist Air Dry Air 

199° 300° 198° 297° 
N i e k o l . . . . 5 3 4 6 - 4 5 3 4 7 4 5 3 4 6 4 5 3 5 3 - 8 m g r m s . 
C h a n g e i n w e i g h t . . . 0 —0*6 — O ' l —0*5 m g r m . 

I J . T h o m p s o n found t h a t when nickel is exposed t o air , i t g r a d u a l l y acqu i r e s a 
yellowish film ; a n d C. D . T o u r t e showed t h a t "when t h e m e t a l is h e a t e d , i t g r a d u a l l y 
t a rn i shes a n d acqui res a n i r idescent surface film, l ike steel , whi l s t a t a r e d - h e a t , 
R . T u p p u t i no t ed t h a t i t becomes covered w i t h a g reen i sh-grey ox ide , a n d is 
u l t i m a t e l y c o n v e r t e d i n t o a b rown , b r i t t l e mass , wh ich is e i t he r a subox ide , or a 
m i x t u r e of t h e m o n o x i d e w i t h meta l l ic n ickel . T h e l a t t e r a l t e r n a t i v e is t h e m o r e 
p r o b a b l e one since t h e p r o d u c t is a t t r a c t e d b y a m a g n e t . P . Oberhoffer s t u d i e d 
t h e sub jec t . IT. S t . C. i )evi l le also obse rved t h a t w h e n t h e m e t a l is m e l t e d in air , 
i t oxidizes only superficially, a n d furnishes a k i n d of h a m m e r - s l a g — v i d e i ron , 
1 3 . 06, 29. 

N . 13. Pi l l ing a n d R . E . B e d w o r t h found t h a t nickel oxidizes v e r y slowly, a n d 
be tween 800° a n d 1000°, t h e q u a n t i t y of oxygen , w, fo rming t h e oxide in t h e t i m e 
t, is given by t h e e q u a t i o n : w2~-kt, w h e r e k is a c o n s t a n t . Th i s shows t h a t t h e 
q u a n t i t y of oxygen combin ing w i t h t h e m e t a l is p r o p o r t i o n a l t o t h e sq. r o o t of t h e 
t i m e of exposure . A cross-sect ion of a n oxid ized shee t of n ickel d id n o t show a n y 
i i i tercrysta l l ine ox ida t ion . N . V. Ageeff discussed t h e i n t e r c rys t a l l i ne b r i t t l enes s of 
nickel d u e t o ox ida t ion . N . B . Pi l l ing a n d R . E . B e d w o r t h obse rved t h a t d u r i n g 
t h e ox ida t i on of t h e purif ied m e t a l a t 1000°, t h e c i rcumferen t ia l t ens ion increases 
so as t o cause t h e ox ide t o peel off in scales s p o n t a n e o u s l y because t h e adhes ion 
of t h e oxide t o t h e m e t a l is s l ight . Nickel of a low degree of p u r i t y oxidizes m o r e 
r a p i d l y t h a n e lec t ro ly t ic n ickel . T h e o x i d a t i o n c o n s t a n t , Jc, of nickel is so r e l a t ed 
wi th t h e t e m p . , Ta K. , t h a t Jc=O-Q7SST1*'*, a n d , a t 800°, & = O 0 7 9 3 ; a t 900° , 
A;=0-0676 ; a n d a t 1000°, & = O 0 5 3 4 in g r a m s p e r sq. cm. p e r h o u r . Y . U t i d a a n d 
M. Sa i to obse rved t h a t w i t h a 2 h o u r s ' h e a t i n g a t 1170°, 1100°, a n d 1000°, n icke l 
wires ga ined , respec t ive ly , 4-94, 4-24, a n d 1-88 m g r m s . o x y g e n p e r sq . c m . 
M. Cen tne rszwer a n d H . Zyskowicz obse rved t h a t a i r a n d o x y g e n d o n o t a c t on 
n ickel foil be tween 50° a n d 150°, b u t t h a t t h e r e is a m a r k e d a c t i o n on n icke l p o w d e r . 
B lue n ickel m o n o x i d e is fo rmed a t 280° t o 290°. Nicke l becomes s l igh t ly oxid ized 
a t 500°, a n d in 15 d a y s , a t 1000°, n ickel will oxidize t o a d e p t h of a b o u t 0-001 in . 
G. T a m m a n n e s t i m a t e d t h a t , a t 15°, d r y o x y g e n w o u l d r e q u i r e 15 y e a r s t o p r o d u c e 
a vis ible film on n ickel . F . H . Cons t ab le s t u d i e d t h e in te r fe rence colours p r o d u c e d 
b y films deve loped in t h e o x i d a t i o n of n ickel b e t w e e n 300° a n d 500° ; J . C. S t i m s o n , 
G. D . P r e s t o n , G. J u n g , A. M. P o r t e v i n , B . Bog i t ch , U . R . E v a n s a n d J . S t o c k d a l e , 
G. T a m m a n n a n d W . K o s t e r , G. T a m m a n n a n d C. F . Mara i s , G. T a m m a n n a n d 
G. Siebel , G. T a m m a n n a n d E . Sch rode r , W . K o s t e r , a n d H . J . F r e n c h , t h e g r o w t h 
of ox ide films, or t a r n i s h films, on n ickel ; M. F i n k a n d U . H o f m a n n , t h e g r o w t h 
of oxide films in a i r b y f r ic t ion on t h e m e t a l ; J . A. H e d v a l l a n d co -worker s , t h e 
increase in t h e r a t e of o x i d a t i o n of n ickel a t t h e Curie p o i n t ; N . K r i n g s , t h e 
equ i l i b r ium in t h e s y s t e m ; F e - N i - O ; a n d J . C. H u d s o n , t h e effect o f a t m . cor ros ion 
on t h e b r e a k i n g load on h a r d wires . 

Accord ing t o G. M a g n u s , n icke l r e d u c e d b y h y d r o g e n a t a g e n t l e h e a t is p y r o -
pho r i c ; W . v a n R i j n sa id t h a t n icke l r e d u c e d f rom t h e o x a l a t e in a s t r o n g c u r r e n t 
of h y d r o g e n is n o t p y r o p h o r i c ; a n d G. T a m m a n n , a n d N . I . N i k i t i n f o u n d t h a t 
n icke l p o w d e r r e d u c e d b e l o w 370° f rom t h e o x a l a t e is p y r o p h o r i c . G. T a m m a n n 
a n d W . B o e h m e o b s e r v e d t h a t n icke l o b t a i n e d b y r e d u c i n g t h e oxalate a t 350° , 
inf lames in a i r a t —4° t o — 8 ° , a n d in o x y g e n a t —10° t o — 8 ° . According t o 
W . Ipateeff, a n d H . Moissan , n icke l r e d u c e d a t 270° is o x i d i z e d b y exposure t o 
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ordinary air ; if reduced between 270° and 280°, it is incompletely oxidized by dry 
air or oxygen only at 350°, and it is completely oxidized at 400°. Nickel is oxidized 
by moist oxygen at 300°, but it is scarcely attacked by dry oxygen at that temp. 
C. D. Tourte observed that nickel burns with the emission of vivid sparks when it 
is placed on a glowing coal fed with oxygen gas ; and J. J. Berzelius added that 
when a nickel wire, with a piece of glowing charcoal at the end, is introduced into 
oxygen, the metal burns for a short time with the emission of sparks. 

C. F. Schdnbein found that nickel moistened with water, or very dil. sulphuric 
acid, and exposed to air, forms nickel hydroxide which liberates iodine from 
potassium iodide. H. O. Forrest and co-workers found that the initial corrosion 
of nickel by aerated water furnishes a „ „„ 
curve, Fig. 87, similar to the curves for iron 
and of its alloys—vide corrosion, 13. 60, 
24. The curve, Fig. 87, shows the con­
sumption of oxygen in c.c. per sq. dm., 
at different intervals of time ; and the 
flattening of the curve indicates that a 
protective film is forming. 

For the occlusion of oxygen, vide 

8 0 

25 Mm. 

JPia. 87. Tho Corrosion of Nickel by 
Oxygenated "Water. 

supra, hydrogen. W. W. Russell and 
O. C. Bacon gave 98 CaIs. for the molar heat of absorption of oxygen by nickel. 
W. W. Russell and L. Gr. Ghering studied the subject. 

N. B. Pilling and R. E. Bedworth said that a cross-section of an oxidized sheet 
of nickel does not show any intercrystalline oxidation. N. V. AgeefF, and M. Cook 
discussed the intercrystalline brittleness of nickel due to oxidation. P. D. Merica 
and R. G. Waltenberg found that the brittleness acquired by nickel which has been 
melted is not due to the presence of nickel oxide, for nickel remains malleable when 
it contains up to the eutectic proportion of oxygen, namely, 0-24 per cent, oxygen, 
or 1*1 per cent, nickel oxide ; nor is malleable nickel which has been melted in an 
open crucible rendered non-malleable. The harmful element is sulphur—vide 
infra. Manganese, aluminium, and magnesium act as deoxidizers when they are 
added to the molten metal. The subject was discussed by G. Masing and L. Koch, 
and W. Kcister. 

R. Schenck and H. Wesseldonk observed that the activation of powdered nickel 
against oxygen is possible by heating the powdered metal with oxides of those 
metals which form solid soln. of a chemical compound with nickel oxide—c.g.y 

CaO, MgO, MnO, and Al2O3. W. A. Bone and R. V. Wheeler, D. R. Hughes and 
R. C. Bevan, G. Kroger, H. Remy, F. Thoren, A. F. Benton and P. H. Eramett, 
F. B. Smith, H. P. Cady and W. B. White, and R. P. Donnelly studied the catalysis 
of the hydrogen-oxygen reaction by nickel ; and L. Kahlenberg, the activation of 
gases by nickel. C. Kelber found that nickel reduced from the carbonate at 410° 
has no action on a mixture of hydrogen and oxygen at ordinary temp., but if the 
carbonate, previous to reduction, be distributed over an inert substance, it catalyzes 
the reaction like colloidal palladium does. A. T. Larson and F. B. Smith, 
C. Sandonnini, and R. P. Donnelly studied the combination of hydrogen and oxygen 
on the surface of nickel wires ; and W. H. Melville compared the effects with the 
two isotopes of hydrogen. According to M. Poljakoff, when hydrogen at 3 to 5 mm. 
press, is passed over nickel at 400° to 800°, no luminescence is observed, but 
if a small stream of oxygen or air is added at a point remote from the metal, a 
violet, green, or yellow luminescence occurs. The luminescence is not observed 
with a mixture of hydrogen and oxygen. F. E. Smith studied the activation 
of nickel by copper. W. Manchot observed that nickel reacts with ozone 
at 415°. 

According to R. Tupputi, nickel does not decompose water at ordinary temp., 
but H. V. Regnault found that at a red-heat, the metal decomposes steam, fox'ining a 
light, olive-green, crystalline oxide. G. Chaudron did not confirm this. A. Skapsky 
and J. Dabrowsky, and E. Neumann discussed the reaction : Ni+H2O^NiOH-H2 

VOL.. xv. L . 
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—v ide infra, n ickel ox ide . G. I . F i n c h a n d J . C. S t i m s o n s t u d i e d t h e e lect r ical 
cha rge of t h e m e t a l w h e n adso rb ing w a t e r v a p o u r . M. G u i c h a r d , G- T a m m a n n 
a n d W . B o e h m e , a n d T. I h m o r i d iscussed t h e t e n d e n c y of w a t e r t o condense 
on a cold surface of n ickel ; a n d S. S. B h a t n a g a r a n d S. L . B h a t t a , t h e 
t e n d e n c y of w a t e r t o e v a p o r a t e f rom nickel surfaces . W . v a n R i j n 
obse rved t h a t finely-divided n icke l does n o t furn ish h y d r o g e n in c o n t a c t 
w i t h wa te r , b u t i t does so in c o n t a c t w i t h di l . hyd roch lo r i c o r su lphu r i c 
acids ; m e r c u r y h a s n o pe rcep t ib l e influence on t h e r e su l t . C. F . S c h o n b e i n 
observed t h a t if n ickel is k e p t for a long t i m e in c o n t a c t w i t h w a t e r a n d air , i t 
acqui res a green film of a n ox ide . M. T r a u b e - M e n g a r i n i a n d H . Scala found t h a t 
w h e n nickel is in c o n t a c t w i t h w a t e r , i t v e r y g r a d u a l l y y ie lds a col loidal so ln . 
W . Merckens sa id t h a t w h e n n icke l is exposed t o m o i s t air , i t fo rms h y d r o g e n 
d ioxide m o r e read i ly t h a n is t h e case w i t h coba l t or l ead—for t h e a t t a c k b y m o i s t 
air , vide supra. R- J . M c K a y found t h a t n icke l is v e r y suscep t ib le t o a t t a c k b y 
m i x t u r e s of s t e a m a n d c a r b o n d iox ide . R . S a x o n obse rved t h e corros ion of a n icke l 
a n o d e in t h e electrolysis of w a t e r ; N . M. Z a r u b i n , t h e se t t l ing in w a t e r . Accord ­
ing t o W . P . Jo r i s sen , 99-9 pe r cen t , n ickel r e t a i n e d i t s pol ish a n d g a v e n o 
ev idence of corrosion af ter be ing exposed for 4 weeks t o t h e a c t i o n of s e a - w a t e r 
a n d ai r . W . M. Mitchel l , H . Moore a n d E . A. G. L i d d i a r d , F . R e n a u d , 
J . C. H u d s o n , a n d J . A. N . F r i e n d e x a m i n e d t h e cor ros ion of n icke l b y 
sea -wa te r ; a n d W . G. W h i t m a n a n d R . P . Russe l l , b y o x y g e n a t e d w a t e r . 
J . I . C r a b t r e e a n d G. E . M a t t h e w s obse rved t h a t w a t e r h a s n o a c t i o n on n ickel . 
W . Guer t l e r a n d T. L i e p u s f o u n d t h a t n ickel is a t t a c k e d w h e n exposed for 8 d a y s 
t o r a i n - w a t e r a n d air , sea -wate r , a n d s e a - w a t e r a n d a i r , b u t n o t b y 10 a n d 50 p e r 
cen t . soln. of s o d i u m hydrox ide d u r i n g 4 weeks ; b u t i t is a t t a c k e d b y a m i x e d 
soln. of s o d i u m h y d r o x i d e a n d h y d r o g e n dioxide . A. J . H a l e a n d H . S. F o s t e r 
obse rved t h a t 0-22V-NaOH h a d n o pe rcep t ib l e a c t i o n on n icke l a f te r 28 d a y s ' 
exposu re ; a n d "with JV-NaOH, D . F . M c F a r l a n d a n d O. E . H a r d e r found t h a t 
nickel lost 18-70 m g r m s . p e r sq. in . in a week . T . O k a m o t o , a n d A. v o n 
Ki s s a n d F . E . L e d e r e r s t u d i e d t h e sub jec t . R . K r u l l a ' s o b s e r v a t i o n s a r e 
s u m m a r i z e d in F i g . 88 . R . J . M c K a y n o t e d t h a t n icke l res is ts v e r y well 
t h e a t t a c k b y h o t a lka l i lye , a n d t h a t t h e r e s i s t ance decreases w i t h 
a r ise of t e m p e r a t u r e . W . D i t t m a r , A. R . Miro a n d N . G. Mora les , 
R . J . M c K a y , J . L . E v e r h a r t , W . V e n a t o r , R . K r z i z a n , A. M e r m e t , 
A . Qua ta ro l i , a n d L . l ' H o t e obse rved t h a t n ickel is v e r y r e s i s t a n t t o w a r d s 
soln. of a lka l i h y d r o x i d e ; a n d W . V e n a t o r f o u n d t h a t i t is v e r y l i t t l e 
a t t a c k e d b y fused a lka l i , a l t h o u g h , a t a h i g h t e m p . , A. M e r m e t f o u n d t h a t t h e 
m e t a l is a t t a c k e d — v i d e supra, t h e uses of n icke l . T . Wa l l ace a n d A. F l e c k f o u n d 
t h a t s o d i u m h y d r o x i d e a t t a c k s n icke l v e r y s l igh t ly i n a i r b e t w e e n 350° a n d 600°, 
a n d t h a t a c rys ta l l ine s u b s t a n c e , a p p r o x i m a t i n g N a 2 N i 5 O 1 3 , is fo rmed . T h e 
a t t a c k is fac i l i t a ted if t h e s o d i u m h y d r o x i d e c o n t a i n s 5 p e r cen t , of s o d i u m diox ide . 
Accord ing t o W . L . D u d l e y , t h e m e t a l is r e a d i l y a t t a c k e d b y m o l t e n s o d i u m d iox ide . 

H . Moissan 4 f o u n d t h a t w h e n n icke l is h e a t e d , i t is a t t a c k e d b y fluorine a n d 
t h e o t h e r ha logens . H . R o s e o b s e r v e d t h a t finely-divided n icke l , w h e n h e a t e d t o 
low redness in a c u r r e n t of ch lor ine , b u r n s w i t h a v iv id glow, fo rming ye l low c rys t a l s 
of n ickel ch lor ide . W . G u e r t l e r a n d T. L i e p u s f o u n d t h a t a s a t . soln. of ch lor ine 
w a t e r s lowly a t t a c k s t h e m e t a l ; a n d C. Wi l lge rod t , t h a t n ickel c a n a c t a s a c a t a l y s t 
in ch lo r ina t ions in o rgan ic s y n t h e s e s . J . B . B e r t h e m o t f o u n d t h a t n icke l filings 
a r e a t t a c k e d b y bromine , a t a du l l r e d - h e a t , fo rming yel low, micaceous scales of 
n ickel b r o m i d e . A. B a b i n s k y m e a s u r e d t h e r a t e of d i s so lu t ion of n ickel in b r o m i n e 
w a t e r . O. L . E r d m a n n n o t e d t h e f o r m a t i o n of n icke l iod ide w h e n nickel a n d i od ine 
a r e h e a t e d t o g e t h e r in a sea led glass t u b e , or w h e n t h e v a p o u r of iod ine is p a s s e d 
ove r t h e h e a t e d m e t a l ; b u t R . H a n s l i a n o b s e r v e d n o r e a c t i o n a t t h e t e m p , of 
boi l ing iodine . R . G. v a n N a m e a n d co-workers s t u d i e d t h e r a t e of d i s so lu t ion of 
n ickel in a n a q . soln. of iod ine a n d p o t a s s i u m iod ide . G. T a m m a n n d i scussed t h e 
f o r m a t i o n of surface films b y e x p o s u r e t o t h e v a p o u r of iod ine . H . E . F i e r z - D a v i d 
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f o u n d t h a t u n l i k e i ron , n ickel , in assoc ia t ion w i t h iod ine , is n o t a s a t i s f ac to ry 
c a t a l y s t in t h e c h l o r i n a t i o n of b e n z e n e d e r i v a t i v e s . 

P . Sch i i t z enbe rge r o b s e r v e d t h a t some nickel is vo la t i l ized , p r e s u m a b l y as 
ch lor ide , w h e n h y d r o g e n Chloride is p a s s e d over t h e m e t a l a t du l l r e d n e s s . T h e 
r e a c t i o n w a s s t u d i e d b y P . J u n i u s . G. G u t found t h a t h y d r o g e n ch lor ide does n o t 
a t t a c k n icke l r e d u c e d f rom t h e ch lo r ide a t 210°, whi l s t t h e m e t a l r e d u c e d f rom t h e 
ox ide is a t t a c k e d a t t h a t t e m p . K . A. H o f m a n n a n d co-workers g a v e for t h e 
r e l a t i v e r a t e s of a t t a c k b y h y d r o g e n chlor ide a t 300° F e > N i > C u ; > - A g ; > » I I g . 
R . T u p p u t i o b s e r v e d t h a t n icke l d issolves v e r y s lowly in dil . hydrochlor ic ac id 
w i t h t h e e v o l u t i o n of h y d r o g e n a n d t h e f o r m a t i o n of n icke lous ch lor ide . W . v a n 
R i j n m a d e s imi la r o b s e r v a t i o n s , a n d W . G u e r t l e r a n d T . L i e p u s found t h a t t h e 
a t t a c k s b y 10 a n d 30 p e r c e n t , h y d r o c h l o r i c ac id were pe rcep t ib le w i t h i n 8 h r s . 
A. J . H a l e a n d H . S. F o s t e r o b s e r v e d t h a t t h e losses i n we igh t , in g rms . j>er sq. d m . , 
b y po l i shed n icke l a t 17° 
t o 20° i n 500 c.c. of 
0-22V-HC1 were 0-25 gr in , 
in 7 d a y s w i t h t h e soln . 
r e n e w e d da i ly , a n d 0-45 
g r m . in 2 8 d a y s w h e n 
t h e soln. w a s n o t r e n e w e d . 
13. F . M c F a r l a n d a n d 
O. E . H a r d e r found t h a t 
w i t h iV-HCl, n ickel l o s t 
207 m g r m s . p e r sq . in . 
p e r w e e k ; a n d W . R o h n , 
t h a t w i t h IO p e r cen t , 
h y d r o c h l o r i c ac id , u n -
a n n e a l e d n icke l los t 0-025 
g r m . p e r sq . d m . i n 24 
h r s . w i t h cold ac id , a n d 
0-47 g r m . p e r sq. d m . i n 
1 h r . w i t h t h e h o t ac id ; 
t h e c o r r e s p o n d i n g n u m ­
ber s for t h e a n n e a l e d 
m e t a l we re , r e spec t ive ly , 0-04 a n d 1-51 g r m s . p e r sq. d m . R . I r m a n n found 
t h a t w h e n 1 OiV-HCl, or 32 p e r cen t , h y d r o c h l o r i c ac id , a c t s on nickel a t 95°, t h e 
loss is a t t h e r a t e of 106 m g r m s . p e r sq. c m . p e r h o u r . T h e ac t i on of ac ids w a s 
s t u d i e d b y 13. Bog i t ch , W . G u e r t l e r a n d 13. B l u m e n t h a l , M. H a n s e n , L . T H o t e , 
W . P . J o r i s s e n , R . J . M c K a y , R . K r u l l a , P . I ) . Merica , H . L . Olin a n d R . E . W i l k i n , 
H . S. R a w d o n a n d M. G. L o r e n t z , A. R o h d e , R . A. R o h r m a n , T. K . R o s e a n d 
J . H . W a t s o n , B . Set l ik , C. Tissier , W . H . V . V e r n o n , a n d H . F . W h i t t a k e r ; 
C. Li. H i p p e n s t e e l , t h e i n h i b i t i o n of t h e a c t i o n b y iodine . R . K r u l l a ' s 
o b s e r v a t i o n s a r e s u m m a r i z e d in F ig . 8 8 . I l l u m i n a t i o n genera l ly acce le ra tes t h e 
r a t e of d i s so lu t ion of n icke l in hyd roch lo r i c ac id . H . J . P r i n s found t h a t 
t h e p r e sence of n i t r o b e n z e n e acce le ra tes t h e d i sso lu t ion of n ickel in ac ids ; a n d 
E . S a l k o w s k y , t h a t t h e p r e sence of h y d r o g e n d iox ide also acce le ra tes t h e a t t a c k 
b y t h e a c i d — t h e a c t i o n is he r e a t t r i b u t e d t o t h e p resence of some free ch lor ine . 
A . C o p p a d o r o found t h a t t h e cu r r en t -y i e ld in t h e d i sso lu t ion of nickel in 15 p e r cen t , 
h y d r o c h l o r i c ac id , u n d e r t h e a c t i o n of a n a l t e r n a t i n g c u r r e n t , is h igh a s i t is a lso in 
t h e case of su lphu r i c ac id—v ide infra. V e r y l i t t l e ch lo r ine is evo lved d u r i n g t h e 
e lec t ro lys i s . L . V . P i s a r z h e v s k y , a n d M. A. R o z e n b e r g a n d V. A. Y u z a obse rved 
t h a t a m a g n e t i c field r e t a r d e d t h e r a t e of d i s so lu t ion of n icke l in ac ids . 

W . S. H e n d r i x s o n found t h a t n ickel is r a p i d l y a t t a c k e d b y 22V-chloric acid a t 
50° ; a n d A. C o p p a d o r o , t h a t in t h e a l t e r n a t i n g c u r r e n t e lect rolys is w i t h a soln. of 
s o d i u m ch lora te a s e l ec t ro ly te , t h e n icke l e l ec t rodes b e c o m e a l m o s t per fec t ly 
pa s s ive . G. N . Q u a m s t u d i e d t h e cor ros ive a c t i o n of hypochlor i t e on n ickel . 

F i o . 8 8 . -

70% formic acid 
\0-5% tartaric acid 
10% tannin 
0-5% lactic acid 
10% ZnCl2 
Carbolic acid 
\Sat. NaCL 
20% NaOH 

2 4 6 8 io Hours 
- T h e Dissolvi t ion of N ieko l in V a r i o u s S o l u t i o n s . 
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O. F . H u n z i k e r a n d co-workers , a n d A. D . W h i t e n o t i c e d t h a t a f r e sh ly -p repa red 
soln. of ca lc ium hypoch lo r i t e , of sp . gr . 1-04, gives off o x y g e n a n d ch lor ine w h e n in 
c o n t a c t w i t h nickel , a n d n icke lous h y d r o x i d e a n d ch lo r ide a r e fo rmed . 

E . S c h u r m a n n , 6 E . V. B r i t z k e a n d A. F . K a p u s t i n s k y , a n d W . G u e r t l e r s t u d i e d 
t h e affinity of su lphur for n ickel . Accord ing t o J . L . P r o u s t , a n d H . R o s e , w h e n a 
m i x t u r e of nickel a n d s u l p h u r is h e a t e d , t h e e l e m e n t s u n i t e w i t h incandescence t o 
form nickel su lph ide . I . P . P o d a l s k y a n d N . M. Z a r u b i n found t h a t N i 2 S is f o r m e d 
below <)00°, a n d N i 3 S 2 , a b o v e 600°. Accord ing t o P . D . Merica a n d R . G. W a l t e n -
berg, t h e ill-effects on t h e m a l l e a b i l i t y of n ickel , u s u a l l y a sc r ibed t o oxygen , a r e 
real ly d u e t o su lphur . T h e p resence of 0-005 p e r cen t , of s u l p h u r is sufficient t o 
reduce t h e ma l l eab i l i t y of t h e furnace-ref ined m e t a l . T h e s u l p h u r forms nickel 
su lph ide , wh ich is p r e s e n t a s a eu t ec t i c , a n d s u r r o u n d s t h e n icke l c ry s t a l s w i t h a 
film w h i c h r ende r s t h e m b r i t t l e . As i n d i c a t e d in connec t ion w i t h t h e pur i f ica t ion 
of t h e m e t a l , T. F l e i t m a n n r e c o m m e n d e d t h e a d d i t i o n of 0-05 t o O-125 p e r cen t , of 
m a g n e s i u m t o mo l t en n ickel before cas t ing t o r e m o v e s u l p h u r ; a n d h e a l so found 
m a n g a n e s e is a desu lphur ize r . I n t h e case of m a g n e s i u m , t h e insoluble su lph ide 
which is formed is d i s s e m i n a t e d t h r o u g h o u t t h e solid m e t a l . T h e sub jec t w a s 
s t ud i ed b y M. Cook, a n d B . Bog i t ch , whi l s t F . A. J . F i t z g e r a l d a n d G. C. Moyer 
d iscussed t h e de te r io ra t ion of nickel res i s tors b y s u l p h u r ; a n d E . V. E v a n s a n d 
H . S tan ie r , t h e r e m o v a l of s u l p h u r f rom coal gas b y a n ickel c a t a l y s t . 

Accord ing t o J . J a h n , t h e ac t ion of h y d r o g e n su lphide on a p p r o x i m a t e l y 
3570 m g r m s . of nickel , a t different t e m p , for a n hou r , r e su l t ed in : 

300° 154° 203° 259° 313° 413° 
Cain in wo igh t . 0 7 Of) 2-5 5-3 13-5 29-9 m g r m s . 

I I . G r u b e r exposed pieces of nickel , 6 0 x 1 2 x 1 2 m m . , t o t h e ac t i on of t h e gas for 
an hour , a n d found t h e gain in we igh t a t 700° a n d 800° t o be , respec t ive ly , 9-7 a n d 
35 g rms . , b u t a t 900° a n d 1000°, t h e pieces were d e s t r o y e d . U . R . E v a n s o b s e r v e d 
t h a t nickel becomes b l ack w h e n exposed over w a t e r s a t u r a t e d w i t h h y d r o g e n 
su lph ide . E . R u p p s t u d i e d t h e op t ica l p rope r t i e s of t h e film p r o d u c e d b y h y d r o g e n 
su lph ide ; a n d W . K o s t e r , t h e i n t e r c rys t a l l i ne b r i t t l enes s deve loped b y expos ing 
t h e m e t a l t o t h e gas . E . P r i w o z n i k found t h a t a m m o n i u m polysulphide d a r k e n s 
t h e colour of nickel , a n d t h a t t h e b l ack su lph ide dissolves in t h e l iquid . W". G u e r t l e r 
a n d T. L iepus found t h a t n ickel is a t t a c k e d w i t h i n 14 d a y s b y 10 a n d 50 p e r cen t , 
soln. of s o d i u m sulphide , a n d b y a 4 pe r cen t . soln. of s o d i u m su lph ide c o n t a i n i n g 
8 p e r cent , of sod ium h y d r o x i d e . E . B e u t e l a n d A. K u t z e l n i g g s t u d i e d t h e sur face 
films p r o d u c e d b y h e a t i n g n ickel in c o n t a c t w i t h t h e m e t a l su lph ides—copper , 
si lver, m e r c u r y , a n d lead. H . A. K r e b s obse rved t h e c a t a l y t i c a c t i o n of nickel on 
t h e ox ida t ion of a lkal i su lph ides . A. G a u t i e r a n d L . H a l l o p e a u found t h a t n icke l 
m o n o s u l p h i d e a n d h e m i s u l p h i d e a r e fo rmed b y t h e a c t i o n of t h e v a p o u r of carbon 
disulphide on nickel a t a w h i t e - h e a t . 

H . E . P a t t e n , L . Ve rn i t z a n d A. K u d i n o v a , a n d E . H . H a r v e y found t h a t n icke l 
is v e r y l i t t le affected a f te r s t a n d i n g a y e a r in c o n t a c t w i t h su lphur m o n o c h l o r i d e , 
a n d N . D o m a n i t s k y a d d e d t h a t t h e a t t a c k is v e r y slow, if i t occurs a t all . F . W o h l e r , 
A. B a i i d r i m o n t , a n d H . Fe ige l s t u d i e d t h e ac t i on of s u l p h u r m o n o c h l o r i d e . 
E . H . H a r v e y said t h a t t h e a c t i o n of s u l p h u r monoch lo r ide , d u r i n g a y e a r ' s a c t i o n 
a t r o o m t e m p . , is smal l . H . E . P a t t e n showed t h a t t h ion y l chlor ide h a s n o pe r ­
cep t ib le a c t i o n on nickel . J . U h I obse rved t h a t su lphur d iox ide fo rms some n icke l 
su lph ide w h e n passed over t h e h e a t e d m e t a l . L . Meyer s t u d i e d t h e o x i d a t i o n of 
t h e gas w i th a nickel c a t a l y s t . J . J a h n obse rved t h a t on expos ing a b o u t 3570 g r m s . 
of n ickel t o s u l p h u r d iox ide for a n h o u r : 

100° 152° 202° 253° 300° 417° 
O a i n in w e i g h t . 0-0 O l 0 1 0-2 0-2 5-5 m g r m s . 

Accord ing t o W . K o s t e r , w h e n n ickel is h e a t e d in a n a t m o s p h e r e c o n t a i n i n g s u l p h u r 
d iox ide t h e in t e rc rys ta l l ine cor ros ion is s h o w n t o be d u e t o t h e f o r m a t i o n of t h e 
nickel-nickel su lph ide e u t e c t i c w h i c h p e n e t r a t e s i n t o t h e m e t a l a l o n g t h e g r a i n 
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b o u n d a r i e s . T h e r a t e of p e n e t r a t i o n increases w i t h t h e t e m p e r a t u r e u p t o 800° , 
a n d once a q u a n t i t y of t h e su lph ide is fo rmed s u b s e q u e n t a n n e a l i n g in a n a t m o s p h e r e 
free f rom s u l p h u r causes f u r t h e r p e n e t r a t i o n . T h e su lph ide be ing h a r d a n d b r i t t l e 
r e n d e r s t h e who le of t h e m e t a l b r i t t l e a n d l eads t o i n t e r c rys t a l l i ne f r ac tu r e w h e n 
t h e m e t a l is w o r k e d . P . Neog i a n d B . B . A d h i c a r y o b s e r v e d t h a t h y d r o g e n 
s u l p h i d e is f o rmed w h e n a m i x t u r e of s u l p h u r d iox ide a n d h y d r o g e n is pa s sed ove r 
h e a t e d n icke l or n icke l n i t r a t e . R . S c h e n c k a n d K. R a u b obse rved t h a t n ickel 
c o b a l t p o w d e r o b t a i n e d b y r e d u c t i o n of t h e f o r m a t e w i t h h y d r o g e n r e a c t s r ead i ly 
w i t h s u l p h u r d iox ide , y ie ld ing c o b a l t su lph ide a n d oxide , a n d t h e ac t i on is i r re­
vers ib le , a t l ea s t be low 1050°. T h e reac t ion C o S O 4 + 4 C o = 4 C o O - | - C o S p roceeds 
t o c o m p l e t i o n a t 525° a n d is a lso i r revers ib le , b u t t h e reac t ion 3CoSO4+CoS^=^4CoO 
+ 4 S O 2 is revers ib le , p r o v i d e d t h a t t h e solid r e a c t a n t s a re in a n e x t r e m e l y fine s t a t e 
of subd iv i s ion . T h e d e c o m p o s i t i o n of c o b a l t s u l p h a t e b y h e a t first becomes 
a p p r e c i a b l e a t a b o u t 900° a n d is c o m p l e t e a f te r p ro longed h e a t i n g a t 970°. Nickel 
r e a c t s r a p i d l y w i t h s u l p h u r d iox ide a t 550° , b u t equ i l i b r i um is es tab l i shed only 
af te r m a n y d a y s , c o m p l e t e conve r s ion i n t o n icke l ox ide a n d m o n o s u l p h i d e be ing 
effected. T h e e q u i l i b r i u m is u n i v a r i a n t , a s t h e r e a r e t h r e e solid phases , b u t by 
r e m o v i n g p a r t of t h e s u l p h u r d iox ide one of t h e s e d i s a p p e a r s a n d t h e equ i l ib r ium 
b e c o m e s b i v a r i a n t . F r o m a c o n s i d e r a t i o n of t h e equ i l i b r i um d i a g r a m a n d f rom 
m e a s u r e m e n t s of t h e s u l p h u r d i o x i d e p r e s s u r e t h e t h r e e p h a s e s a p p e a r t o be nickel 
ox ide , n icke l su lph ide , a n d t h e y solid so lu t ion ; w i t h low pressures of s u l p h u r 
d iox ide t h e nickel s u l p h i d e p h a s e d i s a p p e a r s . T h e reverse reac t ion w i t h t h e 
f o r m a t i o n of n ickel f rom nickel ox ide a n d s u l p h i d e p roceeds on ly as far as t h e solid 
so lu t ion p h a s e be low t h e m . p . ( a b o u t 1400°) ; b u n d l e s of fine ha i r c rys t a l s of t h i s 
p h a s e , o r poss ib ly of N i 3 S 2 , c a n be seen t h r o u g h o u t t h e r e a c t i n g m a s s in t h e ea r ly 
s t a g e s of t h i s r eac t ion . U . R . E v a n s f o u n d t h a t n icke l becomes b lack in a couple 
of d a y s w h e n i t is e x p o s e d ove r w a t e r s a t u r a t e d , w i t h s u l p h u r d ioxide , a n d 
Gr. H . McGregor a n d J . W . S t e v e n s , a n d O. B a c h m a n n a n d W . K o s t e r also s tud ied 
t h e a c t i o n of s u l p h u r o u s fumes on n icke l . Acco rd ing t o W . H . J . Vernon , t h e 
fogging of n icke l is p a r t l y d u e t o t h e p resence of s u s p e n d e d pa r t i c l e s of s u l p h a t e s 
in t h e air , b u t t h e p re sence of s u l p h u r d iox ide p r o d u c e s fogging m u c h m o r e 
r a p i d l y owing t o t h e c a t a l y t i c o x i d a t i o n of th i s gas t o su lphur i c ac id . L i g h t 
acce le ra t e s t h e f o r m a t i o n of films ; a n d in d a r k n e s s , t h e r a t e is a b o u t half w h a t i t 
is in sun l igh t . F o g g i n g is i n h i b i t e d b y p r e v i o u s e x p o s u r e of t h e nickel t o a i r 
c o n t a i n i n g h y d r o g e n su lph ide , a n d a l m o s t c o m p l e t e l y b y e x p o s u r e t o s t a g n a n t air 
a t r o o m t e m p . A n n e a l i n g t h e m e t a l a t 225° t o 350° h a s n o effect on t h e r a t e of 
fogging. I . E . A d a d u r o f l a n d K . I . B r o d o v i t s c h s t u d i e d n ickel p r e c i p i t a t e d on 
silica gel a s a c a t a l y s t in t h e o x i d a t i o n of s u l p h u r d iox ide . M. J . F o r d o s a n d 
A. Gelis , C. Ge i tne r , P . Schwei tze r , a n d M. B e r t h e l o t obse rved t h a t in t h e ac t ion 
of s u l p h u r o u s ac id on n ickel s o m e su lph ide a n d s u l p h u r a re fo rmed as b y - p r o d u c t s . 
O. B a c h m a n n a n d W . K o s t e r s t u d i e d t h e sub jec t ; a n d E . M. M r a k a n d W. V. Oruess, 
t h e a c t i o n of frui t ju ices t r e a t e d w i t h s u l p h u r d iox ide . 

R . F i n k d i scussed t h e affinity of n icke l for su lphur ic ac id . R . T u p p u t i , a n d 
M. B e r t h e l o t f o u n d t h a t nickel d issolves v e r y s lowly in dil . su lphur ic ac id wi th t h e 
e v o l u t i o n of h y d r o g e n , a n d t h e f o r m a t i o n of n icke lous s u l p h a t e ; bu t wi th t h e cone , 
ac id , s o m e s u l p h u r d iox ide is a lso fo rmed . W . G u e r t l e r a n d T. L i epus found t h a t 
w i t h IO p e r cen t , ac id , a n d 2O p e r cen t , ac id s a t u r a t e d wi th s o d i u m s u l p h a t e , t h e r e 
w a s a n app rec i ab l e ac t i on in 8 h r s . J . I . C r a b t r e e a n d G. E . M a t t h e w s obse rved 
t h a t 5 p e r cen t , su lphu r i c ac id co r rodes n icke l a t t h e r a t e of 0*69 g rm. per 200 
sq. in . p e r d a y . A. J . H a l e a n d H . S. F o s t e r obse rved t h e losses in we igh t p e r 
sq. d m . of po l i shed nickel a t 17° t o 20° in 5OO c.c. of 0-2.7V-H2SO4 were O-25 g r m . 
in 7 d a y s w i t h t h e ac id r e m o v e d da i ly , a n d 0-40 g r m . in 28 d a y s when t h e ac id was 
n o t r e m o v e d . D . F . M c F a r l a n d a n d O. E . H a r d e r obse rved w i th ^V-H2SO4 a loss 
of 19*40 m g r m s . p e r sq. in . p e r week ; a n d W . R o h n found w i t h K) pe r cen t , su lphur ic 
ac id t h e losses in g r m s . p e r sq . c m . w i t h u n a n n e a l e d a n d a n n e a l e d nickel were 0-04 
a n d 0-01 r e spec t ive ly d u r i n g 24 h r s . ' a c t i o n in t h e cold ; 0-04 a n d 0-02 respect ive ly 
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d u r i n g one h o u r ' s ac t ion w i t h t h e h o t acid, a n d 0-08 a n d 0 1 0 respec t ive ly d u r i n g 
24 h r s . ' a c t i on of t h e h o t acid . R . K r u l l a ' s o b s e r v a t i o n s a r e s u m m a r i z e d in F i g . 8 9 . 
T h e sub jec t was s t ud i ed b y B . Bog i t ch , a n d M. S t r a u m a n i s . R . I r m a n n found t h a t 
63 pe r cen t , su lphur ic ac id h a s t h e m a x i m u m ac t ion on n icke l a t t h e t e m p , of t h e 
w a t e r - b a t h ; t h e r a t e of a t t a c k a t 95° w h e n t h e corros ion is r e p r e s e n t e d b y t h e loss 
in m g r m s . pe r sq. cm. , is : 

T i m e . . . . 2 4 8 20-5 25 h r s . 
L o s s in w e i g h t . . 8-5 14-5 2 5 0 4 4 0 50-5 

T h e resul t s a re p l o t t e d in F ig . 89, t i m e va r i ab l e , a n d us ing o r d i n a t e s o n t h e r i g h t . 
The a t t a c k b y 1OiV-H2SO4 , or 38 pe r cen t , su lphu r i c ac id , w a s found t o be 3 m g r m s . 
p e r sq. cm. in 4 h r s . ; a n d t h e a t t a c k b y su lphu r i c ac id of different c o n c e n t r a t i o n s , 
a t 95°, a t t a i n s a m a x i m u m w i t h 65 p e r cen t , su lphur i c ac id . T h e r e su l t s d u r i n g 
4 h r s . ' a c t i on , a t 95°, a r e : 

H 2 S O 4 . 1 0 1 9 20-26 30-48 40-35 50-11 63-43 70OO 80-24 p e r c e n t . 
L o s s . 0-90 1 0 0 1-81 2 1 4 6 1 3 14-65 12-36 2 0 4 

T h e resu l t s a re p l o t t e d in F i g . 90, v a r i a b l e c o n c e n t r a t i o n s , us ing t h e o r d i n a t e s on 
t h e left. O b s e r v a t i o n s were m a d e b y L . D a v i e s a n d L . W r i g h t . O. C. F i n k a n d 
C. M. Dec ro ly also m e a s u r e d t h e r a t e of a t t a c k on nickel b y su lphu r i c ac id of 
different c o n c e n t r a t i o n s , g r a m s H 2 S O 4 p e r l i t re : 

H 2 S O 4 . 3-35 24-75 53-0 106-50 197-90 395-90 1322 1 7 6 S 1 W r C e H t . 
L o s s . . 62-5 122 173 152 135 168 323 248 

T h e resu l t s a re p l o t t e d in F ig . 90. O. B . J . F r a z e r a n d co-workers found t h a t t h e 
m a x i m u m in t h e H*-ion c o n c e n t r a t i o n c u r v e is a b o v e t h e m a x i m u m for t h e r a t e 

P 5 70 75 20 hours _^ JQO 

0 10 20 30 40 50 60 70 80 90 700 uo 200 600 7000 7400 7800 
Per cent. H2 SO4 Grams H3SO4 per litre 

F1IdS. 89 a n d 90 . T h e A c t i o n of S u l p h u r i c A c i d o n N i c k e l . 

of corrosion in su lphu r i c ac id of different c o n c e n t r a t i o n s . P . B . G a n g u l y a n d 
13. C. Bane r j i s t u d i e d t h e effect of surface t e n s i o n ; a n d IST. K a m e y a m a a n d 
K . T a k a h a s h i , t h e d issolut ion of nickel in t h e ac id u n d e r t h e influence of a n 
a l t e r n a t i n g c u r r e n t . H . H . Adie o b s e r v e d t h a t w i t h h o t su lphu r i c ac id , s u l p h u r 
d iox ide a p p e a r s a t 145°, b u t no h y d r o g e n su lph ide w a s obse rved . Acco rd ing t o 
Gr. J . B u r c h a n d J . W . D o d g s o n , n icke l sca rce ly evolves a n y gas w i t h s u l p h u r i c 
ac id of sp . gr . 1-84, b u t in c o n t a c t w i t h sod ium, t h e nickel acqu i r e s a b r o w n i s h film, 
a n d a few bubb le s ar ise f rom t h e s o d i u m . 

A. Coppado ro obse rved t h a t w i t h 4 t o 40 p e r cen t , s u l p h u r i c ac id , a n d e lec t ro ­
lysis -with a n a l t e r n a t i n g c u r r e n t , a t r o o m t e m p . , a n d a c u r r e n t d e n s i t y exceed ing 
50 a m p . p e r sq. d m . , n ickel dissolves a l m o s t q u a n t i t a t i v e l y w i t h a 95 p e r cen t , 
c u r r e n t efficiency ; w i t h lower c u r r e n t dens i t i es , t h e c o n d i t i o n of t h e sur face of t h e 
e lec t rode h a s a m a r k e d influence on t h e a m o u n t of m e t a l d isso lved . W i t h o u t 
e lectrolysis , t h e a m o u n t of m e t a l d issolved b y t h e cone , ac id is i m p e r c e p t i b l e . 
W i t h 50 t o 60 pe r cen t , su lphur i c ac id , t h e y ie ld of d i sso lved n icke l first inc reases 
t o a m a x i m u m w i t h a n increase of c u r r e n t d e n s i t y , a n d s u b s e q u e n t l y d imin i she s 
cons ide rab ly owing t o t h e p a s s i v i t y of t h e m e t a l . A t t h e s a m e t i m e , o x y g e n 
a p p e a r s a long w i t h t h e h y d r o g e n . T h e a m o u n t of m e t a l d i s so lved is i nc reased 
u p t o 100 p e r cen t , b y t h e p resence in t h e e lec t ro ly te of ox id iz ing a g e n t s l ike 
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p o t a s s i u m p e r m a n g a n a t e or h y d r o g e n d ioxide , or e v e n b y pas s ing a i r t h r o u g h t h e 
e lec t ro ly te u n d e r cond i t i ons where t h e so lubi l i ty w i t h o u t t h e e lectrolysis is scarce ly 
affected b y these a g e n t s . 

A . P . Hol le t o b s e r v e d t h a t n ickel d issolved in s u l p h u r i c ac id u n d e r t h e influence 
of a n a l t e r n a t i n g c u r r e n t of 50 cycles , a n d t h e a m o u n t of h y d r o g e n evo lved cor re ­
s p o n d e d w i t h t h e w e i g h t of n icke l d issolved ; i t inc reased w i t h t h e speed of s t i r r ing , 
a n d w i t h t h e t e m p , f rom 0° t o 30°, a b o v e 30° i t dec reased progress ive ly , b e c o m i n g 
a t 65° t o 70° less t h a n i t w a s a t 0° . F o r feeble c u r r e n t dens i t ies , t h e y ie ld of 
h y d r o g e n fell r a p i d l y w i t h t h e cone , of t h e acid , a n d t h e n b e c a m e c o n s t a n t ; a n d 
for s t r o n g e r c u r r e n t dens i t i e s , i t rose s lowly, a n d b e c a m e c o n s t a n t on ly w h e n t h e 
ac id w a s v e r y c o n c e n t r a t e d . T h e y ie ld increased w i t h t h e c u r r e n t d e n s i t y b e t w e e n 
0-7 a n d 1*5 a m p . p e r sq. cm. , a n d on ly h y d r o g e n was evo lved ; w i t h a h igher c u r r e n t 
d e n s i t y , i t dec reased qu ick ly , a n d b o t h h y d r o g e n a n d oxygen were l ibe ra ted . 

C. G-. P i n k a n d CJ. M. l3ecroly e x a m i n e d t h e effect w i th su lphur ic acid in t h e 
p resence of p o t a s s i u m c h l o r a t e , or ch romic ac id . N". A. Isgarischeff a n d 
S. A. Schap i ro obse rved t h a t t h e ve loc i ty of d i sso lu t ion of n ickel in su lphur ic ac id 
is e n h a n c e d b y v a r i o u s ch lor ides in t h e following o rde r : NH 4 Cl<CNaCl<cLiCl< :KCl 
<CMgCl2<<FeClo<:ZnClo<CAlCl.?<:CuCl2<:FeCl3, wh i l s t t h e a c t i v a t i n g effect of 
v a r i o u s sa l t s is in t h e o rde r K 2 S 0 4 < H 2 S 0 4 < K B r < K F < K C l < K I < K N 0 3 
< : K C 1 0 3 < : K I 0 3 < : K B r 0 3 . T h e l a t t e r series differs f rom t h a t found for t h e 
d i sso lu t ion of a l u m i n i u m on ly in t h e o rde r in w h i c h ha logen ions a r e a r r a n g e d . 
E . S a l k o w s k y obse rved t h a t t h e a t t a c k b y di l . s u lphu r i c ac id is f avoured b y t h e 
p resence of h y d r o g e n d i o x i d e . A. S ieve r t s a n d P . L u e g d iscussed t h e r e t a r d i n g 
effects of a - n a p h t h a q u i n o l i n e ; N . Isgar ischef i a n d S. A. Schap i ro , t h e r e t a r d i n g a c t i o n 
of v a r i o u s sa l t s . R . I r m a n n s t u d i e d t h e effect of a l loy ing nickel w i t h v a r i o u s 
e l e m e n t s on i t s cor ros ive effects of su lphu r i c ac id . T h e p resence of t u n g s t e n , for 
i n s t a n c e , lessens t h e a t t a c k — v i d e infra, t h e v a r i o u s n ickel a l loys . 

E . K e u t e l a n d A. K u t z e l n e g g obse rved t h a t w h e n nickel is d ipped in a boi l ing 
soln. of s o d i u m th iosu lp l ia te a n d l ead a c e t a t e , i t acqu i re s a sequence of co lours 
owing t o t h e f o r m a t i o n of l ead t h io su lp l i a t e a n d su lph ide a long w i t h some free 
s u l p h u r . J . I . C r a b t r e e a n d G. E . M a t t h e w s obse rved t h a t soln. of s o d i u m t h i o ­
su lp l i a t e in a hypo-f ix ing b a t h a t t a c k s n icke l on ly v e r y s l ight ly . M. G. L e v i a n d 
co -worker s found t h a t n icke l d issolves v e r y s lowly, w i t h o u t a n evo lu t ion of gas , 
in soln. of p o t a s s i u m a n d a m m o n i u m persu lphates . J . W . T u r r e n t i n e emphas i zed 
t h e a n a l o g y b e t w e e n t h e so lub i l i ty of n icke l in soln. of a m m o n i u m p e r s u l p h a t e , 
a n d i t s so lubi l i ty in soln. of a m m o n i u m su lphate , a ss i s ted b y electrolysis . 

H . F o n z e s - D i a c o n , A. Or lowsky , a n d G. L i t t l e obse rved t h a t w h e n nickel is 
h e a t e d a l i t t l e , i t u n i t e s w i t h s e l e n i u m w i t h incandescence ; a n d C. F a b r e , t h a t 
n icke l u n i t e s w i t h t h e v a p o u r of t e l l u r i u m , fo rming a t e l lu r ide . A. S imek s tud i ed 
t h e a c t i o n of t e l lur ium diox ide ; a n d E . B . H u t c h i n s , t h e a t t a c k b y ho t , cone . 
telluric acid. 

Accord ing t o A . S i eve r t s , 6 n i t rogen does n o t r e a c t w i t h nickel a t t e m p , up t o 
1000°, a n d t h a t t h e vol . of n i t r o g e n occ luded a t 

15-5° 200° 400° 600° 800° 1000° 
N i t r o g e n . 8-45 11-74 1 3 0 6 13 84 14-32 14-74 c .c . 

W . F r a n k e n b u r g e r a n d co-workers , a n d V. L o m b a r d s t u d i e d t h e a b s o r p t i o n of 
n i t r o g e n b y h igh ly d i spe r sed nickel ; L . Jl. Ingersol l , b y s p l u t t e r e d nickel ; a n d 
E . R u p p , t h e effect of a b s o r b e d n i t r o g e n on t h e space - l a t t i ce . F . Wolfers obse rved 
t h a t in t h e p resence of n i t r o g e n free f rom oxygen , n ickel beg ins t o fo rm a vola t i le 
n i t r i d e a t 300° , a n d t h a t t h e n i t r i d e becomes u n s t a b l e a t 600°. Th is n i t r i de also 
r e a d i l y a t t a c k s p l a t i n u m . L . R . Ingerso l l sa id t h a t a n i t r i d e is fo rmed w h e n nickel 
is s p l u t t e r e d in n i t rogen , a n d G. T a m m a n n s t u d i e d t h e r a t e of fo rma t ion of t h e 
n i t r i d e . L . K . Ingerso l l a n d J . D . H a n a w a l t sa id t h a t n ickel does n o t show a 
cr i t ica l t e m p , w h e n i t is cooled in t h e p resence of n i t r ogen , a n d t h a t no adso rp t ion 
occurs . N . A. D e w a n d H . S. T a y l o r a lso obse rved t h a t n o pe rcep t ib le a m o u n t of 
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n i t r o g e n is a b s o r b e d b y n icke l b e t w e e n 0° a n d 444*6°—vide swpra, h y d r o g e n . 
O b s e r v a t i o n s were m a d e b y J . C. S t i m s o n , O. S c h m i d t , J . H a g e n a c k e r , 
C. Laffi t te a n d P . G r a n d a d a m , a n d H . N . W a r r e n . G. T a m m a n n d e t e c t e d n o 
c h e m i c a l ac t ion a t 700°. B . J o n e s s t u d i e d t h e h a r d e n i n g of n icke l b y 
n i t r i d i za t i on ; E . R u p p , t h e op t i ca l p r o p e r t i e s of t h e a d s o r b e d film ; G. I . F i n c h 
a n d J . C. S t imson , t h e e lect r ica l p r o p e r t i e s of t h e m e t a l w h e n a d s o r b i n g n i t r o g e n ; 
T. S k u t t a , t h e effect of a d s o r b e d n i t r o g e n o n t h e e lec t r ica l r e s i s t ance of t h e 
m e t a l ; a n d G. B . K i s t i a k o w s k y , t h e i on i za t i on p o t e n t i a l of t h e m e t a l c h a r g e d 
w i t h n i t r ogen . O. Meye r f o u n d t h a t n ickel is s l igh t ly a t t a c k e d b y t i t a n i u m 
nitr ide a t 1600°. P . Neog i a n d B . B . A d h i c a r y o b s e r v e d t h a t n o c h e m i c a l u n i o n 
occurs w h e n a m i x t u r e of h y d r o g e n a n d pur i f ied n i t r o g e n is p a s s e d ove r r e d u c e d 
n ickel . L . R . Ingerso l l o b s e r v e d t h a t a film of n icke l s p l u t t e r e d in n i t r o g e n , a n d 
a f t e r w a r d s h e a t e d in h y d r o g e n , furn ishes a m m o n i a — 1 0 t o 20 m g r m s . w i t h a film 
of 20O sq . c m . E . K e u n e c k e u s e d a n icke l m o l y b d e n u m c a t a l y s t in t h e s y n t h e s i s 
of a m m o n i a f rom h y d r o g e n a n d n i t r o g e n . 

F . V o r s t e r obse rved t h a t h e a t e d n icke l d e c o m p o s e s a m m o n i a gas i n t o i t s 
e l e m e n t s , a n d P . A. G u y e a n d E . S c h n e i d e r a d d e d t h a t s o m e decompos i t i on occurs 
w h e n t h e t e m p , exceeds 300° . T h e r e a c t i o n w a s s t u d i e d b y C. H . K u n s m a n , 
J . S. Van iek , P . G r a n d a d a m , a n d G. T. Bei l ly a n d G. C. H e n d e r s o n . G. Gore 
f o u n d t h a t n ickel is inso luble in l iqu id a m m o n i a . W . A. D e w a n d H . S. T a y l o r 
o b s e r v e d t h a t 1 g r m . of n ickel a t 

0° 110° 218° 305° 
NIT 3 a d s o r b e d . . . 0-875 0-457 O-1OO 0-065 c .c . 

O . S c h m i d t , a n d N . I . N i k i t i n a n d W . I . S c h a r k o f f s t u d i e d t h e s u b j e c t . U . R . E v a n s 
o b s e r v e d v e r y l i t t l e a c t i o n w h e n n i c k e l i s e x p o s e d o v e r w a t e r s a t u r a t e d w i t h 
a m m o n i a , a l t h o u g h s o m e s p e c i m e n s w e r e d a r k e n e d c o n s i d e r a b l y . W . G u e r t l e r a n d 
T . L i e p u s f o u n d t h a t n i c k e l i s a t t a c k e d b y 1 0 , 5 0 , a n d 7 0 p e r c e n t . a q . a m m o n i a 
d u r i n g 8 d a y s ' e x p o s u r e ; D . F . M c F a r l a n d a n d O . E . H a r d e r o b s e r v e d t h a t 
T V - N H 4 O H d i s s o l v e d 1 5 - 9 0 m g r m s . p e r s q . i n . p e r w e e k ; a n d A . J . H a l e a n d 
H . S . F o s t e r c o u l d d e t e c t n o l o s s w i t h n i c k e l i n c o n t a c t w i t h 0 - 2 J V - N H 4 O H f o r 
2 8 d a y s . T . H . C h i l t o n a n d W . R . H u e y f o u n d t h a t t h e a c t i o n o f a m m o n i a g a s a t 
l o w t e m p , i s s m a l l , b u t g r e a t a t a h i g h t e m p , i n p r e s e n c e o f o x y g e n . F o r t h e n i c k e l 
c a t a l y s t i n t h e s y n t h e s i s o f a m m o n i a , vide infra. E . K e u n e c k e s t u d i e d t h e n i c k e l -
m o l y b d e n u m c a t a l y s t i n t h e s y n t h e s i s o f a m m o n i a f r o m n i t r o g e n a n d h y d r o g e n . 
C. M a t i g n o n a n d G . D e s p l a n t e n o t e d t h e o x i d a t i o n o f n i c k e l w h e n e x p o s e d t o a i r 
i n t h e p r e s e n c e o f a m m o n i a . W . R . E . H o d g k i n s o n a n d c o - w o r k e r s f o u n d t h a t 
f u s e d a m m o n i u m n i t r a t e d i s s o l v e s n i c k e l , g i v i n g off a m m o n i a a n d a l i t t l e h y d r o g e n ; 
a n d E . D i v e r s , t h a t t h e m e t a l i s i n s o l u b l e i n a n a m m o n i a c a l s o l n . of a m m o n i u m 
n i t r a t e . H . E h r i g , a n d F . W . B e r g s t r o m s t u d i e d t h e s o l u b i l i t y o f t h e m e t a l i n a 
s o l n . of a m m o n i u m n i t r a t e . K . A . H o f m a n n a n d c o - w o r k e r s g a v e f o r t h e 
r e l a t i v e r a t e s o f a t t a c k b y t h e v a p o u r o f a m m o n i u m c h l o r i d e a t 2 5 0 ° t o 
3 5 0 ° : F e > C ^ u > N i > A g > H g . P . J u n i u s a l s o s t u d i e d t h e a c t i o n o f t h e v a p o u r 
o n n i c k e l . A . W . B r o w n e a n d c o - w o r k e r s o b s e r v e d t h e a t t a c k o f n i c k e l b y 
ammonium azide. 

P . A. G u y e a n d F . Schne ide r o b s e r v e d t h a t w h e n a m i x t u r e of n i t r o u s ox ide a n d 
h y d r o g e n is p a s s e d over h e a t e d n icke l , 3 t o 7 p e r cen t , of t h e ox ide is r e d u c e d t o 
a m m o n i a . E . Schrode r a n d G. T a m m a n n s t u d i e d t h e r a t e of a t t a c k ; H . W . Mel­
ville c o m p a r e d t h e effects w i t h t h e t w o i so topes of h y d r o g e n ; a n d J . A. H e d v a l l 
a n d E . G u s t a v s o n , t h e nu l l effect of a m a g n e t i c field. A c c o r d i n g t o P . S a b a t i e r a n d 
J . B . Sende rens , w h e n f inely-divided n icke l is h e a t e d in n i tr ic ox ide , n i t r o g e n a n d 
n ickel ox ide a re p r o d u c e d . T h e r e a c t i o n w a s s t u d i e d b y G. T a m m a n n a n d 
W . K o s t e r . M. C e n t n e r s z w e r a n d H . Z y s k o w i c z o b s e r v e d n o a c t i o n on m e t a l foil 
a t 50° t o 150°, b u t n ickel p o w d e r is a t t a c k e d , a n d a t 280° t o 290° t h e b lue m o n o x i d e 
is fo rmed . R . S. F e l g a t e sa id t h a t t h e d e c o m p o s i t i o n occurs o n l y if t h e finely-
d i v i d e d nickel be s u s p e n d e d in h o t w a t e r , b u t col loidal soln. of n ickel , p r e p a r e d b y 
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s p l u t t e r i n g n icke l c a t h o d e s u n d e r w a t e r , does n o t a c t in t h e s a m e m a n n e r . 
E . Sch rode r a n d G-. T a m m a n n m e a s u r e d t h e r a t e of a t t a c k of n ickel b y n i t r i c ox ide . 
Acco rd ing t o J . K . D i x o n a n d W . Sterner , N . I ) . Ze l insky a n d M. B . T u r o w a - P o l l a k , 
P . S a b a t i e r a n d J . B . Sende rens , a n d P . Neogi a n d B . B . A d h i c a r y , w h e n a m i x t u r e 
of n i t r i c ox ide a n d h y d r o g e n is passed ove r r educed nickel , a m m o n i a is formed, b u t 
t h e r eac t i on is n o t quan t i t a t ive -—i t begins a t 300°, b u t once i t is in progress , t h e 
t e m p , m a y b e lowered t o 120°. N i t r i c oxide a lone , w h e n passed over r educed 
n ickel , does n o t y i e ld n i t r i de , n i t r i t e , or n i t r a t e . P . A. G u y e a n d E . Schne ide r 
obse rved t h a t b o t h a m m o n i a : 2 N O - J - S H 2 - 2 N H 3 - f 2 H j , 0 5 a n d n i t r o g e n : 
2 N O - f 2 H 2 = N 2 - f 2 H 2 0 , a r e s i m u l t a n e o u s l y fo rmed when a m i x t u r e of n i t r i c ox ide 
a n d h y d r o g e n is p a s s e d ove r n ickel . T h e re la t ive p rope r t i e s d e p e n d on t h e n a t u r e 
of t h e c a t a l y s t , a n d on o t h e r cond i t i ons . T h e r e is a n o p t i m u m c o n c e n t r a t i o n of 
h y d r o g e n y ie ld ing t h e h i g h e s t p r o p o r t i o n of a m m o n i a . U n d e r f avourab le con­
d i t i ons , 7O p e r cen t , of t h e n i t r i c ox ide m a y yield a m m o n i a . T h e m o s t f avourab le 
t e m p , is 250° t o 300° ; be low th i s r ange , t h e r e d u c t i o n t a k e s p lace slowly, a n d a b o v e 
t h i s r a n g e , t h e n icke l becomes less ac t ive , a n d some a m m o n i a is d issocia ted w i t h 
h y d r o g e n a n d n i t r o g e n . P . A. G u y e a n d F . Schne ide r found t h a t w h e n a m i x t u r e 
of h y d r o g e n a n d n i t r o g e n perox ide is p a s s e d ove r h e a t e d nickel , 25 t o 39 pe r cen t , 
of t h e p e r o x i d e m a y be c o n v e r t e d i n t o a m m o n i a . P . S a b a t i e r a n d J . B . Senderens 
sa id t h a t n i t ro -n icke l , N i 2 N O 2 , ana logous w i t h n i t ro -coba l t , is fo rmed b y t h e ac t ion 
of n i t r o g e n p e r o x i d e on nickel , b u t t h e w o r k of J . R . P a r k a n d J . R . P a r t i n g t o n 
m a k e s i t d o u b t f u l if a chemica l i n d i v i d u a l is rea l ly p r o d u c e d . J . J . S u d b o r o u g h 
f o u n d t h a t n i trosy l ch lor ide a t t a c k s nickel v e r y s lowly a t 0° t o 100° d u r i n g a few 
d a y s ' e x p o s u r e . 

Nicke l is ox id ized b y n i tr ic ac id , fo rming n i t rogen a n d n i t r i c oxide gases, a n d a 
so ln . of n icke lous n i t r a t e . Accord ing t o J . J . A c k w o r t h a n d I I . E . A r m s t r o n g , t h e 
m e t a l is s lowly a t t a c k e d b y n i t r i c ac id ( 1 : 2 ) , a n d t h e gas e v o l v e d — a b o u t 33 c.c. 
p e r g r a m a t 1 3 ° — c o n t a i n s a b o u t 4-3 pe r cen t , of n i t r i c oxide , 85-10 p e r cen t , of 
n i t r o u s ox ide , a n d 10-36 p e r cen t , of n i t r ogen . I t w a s also found t h a t 6-17 c.c. of 
h y d r o g e n w e r e g iven off p e r g r a m of n i c k e l — p r o b a b l y t h e h y d r o g e n w a s or ig inal ly 
occ luded in t h e m e t a l , a n d w a s n o t ox id ized by t h e ac id . C. M o n t e m a r t i n i r e p o r t e d 
t h a t t h e d i s so lu t ion of a g r a m of n ickel in an excess of 27-5 p e r cen t , n i t r i c ac id 
furn ishes 0-01874 g r m . of a m m o n i a , 0*00060 g r m . of n i t r o u s acid , 0*00749 g r m . of 
n i t r o u s ox ide , a n d 0-00071 g r m . of n i t r o g e n — t o t a l , 0-02754 g r m . T h e n i t r i c ox ide 
which is evo lved is of s e c o n d a r y origin, be ing d e r i v e d f rom t h e decompos i t i on of 
t h e n i t r o u s ac id . N o h y d r o x y l a m i n e w a s d e t e c t e d a m o n g s t t h e p r o d u c t s of t h e 
r e a c t i o n . R . I r m a n n f o u n d t h a t t h e r a t e of a t t a c k b y 1OiV-HNO3 , o r 48 p e r cen t , 
n i t r i c ac id , is 120O m g r m s . of nickel p e r sq. c m . p e r h o u r ; J . I . Orab t r ee a n d 
G. E . M a t t h e w s , t h a t w i th 5 pe r cen t , n i t r i c acid, t h e r e is a loss of 3-1 g r m s . p e r 
1OO sq. c m . p e r d a y ; W . G u e r t l e r a n d T. L i epus , t h a t t h e m e t a l is a t t a c k e d b y 
50 p e r cen t , n i t r i c ac id , a n d b y h o t or cold 10 p e r cen t , n i t r i c acid w i t h i n 8 h r s . ; 
A. J . H a l e a n d H . S. F o s t e r , t h a t t h e losses in w e i g h t b y pol i shed nickel a t 17° t o 
20° in 5OO c.c. of 0-2 iV-HNO 3 , a r e 4-2 g r m s . p e r sq. d m . in 7 d a y s wi th t h e ac id da i ly 
r e n e w e d , a n d 2-1 g r m s . p e r sq. d m . i n 28 d a y s w h e n t h e ac id is n o t r enewed ; 
I ) . F . M c F a r l a n d a n d O. E . H a r d e r , t h a t n ickel in c o n t a c t w i th 2V-HNO 3 los t 
2270-0 m g r m s . p e r sq. in . p e r week ; a n d W . R o L n , t h a t w i t h u n a n n e a l e d a n d 
a n n e a l e d nickel , a n d IO p e r cen t , n i t r i c ac id , t h e losses were , respec t ive ly , 0-65 a n d 
0-50 g r m . p e r sq. d m . in 24 h r s . w i t h cold acid , a n d , respec t ive ly , 3-7 a n d 9-07 g r m s . 
p e r sq . d m . p e r h o u r w i t h h o t ac id . R . K r u l l a ' s o b s e r v a t i o n s a r e s u m m a r i z e d in 
F i g . 8 8 . T h e ac t i on of n i t r i c ac id o n nickel w a s a lso s t u d i e d b y B . Bog i t ch , 
a n d C C. P a l i t a n d N . R . D h a r . A. S ieve r t s a n d P . L u e g s t u d i e d t h e r e t a r d a t i o n 
b y n a p h t h a q u i n o l i n e . A. Q u a r t a r o l i obse rved t h a t t h e p resence of u r e a slows 
d o w n t h e a c t i o n of n i t r i c ac id ; a n d B . C. B a n e r j i a n d N . R . D h a r , t h a t w i t h 40 
p e r c e n t , n i t r i c ac id , t h e r eac t i on w a s acce l e r a t ed by t h e p resence of ferrous 
s u l p h a t e , ferric ch lo r ide , a n d n icke l n i t r a t e , b u t i t w a s r e t a r d e d b y ferric n i t r a t e . 
A c c o r d i n g t o W . W . Hol l i s , if 98 p e r cen t , n icke l be in c o n t a c t w i t h fuming n i t r ic 
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ac id , a g rey i sh-whi te m a g n e t i c p o w d e r is fo rmed . H . S t . Devi l le , a n d J . Nick les 
obse rved t h a t n ickel m a y b e c o m e pass ive in cone , n i t r i c ac id , p r o v i d e d , a d d e d 
W . W . Holl is , t h e t e m p , be be low 80°—vide supra. A. C o p p a d o r o found t h a t o n 
e lec t ro lyz ing 10 p e r cen t , n i t r i c ac id w i t h a n a l t e r n a t i n g c u r r e n t , t h e m e t a l r ead i ly 
dissolved, b u t wi th a soln. of s o d i u m ni trate , a n d a n a l t e r n a t i n g c u r r e n t , t h e m e t a l 
b e c a m e pas s ive—no nickel d issolved, a n d n o gas w a s evo lved . G. R . W h i t e 
s t u d i e d t h e e lec t ro ly t ic corros ion of n icke l as a n o d e in soln. of s o d i u m n i t r a t e . 
W . R. E . H o d g k i n s o n a n d A. I I . Coote found t h a t n icke l is v igorous ly a t t a c k e d b y 
mo l t en p o t a s s i u m ni trate . W . Gue r t l e r a n d T . L i e p u s obse rved t h a t n icke l is 
a t t a c k e d w i t h i n 8 h r s . b y aQ.ua reg ia , a n d t h e r eac t i on w a s s t u d i e d b y C. F . Bon i l l a . 

B . Pel le t ier obse rved t h a t n icke l is a t t a c k e d b y t h e v a p o u r of p h o s p h o r u s ; a n d 
N . Konstant inofT also f o u n d t h a t m o l t e n p h o s p h o r u s furnishes p h o s p h i d e s ; b u t 
H . E . P a t t e n o b s e r v e d n o r eac t i on a t o r d i n a r y t e m p . J . G a r n i e r r e c o m m e n d e d 
p h o s p h o r u s as a deox id ize r for n icke l on t h e a s s u m p t i o n t h a t t h e n o n - m a l l e a b i l i t y 
of t h e m e t a l is d u e t o o x y g e n . H e sa id t h a t 0*3 p e r cen t , of p h o s p h o r u s is sufficient 
t o r e n d e r t h e nickel sof t a n d mal leab le , a g r e a t e r q u a n t i t y of p h o s p h o r u s m a k e s 
t h e m e t a l h a r d e r a n d less ma l l eab le . T h e p h o s p h o r u s is a d d e d in t h e fo rm of 
p h o s p h i d e of nickel , c o n t a i n i n g a b o u t 6 p e r cen t , of p h o s p h o r u s . Nicke l c o n t a i n i n g 
0-25 p e r cen t , of p h o s p h o r u s m a y easi ly be rol led i n t o l eaves 0-5 m m . t h i c k . 
H . IJ. H a k e n , a n d A. G r a n g e r f o u n d t h a t p h o s p h o r u s tr ichloride a t t a c k s h e a t e d 
nickel , fo rming phosph ide s . Acco rd ing t o P . Neogi a n d B . B . A d h i c a r y , p h o s p h i n e 
is fo rmed w h e n h y d r o g e n is p a s s e d ove r a m i x t u r e of n icke l a n d p h o s p h o r u s 
pentox ide a t a du l l r e d - h e a t . R . T u p p u t i f ound t h a t di l . phosphor ic ac id v e r y 
s lowly dissolves n ickel w i t h t h e evo lu t ion of h y d r o g e n , a n d t h e f o r m a t i o n of n icke l 
p h o s p h a t e . W . R o h n o b s e r v e d t h a t u n a n n e a l e d a n d a n n e a l e d n ickel w i t h 10 p e r 
cen t . soln. of p h o s p h o r i c ac id lost , r e spec t ive ly , 0 0 0 4 a n d 0-004 g r m . p e r sq . d m . in 
24 h r s . in t h e cold, a n d re spec t ive ly , 0-036 a n d 0-004 g r m . p e r sq . d m . p e r h o u r w h e n 
t h e ac id w a s h o t . P . R . K o s t i n g a n d C. H e i n s found t h a t t h e p e n e t r a t i o n of n icke l 
b y t h e corros ive ac t ion of 85 p e r cen t , p h o s p h o r i c ac id is e q u i v a l e n t t o 370 X 1 O - 5 c m . 
p e r d a y . T h e r eac t i on w a s s t u d i e d b y A. M. P o r t e v i n a n d A. San fou rche . 
P . B r e t e a u found t h a t n icke l p o w d e r d e c o m p o s e s w a t e r in t h e p resence of s o d i u m 
hypophosphi te : N a H 2 P O 2 - J H 2 O = H 2 + N a H 2 P O 3 , fol lowed b y : N a H 2 P O 3 - J - H 2 O 
= - N a H 2 P 0 4 + H 2 . 

A. F . Gehlen obse rved t h a t w h e n n icke l a n d arsen ic a r e h e a t e d t o g e t h e r , u n i o n 
occurs w i t h o u t i ncandescence ; a n d t h e s u b j e c t w a s s t u d i e d b y F . Ducel l iez , a n d 
K . F r i e d r i c h a n d F . Benn igson . H . E . P a t t e n f o u n d t h a t n icke l is s l igh t ly c o r r o d e d 
b y arsenic trichloride ; a n d A. Grange r , t h a t a n a r s en ide is f o rmed w h e n n icke l is 
exposed t o t h e v a p o u r of a r sen ic t r i ch lo r ide . G. A r r i v a u t r e p r e s e n t e d t h e r eac t i on 
b y 6 N i + 2 A s C l 3 - 3 N i C l 2 + N i 3 A s 2 . L . K a h l e n b e r g a n d J . V. S te in le obse rved a 
s l ight p l a t i n g of n ickel i m m e r s e d in a r sen ic t r i ch lo r ide a t r o o m t e m p . , a n d a s l ight 
r eac t ion a t 100°. T . B e r g m a n , F . S t r o m e y e r , W . Gue r t l e r , a n d F . Roess le r f o u n d 
t h a t n ickel u n i t e s w i t h a n t i m o n y w h e n t h e t w o e l e m e n t s a r e m e l t e d t o g e t h e r ; a n d 
t h e sub jec t w a s s t u d i e d b y F . Ducel l iez . G. Hi igg a n d G. F u n k e s t u d i e d t h e a l loys 
w i t h b i s m u t h . Acco rd ing t o E . V i g o u r o u x , n icke l a n t i m o n i d e is f o r m e d w h e n t h e 
v a p o u r of a n t i m o n y tr ichloride a c t s on h e a t e d n ickel ; a n d H . E . P a t t e n f o u n d 
t h a t n ickel is n o t co r roded b y a n t i m o n y pentach lor ide . P . L e b e a u f o u n d t h a t 
copper arsenide , a n d copper a n t i m o n i d e r e a d i l y g ive u p a r sen ic or a n t i m o n y t o 
n icke l . G. Hi igg a n d G. F u n k e , G. Voss , a n d A. M. P o r t e v i n s t u d i e d t h e c o m p o u n d s 
of n icke l a n d b i s m u t h ; a n d H . Giebe lhausen , t h e c o m p o u n d s w i t h v a n a d i u m . 
F . E . B r o w n a n d J . E . S n y d e r f o u n d t h a t v a n a d i u m oxytr ich lor ide h a s n o a c t i o n 
on n ickel . 

J . W . Dobere iner ,^ R . T u p p u t i , O. L.. E r d m a n n , O. Ruff, O. Ruff a n d W . M a r t i n , 
W . Ross , L . Gui l le t , R . I r v i n g , a n d J . B . J . D . B o u s s i n g a u l t o b s e r v e d t h a t m o l t e n 
n ickel r ead i ly t a k e s u p c a r b o n , r e n d e r i n g t h e m e t a l b r i t t l e ; t h e effect o n t h e m . p . 
h a s been e x a m i n e d b y K . F r i e d r i c h a n d A. L e r o u x , H . M c K . E l sey , O. Meyer , 
O. Ruff a n d co-workers , N . B . P i l l ing a n d T . E . K i h l g r e n , a n d E . B r i n e r a n d 

aQ.ua
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R . Sengle t . N icke l tr itacarbide, Ni 3 C, is fo rmed ana logous t o c emen t i t e , F e 3 C — 
vide 5 . 39 , 20 . T h e ca rb ides were s t u d i e d b y W . E . G a r d , G. Meyer a n d 
F . E . C. Scheffer, a n d F . F i s che r a n d H . B a h r ; t h e c e m e n t a t i o n of nickel b y ca rbon , 
b y J . B . J . D . B o u s s i n g a u l t ; a n d t h e diffusion of c a r b o n in t h e m e t a l , b y G. T a m -
m a n n a n d K . Schone r t , w h o also gave —9-2 CaIs. for t h e h e a t of f o r m a t i o n of 
n icke l t r i t a c a r b i d e . J . S c h m i d t d id n o t ob t a in a n y o t h e r ca rb ide . D . H . B r o w n e 
a n d J . F . T h o m p s o n sa id t h a t n ickel , l ike i ron, t a k e s u p c a r b o n b y c e m e n t a t i o n , 
a n d t h e y found t h a t a f te r 10 h r s . ' h e a t i n g be tween 700° a n d 900°, mal leab le a n d 
e lec t ro ly t i c n icke l t a k e u p c a r b o n so t h a t before c e m e n t a t i o n t h e ca rbon c o n t e n t s 
were , r e spec t ive ly , 0-15 a n d 0*18 p e r c en t . ; a n d af ter c e m e n t a t i o n , respect ive ly , 
0*33 a n d 0-43 p e r cen t . N icke l in a cupo la furnace abso rbs a lmos t as m u c h c a r b o n 
a s p ig- i ron does , so t h a t p ig-n icke l m a y con t a in 2 t o 3 pe r cen t , of c a r b o n . 
H . M c K . E l s e y ca rbon i zed t h e m e t a l b y h e a t i n g in n i t rogen a n d a h y d r o c a r b o n gas . 
A c c o r d i n g t o O. Ruff a n d W . M a r t i n , t h e so lubi l i ty of c a rbon in nickel reaches a 
m a x i m u m of 6-42 p e r cen t , a t 2100°. Ca rbon a d d s s t r e n g t h a n d ha rdnes s t o all 
g r a d e s of ma l l eab le n ickel ; i t m a k e s t h e m e t a l w o r k b e t t e r whi ls t ho t , b u t i t 
i nc rea se s t h e difficulty of w o r k i n g t h e m e t a l cold. W h e n fully annea led , h igh-
c a r b o n n icke l is h a r d e r t h a n l ow-ca rbon n ickel , a n d i t h a r d e n s fas ter u n d e r cold-
w o r k i n g . W i t h a b o u t 0-40 pe r cen t , of c a rbon , t h e c a r b o n begins t o s epa ra t e , a n d 
t h e s e p a r a t i o n is a c c o m p a n i e d b y a loss of ma l l eab i l i t y . T h e presence of g raph i t i c 
c a r b o n is ha rmfu l . T . Mish ima s t u d i e d t h e c a r b o n b r i t t l eness of n ickel a n d of i t s 
a l loys . O. Ruff a n d W . M a r t i n r e p r e s e n t e d t h e effect of c a r b o n on hot - ro l led nickel 
r o d s a s fo l lows—when t h e t e r m " n o r m a l " refers t o rods as rolled, w i t h o u t 
a n n e a l i n g : 

Carbon Hardness Elongat ion Yield Po in t Tensile Strength 
P e r cent . Brinell 'a Per cent . IbB. per sq. in. lbs. per sq. in. 

Normal Annealed Normal Annealed Normal Annealed Normal Annealed 
0 0 0 3 . 107 89 37-1 44-5 21,375 23,500 68,875 67,500 
O-09 . 109 92 44-2 4 6 0 23,750 22,000 73,125 70,000 
0-26 . 135 99 37-6 4 2 0 34 ,375 29 ,625 93,625 87,000 

C. S a n d o n n i n i obse rved t h a t nickel h a d no effect as a c a t a l y s t on t h e h y d r o -
g e n a t i o n of c a r b o n : C-f 2 H 2 = C H 4 . O. Meyer found t h a t nickel a t 1600° is 
a p p r e c i a b l y a t t a c k e d b y t h e m e t a l carbides—sil icon, m o l y b d e n u m , a n d c h r o m i u m . 

A c c o r d i n g t o I . L . Bel l , a n d G. C h a r p y , w h e n nickel is h e a t e d in carbon 
m o n o x i d e , a l i t t le c a r b o n m a y be s e p a r a t e d ; b u t t h e m e t a l suffers n o pe rcep t ib le 
c h a n g e . H . A . a n d T . B a h r s t u d i e d t h e r e a c t i o n 2 C O ^ C - I - C O 2 iJ1 t h e presence of 
n icke l , a n d found t h a t b e t w e e n 270° a n d 420° some nickel ca rb ide is formed. 
C. J . SmitheJ ls o b s e r v e d t h a t n ickel , u n d e r o r d i n a r y condi t ions , con ta in s occluded 
c a r b o n m o n o x i d e . E . B e r g n e r , H . S. T a y l o r a n d R . M. B u r n s , J . C. S t imson , 
N . I . N i k i t i n , a n d A. Vi l l achon a n d G. C h a u d r o n s tud i ed t h e a b s o r p t i o n of c a r b o n 
m o n o x i d e b y n ickel ; a n d G. I . F i n c h a n d J . C S t imson , t h e electr ic charge of t h e 
m e t a l w h e n a d s o r b i n g c a r b o n m o n o x i d e . L . Mond a n d co-workers observed t h a t 
w h e n n ickel is h e a t e d be low 100° in a c u r r e n t of ca rbon monox ide , a volat i le c a r b o n y l 
is fo rmed—v ide 5 . 39 , 2 7 — a n d , accord ing t o N . H u d s o n , t h i s also occurs w i t h t h e 
nickel in nickel-s teel . G. Meyer a n d F . E . C. Scheffer o b t a i n e d a ca rb ide a t 270°, 
a n d V. K o h l s c h u t t e r a n d A. Nagel i found t h a t c a r b o n is depos i t ed a t 500°. I f 
f inely-divided n ickel be h e a t e d over 350° in c a r b o n m o n o x i d e , c a r b o n a n d c a r b o n 
d iox ide a r e fo rmed . J . G a m i e r s t a t e d t h a t t h e l u m i n o s i t y of t h e flame of c a r b o n 
m o n o x i d e , in t h e m a n u f a c t u r e of i ron a n d steel , a n d t h e s e p a r a t i o n of nickel a n d 
n icke l ox ide in t h e flues of a furnace in wh ich ferro-nickel is h e a t e d , is d u e t o t h e 
f o r m a t i o n of vo la t i l e c o m p o u n d s of i ron a n d n ickel w i t h c a r b o n m o n o x i d e . 
F . Z i m m e r m a n n showed t h a t in t h e b las t - fu rnace t r e a t m e n t , nickel b r e a k s u p 
c a r b o n m o n o x i d e : 2CO = C-J-CO2 . T h e r eac t i on w a s s t u d i e d b y S. H o r i b a a n d 
T . R i . W . A . B o n e a n d G. W . A n d r e w , C. M. L o a n e , H . A. a n d T. B a h r , a n d 
R . S c h e n c k a n d H . Wesse lkock s tud ied t h e effect of nickel a n d of m e t a l oxides on 
t h e o x i d a t i o n of c a r b o n m o n o x i d e ; H . A. a n d T . B a h r obse rved t h a t some nickel 
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c a r b i d e is formed. J . E . N y r o p , W . E . G i b b s a n d H . L i a n d e r , K . F u j i m u r a a n d 
S. T s u n e o k a , K . C h a k r a v a r t y a n d J . C. Ghosh , H . S. E l w o r t h y a n d S. Wi l l i amson , 
a n d E . F . A r m s t r o n g a n d T . P . H i l d i t c h showed t h a t i n t h e p re sence of h e a t e d 
n ickel , c a r b o n m o n o x i d e is r e d u c e d b y h y d r o g e n t o fo rm m e t h a n e : C O + 3 H 2 
~ C H 4 - f H 2 0 . P . S a b a t i e r a n d J . B . S e n d e r e n s obse rved t h a t t h e r e d u c t i o n occurs 
a t a b o u t 250°. T h e r eac t ion , w i t h z inc as c a t a l y s t , p roceeds C O + 2 H 2 = C H 3 O H ; 
a n d wi th copper a s c a t a l y s t , C O + H 2 = C H 2 O . I f a m i x t u r e of w a t e r v a p o u r a n d 
ca rbon m o n o x i d e is h e a t e d b e t w e e n 500° a n d 1000°, in t h e p resence of n icke l a s a 
c a t a ly s t , J J . Vignon, a n d S. K o d a m a o b s e r v e d t h a t m e t h a n e is p r o d u c e d . 
K . F u j i m u r a a n d co-workers s t u d i e d t h e a c t i o n of h y d r o g e n su lph ide a n d c a r b o n 
d i su lph ide in t h e ac t i on of n ickel a s a c a t a l y s t on t h e h y d r o g e n a t i o n of c a r b o n 
m o n o x i d e . H . W . Melvil le c o m p a r e d t h e effect w i t h t h e t w o i so topes of h y d r o g e n . 
G. F e s t e r a n d M. S c h w a z a p p a i n v e s t i g a t e d t h e e l e c t r o c a t a l y t i c r e d u c t i o n of c a r b o n 
m o n o x i d e ; a n d M. H a n s e n s t u d i e d t h e a c t i o n of p r o d u c e r ga s . 

I . L». Bel l found t h a t a c u r r e n t of carbon dioxide p a s s e d over spongy n icke l 
a t a du l l r e d - h e a t furnishes some c a r b o n m o n o x i d e . R . Schenck a n d H . Wesse lkock 
s t u d i e d t h e ac t i on of t h e oxides of ca lc ium, m a g n e s i u m , m a n g a n e s e , a n d a l u m i n i u m 
on t h e o x i d a t i o n of n ickel a t 900° in an a t m . of c a r b o n d iox ide , a n d t h e y o b s e r v e d 
t h a t n o c a r b o n m o n o x i d e is fo rmed a t 600°, a n d less t h a n 1 p e r cen t , a t 900° ; b u t 
if m a g n e s i a , or m a n g a n e s e ox ide , be p r e sen t , 40 p e r cen t , of c a r b o n m o n o x i d e is 
fo rmed a t 600°. L i m e p r o m o t e s t h e r e a c t i o n s l igh t ly . N . I . N i k i t i n , a n d 

H . S. T a y l o r a n d R . M. B u r n s s t u d i e d t h e 
a d s o r p t i o n of c a r b o n d iox ide b y n icke l ; 
a n d G. I . F i n c h a n d J . C. S t i m s o n , t h e 
e lec t r ica l c h a r g e of t h e m e t a l w h e n 
a d s o r b i n g t h e gas . H . K o c h a n d H . K u s t e r 
s t u d i e d t h e c a t a l y t i c r e d u c t i o n of t h e 
d iox ide w i t h h y d r o g e n . W . W . Russe l l 
a n d H . S. T a y l o r obse rved t h e p r o m o t o r 
a c t i o n of t h o r i a w h e n nickel is t h e c a t a l y s t 
in t h e h y d r o g e n i z a t i o n of c a r b o n d iox ide ; 
C 0 2 + 4 H 2 = - C H 4 + 2 H 2 0 . T . B e r g m a n 
o b s e r v e d t h a t t h e m e t a l is a t t a c k e d by a 
soln. of ca rbon ic ac id . W . G u e r t l e r a n d 
T . Liiepus f o u n d t h a t n ickel is a t t a c k e d by 
c a r b o n d iox ide a n d a i r d u r i n g 8 h r s . ' 

e x p o s u r e ; a n d R . R o b l s tud ied t h e so lub i l i ty of n icke l in w a t e r c o n t a i n i n g 
c a r b o n d iox ide in soln. E . Miiller a n d A. L u b e r r e p r e s e n t e d t h e so lub i l i ty of 
n ickel , in m g r m s . p e r l i t re , a t 20° a n d 100°, in w a t e r s a t u r a t e d wi th c a r b o n d iox ide 
u n d e r a press , of 50 a t m . , a t different t e m p . , b y F i g . 9 1 . 

M. H a n s e n n o t e d t h e d e s t r u c t i v e a c t i o n of producer g a s on n ickel . H . Ho l l ings 
a n d R . H . Griffith s t u d i e d t h e a d s o r p t i o n of hydrocarbons b y t h e m e t a l ; a n d 
G. Char io t , t h e i r c a t a l y t i c o x i d a t i o n . W . R a m s a y s t u d i e d t h e effect of n ickel on 
t h e f o r m a t i o n of p e t r o l e u m ; J . C. E l g i n a n d co-workers , on s u l p h u r - n a p h t h a , 
a n d s u l p h u r - p e t r o l e u m ; a n d E . W . K a n n i n g a n d O. W . B r o w n , t h e d e c o m ­
pos i t ion of kerosene . B . Y a m a g u t i s t u d i e d t h e t h e r m a l d e c o m p o s i t i o n of m e t h a n e , 
w i t h n ickel a s c a t a l y s t ; a n d W . E . G a r d o b s e r v e d t h a t t h e m e t a l inc reases in 
w e i g h t w h e n i t is h e a t e d in a c u r r e n t of m e t h a n e ; a n d h e a d d e d t h a t n o c a r b o n 
is t a k e n u p so t h a t t h e increase in w e i g h t w a s a t t r i b u t e d t o t h e a s soc ia t ion of 
n ickel w i t h t h e m e t a l . T h e sub j ec t w a s s t u d i e d b y R . C. Can te l lo . K . Y o s h i k a k a 
obse rved t h a t w i t h a n icke l c a t a l y s t , m e t h a n e is ox id ized q u a n t i t a t i v e l y b y a i r or 
o x y g e n in accord w i t h : 2 C H 4 + O 2 = 2 C O + 4 H 2 — a r e a c t i o n s t u d i e d b y W . P . Y a n t 
a n d C. O. H a w k , H . F u j i m o t o , a n d I . E . Adaduroff . N . A . K l y u k v i n a n d 
S. S. K l y u k v i n a s t u d i e d t h e o x i d a t i o n of m e t h a n e b y c a r b o n d iox ide , a n d b y s t e a m . 
R . K l a r , E . G. Ins l ey , a n d B . F o r e s t i s t u d i e d t h e a d s o r p t i o n of e t h a n e b y n i c k e l ; 
a n d R . C. Cante l lo , t h e t h e r m a l d e c o m p o s i t i o n of e t h a n e i n p re sence of n icke l . 
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W . A . L a z i e r a n d H . A d k i n s f o u n d t h a t 100 g r m s . of n ickel , r e d u c e d b y h y d r o g e n , 
a d s o r b e d 84 c.c. of e t h y l e n e a t n o r m a l t e m p , a n d press . , a n d nickel , r e d u c e d b y 
a lcohol , a d s o r b e d 61 c.c. of t h a t gas . T h e a d s o r p t i o n of e t h y l e n e b y n icke l w a s 
s t u d i e d b y H . S. T a y l o r a n d R . M. B u r n s , E . W . R . S teac ie a n d H . V. S tove l , 
R . K l a r , J . Ecke l l , O. S c h m i d t , W . A. Laz ie r a n d H . A d k i n s , E . G. In s l ey , 
Gc. M. S c h w a b , K . Ab lezowa a n d S. R o b i n s k y , a n d B . F o r e s t i ; a n d t h e 
r e d u c t i o n a n d p o l y m e r i z a t i o n of e t h y l e n e by nickel a t 400°, b y H . W . W a l k e r , 
F . T h o r e n , a n d R . C. Can te l lo . P . S a b a t i e r a n d J . B . Sende rens o b s e r v e d 
t h a t w i t h n ickel a s a c a t a l y s t , e t h y l e n e is r educed t o e t h a n e , a n d t h e 
r e a c t i o n w a s d i scussed b y H . A d k i n s a n d L . W . Cover t , W . D . Banc ro f t a n d 
A. B . George , L . W . C o v e r t a n d co -worke r s , IL. D o h s e a n d co-workers , J . Ecke l l , 
A . W . Gauge r , F . F i s c h e r a n d K . Meyer , B . F o r e s t i , F . E . F r e y a n d D . F . S m i t h , 
W . E . G ibbs a n d H . L i a n d e r , J . H o r i u t i a n d M. P o l a n y i , A. K a i l a n a n d co-workers , 
J . N . P e a r c e a n d co -worker s , R . N . P e a s e a n d L . S t e w a r t , R . K l a r , H . zu r S t rassen , 
E . K . R i d e a l , O. S c h m i d t , H . W . U n d e r w o o d , a n d K . Y o s h i k a w a . M. T r a u b e r 
s t u d i e d t h e vo l t a i c p o t e n t i a l of t h e m e t a l d u r i n g t h e hyd roge i i a t i on of e t h y l e n e . 
I n a s imi la r m a n n e r P . S a b a t i e r a n d J . B . S e n d e r e n s , a n d F . E . F r e y a n d D . F . S m i t h 
hydrogenized propylene to propane, trimethylethylene to methylbutane, hexene 
t o h e x a n e , o c t e n e t o o c t a n e . S imi l a r r e a c t i o n s w i t h o t h e r u n s a t u r a t e d h y d r o ­
c a r b o n s were s t u d i e d b y L . C la rke a n d W . N . J o n e s , C. J . E n k l a a r , A. K o r c z y n s k y 
a n d co-workers , M. M u r a t a n d G. A m o u r o u x , a n d P . S a b a t i e r a n d M. M u r a t . 
J . H . L o n g a n d co -worke r s , B . K u b o t a a n d K . Y o s h i k a w a , F . T h o r e n , R . T ru f i au l t , 
a n d N . D . Ze l insky a n d M. B . T u r o w a - P o l l a k s t u d i e d t h e h y d r o g e n a t i o n of b e n z e n e t o 
h e x a m e t h y l e n e , a n d t h e d e h y d r o g e n a t i o n of h e x a m e t h y l e n e w i t h nickel as c a t a l y s t , 
a s u b j e c t d i scussed b y W . D . B a n c r o f t a n d A. B . George , a n d IT. A d k i n s a n d 
co -worke r s . F . H . R h o d e s a n d co -worke r s s t u d i e d t h e cor ros ion of n ickel b y 
p h e n o l s . J . K . a n d S. C. C h o w d h u r y s t u d i e d t h e effect of nickel as c a t a l y s t on t h e 
o x i d a t i o n of t o l u e n e . H . Moissan a n d C. M o u r e u f o u n d t h a t r educed n ickel 
f a v o u r e d t h e t h e r m a l d e c o m p o s i t i o n of a c e t y l e n e , w h i c h occurs w i t h incandescence , 
y i e ld ing c a r b o n a n d h y d r o c a r b o n s ; a n d K . F u k a g a w a s t u d i e d t h e p o l y m e r i z a t i o n 
of a c e t y l e n e . P . S a b a t i e r a n d J . B . S e n d e r e n s o b s e r v e d t h a t ace ty l ene c a n be 
h y d r o g e n i z e d t o e t h a n e ; a n d A. Muller a n d A. S a u e r w a l d , t h a t a l u m i n i u m triethyl 
i s n o t affected b y n ickel b l ack . H . W . Melville c o m p a r e d t h e effects w i t h t h e t w o 
i so topes of h y d r o g e n . A. A. B a l a n d i n a n d A. M. R u b i n s t e i n s t u d i e d t h e d e h y d r o ­
g e n a t i o n of cyclic h y d r o c a r b o n s . 

P . S a b a t i e r a n d J . 13. S e n d e r e n s , R . D o u r i s , G. D a r z e n a , A . S k i t a , E . H . B o o m e r a n d 
H . E . M o r r i s , F . B o d r o u x a n d F . T a b o u r y , a n d H . A d k i n s a n d L . W . C o v e r t r e d u c e d 
a l d e h y d e s a n d k e t o n e s t o t h e c o r r e s p o n d i n g a l c o h o l s . N u m e r o u s o t h e r h y d r o g e n a t i o n s 
of a l ike n a t u r e h a v e b e e n r e p o r t e d . T h u s , G. D a r z o n s c o n v e r t e d a e e t o p h o n o n e t o b u t y l -
b e n z e n e , a n d p h e n y l b u t a n o n o t o b u t y l b o n z e n e ; E . J . L u s h rodxieed n a p h t h a l e n e ; 
A . B r o o h o t , p h e n o l ; A . M a i l h e a n d F . d e G o d o n , t h e a r o m a t i c k e t o n e s e.g., a c e t o p h e n o n o , 
p h e n y l e t h y l k e t o n e , p h e n y l b u t y l k e t o n e , p h e n y l p r o p y l k e t o n e , p h e n y h s o p r o p y l k e t o n e , 
b e n z y h ' s o p r o p y Ike t o n e , b e n z o p h e n o n e , p h e n y l b e n z y l k e t o n e , a n d jy-tolyl benzy l k e t o n e t o 
t h e c o r r e s p o n d i n g h y d r o c a r b o n s , a n d b e n z o y l ch lo r ide , a t 270° t o 280°, t o b e n z e n e , t o l u e n e , 
a n d d i p h e n y l . RL v a n B e r e s t e y n o b s e r v e d t h a t h e p t y l a l coho l furn ishes n - h e x y l e n e a n d 
m e t h y l a l c o h o l . P . S a b a t i e r a n d J . B . S e n d e r e n s f o u n d t h a t n i t r o i n o t h a n e b e c o m e s 
m e t h y l a m i n e ; n i t r o e t h a n e b e c o m e s e t h y l a m i n e m i x e d w i t h s o m e d i e t h y l a r n i n e , t r i e t h y l -
a m i n e , a n d a m m o n i a ; n i t r o b e n z e n e , a l so s t u d i e d b y L . R o i c h a r d t , b e c o m e s an i l i ne ; a n d 
a n a l o g o u s r e d u c t i o n s o c c u r w i t h n i t r o t o l u e n e , a n d n i t r o n a p h t h a l e n e . C. M i g n o n a c 
o b s e r v e d t h a t a n a n a l o g o u s r e d u c t i o n o c c u r s w i t h d i n i t r o b e n z e n e , d i n i t r o t o l u e n e , a n d 
n i t r o p h e n o l s . T h e r e d u c t i o n of t h e n i t r o u s e s t e r s e.g., m e t h y l , e t h y l , p r o p y l , b u t y l , a n d 
a m y l n i t r i t e s w a s s t u d i e d b y G. G a u d i o n . P . S a b a t i e r a n d J . B . S e n d e r e n s o b s e r v e d 
t h a t t h e o x i m e s a r e r e d u c e d b y h y d r o g e n in t h e p r e s e n c e of t h e n i cke l c a t a l y s t , t h u s , 
a c e t o x i m e fu rn i shes p r i m a r y a n d s e c o n d a r y a m i n e s w i t h a l i t t l e t e r t i a r y a m i n e ; e t h a n o x i m o 
y i e l d s m a i n l y d i e t h y l a r n i n e ; a n d o e n a n t h a l o x i m e , m a i n l y a p r i m a r y a m i n e . T h e s e 
r e a c t i o n s w e r e a l so s t u d i e d b y J . A l o y a n d V . B r u s t i e r , G. A m o u r o u x , H . L . B e n d e r , 
A . B o r c h e r s , T . S. Carswel l , F. F. D i w o k y a n d H . A d k i n s , W . K. G a r n e r a n d 13. N . J a c k m a n , 
M . G o d c h o t , M . N . G o s w a m i , R . H o c a r t , V . Ipateeff , I . L . K a r c z a g , A . K o r c z y n s k y , A . Mai lhe 
a n d c o - w o r k e r s , W . Meigen a n d G. B a r t e l s , A . E . Mi tche l l a n d A . L . M a r s h a l l , R . N . P e a s e 
a n d H . S. T a y l o r , H . P l a u s o n a n d J. A . Vielle, C. S c h u s t e r , H . S. T a y l o r a n d co -worke r s , 
K . Y o s h i k a w a , K . S. A b l e z o v a a n d S. Z . R o g i n s k y , a n d E . T i e d e a n d W . J e n i s c h . 
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N u m e r o u s o t h e r s t u d i e s o n t h e h y d r o g e n a t i o n of o r g a n i c c o m p o u n d s i n t h e p r e s e n c e 
of t h e n icke l c a t a l y s t , o r on t h e t h e r m a l d e c o m p o s i t i o n of o r g a n i c c o m p o u n d s in t h e p r e s e n c e 
of t h i s c a t a l y s t , h a v e b e e n m a d e . F o r e x a m p l e , M. G a v e r d o v s k a j a s t u d i e d t h e d e h y d r o -
g e n a t i o n of h y d r o c a r b o n s ; H . A d k i n s a n d c o - w o r k e r s h y d r o g e n a t e d e t h y l a c e t o a c e t a t e , 
d i h y d r a c e t i c ac id , a n d p h e n o l , a t 27 t o 350 a t m . p r e s s . ; G. M. S c h w a b a n d W . B r e n n e c k e 
i n v e s t i g a t e d t h e h y d r o g e n a t i o n of e t h y l c i n n a m a t e ; J . N . P e a r c e a n d c o - w o r k e r s , 
a n d W . W . Russe l l a n d R . F. M a r s c h n e r , t h e c a t a l y t i c d e c o m p o s i t i o n of t h e 
es t e r s—e .g . , m e t h y l , e t h y l , a n d p r o p y l a c e t a t e s , a n d m e t h y l p r o p i o n a t e ; M . S. E b o r t , 
a n d M. F. K i n s o y a n d FL. A d k i n s , a c e t a l d e h y d e ; C. F. W i n a u s a n d H . A d k i n s , 
t h e a l k y l a t i o n of t h e a m i n e s ; S. K o m a t s u a n d C. T a n a k a , an i l i ne ; T . B e r s i n , 
t h e d e h y d r o g e n a t i o n of m e r c a p t o - c o m p o u n d s ; A . A . B a l a n d i n , t h e d e h y d r a t i o n 
of cycZohexane ; A . A . B a l a n d i n a n d A . M . R u b i n s t e i n , cyc l ic h y d r o c a r b o n s ; F . F i s c h e r 
a n d K . M e y e r , b e n z e n e ; S . J . G r e e n , a r o m a t i c n i t r o - c o m p o u n d s ; V . G r i g n a r d , 
m e t h y l h e p t e n o l s ; A . K o r c z y n s k y a n d c o - w o r k e r s , t h e h y d r o g e n a t i o n of a r o m a t i c h y d r o ­
c a r b o n h a l i d e s ; J . v o n B r a u n a n d c o - w o r k e r s , a n t h r a q u i n o n e , p h e n a n t h r a q u i n o n e , 
b c n z a n t h r a q u i n o n e , a c e n a p h t h e n e q u i n o n e , a c e n a p h t h a l e n e , a l d e h y d e s , c a r b a z o l e s , n i t r i l e s , 
q u i n o l i n e s , i ndo les , i n d e n e s , 2 : 2 ' - d i h y d r o x y d i p h e n y l , p h e n e t i d i n e , a n d x a n t h o n e ; 
A . F e l d m a n n , a r o m a t i c c o m p o u n d s ; K . N e g o s h i , a c e t a l d e h y d e ; S. K o m a t s u a n d 
T . Y u k i t o m o , Z-menthol ; S. K o m a t s u a n d C. T a n a k a , c y c i o h e x y l a m i n e ; S. K o m a t s u a n d 
15. M a s u m o t o , ct /ciohexanol ; A . B r o c h e t a n d c o - w o r k e r s , p h e n o l s , n a p h t h o l s , o c t e n e , 
c i n n a m i c ac id , p i p e r o n y l a c r y l i c ac id , o n o t h o l e , e u g e n o l , sa f ro le , a n d n i t r o - , a z o x y - , a n d 
h y d r a z o - d e r i v a t i v e s ; G . M . S c h w a b a n d W . B r e n n e c k e , c i n n a m i c e s t e r s ; H . v a n 
JBoresteyn, h e p t y l a l coho l ; P . S a b a t i e r a n d G. G a u d i o n , p i n e n e , l i m o n e n e , c a m p h e n e , 
m e n t h e n o , ej/cZohexeno, cj/cZoKoxanol, p u l e g o n e , e u c a l y p t o l , t e r p e n e , a n d t e r p i n e o l ; 
M. T a n a k a , u n s a t u r a t e d c o m p o u n d s l ike a z o x y b e n z e n o a n d r i c i n o s t e a r i n e ; a n d C. K e l b e r , 
d i p h e n y l d i a c e t y l o n e , a n d a z o l b e n z e n e . 

A. K a i l a n a n d O. S t u b e r , a n d T . J u r g e n s a n d W . Meigen f o u n d t h a t t h e h y d r o x y 1 
g r o u p s of t h e h y d r o x y - f a t t y ac ids , l ike oleic ac id , a n d r ic inoleic acid, a r e r e a d i l y 
h y d r o g e n a t e d a t a b o u t 200° . P . S a b a t i e r a n d J . B . S e n d e r e n s d i scussed t h e u s e 
of t h e nickel c a t a l y s t in t h e commerc i a l h a r d e n i n g of u n s a t u r a t e d fa t s a n d o i l s— 
e.g., l inseed oil, a n d co t ton - seed o i l — b y r educ ing or h y d r o g e n a t i n g t h e m a t a b o u t 
250°. T h e h a r d e n e d oils fo rm h a r d f a t s s u i t a b l e for t h e m a n u f a c t u r e of s o a p a n d 
candles , a n d in s o m e cases solid, ed ib le f a t s . T h i s s u b j e c t w a s d i scussed b y 
P . Saba t i e r , La catalyse en cJiimie organique (Pa r i s , 1913) ; C. El l i s , The hydrogenation 
of Oils (New Y o r k , 1914) ; Gr. Hef te r , Technologie der Fette und OeIe (Ber l in , 3 . 795 , 
994, 1910) ; a n d I J . U b b e l o h d e a n d F . G o l d s c h m i d t , Handbuch der Chemie und 
Technologie der OeIe und Fette (Leipzig, 3 . 152, 1910). 

T h e s u b j e c t w a s d i scussed b y O . G. B e n n e t t a n d C B . J a c k s o n , J . Le imdGrfe r , A. K a i l a n 
a n d J . K o h b e r g e r , W . W . M y d d l e t o n , L . R . W i l l i a m s a n d C. A . J a c o b s o n , F. J . L u s h , 
H . T . Offerdahl , T . W . A . S h a w , S. XJeno, G. K i e s s , F. B o r d a s , A . S. K o s s , S. J o z s a , 
H . I... 13arnitz , B . K a h l e n b e r g a n d G. J'. H i t t e r , G. M e y e r h e i m , E . E r d m a n n , a n d F. F i s c h e r 
a n d K . P e t e r s . M. T a n a k a d i scussed t h e h y d r o g e n a t i o n of pe r i l l a oil, h e m p - s e e d oi l , 
c h r y s a l i s oil , a n d s h a r k oil ; G. K i t a a n d c o - w o r k e r s , s o j a - b e a n oil , a n d h e r r i n g oil ; 
IiI. J . I-.ush, l inseed oil , s o j a - b e a n oil , c o t t o n - s e e d oil , a n d o l ive oil ; A . S. R i c h a r d s o n a n d 
c o - w o r k e r s , c o t t o n - s e e d oil , a r a c h i s oil , a n d s o j a - b e a n oil ; M . do K o u b a i x , oleic a c i d a n d 
olein ; W . N o r r a a n n a n d \V . Jb*ungs, c o t t o n - s e e d oil , o l ive oil , l inseed oil, a n d s e s a m e oil ; 
a n d E . F. A r m s t r o n g a n d T . P . H i l d i t c h , w h a l e o i l . 

J . F o r m a n e k f o u n d t h a t t h e a c t i o n of c a r b o n te trachlor ide on n icke l d u r i n g 
8 m o n t h s w a s t o o smal l t o affect t h e use of t h a t m e t a l a s a con t a ine r . F . H . R h o d e s 
a n d J . T . C a r t y obse rved t h a t n icke l is n o t c o r r o d e d b y t h e v a p o u r o r b y l iqu id 
c a r b o n t e t r a c h l o r i d e a t r o o m t e m p . T h e s u b j e c t w a s s t u d i e d b y L . V e r n i t z a n d 
A. K u d i n o v a . H . E . P a t t e n o b s e r v e d n o a c t i o n w i t h c a r b o n t e t r a c h l o r i d e , e t h y l 
chlor ide , o r w i t h ch loro form. J . F o r m a n e k sa id t h a t t r i ch loroe thy lene , a n d 
t e trach loroace ty lene h a v e t o o smal l a n a c t i o n on n icke l d u r i n g 8 m o n t h s t o affect 
t h e use of t h a t m e t a l a s a con t a ine r . H . K r u l l a ' s o b s e r v a t i o n s a r e s u m m a r i z e d in 
F i g . 88 . H . R . S. C l o t w o r t h y r e c o m m e n d e d n icke l for res i s t ing t h e a c t i o n of 
c a r b o n disulphide . H . R u p e a n d A. H e c k e n d o r n s t u d i e d t h e h y d r o g e n a t i o n of 
o rgan ic c y a n o g e n c o m p o u n d s w i t h nickel as c a t a l y s t ; J . v o n B r a u n a n d co-workers , 
W . W . Russe l l a n d R . F . Marschne r , C. H . D . C la rk a n d B . Top ley , a n d 
W . IJ. F a i t h a n d D . B . K eyes , t h e o x i d a t i o n a n d d e c o m p o s i t i o n of a l c o h o l ; 
F . H . R h o d e s a n d co-workers , t h e a c t i o n of p h e n o l s ; R . K r u l l a ' s o b s e r v a t i o n s on 
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t h e ac t i on of formic ac id on nickel a r c s u m m a r i z e d in F i g . 8 8 . B . B . W e s c o t t a n d 
C. J . E n g e l d e r s t u d i e d t h e t h e r m a l decompos i t i on of formic ac id w i t h nickel as 
c a t a l y s t . W . G u e r t l e r a n d T . L i e p u s found t h a t n icke l is a t t a c k e d b y ace t i c ac id 
d u r i n g 8 h r s . ' e x p o s u r e ; wh i l s t W . R o h n showed t h a t w i t h u n a n n e a l e d a n d 
a n n e a l e d n ickel , 10 p e r cen t , ace t ic ac id dissolved, respec t ive ly , 0-000 a n d 0-004 g r m . 
p e r sq . d m . in t h e co ld d u r i n g 24 h r s . , a n d t h e h o t ac id dissolved, r espec t ive ly , 
0-012 a n d 0-004 g r m . p e r sq . d m . in a n h o u r ; a n d M. V u k found t h a t t h e n ickel 
los t f rom 0-15 t o 0-65 m g r m . p e r 100 sq. c m . af te r boi l ing in 5 p e r cen t , ace t ic ac id 
for 2 \ h r s . R . ICrulla 's o b s e r v a t i o n s a r e s u m m a r i z e d in F ig . 88 . E . S a l k o w s k y 
o b s e r v e d t h a t glacial ace t i c ac id c o n t a i n i n g h y d r o g e n d iox ide h a s n o pe rcep t ib l e 
a c t i o n on n icke l in t h e cold . A . C o p p a d o r o found t h a t t h e solubi l i ty of nickel in 
5 p e r cen t , ace t i c ac id is c o n s i d e r a b l y a u g m e n t e d w h e n t h e m e t a l is u sed for elec­
t r o d e s w i t h a n a l t e r n a t i n g c u r r e n t . H . F . W h i t t a k e r sa id t h a t nickel resis ts t h e 
a c t i o n of cUloroacet ic ac id b e t t e r t h a n does l ead ; G-. R . W h i t e , t h e e lec t ro ly t ic 
cor ros ion of n ickel a s a n o d e in soln. of s o d i u m a c e t a t e ; H . L . R i ley s tud ied t h e 
cor ros ive a c t i o n of s o d i u m ace ta te . H . J . F r e n c h sa id t h a t nickel resis ts t h e 
v a p o u r s of b e n z o i c ac id a t 250° b e t t e r t h a n does m o n e l m e t a l or copper . H . Li. R i l ey 
s t u d i e d t h e cor ros ive a c t i o n of s o d i u m b e n z o a t e . R . K r u l l a ' s obse rva t ions on t h e 
cor ros ive a c t i o n of lac t ic ac id , a n d tartar ic ac id a r e s u m m a r i z e d in F ig . 8 8 . 
H . L . R i l e y s t u d i e d t h e cor ros ive a c t i o n of s o d i u m tartrate . G. B . G a t e s sa id t h a t 
n icke l is n o t a t t a c k e d b y o l e ic ac id . G. R . W h i t e , a n d IT. L . R i l ey s t u d i e d t h e 
e l ec t ro ly t i c cor ros ion of n icke l as a n o d e in soln. of s o d i u m tartrate ; H . L . R i l ey 
also studied the action of sodium citrate, oxalate, malate, phthalate, and 
sa l i cy la te . J . N . P e a r c e a n d C. N . O t t s t u d i e d t h e m e c h a n i s m of t h e c a t a l y t i c 
d e c o m p o s i t i o n of e s t e r s b y nickel . 

J . Terwel len , a n d G. T a m m a n n s t u d i e d t h e a d s o r p t i o n of m e t h y l v io let , 
a n d m e t h y l e n e b lue b y n ickel wires ; a n d A. K e m p e r found a g r ea t 
r e d u c t i o n in t h e a b s o r p t i v e p o w e r w i t h wires t h a t h a v e been h e a t e d . 
O. B . J . E rase r , a n d R . E . Wi l son a n d W . IT. B a h l k e e x a m i n e d t h e 
effect of Oil-refining products ; B . S. S r i k a n t a u , t h e a d s o r p t i o n of s o d i u m 
l ino l ea te o n n icke l ; O. B a u e r a n d H . A r n d t , t h e ac t ion of wash ing 
a g e n t s , s o a p , a n d b l e a c h i n g soln. ; a n d W . T h o m s o n a n d F . Lewis , t h e 
a b s e n c e of a n y effect on indiarubber. R . K r u l l a ' s o b s e r v a t i o n s on t h e effect of 
carbol ic ac id , a n d of t a n n i n on n icke l a r e s u m m a r i z e d in F ig . 88 . J . I . C rab t r ee 
a n d G. E . M a t t h e w s f o u n d t h a t h y d r o q u i n o n e a n d pyrogal lo l p h o t o g r a p h i c deve lop­
i n g b a t h s d o n o t a t t a c k n ickel . IT. E . Sear lc a n d co-workers e x a m i n e d t h e to l e rance 
of w i n e s for n ickel a n d o t h e r m e t a l s . T. E . I Io l l ingshead a n d T. J . O t t e r b a c h e r 
f o u n d n icke l useful a s a c o n t a i n e r for van i l la f l avour ing m a t e r i a l s ; a n d B . L a m p e 
o b s e r v e d t h a t n ickel c o n t a i n e r s d a r k e n wort . T h e a c t i o n of m i l k on nickel a n d i t s 
a l loys w a s s t u d i e d b y E . C. B a d e a u , K . B i r n b a u m , C. Gerber , G. N . Q u a m , 
R . J . M c K a y a n d co-worker s , H . A. T reb l e r a n d co-workers , a n d W . A. Wes ley a n d 
co-workers—v ide infra, phys io log ica l a c t i o n ; a n d G. N . Q u a m found t h a t whi l s t 
c h r o m e - s t e e l suffered n o p e r c e p t i b l e loss, n ickel los t t h e following a m o u n t s in 
m g r m s . p e r sq. d m . w h e n exposed t o mi lk for 30 m i n u t e s : 

20° 45° 02-8° 80° 90° 95° 
L o s s . . . O 8 6 3-442 5-85 6-54 3-442 1-22 

B . B l e y e r a n d J . S c h w a i b o l d f o u n d t h a t w i t h t e a a n d c o f f e e a t 7 5 ° , t h e l o s s e s 
s u f f e r e d b y n i c k e l , i n g r a m s p e r s q . m . i n 2 4 h r s . , w e r e : 

T i m e . 1 0 " 1' 1 0 " 5 ' 1 0 " 4 2 ' 3 0 " 2-5 h r s . 5 l i . 4 0 ' 22 h . 4 0 ' 
T e a . 9-2 5-8 5-O 3-7 3-7 3-2 1 1 
Coffee . 4 0 2 1 1 1 0-6 0-3 — 0-2 

E . R a u b s t u d i e d t h e a c t i o n o f l e e k , o n i o n , a n d m u s t a r d j u i c e s o n t h e m e t a l . 
T h e g r o w i n g u s e o f n i c k e l f o r c o o l i n g v e s s e l s a n d c h e m i c a l p l a n t h a s s t i m u l a t e d 
i n v e s t i g a t i o n s i n t o t h e a c t i o n o f l i q u i d s a n d f o o d - s t u f f s o n n i c k e l v e s s e l s — v i d e 
infra, p h y s i o l o g i c a l a c t i o n . N i c k e l m a y b e d i s s o l v e d o r a d s o r b e d b y f o o d - s t u f f s , 
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a n d t h e genera l r esu l t s show t h a t t h e Blight c o n t a m i n a t i o n of food-stuffs owing t o 
t h e a t t a c k on nickel cooking vessels is q u i t e h a r m l e s s , phys io log ica l ly . 

O b s e r v a t i o n s wore m a d e b y E . C o h e n , H . E . C o x , M. D o n a u e r , K . R . D r i n k e r a n d 
c o - w o r k e r s , "VV. S. D z i e r z g o w s k y , K . F a r n s t e i n e r a n d c o - w o r k e r s , E . G e e r k e n s , 
V . G. G h e r o g h i u - P l o e s t i , P . E . v o n H a m e l - R o o a , W . T D . H a r t l e y , T . B . H o l l i n g s h e a d 
a n d 1T. J . O t t e r b a e h e r , O . F . H u n z i k e r a n d c o - w o r k e r s , A . J o h n s t o n , B . L a m p e , 
K . B . L e h r n a n n , E . L u d w i g , R . J . M c K a y a n d c o - w o r k e r s , C. L . M a n te l l , H . T . Of fe rdah l , 
A . M. P o r t e v i n , M. J. P r u c h a , A . R i c h e , W . v a n R i j n , A . R o h d e , E . Schel l , M . S c b l o t t e r , 
E . Scl iulze, E . 13. S t e v e n s , H . A . T r e b l e r a n d c o - w o r k e r s , H . Voge l , M. V u k , a n d 
W . A. W e s l e y a n d c o - w o r k e r s . 

M. Feszezenko-Czopowsk 8 s t u d i e d t h e c e m e n t a t i o n of n icke l b y b o r o n , a n d 
H . Giebe lhausen , a n d H . Moissan obse rved t h a t n icke l u n i t e s w i t h bo ron w h e n a 
m i x t u r e of t h e t w o e l e m e n t s is h e a t e d a b o v e 1 2 0 0 0 — 5 . 32, 4 . C. W i n k l e r , a n d 
W . Gue r t l e r a n d Gr. T a m m a n n m a d e a n a l o g o u s o b s e r v a t i o n s w i t h r e spec t t o s i l i con . 
Accord ing t o D . H . B r o w n e a n d J . F . T h o m p s o n , si l icon is p r e s e n t in smal l p r o ­
p o r t i o n s in all furnace-ref ined nickel , u sua l l y in a m o u n t s be low 0 2 5 p e r c e n t . 
S u c h smal l a m o u n t s h a v e v e r y l i t t l e influence on t h e m e t a l , b u t l a rge r p r o p o r t i o n s 
increase t h e h a r d n e s s a n d s t r e n g t h , b u t dec rease t h e d u c t i l i t y . Si l icon a lso 
r educes or d e s t r o y s t h e ma l l eab i l i t y of t h e m e t a l a t a r ed -hea t—v ide 6 . 4O, 13 . T h e 
sub j ec t w a s discussed b y B . B o r e n , a n d K . G r a s s m a n n a n d E . J . K o h l m e y e r . 
P . L e b e a u found t h a t copper s i l ic ide r ead i ly g ives u p i t s si l icon t o n icke l ; a n d 
H . E . P a t t e n obse rved t h a t s i l i con te trachlor ide h a s n o a c t i o n on n ickel . H . z u r 
S t r a s s e n , a n d P . B a r d e n h a u e r a n d E . B r a u n s s t u d i e d t h e e q u i l i b r i u m b e t w e e n nickel 
a n d fused n icke l s i l icate ; a n d b e t w e e n n icke l a n d ferrous s i l icate . W . J a n d e r 
a n d W . S t a m m found t h a t t h e diffusion of nickel in m a g n e s i u m orthos i l i cate a t 
1070° t o 1200° is r e l a t ive ly slow. R . H . Ga ines s t u d i e d t h e cor ros ion of n ickel in 
c o n t a c t w i t h concre te ; a n d E . S c h i i r m a n n a n d W . E s c h , in c o n t a c t w i t h a sbes tos . 

Nickel r ead i ly a l loys w i t h m o s t of t h e m e t a l s , a n d t h e s e a l loys a re d i scussed 
below. K . A. H o f m a n n a n d H . H i e n d l m a i e r 9 f ound t h a t t h e m e t a l is r ead i ly 
a t t a c k e d b y b u r n i n g p o t a s s i u m . Acco rd ing t o W . G. ImhofF, n ickel res is ts a t t a c k 
b y m o l t e n z i n c m o r e r ead i ly t h a n does i ron a n d s teel . T h e a c t i o n of a lka l i 
h y d r o x i d e s h a s been p rev ious ly d iscussed . N . IsgarischefT a n d I . Mi rk in s t u d i e d 
t h e r e p l a c e m e n t of n ickel f rom soln. of i t s sa l t s b y z inc . N . K a m e y a m a a n d 
K . T a k a h a s h i s t u d i e d t h e d i sso lu t ion of t h e m e t a l u n d e r t h e influence of a n a l t e r ­
n a t i n g c u r r e n t . PE. Moissan obse rved t h a t n ickel is v igo rous ly a t t a c k e d w h e n i t is 
m e l t e d in c o n t a c t w i t h c a l c i u m ox ide i n a i r . C. W i n k l e r o b s e r v e d t h a t t h e n ickel 
ava i l ab l e in 189O h a d a n a lka l ine r eac t ion , b u t t h a t t h e i m p u r i t y is e l i m i n a t e d 
w h e n t h e m e t a l is m e l t e d u n d e r l ime. T h e m e t a l o b t a i n e d b y r e d u c i n g t h e s u b l i m e d 
ch lor ide w i t h h y d r o g e n does n o t show a n a lka l ine r eac t i on . W . J a n d e r a n d 
H . Senf s t u d i e d t h e a c t i o n of nickel on f errous ox ide . B . H a c k s p i l l a n d H . J . P i n c k 
found t h a t nickel d i sp laces t h e a lka l i m e t a l f rom a lka l i su lph ides , a n d h y d r o x i d e s . 
B . G a r r e found t h a t t h e r eac t i on b e t w e e n nickel a n d copper ox ide evo lves 1434 cals . 
H . v o n W a r t e n b e r g a n d W . G u r r s t u d i e d t h e a c t i o n on z i rcon ia . 

A. J . H a l e a n d H . S. F o s t e r o b s e r v e d t h a t a 0-22V-soln. of s o d i u m chlor ide does 
n o t a t t a c k nickel a p p r e c i a b l y in 28 d a y s ; a n d D . F . M c F a r l a n d a n d O. E . H a r d e r , 
t h a t n ickel is n o t a t t a c k e d b y 2V--NaCl. R . K r u l l a ' s o b s e r v a t i o n s a r e s u m m a r i z e d 
in F ig . 88 . L . D a v i e s a n d L . W r i g h t , C. G. F i n k a n d C. M. Decro ly , G. R . W h i t e , 
a n d H . S. R a w d o n a n d W . A. T u c k e r d i scussed t h e cor ros ion of n ickel b y soln. of 
s o d i u m chlor ide . Accord ing t o C. A. P e t e r s , w h e n a soln. of s o d i u m ch lo r ide is 
left over m e r c u r y w i t h a n icke l wi re c o n n e c t i n g b o t h l iqu ids , c rys t a l l i ne 
n icke lous h y d r o x i d e a n d s o d i u m h y d r o x i d e a r e s lowly fo rmed . A . C o p p a d o r o 
showed t h a t w h e n a soln. of p o t a s s i u m chlor ide is u s e d a s a n e l ec t ro ly t e 
w i t h nickel e l ec t rodes a n d a n a l t e r n a t i n g c u r r e n t , t h e c u r r e n t y ie ld of d i sso lved 
n icke l does n o t exceed 10 p e r c e n t . ; h y d r o g e n u n a c c o m p a n i e d b y ch lor ine is 
evo lved ; n ickel h y d r o x i d e is p r e c i p i t a t e d ; a n d t h e e l ec t rodes a c q u i r e a t h i n , 
b l ack film of f ine ly-divided n icke l . T h e a d d i t i o n of p o t a s s i u m h y d r o x i d e t o t h e 
ch lor ide lowers t h e y ie ld cons ide r ab ly ; a n d a n i nc r ea se in t h e c u r r e n t d e n s i t y 
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t h e n cause s a f u r t h e r d i m i n u t i o n of t h e y ie ld . T h e n icke l , i ndeed , a s s u m e s t h e 
pas s ive s t a t e w h i c h i t p r e s e n t s i n a lka l ine soln. u s ing a d i r ec t c u r r e n t . R . L o r e n z 
f o u n d t h a t if n icke l be t h e a n o d e in a soln . of p o t a s s i u m chlor ide , a n d t h e c a t h o d e 
be c o p p e r su lph ide , n icke l su lph ide is fo rmed . J . T . T r a v i s , a n d A. J . H a l e a n d 
H . S. F o s t e r o b s e r v e d t h a t w i t h n o r m a l soln. of c a l c i u m chlor ide , a n d of m a g n e s i u m 
chlor ide , r e spec t ive ly , 0-05 a n d O 0 8 g r m . p e r sq. d m . a r e d issolved in 7 d a y s w h e n 
t h e so ln . a r e r e n e w e d da i ly , a n d , r espec t ive ly , 0-10 a n d 0-05 g r m . p e r sq . d m . in 
28 d a y s w h e n t h e soln. a r e n o t r e n e w e d . W . G u e r t l e r a n d T. L i e p u s f o u n d t h a t a 
soln. of m a g n e s i u m ch lo r ide a t t a c k s n ickel in t h e course of 8 d a y s . E . M a a s s a n d 
W . W e i d e r h o l t e x a m i n e d t h e a c t i o n of d r y s a l t s — m a g n e s i u m chlor ide , c an i a l l i t e , 
Hartsalz (KCLNaCLMgSO 4 ) , p o t a s s i u m chlor ide , s o d i u m chlor ide , a n d m a g n e s i u m 
s u l p h a t e — a n d f o u n d t h a t t h e s e v e r i t y of t h e a t t a c k decreases in t h i s o rde r ; 
R . Miiller a n d co -worker s , t h e a c t i o n of m o l t e n m a g n e s i u m fluoride ; a n d 
J . T . T r a v i s , c a l c i u m a n d m a g n e s i u m chlor ides a s well a s z i n c chloride . R . K r u l l a ' s 
o b s e r v a t i o n s on t h e a c t i o n of soln. of z i n c ch lor ide a r e s u m m a r i z e d in F ig . 88 . 
G. R . W h i t e s t u d i e d t h e e lec t ro ly t ic cor ros ion of n icke l a s a n o d e in soln. of s o d i u m 
s u l p h a t e ; a n d A. C o p p a d o r o o b s e r v e d t h a t if p o t a s s i u m su lphate be t h e e lec t ro ly te 
w i t h nickel e lec t rodes , a n d a n a l t e r n a t i n g c u r r e n t , some nickel is d issolved, a n d 
s o m e n icke l h y d r o x i d e is fo rmed . A. J.. H a l e a n d H . S. F o s t e r found t h a t w i t h a 
n o r m a l soln. of s o d i u m c a r b o n a t e n o n icke l w a s d i sso lved af te r 28 days 1 e x p o s u r e . 
H . N . H u n t z i c k e r a n d L . K a h l e n b e r g o b s e r v e d t h a t n o m e t a l is depos i t ed b y clean 
nickel from soln. of copper, mercuric, and silver salts, but the two former arc 
r e d u c e d t o t h e c u p r o u s , a n d m e r c u r o u s s t a t e s , r e spec t ive ly . Nicke l is n o r m a l l y 
in t h e pas s ive s t a t e . A c t i v a t e d n icke l will r educe p o t a s s i u m p e r m a n g a n a t e , 
ferric ch lo r ide , n i t r i c ac id , e t c . ; a n d i t c a n be m a d e t o d i sp lace coba l t , i ron , a n d 
e v e n n ickel f rom soln. of t h e i r sa l t s . G-. Kr i i s s a n d F . W . S c h m i d t obse rved t h a t 
n icke l p r e c i p i t a t e s gold f rom a soln. of go ld chlor ide , b u t n o t q u a n t i t a t i v e l y , owing 
t o a r eve r sa l of t h e r eac t i on , b u t C. W i n k l e r p o i n t e d o u t t h a t if t h e n ickel be free 
f rom a lka l i , t h e gold is p r e c i p i t a t e d q u a n t i t a t i v e l y , a n d t h e r e a re no s ide- reac t ions . 
W . G u e r t l e r a n d T . L i e p u s o b s e r v e d t h a t a soln. of m e r c u r i c chlor ide (1 : 5(30) is 
n o t s t a b l e in c o n t a c t w i t h n icke l . O. F . H u n z i k e r a n d co-workers s t u d i e d t h e effect 
of va r ious sa l t soln. on n ickel ; a n d M. R a b i n o w i t s c h a n d A. S. F o k i n , t h e a d s o r p t i o n 
of r a d i u m - F . R . G. v a n N a m e a n d D . U. Hi l l s t u d i e d t h e r a t e of d isso lu t ion of 
n icke l in acidified soln. of ferric a l u m , a n d of ferric chlor ide obse rved b y J . N a p i e r 
— a n d also in soln. of c h r o m i c ac id . T. H e y m a n n a n d K . J e l l i nek s tud ied t h e 
a c t i o n of n ickel on coba l t sa l t s : C o + N i " ' ^ N i - J - C o " " . G. T a m m a n n s t u d i e d t h e 
inf luence of co ld -work on t h e me ta l l i c p r ec ip i t a t i on f rom soln. of sa l t s . W . J a n d e r 
a n d co -worke r s s t u d i e d t h e a c t i o n on n i c k e l su lphide . 

Some reactions of analytical interest.—Soln. of nickel salts of the strong acids 
give n o p r e c i p i t a t e w i t h h y d r o g e n su lph ide i n t h e p resence of free acid, b u t in t h e 
a b s e n c e of free acid, a sma l l p r o p o r t i o n of t h e c o n t a i n e d nickel m a y be p r e c i p i t a t e d 
a s s u l p h i d e ; sa l t s of t h e w e a k e r ac ids—e .g . , t h e a c e t a t e , f o r m a t e , or monoch lo ro -
a c e t a t e — a r e m o r e r ead i ly p r e c i p i t a t e d u n d e r s imi lar cond i t ions a n d in t h e absence 
of free ac id , t h e g r e a t e r p a r t of t h e n icke l m a y be p r e c i p i t a t e d b y t h e p ro longed 
ac t ion of h y d r o g e n su lph ide ; a n d if free ac ids a r e a b s e n t a n d if sufficient s o d i u m 
a c e t a t e be p r e s e n t , a n d if t h e soln. be w a r m , all t h e n iekel m a y be p r e c i p i t a t e d . 
T h e r eac t i on w a s s t u d i e d by H . B a u b i g n y , 1 0 A. Terre i l , P . J . R o b i q u e t , LI. R o s e , 
O. R . F r e s e n i u s , a n d H . W . F . W a c k e n r o d e r — v i d e infra, n icke l su lph ide . H y d r o g e n 
s u l p h i d e in a lka l ine soln. , or a m m o n i u m su lphide i n n e u t r a l soln. , p r e c i p i t a t e s 
t h e n icke l as su lph ide . F . J a c k s o n sa id t h a t t h e r e a c t i o n is sens i t ive t o 1 
in 64 ,000. T h e n icke l su lph ide is e i t h e r soluble i n o r p e p t i z e d b y a n excess of 
a m m o n i u m su lph ide a n d p a r t i c u l a r l y so in t h e p resence of a m m o n i a , forming a 
b r o w n soln . T h e n ickel c a n be s e p a r a t e d f rom t h e b r o w n soln. b y acidif icat ion 
w i t h ace t i c ac id a n d boi l ing ; a m m o n i u m sa l t s a lso p r e c i p i t a t e t h e su lph ide f rom 
t h e b r o w n soln . I n d e e d , in t h e p resence of a n excess of a m m o n i u m sa l t s , colourless 
a m m o n i u m s u l p h i d e does n o t d issolve t h e nickel su lph ide . T h e sub jec t was 
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discussed b y A. Lecrenier , R . P o p p e r , A. Thie l a n d H . OhI, a n d A. Vill iers. N icke l 
su lph ide so o b t a i n e d is spa r ing ly soluble in di l . m i n e r a l ac ids , b u t is r ead i ly d i s ­
solved b y cone, n i t r i c acid, or a q u a regia , w i t h t h e s e p a r a t i o n of s u l p h u r . 
A m m o n i a c a l soln. of n ickel sa l t s g ive a p r e c i p i t a t e of n ickel su lph ide w h e n t r e a t e d 
w i t h a m m o n i u m th ioace ta te ; a n d O. W . Gibbs obse rved t h a t acidic soln. g ive n o 
p r ec ip i t a t e -with s o d i u m th iosu lphate , b u t w i t h n e u t r a l soln. n ickel is p a r t i a l l y 
p r ec ip i t a t ed as su lph ide w h e n t h e soln. is boi led for a long t i m e . C. D . B r a u n 
found t h a t a m m o n i a c a l soln. of n ickel sa l t s g ive a b rownish - red , or if d i l u t e , a 
yel lowish-red co lora t ion i n t h e p resence of p o t a s s i u m th iocarbonate , K 2 C S 3 . 
T h e reac t ion was s t u d i e d b y T . L . P h i p s o n , E . D . Campbe l l a n d W . H . A n d r e w s , 
T. R o s e n b l a d t , a n d G. Papasog l i . H . O. J o n e s a n d H . S. T a s k e r o b s e r v e d t h a t 
p o t a s s i u m d i th io -oxa la te g ives a m a g e n t a - r e d w i t h soln. of nickel sa l t s , a n d t h e 
r eac t ion is sens i t ive t o 1 p a r t of m e t a l in 8,000,0OO p a r t s of soln. P . B e r t h i e r 
obse rved t h a t soln. of p o t a s s i u m sulphi te , n o t a m m o n i u m su lph i t e , g ives a p rec ip i ­
t a t e of a bas ic sa l t w h e n boi led w i t h a n icke l sa l t . R . B o t t i n g e r s t u d i e d t h e a c t i o n 
of t h e a m m o n i u m sal t . O. R r u n c k o b t a i n e d a p r e c i p i t a t e of nickel su lph ide b y 
a d d i n g s o d i u m hyposu lph i te t o n e u t r a l , a m m o n i a c a l , or ace t ic acid soln. of n icke l 
sa l t s , b u t n o t t o soln. acidified w i th m i n e r a l ac ids . A . Mar t i n i u sed caesium ch lor ide 
and sodium selenite to produce crystals of caesium nickel selenite, Cs2[Ni(Se03)2], 
for microscopic t e s t s . 

A q u e o u s a m m o n i a p r ec ip i t a t e s a g reen basic sa l t f rom soln. of n ickel sa l t s free 
f rom a m m o n i u m sa l t s . T h e p r e c i p i t a t e fo rms a b lue soln. w i t h aq . a m m o n i a owing 
t o t h e fo rma t ion of a c o m p l e x sa l t . I f a m m o n i u m sa l t s be p r e s e n t n o p r e c i p i t a t i o n 
occurs because of t h e f o r m a t i o n of a soluble c o m p l e x sa l t . F . J a c k s o n sa id t h a t t h e 
r eac t ion is sens i t ive t o 1 in 4000. J . C. R o l d a n found h y d r o x y l a m i n e g ives 
p rec ip i t a t e s ana logous t o t h o s e o b t a i n e d w i t h a m m o n i a . Soln . of n ickel sa l t s 
furnish a n apple -green p r e c i p i t a t e of n icke lous h y d r o x i d e w i t h soln. of a lka l i 
h y d r o x i d e — t h e p r e c i p i t a t e is insoluble in a n excess of t h e a lkal i - lye , b u t is r ead i ly 
dissolved b y ac ids . F . J a c k s o n sa id t h e r eac t ion is sens i t ive t o 1 in 16,000. T h e 
s a m e h y d r o x i d e is p r e c i p i t a t e d if t h e soln. be boi led in air , or-—unlike coba l t s a l t s — 
if the soln. contains hydrogen dioxide, iodine, or alcohol, but if bromine water, 
sodium hypochlorite, potassium ferricyanide, or a persulphate be present, black 
nickel ic h y d r o x i d e is p r e c i p i t a t e d . These r eac t ions were s t u d i e d b y J . v o n Liebig , 
E . D . Campbe l l a n d P . F . T rowbr idge , a n d O. P o p p . S. R . B e n e d i c t obse rved t h a t 
p o t a s s i u m p e r i o d a t e gives a p r e c i p i t a t e w i t h n ickel sa l t s . Soln. of a lka l i carbonates 
were shown b y O. W . Gibbs t o give app le -g reen p r e c i p i t a t e s of n ickel c a r b o n a t e . 
F . J a c k s o n sa id t h a t t h e r eac t i on is sens i t ive t o 1 i n 16,000. S imi la r ly "with 
a m m o n i u m carbonate , b u t he r e t h e p r e c i p i t a t e is so luble in excess owing t o t h e 
fo rma t ion of a soluble c o m p l e x sa l t . A cold soln. of a n icke l sa l t g ives n o p r e c i p i t a t e 
w i t h bar ium carbonate , b u t all t h e n icke l is p r e c i p i t a t e d a s bas ic c a r b o n a t e w h e n 
t h e soln. is boi led. T h e r eac t i on w a s d i scussed b y H . D e m a r c a y , J . N . v o n F u c h s , 
a n d H . R o s e . 

A b r i g h t green p r e c i p i t a t e of n icke l c y a n i d e is f o rmed w i t h nickel sa l t s on t h e 
a d d i t i o n of p o t a s s i u m c y a n i d e ; t h e p r e c i p i t a t e is r ead i ly soluble in a n excess of 
t h i s r e a g e n t owing t o t h e f o r m a t i o n of a soluble c o m p l e x sa l t , K 2 N i C y 4 . F . J a c k s o n 
sa id t h a t t h e reac t ion is sens i t ive t o 1 i n 2000. T h e c o m p l e x sa l t is r ead i ly d e c o m ­
posed b y dil . m i n e r a l ac ids w i t h t h e depos i t ion of n icke lous c y a n i d e , a n d t h e 
evo lu t i on of h y d r o g e n c y a n i d e . T h e c o m p l e x sa l t , u n l i k e t h e co r r e spond ing sa l t s 
of m a n g a n e s e a n d zinc, is n o t d e c o m p o s e d b y a m m o n i u m su lph ide , b u t i t is r ead i ly 
d e c o m p o s e d b y chlor ine , b r o m i n e , a n d hypoch lo r i t e s . Consequen t l y , if t h e soln . 
of t h e c o m p l e x sa l t be t r e a t e d w i t h ch lor ine or b r o m i n e , b l a c k nickel ic h y d r o x i d e 
is p r e c i p i t a t e d . A g reen i sh -whi te p r e c i p i t a t e is p r o d u c e d w h e n p o t a s s i u m ferro-
c y a n i d e is a d d e d t o a soln. of a n ickel s a l t ; a n d t h e p r e c i p i t a t e d n ickel f e r rocyan ide 
is spa r ing ly soluble in h y d r o c h l o r i c ac id ; ye l lowish -b rown n icke l fe r r i cyan ide is 
p r e c i p i t a t e d b y p o t a s s i u m ferr icyanide , b u t i n t h e p re sence of a l a rge excess of 
a m m o n i a , a m m o n i u m chlor ide , or t a r t a r i c acid, a c lear b rownish-ye l low soln. is 
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p r o d u c e d . T h e s e r e a c t i o n s were d iscussed b y F . W . Clarke , A . H . Allen, 
R . H . D a v i e s , P . E . B r o w n i n g a n d J . B . H a r t w e l l , a n d D . Vi ta l i . P . B . S a r k a r a n d 
B . K . D a t t a - R a y r e c o m m e n d e d hydraz ine t h i o c y a n a t e a s a p r e c i p i t a n t . A. Caval l i 
o b t a i n e d a p r e c i p i t a t e in a m m o n i a c a l soln. w i t h s o d i u m ni tropruss ide . 

DiI . soln . of n icke l s a l t s g ive n o p r e c i p i t a t e w i t h p o t a s s i u m nitr i te , b u t di l . 
soln. of c o b a l t sa l t s fu rn ish a p r e c i p i t a t e . Cone . soln. of n ickel s a l t s g ive a b r o w n i s h -
r ed p r e c i p i t a t e of r v 4 Ni (N0 2 ) e—v id e coba l t . T h e r e a c t i o n was s t u d i e d b y 
O. L . E r d m a n n , a n d C. R e i c h a r d . P . B e r t h i e r obse rved t h a t a soln. of s o d i u m 
p h o s p h a t e p r e c i p i t a t e s app le -g reen n ickel p h o s p h a t e soluble in ac ids . O b s e r v a t i o n s 
on t h e s u b j e c t were m a d e b y M. S. C h e n e y a n d E . H . S. R i c h a r d s , P Di rve l l , a n d 
J . C la rk . H . D i t z , E . A . S c h m i d t , L . L a f a y , a n d H . Wei l r e p o r t e d t h a t soln. of 
p o t a s s i u m Chromate a c t s lowly on n e u t r a l soln. of n icke l sa l t s in t h e cold, a n d 
r a p i d l y w h e n h e a t e d , fo rming a c h o c o l a t e - b r o w n p r e c i p i t a t e of basic c h r o m a t e , 
soluble in ac ids a n d in a q . a m m o n i a . A p r e c i p i t a t e is f o r m e d "with 0-000028 g r m . 
of n icke l . M. E . P o z z i - E s c o t o b s e r v e d t h a t in n e u t r a l or feebly acid soln. of n ickel 
sa l t s , a s a t . soln. of a m m o n i u m m o l y b d a t e g ives a g reen i sh -whi te p r e c i p i t a t e 
w h e n w a r m e d t o 70° . O. B r u n c k ' s r e a c t i o n w i t h a - d i m e t h y l g l y o x i m e h a s been 
d i scussed in c o n n e c t i o n w i t h c o b a l t ; a n d s imi l a r ly w i t h M. I l i n sky a n d 
G. v o n K n o r r e ' s r e a c t i o n w i t h ct-nitroso /3 n a p h t h o l ; w i t h H . G r o s s m a n n a n d 
W . H e i l b o r n s r e a c t i o n w i t h d i c y a n o d i a m i d i n e s u l p h a t e ; w i t h K . W . Char i t schkofFs 
r e a c t i o n w i t h n a p h t h e n i c ac id ; a n d w i t h G. M a l a t e s t a a n d E . d i N o l a ' s r e ac t i on 
with 1 : 2-diaminoanthraquinone-3-sulphonic acid. F . W. Atack recommended 
a n a lcohol ic soln. of a b e n z i l d i o x i m e , c o n t a i n i n g a l i t t l e a m m o n i a , as a de l ica te 
r e a g e n t for t h e d e t e c t i o n of n icke l w i t h wh ich i t forms a red p r e c i p i t a t e ; 
B . A. Soule found fusi l-cx-dioxime m o s t sens i t ive of al l . J . T .̂ C. Sch rode r v a n 
d e r K o I k o b s e r v e d t h a t an i l ine fo rms c h a r a c t e r i s t i c mic roc rys t a l s in t h e p resence 
of n icke l s a l t s ; a n d P . R a y o b s e r v e d cha rac t e r i s t i c c r y s t a l s w i t h dithio-OXamide. 

T h e a d d i t i o n of oxa l i c ac id t o soln. of n icke l sa l t s s lowly p r e c i p i t a t e s n e a r l y all 
t h e n icke l a s a g r een i sh -wh i t e , p u l v e r u l e n t o x a l a t e ; a n e u t r a l soln. of p o t a s s i u m 
o x a l a t e g ives a s imi l a r p r e c i p i t a t e wh ich dissolves in a n excess of t h e r e a g e n t . 
T h e boi l ing soln. g ives a q u a n t i t a t i v e p r e c i p i t a t e w h e n t r e a t e d wi th oxal ic ac id . 
T h e r e a c t i o n w a s s t u d i e d b y A. L a u g i e r , O. W. G i b b s , O. H e n r y , S. R . Bened i c t , 
M. Pe r i l lon , A . CIasson, a n d G. N a s s . 

T h e meta l l i c prec ip i tat ion Of n i c k e l . E . a n d A. C. Becque re l obse rved t h a t 
copper i m m e r s e d i n a soln. of s o d i u m n icke l ch lo r ide acqu i r e s a film of n icke l . 
T. L . P h i p s o n , a n d Z. R o u s s i n sa id t h a t m a g n e s i u m p r e c i p i t a t e s n ickel as a b l ack 
p o w d e r f rom acidified soln . of i t s sa l t s , a n d h y d r o g e n is s i m u l t a n e o u s l y evo lved ; 
A. Commai l l e a d d e d t h a t n i cke lous h y d r o x i d e g r a d u a l l y s e p a r a t e s f rom n e u t r a l 
soln. of n icke l s a l t s i n t h e p resence of m a g n e s i u m . A c c o r d i n g t o A. C. Becque re l , 
p o w d e r e d z i n c p r e c i p i t a t e s n icke l a s a b l a c k p o w d e r f rom soln. of n ickel s u l p h a t e 
or ch lo r ide , a n d s o m e h y d r o g e n is s i m u l t a n e o u s l y evo lved ; a n d ana logous obser­
v a t i o n s were r e p o r t e d b y R . T u p p u t i , J . L . D a v i e s , a n d N . W . F i scher . A. M e r r y 
o b s e r v e d t h a t z inc p r e c i p i t a t e s n icke l f rom a n a m m o n i a c a l soln. of t h e s u l p h a t e . 
N . N . Beketoff sa id t h a t i ron p r e c i p i t a t e s n ickel from soln. of i t s sa l t s o n l y in t h e 
p re sence of fe r rous s u l p h a t e . 

T h e phys io log ica l a c t i o n Of n i c k e l . — G . C. Gmel in 2 1 m a d e some o b s e r v a t i o n s 
o n t h e a c t i o n of n icke l s a l t s on t h e a n i m a l o rgan i sm. Accord ing t o L . N a t h a n a n d 
co -worke r s , n ickel c h a n g e s t h e co lour of bee r -wor t , b u t h a s n o o t h e r in ju r ious 
a c t i o n ; n icke l is s l igh t ly in ju r ious t o f ru i t m u s t s ; b u t t h e pol i shed m e t a l h a s n o 
in ju r ious a c t i o n o n app le s a n d bee r -wor t . E . L u d w i g , F . Gee rkens , and W . 8 . a n d 
S. K . D z i e r g o w s k y a n d N . O. Schumof i -S ieber obse rved so l i t t l e ac t i on w h e n n icke l 
is u s e d for cook ing vessels , t h a t t h e poss ib ly in ju r ious effects a r e negl igible . 
K . B . L e h m a n obse rved t h a t t h e so lub i l i ty of n icke l u sed for cook ing vessels is so 
smal l t h a t if t h e whole of t h e food were cooked i n such vessels , t h e t o t a l a m o u n t of 
m e t a l t h a t a m a n could inges t a m o u n t e d t o 2 m g s . p e r k g r m . of b o d y - w e i g h t . Ca t s 
or dogs w h i c h h a d t a k e n q u a n t i t i e s of n ickel a m o u n t i n g t o f rom 6 t o 10 m g s . pe r 
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k g r m . for 100 t o 200 d a y s r e m a i n e d n o r m a l in life, a n d showed n o a b n o r m a l p o s t ­
m o r t e m appea rances , a l t h o u g h in t w o cases large a m o u n t s of t h e m e t a l w e r e 
s to red u p in t h e t i ssues . T h e r e is n o d a n g e r of t ox i c effects f rom t h e use of n icke l 
u tens i l s . E . E . F r e e obse rved n o t o x i c effects w i t h n icke l on t h e Pelargonium a n d 
o t h e r p l a n t s . A. R i che , M. N a k a m u r a , T . P . A n d e r s o n a n d T . P . A. S t u a r t , a n d 
E . Haselhoff observed t h e in ju r ious effects of n icke l on t h e g r o w t h of p l a n t s . 
Accord ing t o M. N a k a m u r a , n ickel s u l p h a t e h a s n o apprec i ab le effect on p e a s ; 
b u t A. N i e t h a m m e r obse rved a t o x i c a c t i o n on t h e seeds of some o t h e r p l a n t s ; 
H . K a h h o s tud ied t h e t ox i c ac t i on of nickel sa l t s on p l a n t p l a s m a ; a n d E . Manviloff 
found nickel sa l t s t o be m u c h less po i sonous w i t h mic ro -o rgan i sms t h a n i« t h e case 
w i th sa l t s of coppe r a n d of some o t h e r m e t a l s . F . Geerkens , H . Schulze , a n d 
C. R i c h e t obse rved t h a t a soln. of 0-018 g r m . of n ickel ch lor ide p e r l i t re p r e v e n t s 
t h e g r o w t h of bac t e r i a ; a n d B . I s a c h e n k o found t h a t n ickel vessels a re n o t su i t ed 
for g rowing bac te r ia—e .g . , Bacillus spermophilinus. A. C h a s s e v a n t a n d C. R i c h e t 
obse rved t h e tox ic ac t ion of n icke l on lac t ic f e r m e n t a t i o n ; a n d C Gerber , t h e 
ac t i on of nickel sa l t s on t h e coagu la t i on of mi lk b y p ro t eo ly t i c e n z y m e s . 

F . Geerkens , H . Schulze , a n d C. R i c h e t observed t h a t a soln. w i t h 0-125 g r m . of 
n ickel ch lo r ide pe r l i t re will ki l l m a r i n e fishes in 48 h r s . A. T h o m a s found t h a t 
n ickel sa l t s a re n o t t ox i c t o F u n d u l i in sea -wa te r , b u t t h e y a re e x t r e m e l y t o x i c in 
fresh w a t e r . Y . De lage n o t e d t h a t n ickel ra ises t h e a c t i v i t y of t h e p a r t h e n o g e n e t i c 
Slrongylocentroius lividus. F . Wohlwi l l sa id t h a t n ickel causes cap i l la ry hypersemia 
of t h e a l i m e n t a r y t r a c t , a n d t h e a c c o m p a n y i n g n e r v o u s s y m p t o m s m a y be d u e t o 
a d i rec t ac t ion on t h e cen t r a l n e r v o u s sy s t em. Accord ing t o R . H . C h i t t e n d e n a n d 
C. Nor r i s , n ickel a n d coba l t sa l t s h a v e tox ic p r o p e r t i e s on r a b b i t s , b u t t h e t ox i c 
ac t i on is slow, a n d requ i res la rge doses ; b o t h cause d e a t h b y s t o p p i n g t h e h e a r t , 
a n d also p r o d u c e en te r i t i s ; t h e y in ter fere w i t h t h e d iges t ive processes , a n d p r o d u c e 
pa ra lys i s of t h e ex t r emi t i e s . T h e y form in a la rge m e a s u r e insoluble c o m p o u n d s w i th 
t h e p r o t e i d s of food, a n d a re exc re t ed w i t h t h e fseces ; t h e p a r t which en t e r s t h e 
c i rcu la t ion is d i s t r i b u t e d t o all p a r t s of t h e b o d y a n d u l t i m a t e l y e l imina t ed w i t h 
t h e u r ine . T h e b o d y t e m p , is ra i sed , a n d t h e pe r iphe ra l c u t a n e o u s vessels a re con­
s t ruc t ed . T h e sp ina l co rd a n d b r a i n c o m e first in p i ck ing u p a n d s tor ing t h e m e t a l ; 
t h e m u s c u l a r t i ssues r e t a i n m o r e t h a n t h e l iver a n d k i d n e y s . T h e lungs a n d h e a r t 
also re ta in h igh p r o p o r t i o n s of t h e t w o m e t a l s . G. B e r t r a n d a n d co-workers found 
t h a t nickel a n d coba l t sa l t s h a v e a defini te effect on a n i m a l m e t a b o l i s m ; a n d 
P . Masche rpa , t h a t w h e n a d m i n i s t e r e d , o ra l ly or s u b c u t a n e o u s l y , t h e n icke l is 
ab so rbed b y t h e o rgan i sm, a n d exc re t ed p a r t l y b y t h e k i d n e y s , a n d p a r t l y by t h e 
i n t e s t i ne . W . S c h i i r m a n n a n d T. B a u m g a r t e l e x a m i n e d t h e p r e c i p i t a t i o n of r ed 
corpuscles of sheep b y nickel sa l t s ; a n d A. Siegler, t h e ac t i on of n ickel o n h u m a n 
sera . W . S a l a n t a n d co-workers found t h a t n icke l a c e t a t e p r o d u c e s a t e m p o r a r y 
depress ion followed b y r ecove ry a n d s u b s e q u e n t s t i m u l a t i o n of t h e in t e s t i ne ; a n d 
w i t h a frog's h e a r t , t h e c o n t r a c t i o n s were less f r equen t , b u t m o r e forcible. L . Massol 
a n d M. B r e t o n f o u n d t h a t t h e in jec t ion of a mi l l i g ram of n ickel s u l p h a t e in t h e 
b r a i n s of a gu inea-p ig caused d e a t h in 5 m i n u t e s . Accord ing t o J . B . V . L a b o r d e 
a n d A. R iche , nickel s u l p h a t e , in jec ted t o t h e a m o u n t of 0-5 t o 1-0 g r m . p e r k g r m . 
body-we igh t , po isons a r a b b i t or dog . F r o m 0-5 t o 3-0 g r m . p a s s e d i n t o t h e 
s t o m a c h p r o d u c e d v o m i t i n g a n d d iar rhoea , b u t i t is h a r d l y poss ible t o p r o d u c e 
d e a t h t h i s w a y . Nicke l is cons ide rab ly less a c t i v e t h a n coppe r , a n d i t s u s u a l 
a p p l i c a t i o n is e v e r y d a y life m a y be cons idered u n i n j u r i o u s . 

Accord ing t o C. d u Bois , t h e so-called nickel dermatitis, o r nickel itch, or nickel 
rash, r e su l t ing f rom exposure t o t h e v a p o u r s a r i s ing f rom h o t n i cke l -p la t ing b a t h s 
occurs w i t h 95 pe r cen t , of t h e pe r sons e m p l o y e d , a n d t h e i t c h passes i n t o a c u t e 
d e r m a t i t i s d iscussed b y F . M. R . B u l m e r a n d E . A. Mackenz ie , a n d K . R . D r i n k e r 
a n d co-workers . T h e a t t a c k is r a r e w h e n t h e p l a t i n g is d o n e in t h e cold. P e r s o n s 
w h o s w e a t eas i ly a r e m o s t suscep t ib le t o t h e a t t a c k . A first a t t a c k does n o t 
p r o d u c e i m m u n i t y , b u t r a t h e r p r o d u c e s suscep t ib i l i ty t o a t t a c k . L a n o l i n on t h e 
sk in is a p r e v e n t a t i v e . H . W . A r m i t s t u d i e d t h e t o x i c ac t i on of nickel c a r b o n y l . 
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S o m e u s e s Of n i c k e l . — N i c k e l is ex tens ive ly e m p l o y e d in t h e m a n u f a c t u r e of 
v a r i o u s a l loys w i t h special p roper t ies—e .g . , mone l m e t a l , i n v a r , G e r m a n silver, 
n ickel s teel , h e a t res i s t ing a l loys , pe rma l loy , e tc .—vide infra, t h e c o m p o u n d s of 
nickel wi th v a r i o u s metals.*•2 Nicke l coins a re c u r r e n t in a few c o u n t r i e s — G e r m a n y , 
F r a n c e , I t a l y , Swi t ze r l and , Mexico , e t c . ; a n d n icke l -copper a l loys (q.v.) f o rm t h e 
bulk of t h e n ickel co inage of t h e wor ld . 1 3 Nicke l is e m p l o y e d i n t h e m a n u f a c t u r e 
of r e s i s t ance wires ; in t h e m a n u f a c t u r e of l a b o r a t o r y vessels t o res is t ox ida t i on , 
a n d a lkal i - lyes 1 4 —v ide supra, chemica l p rope r t i e s ; a n d in t h e m a n u f a c t u r e 
of cook ing u t e n s i l s . 1 5 Nickel is e m p l o y e d in c o m p o u n d i n g some hea t - r e s i s t i ng 
a l loys ; wire for s p a r k i n g p lugs , gauze for a t m o s p h e r i c b u r n e r s of t h e M e k e r t y p e , 
one of t h e e l e m e n t s of t h e so-cal led b a s e - m e t a l p y r o m e t e r s for r o u g h i n d u s t r i a l 
work , t h e c o n s t r u c t i o n of e lec t rodes in some wireless va lves , e t c . T h e use of n ickel 
in hea t - r e s i s t i ng a n d cor ros ion-res i s t ing a l loys w a s discussed b y R . J . M c K a y , 1 6 

e tc . T h e use of n ickel for t h e m a n u f a c t u r e of mi r ro r s h a s been sugges ted b y K. von 
AubeJ , 1 7 a n d b y H . S t e i n a c h for " facing ' ' cliche. E n g r a v e d copper p la te s , used 
in p r e p a r i n g p r i n t s for p o t t e r y deco ra t ion , a r e r egu la r ly faced w i t h nickel , or i ron, 
so t h a t t h e y a rc n o t so r a p i d l y w o r n as in t h e case of softer copper . Nickel is also 
e x t e n s i v e l y e m p l o y e d in e l ec t rop la t ing v a r i o u s m e t a l s — e g - , i ron, a l u m i n i u m , a n d 
b r a s s — m o r e read i ly co r roded t h a n is t h e case w i t h nickel vide supra. T h e nickel 
a c c u m u l a t o r of E . J . J u n g n e r , 1 8 a n d T. A. E d i s o n h a s been p rev ious ly discussed. 
Nicke l oxide; is e m p l o y e d in t i n t i n g colours for glazes a n d glasses. T h e p a r t i c u l a r 
t i n t fu rn i shed b y nickel ox ide a lone , d e p e n d s on t h e compos i t ion of t h e g laze . 1 9 

T h u s zinc ferrous glazes furn ish a pa le b lue ; magnes i an glazes, a ye l lowish-green ; 
z inc l e a d glazes, a d a r k green ; b a r i u m glazes, a choco la te b r o w n ; lead glazes, a 
m e d i u m b rown ; a n d a lka l ine glazes, a l igh t b r o w n colour . 

R K F K B E N C B S . 

1 V . L o m b a r d , Journ. Chim. Fhys., 2 5 . 5 8 7 , 1 0 2 8 ; Rev. Met., 2 6 . 5 1 9 , 1 9 2 9 ; A. X i e v e r t s 
a n d K . B c r g n e r . Ber., 4 5 . 2 5 7 0 , 1 9 1 2 ; J . C. S t i m n o n , Froc May. Nor. , 144 . A . 3<)7, 1 9 8 4 ; 
F . F i s c h e r a n d G. l l i o v i c i , ib., 4 1 . 3 8 0 2 , 4 4 4 9 , 1 9 0 8 ; F . F i s c h e r a n d F . N e b r o t e r , ib., 4 3 . 1442 , 
1 4 5 4 , 1 9 1 0 ; F . JSchro te r , Ueber die Klektrische Versldubing der McUiUe in flilssigen Argon and 

fliissigen Slickstoff, B e r l i n , 1 9 0 9 ; F . F i s c h e r a n d O . H i i h n e l , Ze.it. Flektrochem.,' 14 . 3 6 0 , 4 8 3 , 
1 9 0 8 ; V. K o h l s c h u t t e r , ib., 1 5 . 3 1 6 , 1 9 0 9 ; L . R . I n g e r s o l l a n d J . 1). H a n a w a l t , Nature, 119 . 
2 3 4 , 1 9 2 7 ; Fhys. Itev., ( 2 ) , 3 4 . 9 7 2 , 1 9 2 9 ; W . F r a n k e n b u r g e r , K . M a y r h o f e r a n d K. S c h w a m -
b e r g e r , Ze.it. Flektrochem., 3 7 . 4 7 3 , 1931 ; J . M . J a c k s o n , 7Vor. Cambridge. Phil. Sac., 2 8 . 136 , 
J 9 3 2 ; O . I . F i n c h a n d .1 . C. S t i m s o n , P r o c . Itoy. Soc, 1 2 0 . A , 2 3 5 , 1 9 2 8 ; F . H u p p , Jahrb. 
Forschungs A.K.G., 2 . 2 7 7 , 193O. 

a K . 8 . A b l o z o v a a n d S. Z . R o g i n s k y , Compt. liend. Acad. U.K.S.S., 1. 4 9 0 , 1 9 3 5 ; 
J . J . A c k w o r t h a n d H . E . A r m s t r o n g , Journ. Chem. Sac, 3 2 . 8 2 , 1 8 7 7 ; 1). AIekscefT a n d 
L . S a v i n i a , Journ. Ituss. Fhys. Chern. Soc, 5 6 . 5 6 0 , 1 9 2 4 ; W . B a u k l o h a n d 11. K a y s e r , Zeit. 
Melallkunde, 2 6 . 156 , 1 9 3 4 ; G. P . B a x t e r , Amer. C hem. Journ., 2 2 , 2 5 1 , 19OO ; R . A . Bee bo a n d 
H . S. T a y l o r , Journ. Amer. Chern. Sac, 4 6 . 4 3 , 1924 ; M. B e l l a t i a n d &?. L u s a m i a , AtIi 1st. Veneto, 
6. 1 5 6 7 , 1 8 8 6 ; A . F . B e n t o n , Trans. Faraday Soc, 2 8 . 2 0 2 , 1 9 3 2 ; A . F . B e n t o n a n d 
P . H . E m m e t t , Journ. Amer. Chern. Soc, 4 8 . 632," 1926 ; A . F . B e n t o n a n d T . A . W h i t e , ib., 5 2 . 
2 3 2 5 , 1 9 3 0 ; 5 3 . 2 8 0 7 , 1931 ; E . B c r g n e r , Iosungen von Gasen in Metalle.n und Iegierungen, 
L e i p z i g , 1911 ; R . B o t t g e r , IHngler's Journ., 2 0 1 . 8 0 , 1871 ; FoIyI-. NotizbL, 2 6 . 156 , 1871 ; 
K . F . B o n h o e f f e r a n d A . F a r k a s , Trans. Faraday Soc, 2 8 . 2 4 2 , 561, 1931 ; G. B o r o l i u s , Metall-
urirtschaft, 8 . 1 0 5 , 1 9 2 9 ; Ann. Fhysik, ( 4 ) , 8 3 . 1 2 1 , 1927 ; G . B o r e l i u s a n d S. B i n d b l o m , ib., ( 4 ) , 
8 2 . 2 0 1 , 1 9 2 7 ; Teken. Tids., 5 6 . 4 1 , 1 9 2 6 ; F . P . B o w d o n a n d F . K . R i d e a l , Froc Boy. Soc, 1 2 0 . 
A , 5 9 , 8 0 , 1 9 2 8 ; H . B u s c h , Ann. Fhysik, ( 4 ) , 6 4 . 4 0 1 , 1921 ; H . C. H . C a r p e n t e r , B.A. Ke1)., 
6 6 7 , 1 9 0 6 ; Collected Researches, Nat. Fhys. Lab., 3 . 2 5 9 , 1 9 0 8 ; A . C o o h n a n d K . S p e r l i n g , Zeit. 
Fhysik, 8 3 . 2 9 1 , 1 9 3 3 ; IT. G . I t e m i n g a r id B . G. H e n d r i c k s , Journ. Amer. Chern. Soc, 4 5 . 2 8 5 7 , 
1 9 2 3 ; W . A . JJ>ew a n d H . S. T a y l o r , Journ. Fhys. Chern., 3 1 . 2 7 7 , 1927 ; P . H . E m m e t t a n d 
R . W . H a r k n e s s , Journ. A.mer. Chern. Soc, 5 7 . 1 6 2 5 , 1 9 3 5 ; KL. F a j a n s , Zeit. phys. Chern., 2 8 . 
B , 2 3 9 , 2 5 2 , 1 9 3 5 ; A . F a r k a s , Zeit. phys. Chern,., 14 . B , 3 7 1 , 1931 ; G. T. F i n c h a n d J . O. S t i m s o n , 
Froc Itoy. Soc, 12IQ. A , 2 3 5 , 1 9 2 8 ; C. G. F i n k , H . G U r e y a n d T>. B . B a k e , Journ. Chern. Fhys., 
2 . 1 0 5 , 1 9 3 4 ; M . F i n k a n d XJ. H o f m a n n , Zeit. anorg. Chern., 2 1 0 . 100 , 1 9 3 3 ; B . F o r e s t i , Oazz. 
Chint. Ital., 5 3 . 4 8 7 , 1 9 2 3 ; 5 5 . 1 8 5 , 1 9 2 5 ; 5 9 . 2 4 3 , 1929 ; W . F r a n k e n b u r g e r , K . M a y r h o f e r 
a n d E . S c h w a m b e r g e r , Zeit. Flektrochem., 3 7 . 4 7 3 , 1 9 3 1 ; T . F r a n z i n i , Foritificia Acad. Noi-i-
dyncaei, 5 , 1931 ; C F , F r y l i n g , Journ. Fhys. Chern., 3 0 . 8 1 8 , 1 9 2 6 ; A . W . G a u g o r , The Influence 
of Temperature, Pressure, and Supporting Material for the Catalyst on the Absorption of Oases 
by Nickel, P r i n c e t o n , 1922 ; A . W . G a u g e r a n d H . S. T a y l o r , Journ. Amer. Chern. Soc, 4 5 -

Ze.it
Ze.it


166 INORGANIC AND THEORETICAL. CHEMISTRY 

92O, 1 9 2 3 ; A . G. G a y d o n a n d R . W . B . P e a r s e , Nature, 1 3 4 . 2 8 7 , 1 9 3 4 ; G . A . G r i n b e r g , 
Zhur. Eksper. Teoret. Tiziki, 1 . 2 4 5 , 1 9 3 1 ; L . G u i l l e t a n d J . C o u r n o t , Genie Civil, 9 8 . 4 0 2 , 
1931 ; G. H a g g , Zeit. phys. Ghem., 1 2 . R , 3 3 , 1 9 3 1 ; J . H a g e n a c k e r , Ueber die Losung von 
Oasen in Metallen, W o i d a i. T h . , 1 9 0 9 ; W . R . H a m , Phys. Rev., ( 2 ) , 4 3 . 7 4 1 , 1 9 3 3 ; Journ. 
Chem. Phys., 1. 4 7 6 , 1 9 3 3 ; J . IX H a n a u l t a n d L . B . I n g e r s o l l , Nature, 1 1 9 . 2 3 4 , 1 9 2 7 ; 
L . L . HasHe a n d B . S c h e n c k , Arch. Eisenhilttenwesen, 6 . 2 0 9 , 1 9 3 2 ; W . H a s s e n b r u c h , Zeit. 
Metalltewn.de, 2 1 . 4 6 , 1 9 2 9 ; W . H e m p e l a n d H . T h i e l e , Zeit. anorg. Chem., 1 1 . 7 3 , 1 8 9 6 ; 
B . G H e n d r i c k s a n d R . R . R a l s t o n , Journ. Amer. Chem. Soc, 5 1 . 3 2 7 8 , 1 9 2 9 ; W . H e s s e n b r u c h , 
Zeit. Metallkunde, 2 1 . 4 6 , 1 9 2 9 ; J. H o r u i c h i a n d M . P o l a n y i , Trans. Faraday Soc., 3 0 . 1 1 6 4 , 
1934 ; G . F . H i i t t i g , Zeit. angetv. Chem., 3 9 . 6 7 , 1 9 2 6 ; H . N . H u n t z i c k e r a n d L . K a h l e n b e r g , 
Trans. Amer. Electrochem,. Soc, 6 3 . 3 4 9 , 1 9 3 3 ; S. l i j i m a , Science Papers Inst. Phys. Chem. 
Research Tokyo, 2 2 . 2 8 5 , 1 9 3 3 ; 2 3 . 3 4 , 1 6 4 , 1 9 3 3 ; 2 4 . 4 8 1 , 1 9 3 4 ; 2 6 . 4 5 , 1 9 3 5 ; E . G . I n s l e y , 
Journ. Phys. Chem,., 3 9 . 6 2 3 , 1 9 3 5 ; W . I p a t e e f f , Journ. prakt. Chem., (2 ) , 7 7 . 5 1 3 , 1 9 0 8 ; 
Journ. Russ. Phys. Chem. Soc, 4 0 . 1, 1 9 0 8 ; A . J a n i t z k y , Zeit. Physik, 3 1 . 2 7 7 , 1 9 2 5 ; A . K o m p e r , 
Zeit. phys. Chem., 1 6 9 . 2 7 5 , 1 9 3 4 ; J . A . K e n d a l l , Chem. News, 4 9 . 4 9 , 1 8 8 4 ; Proc Roy. Soc, 
36 . 208*, 1 8 8 4 ; G. B . K i s t i a k o w s k y , Journ. Chim. Phys., 3 0 . 1 3 5 6 , 1 9 2 6 ; R . K l a r , Zeit. 
phys. Chem., 1 6 8 . 2 1 5 , 1 9 3 4 ; Naturwiss., 2 2 . 8 2 2 , 1 9 3 4 ; Zeit. Elektrochem., 4 1 . 4 5 7 , 1 9 3 5 ; 
N." KobosefT a n d N . I . N e b r a s s o i T , Zeit. Elektrochem., 36 . 5 2 9 , 1 9 3 0 ; M . K o s s o d o , Einige 
Versuche uber das Verhalten von Nickelhydrid NiHn, B e r l i n , 1 9 2 9 ; W . A . L a z i e r a n d 
H . A d k i n s , Journ. Phys. Chem., 3 0 . 3 5 3 , 1 9 2 6 ; F . C. L e a , Proc. Roy. Soc, 1 2 3 . A , 1 7 1 , 
1 9 2 9 ; O. I . L e y p u n s k y , Acta. Physicochemica, 2 . 7 3 7 , 1 9 3 5 ; V. L o m b a r d , Compt. Rend., 
177 . 116 , 1923 \ 1 8 2 . 4 6 3 , 1 9 2 6 ; 1 8 4 . 1 3 2 7 , 1557 , 1 9 2 7 ; Rev. Met., 26 . 3 4 3 , 1 9 2 9 ; 
Journ. Chim. Phys., 2 5 . 5 8 7 , 1 9 2 8 ; J . M a s l a k o v e t z , Zhur. Tekn. Tiziki, 1. 4 1 0 , 1931 ; 
K. B . M a x t e d a n d N . J. H a s s i d , Trans. Faraday Soc, 2 8 . 2 5 3 , 1 9 3 2 ; Journ. Chem. Soc, 1 5 3 2 , 
1932 ; M . M a y e r a n d V . A l t m a y e r , Ber., 4 1 . 3 0 6 2 , 1 9 0 8 ; W . H . M e l v i l l e , Journ. Chem. Soc, 
7 9 7 , 1934 ; G Y M e n g , P . A . A n d e r s o n a n d Y. M . H s i c h , Journ. Chinese Chem. Soc, 3 . 1 0 3 , 
1 9 3 5 ; P . I ) . M e r i e a a n d R . G. W a l t e n b e r g , Scient. Paper Pur. Standards, 2 8 1 , 1 9 2 5 ; G . N e u m a n n 
a n d F . S t r e i n t z , Wicd. Ann.. 4 6 . 4 3 1 , 1 8 9 2 ; Monatsh., 1 2 . 6 5 7 , 1891 ; Zeit. anal. Chem., 3 2 . 7 2 , 
1 8 9 3 ; N . I. N i k i t i n , Zeit. anorg. Chem., 1 5 4 . 1 3 0 , 1 9 2 6 ; Journ. Russ. Phys. Chem. Soc, 5 8 . 1 0 8 1 , 
1926 ; N . I . N i k i t i n a n d V . I . S h a r k o f f , ib., 5 8 . 1 0 9 5 , 1 9 2 6 ; H . N i s h i m u r a , Suiokai Shi, 6 . 
5 0 3 , 6()5, 6 9 1 , 193 L ; «T. E . N y r o p , Journ. Phys. Chem., 3 9 . 6 4 3 , 1 9 3 5 ; L . S. O r n s t e i i i a n d 
A . A . K r u i t h o f , Zeit. Physik, 7 7 . 2 8 7 , 1 9 3 2 ; J . P a c e a n d H . S. T a y l o r , Journ. Chem. Phys., 
2 . 5 7 8 , 1 9 3 4 ; S. W . P t i t z y n a n d L . M . F i n k , Zhur. Eksper. Teoret. Tiziki, 1. 2 5 1 , 1 9 3 1 ; 
F . M. R a o u l t , Compt. Rend., 6 9 . 8 2 6 , 1 8 6 9 ; W . R o m m l e r , Ueber dem Wasserstoffgehalt des Elek-
trolytnickels, D r e s d e n , 1 9 0 8 ; S. Z . R o g i n s k y , Acta Physicrtrum, 1. 4 7 3 , 1 9 3 4 ; W . R o h n , Zeit. 
Metallkunde, 2 1 . 12 , 1 9 2 9 ; E . R u p p , Zeit. Elektrochem., 3 5 . 5 8 6 , 1 9 2 9 ; H . M . R y d e r , Elect-
Journ., 17 . 1 6 1 , 1 9 2 0 ; H . O. v o n S a m s o n - H i m m e l s t j e r n c , Zeit. anorg. Chem., 1 8 6 . 3 3 7 , 1 9 3 0 ; 
W . S c h l e n c k a n d T . W o i c h s e l f e l d e r , Ber., 5 6 . B , 2 2 3 0 , 1 9 2 3 ; O. S c h m i d t , Zeit. phys. Chem., 
1 6 5 . 2 0 9 , 1 9 3 3 ; .1 . S c h n e i d e r , Zur Kenntnis der Abhdngigkeit der Absorjitionsgeschunndigkeit 
d*>s W asserstoffes durch Palladium, Eisen und Nickel von der Kristallitenorientierung, G o t t i n g o n , 
1928 ; A . A . S h u k h o v i t s k y , Acta Physicorum U.R.S.S., 1 . 9 0 1 , 1 9 3 4 : A . S i e v e r t s , Internat. Zeit. 
Meiallog., 3 . 3 7 , 1911 ; Zeit. Metallkunde, 2 1 . 4 3 , 1 9 2 9 ; Zeit. phys. Chem,., 6 0 . 1 7 0 , 1 9 0 7 ; 7 7 . 
5 9 1 , 1911 ; A . S i e v e r t s a n d J . H a g e n a c k e r , Ber., 4 2 . 3 3 8 , 1 9 0 9 ; A . S i e v e r t s a n d W . K r u m b h a a r , 
ib., 4 3 . 8 9 3 , 1 9 1 0 ; T . S k u t t a , Zeit. Physik, 6 5 . 3 8 5 , 1 9 3 0 ; G. J . S m i t h e l l s , Metal Ind., 3 8 . 
2 6 1 , 2 6 8 , 1931 ; C. J . S m i t h e l l s a n d G. E . R a n s l e y , Nature, 1 3 4 . 8 1 4 , 1 9 3 4 ; Proc Roy. Soc, 
1 5 0 . A , 1 7 2 , 1 9 3 5 ; I . J . S m i t t e n b e r g , Rec Trav. Chim. Pays-Bas, 5 2 . 1 1 2 , 3 3 9 , 193*3; 5 3 . 
1 0 6 5 , 1 9 3 4 ; Nature, 1 3 3 . 8 7 2 , 1 9 3 4 ; E . W . R . S t e a c i e , Journ. Phys. Chem., 3 5 . 2 1 1 2 , 
1931 ; J . C. S t i m s o n , Proc Roy. Soc, 1 4 4 . A , 3 0 7 , 1 9 3 4 ; G. T a m m a n n , Zeit. anorg. Chem., 
1 7 2 . 4 3 , 1 9 2 8 ; 2 2 4 . 2 5 , 1 9 3 5 ; *Zeit. Elektrochem., 3 5 . 2 1 , 1 9 2 9 ; G. T a m m a n n a n d J . S c h n e i d e r , 
Zeit. anorg. Chem., 1 7 2 . 4 3 , 1 9 2 8 ; H . S. T a y l o r , Journ. Amer. Chem. Soc, 45 . 9 2 0 , 1 9 2 3 ; 5 3 . 
5 7 8 , 1931 ; H . S. T a y l o r a n d R . M . B u r n s , ib., 4 3 . 1 2 7 3 , 1921 ; H . S . T a y l o r a n d A . S h e r m a n , 
Trans. Faraday Soc, 2 8 . 2 4 7 r 1 9 3 2 ; J . W . T e r w e n , Chem. Weekbl., 2 1 . 3 8 6 , 1 9 2 4 ; B . T h i e d e , 
Ueber die Hydride der Metalle Nickel, Cobalt, Eisen, Chrom, B e r l i n , 1 9 2 6 ; M . V . T o l y a k o f f , 
Journ. Russ. Phys. Chem. Soc, 5 9 . 8 4 7 , 1 9 2 7 ; L . T r o o s t a n d P . H a u t e f e u i l l e , Compt. Rend., 
8 0 . 7 8 8 , 1 8 7 5 ; A . V i l l a o h o n a n d G . G h a u d r o n , ib., 1 8 9 . 3 2 4 , 1 9 2 9 ; Chim. Ind., 2 5 1 , 1 9 3 0 ; 
T . A Veich self e l d e r a n d M. K o s s o d o , Ber., 6 2 . B , 7 6 9 , 1 9 2 9 ; T . W e i chse l f o l d e r a n d B . T h i e d e , 
L,iebi<fs Ann., 4 4 7 . 6 4 , 1926 ; H . T . W e n s e l a n d W . F . R o e s e r , Journ. Research Bur. Standards, 
5. 1 3 0 0 , 1 3 0 9 , 1 9 3 0 ; T . A . W h i t e a n d A . F . B e n t o n , Journ. Phys. Chem., 8 5 . 1 7 8 4 , 1 9 3 1 ; 
J . H . W o l f e n d e n , Proc Roy. Soc, 1 1 0 . A , 4 6 4 , 1 9 2 6 . 

3 N . V . Ageeff, Trans. Russ. Inst. Metals, 7 . 6 1 , 1 9 3 0 ; U. S. S. R. Science Tech. Depl., 3 5 4 , 
1 9 3 0 ; A . F . B e n t o n a n d P . H . E m m e t t , Journ. Amer. Chem. Soc, 4 8 . 6 3 2 , 1 9 2 6 ; J . J . B e r z e l i u s , 
Schufeigger's Journ., 32- 156 , 1821 ; S. S. B h a t n a g a r a n d S. L . B h a t t a , Journ. Chim. Phys., 2 3 . 
5 1 5 , 1 9 2 6 ; B . B o g i t c h , Compt. Rend., 1 8 5 . 1 4 8 7 , 1927 ; W . A . B o n e a n d R . V . W h e e l e r , Phil. 
Trans., 2 0 6 , A , 1, 1906 ; H . P . C a d y a n d W . E . W h i t e , Journ. Phys. Chem., 87 . 8 2 3 , 1 9 3 3 ; 
M . C e n t n e r s z w e r a n d H . Z y s k o w i c z , Zeit. anorg. Chem.., 2 0 6 . 2 5 2 , 1 9 3 2 ; G. G h a u d r o n , Ann. 
Chim. Phys., ( 9 ) , 16 . 2 4 2 , 1921 ; F . H . C o n s t a b l e , Nature, 1 2 0 . . 7 6 9 , 1 9 2 7 ; Proc Roy. Soc, 1 1 7 . 
A , 3 7 6 , 1928 ; M. C o o k , Chem. Age, 1 3 . S u p p l . , 9 , 1 9 2 5 ; J . I . G r a b t r e e a n d G . E . M a t t h e w s , 
Brit. Journ. Photo., 7 0 . 3 6 6 , 3 8 5 , 1 9 2 3 ; H . S t . C. D e v i l l e , Ann. Chim. Phys., ( 3 ) , 4 6 . 1 8 2 , 1 8 5 6 ; 
W . D i t t m a r , Chem. Netvs, 5 0 . 3 , 1 8 8 4 ; Journ. Soc Chem. Ind., 3 . 3 0 3 , 1 8 8 4 ; R . P . !Donne l ly , 
Journ. Chem. Soc, 2 4 3 8 , 1 9 2 9 ; W . L . D u d l e y , Journ. Amer. Chem. Soc, 18 . 9 0 1 , 1 8 9 6 ; 

Metalltewn.de


NICKEL. 167 

U . H . E v a n s , Trans. Faraday Sm;., 19 . 2 0 1 , 1 9 2 3 ; KoIl. Zeit., 6 9 . 1 2 9 , 1 9 3 4 ; IT. R . E v a n s a n d 
J . S t o c k d a l e , Journ. Chem. Soc, 2 6 5 1 , 1929 ; J . L . E v e r h a r t , Chem. Met. Engg., 3 9 . 8 8 , 1 9 3 2 : 
G . I . F i n c h a n d J . C. S t i m s o n , Prac. Roy. Soc, 1 2 0 . A , 2 3 5 , 1 9 2 8 ; M . F i n k a n d TJ. H o f m a n n , 
Arch. Eisenhilttenwesen, 6 . 1 6 1 , 1 9 3 2 ; Zeit. anorg. Chem., 2 1 0 . IOC), 1 9 3 3 ; H . O . F o r r e s t , 
B . E . R o e t h e l i a n d R . H . B r o w n , Journ. Ind. Eng. Chem., 2 2 . 1 1 9 7 , 1 9 3 0 ; 2 3 . 3 5 0 , 1 9 3 1 ; 
H . J . F r e n c h , Chem. Trade Jo-urn., 7 9 . 4 6 9 , 1 9 2 6 ; Trans. Amer. Electrochem. Soc, 5 0 . 4 7 , 1 9 2 6 ; 
J . A . N . F r i e n d , Journ. Inst. Metals, 8 9 . I l l , 1 9 2 8 ; Metall., 9 8 . 9 , 1 9 2 8 ; Wasser 
Abtvasser, 2 5 . 4 1 , 1 9 2 8 ; Canada Iron Steel, 1 1 . 1 0 2 , 1 9 2 8 ; Metal Ind., 3 2 . 4 4 9 , 
5 2 2 , 1 9 2 8 ; VV. G u e r t l e r a n d T . L i e p u s , Zeit. Metallkunde, 17 . 3 1 0 , 1 9 2 5 ; M . G u i c h a r d , 
Bull. Soc. CMm., ( 4 ) , 3 3 . 6 4 7 , 1 9 2 2 ; A . .T. H a l e a n d H . S . F o s t e r , Journ. Soc Chem. 
Ind., 3 4 . 4 6 4 , 1 9 1 5 ; .T. A . H e d v a l l , R . H e d i n a n d O . P e r s a o n , Zeit. phys. Chem., 2 7 . 
B , 1 9 6 , 1 9 3 4 ; L . l ' H o t e , Ann. Chim. Anal. Appl., 10 . 2 5 3 , 1 9 0 5 ; J . G H u d s o n , 
Trans. Faraday Soc, 2 5 . 1 7 7 , 1 9 2 9 ; Journ. Inst. Metals, 4 4 . 4 0 9 , 1 9 3 0 ; 5 6 . 5 3 7 , 1 9 3 5 ; 
Journ. Soc. Chem. Ind., 5 2 . 6 2 , T , 1 9 3 3 ; D . R . H u g h e s a n d R . C. B e v a n , Froc Roy. Soc, 
1 1 7 . A , 1 0 1 , 1 9 2 7 ; T . I h m o r i , Wied. Ann., 3 1 . 1 0 0 6 , 1 8 8 7 ; W . l p a t e c f f , Journ. prakt. Chem., ( 2 ) , 
7 7 . 5 1 3 , 1 9 0 8 ; Journ. Russ. Fhys. Chem. Soc, 4 0 . 1, 1 9 0 8 ; R . I r m a n n , Metall Krz, 1 2 . 3 5 8 , 
1915 ; J . J a h n , Ueber die Einwirkung von Oasen auf Metalle und Metallegierungen, W o i d a i . 
T h . , 1 9 1 2 ; W . P . J o r i s s e n , Compt. Rend. Internal. Fharm. Congress, 1 1 . i i , 6 9 6 , 1 9 1 3 ; Engg., 
9 8 . 5 1 2 , 1 9 1 4 ; Chem. News, 1 1 1 . 56, 6 7 , 7 8 , 1 0 2 , 1 9 1 5 ; G. J u n g , Zeit. phys. Chem., 1 1 9 . 1*11 ; 
1 9 2 6 ; L . K a h l o n b e r g , Journ. Amer. Chem. Soc, 5 6 . 2 2 1 8 , 1 9 3 4 ; O. K e l b e r , Ber., 4 9 . 5 5 , 1916 ; 
5 4 . 1 7 0 1 , 1921 ; A . v o n K i s s a n d F . E . E e d e r e r , Rec. Trav. Chim. Fays-Has, 46 . 4 5 3 , 1927 ; 
W . K o H t o r , Zeit. Metallkunde, 2 1 . 1 9 , 1 9 2 9 ; W . K r i n g s , Zeit. Metallkunde 2 6 . 2 4 7 , 1 9 3 4 ; 
G . K r o g e r , Zeit. anorg. Chem., 1 9 4 . 7 3 , 1 9 3 0 ; R . K r u l l a , Chem. Ztg., 5 4 . 4 2 9 , 193O ; 
R . K r z i z a n , Zeit. offent. Chem., 1 3 . 1 0 3 , 1 9 0 7 ; A . T . ! . . a r son a n d F . E . S m i t h , Journ.. 
Amer. Chetn. Soc, 4 7 . 3 4 6 , 1 9 2 5 ; D . F . M c F a r l a n d a n d O . E . H a r d e r , Hull. EtUj. 
Univ. Illinois, 9 3 , 1 9 1 6 ; R . J. M c K a y , Journ. Ind. Eng. Chem., 2 1 . 1 2 8 3 , 1929 ; 
G . M a g n u s , Fogg. Ann., 3 . 3 1 , 1 8 2 5 ; Quart. Journ. Science, 2 2 . 2 0 1 , 1 8 2 7 ; Ann. Chim. Fhys., 
( 2 ) , 3 0 . 1 0 3 , 1 8 2 5 ; W . M a n c h o t , Ber., 4 2 . 3 9 4 2 , 1 9 0 9 ; G. M a s i n g a n d L,. K o c h , Win. Veroff. 
Siemens•-Konzern, 5 . 1 7 0 , 1 9 2 6 ; Zeit. Metallkunde, 1 9 . 2 7 9 , 1 9 2 7 ; W . H . M e l v i l l e , Journ. Chem,. 
Soc, 7 9 7 , 1 9 3 4 ; W . M e r c k e n s , Ann. Fhysik, ( 4 ) , 16 . 6 6 7 , 1 9 0 5 ; Zeit. angew. Chem., 1 8 . 4 8 9 , 
1 9 0 5 ; P . D . M e r i c a a n d R . G . W a l t e n b e r g , Tech. Faper Bur. Standards, 2 8 1 , 1 9 2 5 ; Nickel and 
its Alloys, W a s h i n g t o n , 1 9 2 4 ; A . M e r m e t , Chem. News, 4 8 . 100 , 1 8 8 3 ; A . R . M i r o a n d 
N . G . M o r a l e s , Anal. Fis. Quim., 3 1 . 1 0 3 , 1 9 3 3 ; W . M . M i t c h e l l , Journ. Ind. Eng. Chem., 1 9 . 
1 2 5 3 , 1 9 2 7 ; H . M o i s s a n , Ann. Chim. Fhys., ( 5 ) , 2 1 . 2 4 2 , 1 8 8 0 ; H . M o o r e a n d E . A . G . L i d d i a r d , 
Journ. Soc Chem,. Ind. Chem.. Ind., 5 4 . 7 8 7 , 1 9 3 5 ; E . N e u m a n n , Gas Wasserfach, 7 6 . 1 4 6 , 
1 9 3 3 ; P . OberhofTer , Zeit. Ver. deut. Ing., 7 1 . 1 5 6 9 , 1 9 2 7 ; T . O k a m o t o , Japan Nickel. 
Information Bur., 1 9 , 1 9 3 4 ; N . B . P i l l i n g a n d R . E . B e d w o r t h , Journ. Inst. Metals, 2 9 . 5 2 9 , 
1 9 2 3 ; Chem. Trade Journ., 7 2 . 3 1 7 , 1 9 2 3 ; Metal Ind., 2 2 . 5 6 0 , 5 8 6 , 6 1 9 , 1 9 2 3 ; Chem. Met. 
Engg., 27 . 7 2 , 1922 ; M . Po l j ako f f , Nalurwiss., 1 5 . 5 3 9 , 1 9 2 7 ; A . M . P o r t e v i n , Rec Met., 2 4 . 
6 9 7 , 1 9 2 7 ; G . I ) . P r e s t o n , Fhil. Mag., ( 7 ) , 17 . 4 6 6 , 1 9 3 4 ; A . Q u a r t a r o l i , Gazz. Chim.. Hal., 
5 3 . i i , 4 5 3 , 1 9 2 3 ; H . V . R e g n a u l t , Ann. Chim. Fhys., ( 2 ) , 6 2 . 3 5 2 , 1 8 3 6 ; H . R e m y , Zeit. 
anorg. Chem., 157 . 3 2 9 , 1 9 2 6 ; F . R e n a u d , Aciers SpSciaux, 9 . 3 8 7 , 1 9 3 4 ; J. B . R i c h t e r , Fhil. 
Mag., 1 9 . 5 1 , 1 8 0 4 ; 3 3 . 1 3 7 , 1 8 0 5 ; Gehletfs Journ. Chem., 2 . 6 1 , 1 8 0 4 ; Nicholson's Journ., 
1 2 . 7 5 , 2 6 1 , 1 8 0 5 ; Ann. Chim. Fhys., ( I ) , 5 3 . 1 6 4 , 1 8 0 5 ; ( I ) , 5 4 . 3 0 2 , 1 8 0 5 ; W . v a n R i j n , 
Chem. Weekbl., 5 . 1, 1 9 0 8 ; S. R o b s o n a n d P . S. L e w i s , Journ. Soc. Chetn. Ind.—Chem. Ind., 5 4 . 
6 0 5 , 1 9 3 5 ; E . R u p p , Zeit. Elektrochem., 3 5 . 5 8 6 , 1 9 2 9 ; W . W . R u s s e l l a n d O. C. B a c o n , Journ. 
Amer. Chem.. Soc, 5 4 . 5 4 , 1 9 3 2 ; W . W . R u s s e l l a n d L . G. G h e r i n g , ib., 5 5 . 4 4 6 8 , 1 9 3 3 ; 
C. S a n d o n n i n i , Gazz. Chim. JUxI., 5 3 . i i , 4 5 3 , 1 9 2 3 ; R . S a x o n , Chem. Neivs, 1 3 2 . 2 9 6 , 3 1 0 , 1926 ; 
R . S c h e n c k a n d H . W e s s o l d o n k , Zeit. anorg. Chem., 1 8 4 . 3 9 , 1 9 2 9 ; C. F . S c h o n b e i n , Journ. 
prakt. Chem., ( 1 ) , 9 3 . 3 5 , 1 8 6 4 ; A . S k a p s k y a n d J . D a b r o w s k y , Zeit. Elektrochem., 3 8 . 3 6 5 , 
1 9 3 2 ; F . E . S m i t h , Journ. Fhys. Chem., 3 2 . 7 1 9 , 1 9 2 8 ; J . C. S t i m s o n , Froc Roy. Soc, 1 4 4 . A , 
3 0 7 , 1 9 3 4 ; G. T a m m a n n , Rec. Trav. Chim. Fays-Bas, 4 2 . 5 4 7 , 1 9 2 3 ; G. T a m m a n n a n d 
K . B o c h o w , Zeit. anorg. Chem., 1 6 9 . 4 2 , 1 9 2 8 ; G . T a m m a n n a n d W . B o e h m e , Ann. I*hysik, 
( 5 ) , 2 2 . 7 7 , 1 9 3 5 ; Zeit. anorg. Chem., 2 1 7 . 2 2 5 , 1 9 3 4 ; G. T a m m a n n a n d W . K o s t e r , ib., 1 2 3 . 
1 9 6 , 1 9 2 2 ; G. T a m m a n n a n d C . F . M a r a i s , ib., 1 3 5 . 1 2 7 , 1 9 2 4 ; G . T a m m a n n a n d N . I . N i k i t i n , 
ib., 1 3 5 . 2 0 1 , 1 9 2 4 ; G . T a m m a n n a n d E . S c h r o d e r , ib., 1 2 8 . 1 7 9 , 1 9 2 3 ; G. T a m m a n n a n d 
G. S i e b e l , ib., 1 5 2 . 1 4 9 , 1 9 2 6 ; L . T h o m p s o n , Newton's Journ., ( 2 ) , 17 . 6 5 , 1 8 6 3 ; CJtem.. News, 
7 . 1 8 4 , 1 8 6 3 ; F . T h o r e n , Zeit. anorg. Chem., 1 6 8 . 3 6 7 , 1 9 2 7 ; 1 6 5 . 1 7 1 , 1 9 2 7 ; C. T>. T o u r l e , 
Ann. Chim. Fhys., ( 1 ) , 7 1 . 1 0 3 , 1 8 0 9 ; Gehlen's Journ. Chetn., 7 . 4 4 2 , 1 8 0 9 ; Nicholson's 
Journ., 2 6 . 9 9 , 1 8 1 0 ; M . T r a u b e - M o n g a r i n i a n d A . S c a l a , KoIl. Zeit., 1 0 . 1 1 3 , 1 9 1 2 ; 
R . T u p p u t i , Ann. Chim. Fhys., ( 1 ) , 7 8 . 1 3 3 , 1 9 1 1 ; ( 1 ) , 7 9 . 1 5 3 , 1811 ; Y . U t i d a a n d M. S a i t o , 
Science Rep. Tohoku Univ., 1 3 . 3 9 1 , 1 9 2 5 ; W . V e n a t o r , Dingler's Journ., 2 6 1 . 1 3 3 , 1 8 8 6 ; 
W . H . J . V e r n o n , Bull. Brit. Non-ferrous Metals Research Assoc, 2 1 , 1 9 2 7 ; Trans. Faraday 
Soc, 1 9 . 8 8 0 , 1 9 2 3 ; Journ. Inst. Metals, 4 8 . 1 2 1 , 1 9 3 2 ; 4 9 . 1 5 3 , 1 9 3 2 ; T . W a l l a c e a n d 
A . F l e c k , Journ. Chem. Soc, 1 1 9 . 1 8 4 7 , 1921 ; W . G. W h i t m a n a n d R . P . R u s s e l l , Journ. Ind. 
Eng. Chem., 17 . 3 4 8 , 1 9 2 5 ; N . M . Z a r u b i n , Zavodskaya Lab., 2 . 2 9 , 1 9 3 3 . 

4 L . V . P i s a r z h e v s k y , Comm. Science U.R.S.S., 2 4 . 2 5 1 , 1 9 2 8 ; H . .T. P r i n s , Froc Akad. 
Amsterdam, 2 3 . 1 4 4 9 , 1 9 2 2 ; H . R o s e , Fogg. Ann., 2 0 . 156 , 183O ; G . N . Q u a m , Food Ind., 2 . 
3 6 6 , 1 9 3 0 ; A . B a b i n s k y , Rocz. Chem., 1 2 . 5 3 6 , 1 9 3 2 ; J. B . B e r t h e m o t , Ann. Chim. Fhys., ( 2 ) , 
4 4 . 3 8 9 , 1 8 3 0 ; Journ. Pharm. Chim., ( 2 ) , 1 6 . 6 5 5 , 1 8 3 0 ; K . A . H o f m a n n , F . H a r t m a n n a n d 



168 JNOKGANIC AND T H E O R E T I C A L CHEMlSTKY 

K . N a g e l , Ber., 5 8 . 8 0 8 , 1 9 2 5 ; H . E . F i e r z - D a v i d , Naturwiss., 17 . 1 3 , 1 9 2 8 ; O. L.. E r d m a n n , 
Journ. prakt. Ghent., ( 1 ) , 7 . 2 5 4 , 1 8 3 6 ; C. W i l l g e r o d t , ib., ( 2 ) , 3 1 . 5 3 9 , 1 8 8 5 ; M . A . R o z e n b e r g 
a n d V. A . Y u z a , Ber. Ukrain. Inst. Phys. Chem., 2 . 3 6 , 1 9 2 9 ; A . J . H a l e a n d H . S . F o s t e r , 
Journ. Soc Chem. Jnd., 3 4 . 4 6 4 , 1 9 1 5 ; A . H . W h i t e , ib., 2 2 . 1 3 2 , 1 9 0 3 ; W . G u e r t l e r a n d 
T . L i e p u s , ZeM. Metallkunde, 17 . 31O, 1 9 2 5 ; W . R o h n , ib., 18 . 3 8 7 , 1 9 2 6 ; Chem. Met. Engg., 
3 4 . 4 1 6 , 1927 ; O. F . H u n z i k e r , W . A . C o r d e s a n d B . H . N i s s e n , Journ. Dairy Science, 1 2 . 2 5 2 , 
1 9 2 9 ; G. T a m m a n n , Nachr. Gott., 2 2 5 , 1 9 1 9 ; A . R o h d e , Arch. Hyg., 9 . 3 3 1 , 1 8 8 9 ; U . R . E v a n s , 
7'rans. Faraday Soc, 19 . 2 0 1 , 1 9 2 3 ; L . l ' I T 6 t e , Ann. Chirn. Anal. Appl., 1 0 . 2 5 3 , 1 9 0 5 ; 
S. S. B h a t n a g a r a n d S. L . B h a t t a , Journ. Chim. Phys., 2 3 . 5 1 5 , 1 9 2 6 ; IX F . M c F a r l a n d a n d 
O . E . H a r d e r , Bull. Eng. Univ. Illinois, 9 3 , 1 9 1 6 ; G. G u t , Bull. Soc. Chim., ( 4 ) , 3 6 . 5 3 0 , 7 2 9 , 
1924 ; W . S. H e n d r i x s o n , Journ. Amer. Chem. Soc., 2 6 . 7 4 7 , 1 9 0 4 ,- P . S c h u t z e n b e r g e r , Compt. 
Bend., 1 1 3 . 177 , 1891 ; O. T i s s i e r , ib., 5 0 . 1 0 6 , 1 8 6 0 ; B . B o g i t c h , ib., 1 8 5 . 1 4 6 7 , 1 9 2 7 ; E . S a I -
knwflky , Chem. Ztg., 4 0 . 4 4 8 , 1916 ; B-. K r u l l a , ib., 5 4 . 4 2 9 , 1 9 3 0 ; A . S k a p s k y a n d J . D a b r o w s k y , 
ZeU. Elektrochem., 3 8 . 3 6 5 , 1 9 3 2 ; R . T u p p u t i , Ann. Chim. Phys., ( 1 ) , 7 8 . 1 3 3 , 1 8 1 1 ; ( 1 ) , 7 9 . 
1 5 3 . 1811 ; A . ( b p p a d o r o , (?azz. Chim. JIaL, 3 6 . i i , 6 9 3 , 1 9 0 6 ; R . I r m a n n , Metall Erz, 1 2 . 3 5 8 , 
1 9 1 5 ; B . G. v a n N a m e a n d G. E d g a r , Amer. Journ. Science, ( 4 ) , 2 9 . 2 3 7 , 191O ; R . G. v a n N a m e 
a n d B . S. B o s w o r t h , ib., ( 4 ) , 3 2 . 2 0 7 , 1911 ; R . G . v a n N a m e a n d D . TJ. H i l l , ib., ( 4 ) , 3 6 . 5 4 3 , 
1 9 1 3 ; W . P . J o r i s s o n , Engg., 9 8 . 5 1 2 , 1 9 1 3 ; Chem. News, 1 1 1 . 7 9 , 1 9 1 5 ; B . S e t l i k , Bev. Chim. 
Jnd., 9. 3 1 1 , 1 8 9 9 ; P . IX M e r i c a , Chem. Met. Engg., 2 4 . 1 9 7 , 1 9 2 1 ; H . L . OHn a n d R . E . W i l k i n , 
ib., 2 6 . 6 9 4 , 1922 ; H . S. R a w d o n a n d M . G-. L o r o n t z , ib., 25 . 9 5 5 , 1 9 2 1 ; R . .). M c K a y , ib., 2 8 . 
6 8 6 , 1 9 2 3 ; Journ. Jnd. Eng. Chem., 15 . 5 5 5 , 1 9 2 3 ; H . F . W h i t t a k e r , Chem. Met. Engg., 3 1 . 7 5 , 
1 9 2 4 ; Trans. Amer. Inst. Chem. Eng., 1 5 . i , 1 5 3 , 1 9 2 3 ; Corrosion of Nickel, W a s h i n g t o n , 1 9 2 4 ; 
M . H a n s e n , Speisewas,serpflage, 1 3 9 , 1 9 2 5 ; T . K . R o s e a n d J . H . W a t s o n , Journ. Inst. Metals, 
8 2 . 2 7 7 , 1924 ; W . H . J . V e r n o n , Trans. Faraday Soc, 19 . 8 8 0 , 1 9 2 3 ; Bull. Brit. Non-Ferrous 
Metals Research Assoc, 2 1 , 1927 ; Journ. Inst. Metals, 4 8 . 1 2 1 , 1 9 3 2 ; 4 9 . 1 5 3 , 1 9 3 2 ; 1». J u n i u s , 
Uebr.r die Einurirkung von Chlorivasserstoff und Ammoniumchloride. auf Mdalle, B e r l i n , 1 9 2 7 ; 
W . G u e r t l e r a n d B . B l n m e i i t h a l , Zeit. phys. Chem., ±52. 1 9 7 , 1 9 3 0 ; B . B l u m e n t h a l , Zur Kenntnis 
der Aufiosungsgcschivindigkeit von Metallen in Sduren, L e i p z i g , 1931 ; H . M o i s s a n , Compt. 
Bend., 129 . 7 9 9 , 1 8 9 9 ; R . H a n s l i a n , Molekulargewichtsbestimmungen in gefrierendem und 
siedendem Jod, W e i d a a. T h . , 1 9 1 0 ; W . M . M i t c h e l l , Journ. Ind. Eng. Chem., 1 9 . 1 2 5 3 , 1 9 2 7 ; 
F . A . R o h r m a n , Chem. Met. Engg., 4 0 . 6 4 6 , 1 9 3 3 ; C. L . H i p p e n s t o e l , Trans. Amer. Soc. Testing 
Materials, 34 . i i , 2 3 6 , 1 9 3 4 . 

6 T. E . A d a d u r o f f a n d K . T. B r o d o v i t s c h , Ukraine Chem. Journ., 4 . 1 2 3 , 1 2 9 , 1 9 2 9 ; 
R . H . A d i e , Proc. Chem,. Soc, 15 . 1 3 2 , 1 8 9 9 ; Chem. News, 7 9 . 2 6 1 , 1 8 9 9 ; O. B a c h m a n r i a n d 
W . R o s t e r , Mitt. Eidgenoss Schweiz. Polyt. Zurich, 2 2 . 3 , 1 9 2 7 ; A . B a u d r i m o n t , Compt. Bend., 
6 4 . 3 6 8 , 1867 ; M . B e r t h e l o t , Ann. Chim.'Phys., ( 7 ) , 1 4 . 176 , 1 8 9 8 ; E . B e u t o l a n d A . K u t z o l n i g g , 
^«»7. Elektrochem., 3 6 . 5 2 3 , 193O ; B . B o g i t c h , Compt. Bend., 1 7 8 . 8 5 5 , 1 9 2 4 ; 1 8 5 . 1 4 6 1 , 1 9 2 7 ; 
Bev. Mel., 2 1 . 6 8 2 , 1 9 2 4 ; E . V . B r i t z k e a n d A . F . K a p u s t i n s k y , Zeit. anorg. Chem., 2 1 3 . 7 1 , 
1 9 3 3 ; G. J . B u r c h a n d J. W . H o d g s o n , Proc. Chem. Soc, 1 0 . 8 4 , 1 8 9 4 ; M . C o o k , Chem. Age, 
1 3 . S u p p . 9 , 1 9 2 5 ; A . C o p p n d o r o , Gazz. Chim. Hal., 3 6 . i i , 6 9 3 , 1 9 0 6 ; J . I . C r a b t r e o a n d 
G. E . M a t t h e w s . Journ. Ind. Eng. Chem,., 1 5 . 6 6 6 , 1 9 2 3 ; B . H a v i s a n d B . W r i g h t , Journ. Inst. 
Metals, 4 3 . 2 4 7 , 1 9 3 0 ; N . H o m a n i t s k y , Journ. Buss. Phys. Chem. Soc, 4 8 . 1 7 2 4 , 1 9 1 7 ; 
U . B . E v a n s , Trans. Faraday Soc, 1 9 . 2 0 1 , 1 9 2 3 ; E . V . E v a n s a n d H . S t a n i e r , Proc Boy. Soc, 
105 . A , 6 2 6 , 1924 ; O. F a b r e , ' C o m p t . Bend., 1 0 5 . 2 7 6 , 1 8 8 7 ; H . F e i g e l , Verlutlten von Schwermetall 
Vestindungen gegen Polysulfide und Ghlorschwefel, E r l a n g e n , 1 9 0 5 ; C. G . F i n k a n d 
C. M. B e c r o l y , Trans. Amer. Electrochem. Soc, 5 6 . 2 3 9 , 1 9 2 9 ; R . F i n k , Ber., 2 0 . 2 1 0 6 , 
1887 ; F . A . J . F i t z g e r a l d a n d G . C. M o y e r , Trans Amer. Electrochem. Soc, 3 8 . 
3 0 1 , 1 9 2 0 ; T . F l e i t m a n n , Ber., 1 2 . 4 5 4 , 1 8 7 9 ; German Pat., JD. R.P. 7 5 6 9 , 1 8 7 8 ; 
2 8 4 6 0 , 1884 ; H . F o n z e s - H i a c o n , Compt. Bend., 1 3 1 . 5 5 7 , 1 9 0 0 ; M . J . F o r d o s a n d 
A , Ge l i s , Journ. Pharm. Chim., ( 3 ) , 4 . 3 3 3 , 1 8 4 3 ; O . B . J . F r a z e r , Trans. Amer. Electrochem. 
Soc, 5 6 . 2 7 5 , 1929 ; O. B . J . F r a z e r , T>. E . A c k e r m a n a n d J . W . S a n d s , Journ. Ind. Eng. Chem., 
1 9 . 3 3 2 , 1927 ; P . B . G a n g u l y a n d B . C. B a n e r j i , Zeit. anorg. Chem., 1 2 4 . 14O, 1 9 2 2 ; A . G a u t i e r 
a n d L . H a l l o p e a u , Compt. Bend., 1 0 8 . 1 1 1 1 , 1 8 8 9 ; C G e i t n e r , Ueber das Verhalten des Schwefels 
und der schweftingen Sdure, G o t t i n g e n , 1 8 6 3 ; Liebig*s Ann., 1 2 9 . 3 5 4 , 1 8 6 4 ; H . G r u b e r , IIeraeus'' 
Festschrift, 4 5 , 1 9 3 0 ; Zeit. Metallkunde, 2 3 . 1 5 1 , 1 9 3 1 ; W . G u e r t l e r , Metall Erz, 2 2 . 1 9 9 , 1 9 2 5 ; 
W . G u e r t l e r a n d T . L i e p u s , Zeit. Metallkunde, 17 . 3 1 0 , 1 9 2 5 ; A . J . H a l e a n d H . S. F o s t e r , 
Journ. Soc Chim. Ind., 3 4 . 4 6 4 , 1 9 1 5 ; E . H . H a r v e y , Chem. Met. Engg., 3 5 . 6 8 4 , 1 9 2 8 ; 
E . B . H u t c h i n s , Journ. Amer. Chem. Soc, 27. 1 1 5 7 , 1 9 0 5 ; R . I r m a n n , Metall Erz, 1 2 . 3 5 8 , 
1 9 1 5 ; 14 . 2 1 , 37 , 1 9 1 7 ; N . A . Isgarischoflf a n d S. A . S c h a p i r o , Zeit. phys. Chem., 1 4 0 . 2 2 3 , 
1 9 2 9 ; Journ. Buss. Phys. Chem. Soc, 6 2 . 2 3 7 , 1 9 3 0 ; J . J a h n , Ueber die Einwirkung von 
Gascn auf Metalle und Metallegierungen, W e i d a i. T h . , 1 9 1 2 ; N . K a m e y a m a a n d 
K . T a k a h a s h i , Journ. Soc Chem. Ind. Japan, 3 6 . 1 7 4 , 1 9 3 3 ; W . K o s t e r , Zeit. Metallkunde, 2 1 . 1 9 , 
1 9 2 9 ; Metallurgist, 5 . 3 2 , 1 9 2 9 ; H . K r e b s , Biochem. Zeit., 2 0 4 . 3 4 3 , 1 9 2 9 ; R . K r u l l a , Chem. 
Ztg., 5 4 . 4 2 9 , 1 9 3 0 ; V . B e n h e r a n d C. H . K a o , Journ. Amer. Chem. Soc, 4 8 . 1 5 5 0 , 1 9 2 6 ; 
M . G . L e v i , E . M i g l i o r i n i a n d G. E r c o l i n i , Gazz. Chim. ltal., 3 8 . i , 5 8 3 , 1 9 0 8 ; G . L i t t l e , Liebig's 
Ann., 1 1 2 . 2 1 1 , 1859 ; IX F . M c F a r l a n d a n d O. E . H a r d e r , Bull. Eng. Univ. Illinois, 9 3 , 1 9 1 6 ; 
G . H . M c G r e g o r a n d .J. W . S t e v e n s , Paper Trade Journ., 9 7 . 2 1 8 , 1 9 3 3 ; P . IX M e r i c a a n d 
R . G . W a l t e n b e r g , Tech. Paper Bur. Standards, 2 8 1 , 1 9 2 5 ; L . M e y e r , Ber., 2 0 . 3 0 5 8 , 1 8 8 7 ; 
E . M- M r a k a n d W . V . C r u o s s , Journ. Ind. Eng. Chem., 2 5 . 3 6 7 , 1 9 3 3 ; P . N e o g i a n d B . B . A d h i c a r y , 
Zeit. anorg. Chem., 6 9 . 2 0 9 , 1 9 1 8 ; A . O r l o w s k y , Ber., 1 4 . 2 8 2 3 , 1 8 8 1 ; H . E . P a t t e n , Journ. Phys. 



NICKEL 169 

Chew., 7 . 1 5 3 , 1 9 0 3 ; I . P . P o d o l s k y a n d N . M . Z a r u b i n , Vestnik Metallosprom., 1 1 . 5 , 1931 ; 
Chim. Ind., 27 . 5 7 6 , 1 9 3 2 ; H . J . P r i n s , Proc Akad. Amsterdam, 2 3 . 1 4 4 9 , 1922 ; E . P r i w o z n i k , 
Sitzber. Akad. Wien, 6 5 . 8 7 , 1 8 7 2 ; Zeit. Chem., ( 2 ) , 7 . 6 6 1 , 1 8 7 1 ; Liebufs Ann., 1 6 4 . 4 6 , 1872 ; 
J . L . P r o u s t , Journ. Phys., 5 9 . 2 6 0 , 1 8 0 4 ; Phil. Mag., 2 1 . 2 0 8 , 1 8 0 5 ; Gehlen's Journ., 6 . 58O, 
1 8 0 5 ; W . R o h n , Zeit. Metallkunde, 18 . 3 8 7 , 1 9 2 6 ; Chem. Met. Engg., 3 4 . 4 1 6 , 1 9 2 7 ; A . P . R o l l e t , 
Compt. Rend., 1 8 0 . 2 0 4 7 , 1 9 2 5 ; H . R o s e , Pogg. Ann., 4 . 1 2 9 , 1 8 2 5 ; 4 2 . 5 4 0 , 1 8 3 7 ; 1 1 0 . 3 1 , 
1 8 6 0 ; E . R u p p , Zeit. Elektrochem., 3 5 . 5 8 6 , 1 9 2 9 ; E . S a l k o w s k y , Chem. Ztg., 4 0 . 4 4 8 , 1 9 1 6 ; 
R . S c h e n c k a n d E . R a u b , Zeit. anorg. Chem., 1 7 8 . 2 2 5 , 1929 ; E . S c h i i r m a n n , Liebig's Ann., 2 4 9 . 
3 2 6 , 1 8 8 8 ; P . S c h w e i t z e r , Chem. News, 2 3 . 2 9 5 , 1 8 7 1 ; A . S i e v e r t s a n d P . L u e g , Zeit. anorg. 
Chem., 1 2 6 . 1 9 3 , 1 9 2 3 ; A . S i m e k , Chem. Listy, 2 3 . 4 2 0 , 1929 ; M . S t r a u m a n i s , Zeit. phys. 
Chem., 1 4 8 . 3 4 9 , 1 9 3 0 ; R . T u p p u t i , Ann. Chim. Phys., (1 ) , 7 8 . 1 3 3 , 1811 ; ( 1 ) , 7 9 . 1 5 3 , 1 8 1 1 ; 
J. W . T u r r e n t i n e , Journ. Phys. Chem., 1 1 . 6 2 3 , 1 9 0 8 ; J . U l i l , Ber., 2 3 . 2 1 5 1 , 189O ; L . V e r n i t z 
a n d A . K u d i n o v a , Trans. State Inst. Appl. Chem. Leningrad, 1 5 , 1 9 3 3 ; W . H . ,7. V e r n o n , 
Journ. Inst. Metals, 4 8 . 1 2 1 , 1 9 3 2 ; 4 9 . 1 5 3 , 1 9 3 2 ; F . W o h l e r , Eiebig\s Ann., 7 3 . 3 7 4 , 185(). 

6 J . J. A c k w o r t h a n d H . E . A r m s t r o n g , Journ. Chem. Soc, 3 2 . 8 1 , 1877 ; G. A r r i v a n t , Compt. 
Mend., 1 9 2 . 1 2 3 8 , 1 9 3 1 ; B . C. B a n e r j i a n d N . R . D h a r , Zeit. anorg. Chem., 1 2 2 . 7 3 , 1 9 2 2 ; 
G . T . B e i l l y a n d G. C. H e n d e r s o n , Journ. Chem. Soc., 7 9 . 1 2 4 5 , 1 9 0 1 ; Proc. Chem. Sue, 16 . 19O, 
1 9 0 1 ; T . B e r g m a n , IJe antimonialibus sulphuratis, XJpsa la , 1 7 8 2 ; P . W . B e r g s t r o m , Journ. 
Phys. Chem., 2 9 . 1 6 4 , 1 9 2 5 ; B . B o g i t c h , Compt. Rend., 1 8 5 . 1 4 6 7 , 1 9 2 7 ; C. F . B o n i l l a , Journ. 
Iyid. Eng. Chem.—Anal. Edit., 4 . 1 2 8 , 1 9 3 2 ; P . B r e t e a u , Bull. Soc. Chim., ( 4 ) , 9 . 5 1 5 , 5 1 8 , 1911 ; 
F . E . B r o w n a n d J . E . S n y d e r , Journ. Amer. Chem. Soc, 4 7 . 2 6 7 1 , 1 9 2 5 ; A. VV. B r o w n e , 
M . E . H o l m e s a n d J . S. K i n g , ib., 4 1 . 1 7 6 9 , 1 9 1 9 ; M . C e n t n o r s z w e r a n d H . Z y s k o w i c z , Zeit. 
anorg. Chem., 206. 2F>2, 1 9 3 2 ; T . H . C h i l t o n a n d W . R . H u e y , Journ. Ind. Eng. Chem,., 2 4 . 2 1 5 , 
1 9 3 2 ; A . C o p p a d o r o , Gazz. Chim. Hal., 3 6 . i i , 6 9 3 , 1 9 0 6 ; R . O o u s t a l a n d H . S p i n d l c r , Cntn.pt. 
Rend., 1 9 5 . 1 2 6 3 , 1 9 3 2 ; J . I . C r a b t r e e a n d G . E . M a t t h e w s , Journ. Ind. Eng. Chem., 15 . 6 6 6 , 
1 9 2 3 ; H . S t . C. D c v i l l e , Attn. Chim. Phys., ( 3 ) , 4 6 . 1 8 2 , 1 8 5 6 ; W . A . D e w a n d H . S. T a y l o r , 
Journ. Phys. Chem., 3 1 . 2 7 7 , 1 9 2 7 ; E . D i v e r s , Proc. Roy. Soc, 2 1 . 1 0 9 , 1 8 7 3 ; Chem. News, 2 7 . 
3 7 , 1 8 7 3 ; Phil. Trans., 1 6 3 . 3 5 9 , 1 8 7 3 ; J . K . D i x o n a n d W . S t e i n e r , Zeit. phys. Chem., 14 . B , 
3 9 7 , 1931 ; F . D u c e l l i e z , Bull. Soc. Chim., ( 4 ) , 7 . 1 9 6 , 1 9 1 0 ; H . E h r i g , Zeit. anorg. Chem., 2 0 6 . 
3 8 5 , 1 9 3 2 ; IT. R . E v a n s , Trans. Faraday Soc, 1 9 . 2 0 1 , 1 9 2 3 ; R . S. F e l g a t e , Chem. News, 1 0 8 . 
1 7 8 , 1 9 1 3 ; G. I . F i n c h a n d J . C. S t i m s o n , Proc. Roy. Soc, 1 2 0 . A , 2 3 5 , 1 9 2 8 ; W . F r a n k e n b u r g e r , 
KL. M a y r h o f e r a n d E . S c h w a m b e r g e r , Zeit. Elektrochem., 3 7 . 4 7 3 , 1 9 3 1 ; K . F r i e d r i c h a n d 
F . B e n n i g s o n , Met., 4 . 2 0 0 , 1 9 0 7 ; J . G a m i e r , Compt. Rend., 9 1 . 3 3 1 , 1 8 8 0 ; A . F . G e h l e n , 
Schrveigger"s Journ., 1 5 . 5 0 1 , 1 8 1 5 ; 2 0 . 3 5 3 , 1 8 1 7 ; H . G i e b e l h a u s e n , Zeit. anorg. Chem., 
9 1 . 25V, 1 9 1 5 ; G . G o r e , Proc. Roy. Soc, 2 0 . 4 4 1 , 1 8 7 2 ; 2 1 . 140 , 1 8 7 3 ; P G r a n d a d a m , 
Ann. Chim. Phys., (9 ) , 4 . 8 3 , 1 9 3 5 ; A . G r a n g e r , Compt. Rend., 1 2 3 . 176 , 1 8 9 6 ; Arch. 
Sciences Geneve, ( 4 ) , 6 . 3 9 1 , 1 8 9 8 ; W . G u e r t l e r , Melall Erz, 2 2 . 1 9 9 , 1 9 2 5 ; W . G u e r t l e r 
a n d T . L i e p u s , Zeit. Metallkunde, 17 . 3 1 0 , 1 9 2 5 ; P . A . G u y e a n d F . S c h n e i d e r , Ile.lnetica 
Chim.. Acta, 1. 3 3 , 1 9 1 8 ; G. H a g g a n d G. F u n k e , Zeit. phys. Chem., 6 . B , 2 7 2 , 193O ; 
.T. H a g e n a c k e r , Ueber die Edsung von Gasen in Metallen, W e i d a i. T h . , 1 9 0 9 ; H . IJ. H a k e n , Zur 
Eennlnis der Phosphortierbindungen von Nickel und Cobalt, E r l a n g e n , 1931 ; A . J . H a l e a n d 
H . S. F o s t e r , Journ. Soc Chem. Ind., 3 4 . 4 6 4 , 1 9 1 5 ; J . A . H o d v a l l , R . H e d i n and. 
O. P e r s s o n , Zeit. phys. Chem., 2 7 . B , 1 9 6 , 1 9 3 4 ; J . A . H e d v a l l a n d E . G u s t a v s o n , Svensk-
Kemi Tids., 4 6 . 6 4 , 1 9 3 4 ; W . R . E . H o d g k i n s o n a n d N . E . B e l l a i r s , Proc Chem. Soc, 1 1 . 9 , I 14, 
1 8 9 5 ; Chem. News, 7 1 . 7 3 , 2 8 0 , 1 8 9 5 ; W . R . E . H o d g k i n s o n a n d A . H . C o o t e , ib., 9 0 . 142 , 
1 9 0 4 ; K . A . H o f m a n n , F . H a r t m a n n a n d K . N a g e l , Ber., 58- B , 8 0 8 , 1 9 2 5 ; W . W . H o l l i s , Proc 
Cambridge Phil. Soc, 1 2 . 2 5 3 , 1 9 0 3 ; L . R . I n g e r s o l l , Journ. Amer. Chem. Soc, 5 3 . 2 0 0 8 , 1931 ; 
Nature, 1 2 6 . 2 0 4 , 1 9 3 0 ; L . R . I n g e r s o l l a n d J . D . H a n a w a l t , Phys. Rev., (2 ) , 34 . 9 7 2 , 1929 ; 
R . I r m a n n , Metall Erz, 1 2 . 3 5 8 , 1 9 1 5 ; B . J o n e s , Journ. Iron Steel Inst.—-Carjvegie Mem., 2 2 . 
5 1 , 1 9 3 3 ; P . . J u n i u s , Ueber die. Einwirkung von Chlorwasserstoff uyid Ammonium-chlorid a-uf 
Melalle, B e r l i n , 1 9 2 7 ; L . K a h l e n b e r g a n d J . V . S t e i n l e , Trans. Amer. Elcctrochem. Soc, 4 4 . 
5 1 3 , 1 9 2 3 ; N . K a m e y a m a a n d K . T a k a h a s h i , Journ. Soc Chem. Ind. Japan,, 36 . 1 7 4 , 1 9 3 3 ; 
E . K e u n e c k o , Zeit. Elektrochem., 3 6 . 6 9 0 , 193O ; G . B . K i s t i a k o w s k y , Journ. Phys. Chem.., 3 0 . 
1 3 5 6 , 1 9 2 6 ; N . K o n s t a n t i n o f f , Journ. Russ. Phys. Chem. Soc, 4 0 7 4 2 , 1908 ; P . R . K o s t i n g a n d 
C. H e i n s , Journ. Ind. Eng. Chem., 2 3 . 1 4 0 , 1 9 3 1 ; R . K r u l l a , Chem. Ztg., 5 4 . 4 2 9 , 1 9 3 0 ; 
C. H . K u n s m a n , Journ. Amer. Chem. Soc, 5 0 . 2 1 0 0 , 1 9 2 8 ; P . L a i f i t t e a n d P . G r a n d a d a m , 
Compt. Rend., 2 0 0 . 1 0 3 9 , 1 9 3 5 ; P . L e b e a u , Compt. Rend,., 1 2 8 . 9 3 3 , 1899 ; V . L o m b a r d , 
Journ. Chim. Phys., 2 5 . 5 8 7 , 1 9 2 8 ; D . F . M a c F a r l a n d a n d O . E . H a r d e r , Bull. Eng. 
Univ. Illinois, 9 3 , 1 9 1 2 ; C. M a t i g n o n a n d G. D e s p l a n t e s , Compt. Rend., 1 4 0 . 8 5 3 , 1 9 0 5 ; 
H . W . M e l v i l l e , Journ. Chem. Soc, 7 9 7 , 1 9 3 4 ; O. M e y e r , Ueber die Darstellung und die 
Eigenschaften von Karbidung N itridtiegeln nebst einem Beitrag uber die Reaktionen von Earbiden 
und Graphit mit Metalloxyden, A a c h e n , 1 9 2 9 ; L . M o n d , C. L a n g e r a n d F . Q u i n c k e , Journ. Chem. 
Soc, 6 7 . 7 4 9 , 1 8 9 0 ; C.* M o n t e m a r t i n i , Gazz. Chim. Ital., 2 2 . i , 2 5 0 , 1 8 9 2 ; P . N e o g i a n d 
B . B . A d h i c a r y , Zeit. anorg. Chem., 6 9 . 2 0 9 , 191O ; .T. N i c k l e s , Compt. Rend., 5 8 . 2 8 4 , 1 8 5 3 ; 
N . I . N i k i t i n a n d W . I . S c h a r k o f f , Journ. Russ. Phys. Chem. Soc, 5 8 . 1 0 9 5 , 1 9 2 6 ; C. C. P a l i t a n d 
N . R . D h a r , Journ. Phys. Chem., 3 0 . 1 1 2 5 , 1 9 2 6 ; «J. R . P a r k a n d J . R . P a r t i n g t o n , Journ. Chem. 
Soc, 1 2 5 . 7 2 , 1 9 2 4 ; H . E . P a t t e n , Journ. Phys. Chem.., 7 . 1 5 3 , 1 9 0 3 ; B . P e l l e t i e r , Ann. Chim. 
Phys., ( 1 ) , 1 . 1 0 5 , 1 7 8 9 ; ( 1 ) , 1 3 . 1 2 0 , 1 7 9 2 ; A . M . P o r t e v i n , Compt. Rend., 1 4 5 . 1 1 6 8 , 1 9 0 7 ; 
A . M . P o r t e v i n a n d A . S a n f o u r c h e , ib., 1 9 2 . 1 5 6 5 , 1 9 3 1 ; A . Q u a r t a r o l i , Gazz. Chim. Hal., 5 3 . i , 
3 4 5 , 1 9 2 3 ; F . R o e s s l e r , Zeit. anorg. Chem., 9 . 7 3 , 1 8 9 5 ; W . R o h n , Zeit. Metallkunde, 18 . 3 8 7 , 

Cntn.pt


17O I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

1926 ; Chem. Met. Engg., 34. 416, 1 9 2 7 ; E . R u p p , Zeit. Elektrochem., 35. 586, 1 9 2 9 ; Jahrb. 
F'orftrhungs A.E.G., 2. 277, 1930; P . Sabat ier and J . B . Senderens, Compt. Rend., 114. 1429, 1892 ; 
Bull. Soc. Chim,., (3), 9. 669, 1893 ; O. Schmidt , Zeit. phys. Chem., 60. 171, 1907 ; E . Schroder 
and G. Taramann , Zeit. anorg. Chem., 128. 179, 1923 ; A. Siever ts , Zeit. phys. Chem., 60. 171, 
1907 ; A. Sieverts and I*. Lueg, Zeit. anorg. Chem., 126. 193, 1923 ; T. S k u t t a , Zeit. Physik, 
65. 385, 1930; J . O. St imson, Proc. Roy. Soc, 144. A, 307, 1934 ; F . S t romeyer , Schweigger"s 
Journ., 69. 252. 1833 ; J . J. Sudborough, Journ. Chem. Soc., 59. 655, 1891 ; G. T a m m a n n , 
Zeit. anorg. Chem., 124. 25, 1922 ; G. T a m m a n n a n d W. Kos te r , ib., 123. 196, 1922 ; R . T u p p u t i , 
Ann. Chim. Phys., (1), 78. 133, 1881 ; (1), 79. 153, 1811 ; J . S. Vanick, Proc. Amer. Soc. Testing 
Materials, 24. ii, 348, 1924 ; E . Vigouroux, Compt. Rend., 147. 976, 1908 ; P . Vors ter , Ueber 
Einwirkung die Ammoniake auf die Oocyde von Nickel und Kobalt, Gcittingen, 1861 ; G. Voss, 
Zeit. anorg. Chem., 57. 34, 1908 ; H . N . W a r r e n , Trans. Faraday Soc., 55. 156, 1887 ; G. R. W h i t e , 
Journ. Phys. Chem,., 15. 723, 1911 ; F . Wolfers, Arch. Sciences Geneve, (5), 2. 410, 1920 ; 
N. D. Zelinsky and M. B . Turowa-Pol lak , Ber., 58. B , 1298, 1925. 

7 K. Ablezova a n d S. Roginsky, Compt. Rend. Akad. U.R.S.S., 1. 487, 1935 ; Zeit. phys. 
Chem.. 174. 449, 1935 ; I . E . Adaduroff, Journ. Phys. Chem. U.R.S.S., 2. 720, 1931 ; 
H. Adkins and L,. W. Covert , Journ. Phys. Chem., 35. 1684, 1931 ; H . Adkins a n d H . I . Cramer , 
Journ. Amer. Chem. Soc, 52. 4349, 1930'; H . Adkins , H . T. Cramer a n d R. Conner, ib., 53. 1406, 
1931 ; .1. Aloy and V. Brust ier , Bull. Soc. Chim., (4), 9. 734, 1911 ; G. Amouroux , ib., (4), 9. 214, 
191 I ; E . E. Armst rong and T. 1». Hi ld i tch , Proc. Roy. Soc, 96. A, 322, 1919 ; 99. A, 490, 1921 ; 
103. A, 25, 586, 1923; 108. A, 111, 1925; Journ. Soc Chem. Ind.—Chem. Ind., 44. 701 , 1925 ; 
E . C. Badoau, Milk Plant Monthly, 21. 45 , 1 9 3 2 ; A. Bag , Masloboino-Zhir. VeIo. 5, 1 9 2 8 ; 
H. A. and T. Bahr , Ber., 61. B , 2177, 1 9 2 8 ; A. A. Ba land in , Zeit. phys. Chem., 3 . B , 167, 
1929 ; 19. B , 451, 1932 : Journ. Russ. Phys. Chem. Soc, 62. 703, 1 9 3 0 ; Journ. Phys. Chem. 
C R.S.S., 4. 257, 1933 ; A. A. Ba landin and A. M. Rub ins t e in , Zeit. phys. Chem., 167. 4*31, 1934; 
Journ. Amer. Chern. Soc, 57. 1143, 1935 ; A. A. Ba land in a n d N. I . Schuikin, Acta Physicochim. 
C.R.S.S.. 1. 200, 1934 ; W. T). Bancrof t a n d A. B . George, Journ. Phys. Chem., *35. 2219, 
1 9 3 1 ; H . L. Barni tz , Chem. Met. Engg., 22. 745, 1 9 2 0 ; O. B a u e r a n d H . A r n d t , 
Melallwirtschaft, 13. 241, 1934 ; T. Bedford and E . E r d m a n n , Journ. prakt. Chem., (2), 87. 
425, 1913 ; 1. I,. Bell, Chem. News, 23. 135, 146, 159, 258, 267, 1871 ; H . L . Bender , U.S. 
Pat. No. 1355299, 192O ; O. G. B e n n e t t a n d C. B. J a c k s o n , ib., 1905433, 1933 ; H . v a n Beres toyn, 
Bull. Soc. Chim. BeIg., 25. 293, 1911 ; T. Be rgman , JDe acido aereo, TJpsala, 1774 ; E . Bergner , 
J^osungen von Gasen in Metallen und Legierungen, Leipzig, 1911 ; T. Bersin, Biochem. Zeit., 245. 
466, 1932 ; E . Biesalsky, W. von Kowal sky a n d A. Wacke r , Ber., 63. B , 1698, 1930 ; K . Bi rn-
baum, IHngler's Journ.] 240. 515, 188, 249, 515, 1883 ; B . Bleyer a n d J . Schwaibold, Biochem,. 
Zeit., 230. 136, 1931 ; E. Bodroux a n d F . T a b o u r y , Compt. Rend., 149. 422, 1909 ; B . Bogi tch , 
ib., 185. 1467, 1927 ; W. A. Bone a n d G. W. Andrew, Proc. Roy. Soc, 110. A, 16, 1926 ; W. A. Bone 
and R. V. Wheeler, Phil. Trans., 206. A, 1, 1906 ; E . H . B o o m e r a n d H . E . Morr is , Canadian 
Journ. Research, 6. 471, 1932 ; A. Borehers , Katalytische Wirkung von Nickel und Nickeloxyd, 
Ereiburg i. B. , 1911 ; E. Bordas , Ann. F'alsifications, 12. 225, 1 9 1 9 ; J . B . .T. D . Bouss ingaul t , 
Compt. Rend., 86. 509, 1 8 7 8 ; Journ. Pharm. Chim., (4), 27. 241 , 1 8 7 8 ; Chem. Ind., 1. 130, 
1878 ; J . von Braun , Ber., 55. B , 3761, 1922 ; J . v o n B r a u n a n d O. Bayer , ib., 58. B , 2667, 
1925 ; 59. B , 920, 2317, 1926 ; J . von B r a u n , O. B a y e r a n d G. Blessing, ib., 57. B , 392, 1924 ; 
J . von B r a u n , O. Bayer a n d L. E. Eieser, Liebig^s Ann., 459. 287, 1927 ; J . von B r a u n , G. Blessing 
and E. Zobel, Ber., 56. B , 1988, 1923 ; J . von B r a u n a n d E . H a h n , ib., 55. B , 3770, 1922 ; J . von 
B r a u n and G. Ki r schbaum, ib., 55. B , 1580, 1922 ; J . v o n B r a u n a n d G. Kochendorfer , ib., 56. 
B , 2172, 1923 ; J . von B r a u n , A. Petzold and J . Seemann , ib., 55. B , 3779, 1922 ; J . von Braxin 
a n d IT. Ri t t e r , ib., 55. B , 3792, 1922 ; P . Bre teau , Bull. Soc. Chim., (4), 9. 518, 1911 ; E . Br iner 
and R. Senglet, Journ. Chim. Phys., 13. 351 , 1915 ; A. Broche t , Compt. Rend., 158. 1351, 1914 ; 
175. 816, 1073, 1922 ; Bull. Soc. Chim., (4), 27. 897, 1920 ; (4), 31. 1270, 1922 ; A. Broche t a n d 
M. Bauer , Compt. Rend., 159. 190, 1914 ; A. Broche t a n d A. Cabare t , ib., 159. 326, 1914 ; 
A. Brochet a n d R. Cornuber t , Bull. Soc. Chim., (4), 31. 128, 1922 ; I>. H . Browne a n d 
J . E. Thompson , Trans. Amer. Inst. Min. Eng., 64. 414, 1 9 1 9 ; R. C. Cantel lo, Journ. Phys. 
Chem., 31. 124, 1927 ; T. S. Carswell, Journ. Amer. Chem. Soc, 53. 2417, 1931 ; M. Centnerszwer 
and J. Szper, Bull. Acad. Polonaise, 267, 1932 ; K . C h a k r a v a r t y a n d J . C. Ghosh, Journ. Indian 
Chem. Soc, 4. 431, 1927 ; G. Char io t , Compt. Rend., 196. 1224, 1933 ; G. Charpy , ib., 148. 560, 
1909 ; J . K. and S. C. Chowdhury , Journ. Indian Chem. Soc, 11. 185, 1934 ; C. H. J) . Clark a n d 
B. Topley, Journ. Phys. Chem., 32. 121, 1928 ; L. Clarke a n d W. N . Jones , Journ. Amer. Chem. 
Soc, 34. 170, 1912 ; H . R . S. Clo twor thy , Ind. Chim., 6. 445, 1930 ; E . Cohen, I>er Ingenieur, 
47. 183, 19Ol ; A. Coppadoro , Oazz. Chim. Ital., 86. ii, 693, 1906 ; L. W . Cover t , R . Conner a n d 
H . Adkins , Journ. Amer. Chem. Soc, 54. 306, 1932 ; H . E . Cox, Journ. Soc. Chem. Ind.— 
Chem. Ind., 54. 316, 1935 ; J . I . Crab t ree a n d G. E . M a t t h e w s , Journ. Ind. Eng. Chem., 15. 
666, 1923 ; A. W. Crossley, Pharm. Journ., 92. 604, 637, 676, 1914 ; Journ. Soc Chem. Ind., 3 3 . 
1135, 1914 ; G. Darzens , Compt. Rend., 139, 868, 1904 ; 140. 152, 1905 ; F . F . D iwoky a n d 
K. Adkins , Journ. Amer. Chem. Soc, 53. 1868, 1931 ; J . K . Dixon a n d W . Steiner , Zeit. phys. 
Chem., 14. B , 397, 1931 ; J . W. Dobereiner , TrommsdorfTs Journ., 4 . 293, 1797 ; U . Dohse , 
W. ICalberer and C. Schuster , Zeit. Elektrochem., 36. 677, 1930 ; M. Donane r , Amer. Chem. Age, 
31. 427, 1923 ; R. Dour i s , Compt. Rend., 157. 722, 1 9 1 4 ; Bull. Soc. Chim., (4), 9. 922, 1911 ; 
K . R. Dr inker , Journ. Ind. Hyg., 6. 307, 1924 ; Lancet, 207. 339, 1924 ; K . R . Dr inker , 
L. T. Ea i rha l t , G. B . R a y a n d C. K . Dr inker , Journ, Ind. Hyg., 6. 308, 1924 ; 



NICKEL, 171 

W. S. Dzierzgowsky, Biochem. Zeit., 2. 190, 1 9 0 6 ; M. 8. Ebor t , Journ. Phys. Chem., 39. 421 , 
1935 ; J . Eckel l , Zeit. Elektrochem., 39. 423 , 433 , 1933 ; J . C. Elg in , Journ. Ind. Eng. 
Chem., 22. 129O, 1 9 3 0 ; J . C. Elgin, G. H . Wilder a n d I I . S. Taylor , ib., 22. 1284, 
1930 ; C. Ell is , The Hydrogenation of Oils, New York , 1919 ; H . McK. Elsey, 
Brit. Pat. JVo. 305465, 1 9 2 9 ; H . S. E l w o r t h y a n d S. Wil l iamson, German rat., IXR.P. 
161666, 1902 ; 190201, 1905 ; C. J . E n k l a a r , Ber., 41. 2085, 1908 ; E . E r d m a n n , Chem. 
Ztg., 37. 1142, 1173, 1195, 1913 ; O. L . E r d m a n n , Ueber das Nickel und Weisskupfer, Leipzig, 
1827 ; Journ. prakt. Chem., (1), 7. 249, 1836 ; W. L . F a i t h a n d D . B . Keyes , Journ. Ind. Eng. 
Chem., 23. 1250, 1931 ; A. F a r k a s , Zeit. phys. Chem., 14. B , 371, 1931 ; K . Farns te ine r , K . Lend-
r ich , P . B u t t e n b e r g , A. K i c k t o n a n d M. Klasser t , Zeit. Unterr. Nahr. Oenuss., 11. 753, 1906 ; 
A. F e l d m a n n , Oiorn. Chim. Ind. Appl., 7. 406, 1925 ; G. Fes te r a n d M. Schwazappa , Zeit. anorg. 
Chem., 171. 163, 1928 ; G. I . F i n c h a n d J . C. St imson, Proc. Roy. Soc, 120. A, 235, 1928 ; 
F . F ischer a n d H . B a h r , Oes. Abh. Kenntnis Kohle, 8. 255, 1928 ;' F . Fischer a n d K . Meyer, 
Brennstojf Chem., 12. 225, 1931 ; 14. 64, 1933 ; F . Fischer and K. Pe te r s , ib., 12. 286, 1931 ; 
B . Fores t i , Qazz. Chim. IUd., 54. 132, 1924 ; 59. 243, 1929 ; J . F o r m a n e k , Chem. Obzor., 5. 57, 
1 9 3 0 ; C. F o r m e n t i , Zeit. Unterr. Nahr. Oenuss., 2 1 . 265, 1911 ; O. B . J . F raser , Refiner Nat. 
Gasoline Manuf., 12. 162, 1933 ; H . J . F r e n c h , Chem.. Trade Journ., 79. 469, 1926 ; Trans. Amer. 
Klectrochem. Soc., 50. 47, 1926 ; F . E . F r e y a n d D. F . Smi th , Journ. Ind. Eng. Chem., 20. 948, 
1928 ; K . F r i ed r i ch a n d A. L e r o u x , Met., 7. 10, 1910 ; H . Fu j imo to , Journ. Soc. Chem. Ind. 
Japan, 36. 147, 1933 ; K . F u j i m u r a a n d S. Tsuneoka , Journ. Japan. Soc. Chem. Ind., 36. 119, 
413 , 1933 ; Science Papers Inst. Phys. Chem. Research, 22. 198, 242, 248, 254, 259, 1933 ; 
K . F u j i m u r a , S. Tsuneoka , a n d Kl. K a w a m i c h i , ib., 24. 79, 93 , 103, 1934 ; K. F u k a g a w a , Journ. 
Japan. Chem. Soc, 50. 689, 1 9 2 9 ; W. E . Gard , Amer. Journ. Science, (3), 15. 274, 1 8 7 7 ; 
W. E . Ga rne r a n d I ) . N . J a c k m a n , Journ. Chem. Soc, 119. 1936, 1921 ; J . G a m i e r , Compt. 
Rend., 113. 89, 1891 ; C. B . Ga tes , Journ. Phys. Chem., 15. 97, 1911 ; G. Gaudion , Ann. Chim. 
Phys., (8), 25. 129, 1912 ; A. W . Gauger , Journ. Amer. Chem. Soc, 47. 2278, 1925 ; A. W. Ganger 
a n d H . S. Taylor , ib., 45 . 920, 1923 ; M. V. Gaverdovska ja , Journ. Chem. Ind. Russ., 
12. 497, 1935 ; F . Geerkens , Experimentelle Untersuchungen ilber die Wirkungen von 
Nickelsalzen, Bonn , 1 8 8 3 ; C. Gerber , Compt. Rend. Soc. Biol., 69. 211, 1911 ; V. Gheorghiu-
Ploest i , Ber. pharm. deut. Ges., 24. 303, 1914 ; W. E . Gibbs a n d H . L iander , Trans. 
Faraday Soc, 26. 656, 1930 ; A. Ginsberg a n d A. P . Ivanoff, Journ. Russ. Phys. Chem. Soc, 
62. 199, 1930 ; C. R . Glass a n d L . K a h l e n b e r g , Trans. Amer. Klectrochem. Soc.^59. 113, 1931 ; 
M. Godcho t , Compt. Rend., 171. 1387, 1920 ; M. N . Goswami , Journ. Indian Chem. Soc, 7. 647, 
1 9 3 0 ; S. J . Green, Journ. Soc Chem. Ind., 52. 172, T, 1 9 3 3 ; V. Gr ignard , Bull. Soc Chim., 
(4), 43. 473, 1928 ; G. Gro te , Seifensieder Ztg., 47. 394, 416, 1920 ; W. Guortlor a n d T. L iepus , 
Zeit. Metallkunde, 17. 310, 1 9 2 5 ; L,. Guil let , Chim. Ind., 5. 371 , 1 9 2 1 ; P. A. Guye a n d 
F . Schneider , Helvetica Chim. Acta, 1. 33 , 1918 ; P . F . von Hamol -Roos , Rev. Internal. Falsifica­
tion, 1. 3 1 , 1887 ; M. H a n s e n , Speisewasserpfiege, 139, 1925 ; W. T. D. Ha r t l ey , Journ. Soc 
Chem. Ind.—Chem. Ind., 54. 761 , 1 9 3 5 ; J. A. Hedva l l , Svenska Kem. Tid., 32. 99, 1 9 2 0 ; 
J . A. Hedva l l a n d F . Sandford , Zeit. 2>hys. Chem., 29. B , 455, 1935 ; K . Heinze, Ueber die Dar-
stellung von Nickel-Katalysaforen zur Kernhydrierung, Kiel , 1930 ; R. Hoca r t , Bull. Soc Chim.. 
(4), 39. 398, 1926 ; H . Holl ings a n d R. H . Griffith, Nature, 129. 834, 1932 ; T. E . Hol l ingshead 
a n d T. J . Ot te rbachor , Journ. Ind. Eng. Chem., 18. 871 , 1926 ; S. H o r i b a a n d T. R i , Bull. 
Japan. Chem. Soc, 3 . 18, 1928 ; J . H o r i u t i a n d M. P o l a n y i , Nature, 184. 377, 1934 ; Trans. 
Faraday Soc, 30. 1164, 1934 ; 1ST. H u d s o n , Journ. Iron Steel Inst., 100. ii, 349, 1919 ; 
_D. R . H u g h e s a n d R . C. Bevan , Proc. Roy. Soc, 117. A, 1Ol, 1927 ; O. F . Hunzikor , W. A. Cordos 
a n d B . H . Nissen, Journ. Dairy Science, 12. 252, 1929 ; S. Ik i , Journ. Japan. Soc. Chem. Ind., 
31. 1, 1928 ; Journ. Ind. Eng. Chem., 20. 472, 1928 ; W. G. Imhoff, Amer. MeUd Market, 37. 
106, 1930 ; L . R . Ingersol l , Nature, 126. 204, 1930 ; E . G. Ins ley, Journ. Phys. Chem., 39. 623, 
1935 ; V. Ipateeff, Journ. Russ. Phys. Chem. Soc, 46. 302, 1914 ; R . I rv ing , Ann. Phil., 18. 149, 
1821 ; W. J a n d e r a n d H . Senf, Zeit. anorg. Chem., 217. 48, 1933 ; A. J o h n s t o n , Journ. Soc. 
Chem. Ind.—Chem. Ind., 54. 342, 1985 ; S. Jozsa , Zeit. angew. Chem,., 4 1 . 767, 1 9 2 8 ; 
T. J u r g o n s a n d W. Meigen, Chem. Umsliau, 23. 99, 116, 1 9 1 6 ; L. Kah lenbe rg a n d 
G. J . R i t t e r , Journ. Phys. Chem., 25 . 89, 1921 ; A. Kai lan and H . C. H a r d t , 
Monatsh., 58 . 307, 1931 ; A. K a i l a n a n d J . Kohberge r . ib., 59. 16, 1932 ; A. Ka i l an 
a n d O. St i iber , ib., 62. 90, 1933 ; E . W. K a n n i n g a n d O. W. Brown, Journ. Phys. 
Chem., 35. 2689, 1931 ; I . L . K a r e z a g , Biochem. Zeit., 117. 69, 1921 ; C. Kelber , Ber., 49. 
55 , 1868, 1916 ; 50. 305 , 1917 ; 54. 1701, 1920 ; A. K e m p e r , Zeit. phys. Chem., 169. 275, 1934 ; 
E . Keunecke , Zeit. Elektrochem., 86. 69O, 1930 ; M. E . Kinsey a n d H . Adkins , Journ. Ind. Eng. 
Chem., 24. 314, 1932 ; G. K i t a a n d T. Mazume , Mem. Coll. Kyoto, 3 . 81 , 1923 ; G. K i t a , 
T. M a z u m e a n d K. K ino , ib., 3 . 179, 188, 199, 1924 ; Chem. Umschau, 81 . 165, 1924; R. K la r , 
Zeit. phys. Chem., 168. 215, 1934 ; C. Kleber , Ber., 57. B , 136, 142, 1924 ; N . A. K l y u k v i n and 
S. S. K l y u k v i n a , Journ. Russ. Chem. Ind., 7. 743, 877, 1930 ; H . K o c h a n d H . Kue te r , Brennstoff 
Chem., 14. 245, 1933 ; S. K o d a m a , Science Papers Inst. Phys. Chem. Research Tokyo, 12. 193, 
205, 1930 ; V. Koh l schu t t e r a n d A. Nageli , Helvetica Chim. Acta, 4 . 45 , 1921 ; S. K o m a t s u a n d 
C. T a n a k a , Mem.. CoU. Kyoto, 8. 135, 1925 ; S. K o m a t s u a n d B . Masumoto , ib., 9. 15, 1925 ; 
S. K o m a t s u a n d T. Y u k i t o m o , ib., 8. 65 , 1925 ; A. Korczynsky , Bull. Soc Chim., (4), 29. 283, 
1921 ; A. Korczynsky , A. Reinholz a n d E . Schmid t , Rocz. Chem., 9. 731 , 1929 ; A. S. Koss , 
Przemysl Chem., 4. 39, 1920 ; G. Kroger , Zeit. anorg. Chem., 194. 73 , 1930 ; R. Kru l ia , Chem. 
Ztg., 54. 429, 1930 ; B . K u b o t a a n d K . Yosh ikawa , Jowrn. Japan. Chem. Soc, 2. 45, 99, 1925 ; 



172 INOKGANIO AND T H E O R E T I C A L CHEMISTRY 

Science Papers Inst. Phys. Chetn. Research Tokyo, 2 9 , 3 9 , 1 9 2 5 ; T . K u s a m a a n d Y . U n o , Bull. 
Phys. Chetn. Research Japan, 8 . 4 6 1 , 1 9 2 9 ; B . L a m p e , Woch. Brau, 4 2 . 1 4 5 , 1 9 2 5 ; W . A . L a z i e r 
a n d H. A d k i n s , Journ. Phys. Chem., 3 0 . 3 5 3 , 1 9 2 6 ; K . B . L e h m a n n , Arch. Hyg., 6 8 . 4 2 0 , 1 9 0 9 ; 
Jahresbcr. !'harm., 6 8 . 4 2 1 , 1909 ; Zeit. Nahr. Genuss., 2 4 . 1 1 2 , 1 9 1 2 ; J . L e i m d o r f e r , Seifensieder 
Ztg., 5 8 . 8 0 7 , 1931 ; M. L i o t z , Journ. prakt. Chetn., ( 2 ) , 1 0 8 . 5 2 , 1 9 2 4 ; C. M . L o a n e , Journ. 
Phys. Chem., 37 . .615, 1933 ; J. H . L o n g , J . C. W . F r a z e r a n d E . O t t , Journ. Amer. Chem. Soc, 
5 6 . 1 1 0 1 , 1934 ; E . L u d w i g , Oesterr. Chem. Ztg., 1 , 3 , 1 8 9 8 ; E . J . L u s h , Journ. Soc. Chem. Ind., 
4 4 . 1 2 9 , T , 1925 ; 46 . 4 5 4 , T , 1 9 2 7 ; R . J . M c K a y , Chem. Met. Engg., 2 8 . 6 8 6 , 1 9 2 3 ; Trans. 
Amer. Klertrochem. Soc, 5 1 . 4 5 7 , 1 9 2 7 ; Journ. Ind. Eng. Chem., 2 1 . 1 2 8 3 , 1 9 2 9 ; R . J . M c K a y , 
O. B . ,1 . E r a s e r a n d H . E . S e a r l o , Tech. Publ. Inst. Min. Eng., 1 9 2 , 1 9 2 9 ; A . M a i l h e , Bull. Soc. 
Chim., (3 ) , 3 5 . 6 1 4 , 1 9 0 6 ; Caoutchouc Guttapercha, 1 8 . 1 0 7 9 3 , 1 9 2 1 ; Compt. Rend., 1 4 0 . 1 6 9 1 , 
1 9 0 5 ; 1 4 1 . 1 1 3 , 1 9 0 5 ; A . M a i l h e a n d E . d o G o d o n , Bull. Soc. CMm., ( 4 ) , 1 9 . 4 4 9 , 1 9 1 6 ; 
A. M a i l h e a n d M. M u r a t , ib., ( 4 ) , 9 . 4 6 4 , 1 9 1 1 ; C. L . M a n t e l l , Amer. Metal Market, 36- 2 0 2 , 
1929 ; E . M a s e h k i l l e i s o n , Buss. Oil Fat Ind., 1 . 2 4 , 1 9 2 8 ; W . M e i g e n , Journ. prakt. Chem., ( 2 ) , 
92 . 3 9 0 , 1916 ; W . M e i g e n a n d G . B a r t o l s , ib., ( 2 ) , 8 9 . 2 9 0 , 1 9 1 4 ; H . W . M e l v i l l e , Journ. Chem. 
SfH-., 797 , 1 9 3 4 ; G. M e y e r a n d F . E . C. Sche f f e r , Bee. Trav. Chim. Pays-Bas, 4 4 . 1, 1 9 2 7 ; 4 7 . 
4 0 1 , 1 9 2 8 ; O. M e y e r , Ueber die Darstellung und die EigenscJiaften von Karbidung Nitridtiegeln 
nehst eine.m, Beilrag fiber die Reaktionen r>on Karbiden und Graphit mnit Metalloxyden, A a c h e n , 
1 9 2 9 ; G . M e y e r h e i m , Fortschr. Chem. Phys., 7. 2 9 3 , 1 9 1 3 ; G . M i g n o n a c , Compt. Bend., 1 7 2 . 
2 2 3 , 1921 ; T . M i s h i m a , Proc World's Eng. Congress, 3 6 . 2 1 5 , 1 9 3 1 ; A . E . M i t c h e l l a n d 
A . L . M a r s h a l l , Journ. Chetn. Soc, 1 2 3 . 2 4 4 8 , 1 9 2 3 ; E . M o i s s a n a n d C. M o u r e u , Bull. Soc. Chim., 
( 4 ) , 15 . 1296 , 1 8 9 6 ; L . M o n d , C. L a n g e r a n d E . Q u i n c k e , Chem. News, 6 2 . 9 7 , 189O ; Journ. 
(-'hem. Soc, 57 . 7 4 9 , 1 8 9 0 ; C. M o u r e u , Ann. Chim. Phys., ( 9 ) , 15 . 1 5 8 , 1 9 2 1 ; A . M u l l e r a n d 
A . S a u e r w a l d , Monatsli., 4 8 . 7 3 7 , 1 9 2 7 ; E . M u l l e r a n d A . L u b e r , Zeit. anorg. Chem., 1 8 7 . 2 0 9 , 
193(> ; 1 9 0 . 4 2 7 , .1930 ; M . M u r a t a n d G . A m o u r o u x , Journ. Pharm. Chim., ( 7 ) , 5 . 4 7 3 , 1 9 1 2 ; 
W . W . M y d d l e t o n , Brit. Pat. No. 3 9 7 2 9 5 , 1932 ; K . N e g o s h i , Rep. Osaka Ind. Res. Lab., 5 . 5 , 
1924 ; P . N c o g i a n d B . B . A d h i c a r y , Zeit. anorg. Chem., 6 9 . 2 0 9 , 1 9 1 0 ; N . I . N i k i t i n , ib., 1 5 4 . 
I3(), 1926 ; Journ. Buss. Phys. Chem. Soc, 58.* 1 0 8 1 , 1 9 2 6 ; N . I . N i k i t i n a n d W . I . S c h a r k o f f , 
ib., 5 8 . 1 0 9 5 , 1926 ; W . N e r m a n n , Chem. Ztg., 4 0 . 3 8 1 , 7 5 7 , L016 ; W . N o r m a n n a n d W . P u n g s , 
ib., 3 9 . 2 9 , 4 1 , 1 9 1 5 ; J . E . N y r o p , Journ. Soc Chem. Ind.—Chem. Ind., 5 0 . 7 5 2 , 1 9 3 1 ; I I . T . Offcr-
d a h l , Ber. deut. pharm.. Ces., 2 3 . 5 6 7 , 1 9 1 3 ; K . O m i y a , Japan. Pat. No. 3 6 2 0 9 , 3 6 3 5 5 , 192O ; 

A . E . O s t c r b u r g a n d E . C. K e n d a l l , Journ. Amer. Chem. Soc, 4 2 . 2 6 1 6 , 1 9 2 0 ; H . E . P a t t e n , 
Journ. Phys. Chem., 7 . 1 5 3 , 1 9 0 3 ; .T. N . P o a r c e a n d C. N . O t t , ib., 2 8 . 1 2 0 1 , 1 9 2 4 ; 3 1 . 1 0 2 , 
1927 ; .!. N . P e a r c o a n d H . J . W i n g , ib., 3 6 . 7 0 3 , 1 9 3 2 ; R . N . P e a s e a n d L . S t e w a r t , Journ. 
Amer. Chem. ' Soc, 4 9 . 2 7 8 3 , 1 9 2 7 ; R . N . P e a s e a n d H . S . T a y l o r , Journ. Phys. Chetn., 
24 . 2 4 1 , 1 9 2 0 ; N . B . P i l l i n g a n d T . E . K i h l g r e n , Trans. Amer. Soc. Steel Treating, 1 5 . 
1060, 1 9 2 9 ; H . P l a u s o n a n d J . A . V i e l l e , Brit. Pat. No. 1 5 6 1 4 7 , 1 9 2 0 ; A . M . P o r t e v i n , 
Iter. Met., 2 4 . 6 9 7 , 1 9 2 7 ; A . M . P o r t e v i n a n d A . S a n f o u r c h e , Compt. Bend., 1 9 2 . 
1 5 6 3 , 1931 ; 1 9 3 . 5 3 , 1 9 3 1 ; M . J . P r u c h a , Milk Dealer, 1 9 . 1 0 4 , 1 9 3 O ; G. N . Q u a m , Proc. 
Joiea Acad., 3 6 . 2 6 1 , 1929 ; Journ. Ind. Eng. Chem., 2 1 . 7 0 3 , 1 9 2 9 ; A . Q u a r t a r o l i , Gazz. Chim. 
Hal., 5 5 . 2 5 2 , 1 9 2 5 ; W . R a m s a y , Journ. Inst. Petroleum Tech., 1 0 . 8 7 , 1 9 2 4 ; M . R a n e y , U.S. 
Pat. No. 1 5 6 3 5 8 7 , 1 9 2 5 ; 1 6 2 8 1 9 0 , 1 9 2 7 ; E . R a u b , Mitt. Eorsch. Probieramts. Edelmetall. 
Schtvab., 7 . 5 1 , 1 9 3 3 ; 8. 1 6 0 1 , 1 9 3 4 ; L . R e i c h a r d t , Zeit. Elektrochem., 3 7 . 2 8 9 . 1 9 3 1 ; I I . R e m y , 
Zeit. anorg. Chem., 157 . 3 2 9 , 1926 ; E . H . R h o d e s a n d J . T . C a r t y , Journ. Ind. Eng. Chem., 1 7 . 
9 0 9 , 1 9 2 5 ; E . E . R h o d e s , P . A . R i e d e l a n d V . K . H e n d r i c k s , ib., 26 . 5 3 3 , 1 9 3 4 ; A . S. R i c h a r d s o n , 
G A . K n u t h a n d C. E . M i l l i g a n , ib., 16 . 5 1 9 , 1 9 2 4 ; W . JJ. R i c h a r d s o n , Chem. Met. Engg., 2 2 . 
7 9 3 , 1 9 2 0 ; A . R i o h e , Journ. Pharm. Chim,., ( 5 ) , 5 . 1 7 , 1 8 8 8 ; E . K . R i d e a l , Journ. Chem. Soc, 
1 2 1 . 3 0 9 , 1 9 2 2 ; G. R i e s a , Arb. lleichsgesund.. 5 . 5 2 1 , 1 9 1 9 ; W . v a n R i j n , Pharm. Weekbl., 4 5 . 
3 4 2 , 1 9 0 8 ; Zeit. Unters. Nahr. Genuss., 1 9 . 2 4 4 , 191O ; H . L . R i l e y , Proc Roy. Soc, 1 4 3 . A , 
3 9 9 , 1 9 3 4 ; R . R o b l , Zeit. angeu>. Chem., 3 7 . 9 3 8 , 1 9 2 4 ; A . R o h d e , Arch. Hyg., 9 . 3 3 1 , 1 8 8 9 ; 
W . R o h n , Zeit. Metallkunde, 1 8 . 3 8 7 , 1 9 2 6 ; Chem. Met. Engg., 3 4 . 4 1 6 , 1 9 2 7 ; W . R o s s , Ann. 
Phil., 18 . 6 2 , 1821 ; W . A . R o t h , Zeit. angew. Chem., 4 2 . 9 8 1 , 1 9 2 9 ; M . d e R o u b a i x , Bull. Soc 
Chim. BeIg., 3 3 . 1 9 3 , 1 9 2 4 ; O . Ruff , Ber., 4 5 . 3 1 3 9 , 1 9 1 2 ; O. R u f f a n d W . B o r n m a n n , Zeit. 
anorg. Chem., 8 8 . 3 8 6 , 1 9 1 4 ; O. Ruff , W . B o r n m a n n a n d E . K e i l i g , Ueber das Verhalten von 
Kohlenstoff gegen Mangan, Nickel Eisen, und Kobalt, B e r l i n , 1 9 1 8 ; O . R u f f a n d E . G e r s t e n , 
Ber., 4 6 . 4 0 0 , 1 9 1 3 ; Chem. Nevis, 1 0 7 . 2 5 2 , 1 9 1 3 ; O . R u f f a n d W . M a r t i n , Met., 9 . 1 4 3 , 1 9 1 2 ; 
.TT. R u p o a n d A . H e c k e n d o r n , Helvetica, Chim. Acta, 9 . 9 8 0 , 1 9 2 6 ; W . W . R u s s e l l a n d 
R . E . M a r s c h n e r , Journ. Phys. Chem,., 8 4 . 2 5 5 4 , 1 9 3 0 ; W . W . R u s s e l l a n d H . S . T a y l o r , ib., 2 9 . 
1 3 2 5 , 1 9 2 5 ; P . S a b a t i e r , Compt. Bend., 1 3 2 . 2 1 0 , 5 6 6 , 1 2 5 4 , 1 9 0 1 ; 1 8 5 . 1 7 , 1 9 2 7 ; Ber., 4 4 . 
1 8 9 4 , 1911 ; Journ. Soc Chem. Ind., 3 3 . 7 3 3 , 1 9 1 4 ; 3 6 . 6 5 7 , 1 9 1 7 ; Chem. Umschau, 2 3 . 9 9 , 
116 , 1 9 1 6 ; P . S a b a t i e r a n d G . G a u d i o n , Compt. Bend., 1 6 8 . 6 7 0 , 1 9 1 9 ; P . S a b a t i e r a n d 
B . K u b o b a , ib., 1 7 2 . 7 3 3 , 1 9 2 1 ; P . S a b a t i e r a n d M . M u r a t , ib., 1 5 5 . 3 8 6 , 1 9 1 2 ; 1 5 6 . 1 8 4 , 1 9 1 3 ; 
P . S a b a t i e r a n d J . B . S e n d e r e n s , Ann. Chim. Phys., ( 7 ) , 7 . 4 1 3 , 1 8 9 5 ; ( 8 ) , 4 . 3 1 9 , 1 9 0 5 ; ( 8 ) , 
1 6 . 7O, 1 9 0 9 ; Compt. Bend., 1 1 4 . 1 4 2 9 , 1 8 9 2 ; 1 2 4 . 6 1 6 , 1 3 5 9 , 1 8 9 7 ; 1 8 2 . 2 1 0 , 5 6 6 , 1 2 5 4 , 1 9 0 1 ; 
1 3 4 . 5 1 4 , 6 0 8 , 1 1 2 7 , 1 9 0 2 ; 1 3 5 . 2 2 6 , 278 , . 1 9 0 2 ; E . S a l k o w s k y , Chem. Ztg., 4 0 . 4 4 8 , 1 9 1 6 ; 
C. S a n d o n n i n i , Gazz. Chim. Ital., 5 3 . 4 5 3 , 1 9 2 3 ; E . S c h e l l , Collegium, 2 2 7 , 1 9 0 9 ; R . S c h e n c k 
a n d H . W e s s e l k o c k , Zeit. anorg. Chem., 1 8 4 . 3 9 , 1 9 2 9 ; K . S c h i r m a c k e r , F . S t o l z , JT. S c h l i c h e n -
m a i e r a n d W . K r o h s , U.S. Pat. No. 1 6 9 5 6 6 6 , 1 9 2 8 ; M . S c h l o t t e r , Metalltoaren Ind., 2 7 . 2 6 9 , 
1 9 2 9 ; J . S c h m i d t , Zeit. anorg. Chem., 2 1 5 . 2 7 3 , 1 9 3 3 ; O . S c h m i d t , Zeit. phys. Chem., 1 1 8 . 1 9 3 , 
1 9 2 5 ; 1 6 5 . 2 0 9 , 1 9 3 3 ; Naturwiss., 2 1 . 3 5 1 , 1 9 3 3 ; Ber., 6 8 . B , 1 0 9 8 , 1 9 3 5 ; G . F . S o h o o r e l , 



N I C K E L 173 

A . J . T u l l e n e r s a n d H . I . W a t e r m a n , Journ. Inst. Petrol. Tech., 1 8 . 1 7 9 , 1 9 3 2 ; E . S c l m l z e , 
iJingler^s Journ., 2 5 1 . 4 2 2 , 1 8 8 4 ; C. S c h u s t e r , Zeit. Elektrochem., 3 8 . 6 1 4 , 1 9 3 2 ; 
G . M . S c h w a b , Zeit. phys. Chem., 1 7 1 . 4 2 1 , 1 9 3 4 ; G. M . S c h w a b a n d W . B r e n n e c k e , 
Zeit. phys. Chem., 2 4 . B , 3 9 3 , 1 9 3 4 ; G. M . S c h w a b a n d L . R u d o l p h , ib., 1 2 . B , 4 2 7 , 1 9 3 1 ; 
G . M . S c h w a b a n d H . S c h u l t e s , Zeit. angew. Chem., 4 5 . 3 4 1 , 1 9 3 2 ; J . B . S e n d e r e n s a n d 
J . A b o u l e n c , Bull. Soc. Ghim., ( 4 ) , 1 1 . 6 4 1 , 1 9 1 2 ; ( 4 ) , 17 . 1 4 , 1 9 1 5 ; H . E . S e a r l e , F . L . d e Q u o 
a n d R . H . E o h r o w , Jourrt. Ind. Eng. Ghem., 26- 6 1 7 , 1 9 3 4 ; T . W . A . S h a w , Journ. Soc. Ghem. 
Ind., 3 3 . 7 7 1 , 1 9 1 4 ; K . S c h i r m a c h e r , F . S t o l z , H . S c h l i c h e n m a i e r a n d W . K r o h s , U.S. Pat. No. 
1 6 9 5 6 6 6 , 1 9 2 8 ; W . S i e g m u n d a n d W . S e i d a , Journ. pralct. Chem., ( 2 ) , 9 1 . 4 4 2 , 1 9 1 5 ; A . S k i t a , 
Her., 4 1 . 2 9 3 8 , 1 9 0 8 ; C. J. S m i t h e l l s , World Power, 7 . 1 8 4 , 1927 ; B. S. S r i k a n t a u , Journ. Indian 
Chem. Soc., 1 0 . 2 3 3 , 1 9 3 3 ; E . W . R . S t e a c i e a n d JT. V . S t o v e l , Journ. Ohem. Phys., 2. 5 8 1 , 
1 9 3 4 ; E . B . S t e v e n s , Amer. Metal Ind., 2 2 . 2 8 1 , 1 9 2 4 ; J . C. S t i m s o n , Proc. Hoy. Soc. 1 4 4 . A , 
3 0 7 , 1 9 3 4 ; H . z u r S t r a s s e n , Zeit. phys. Chem., 1 6 9 . 8 1 , 1 9 3 4 ; A . S v i z u i n , Masloboino. Zhir. 
IJeIo, 3 , 1 9 2 8 ; G . T a m m a n n , Zeit. anorg. Chem., 2 2 3 . 2 2 2 , 1 9 3 5 ; G. T a r a m a n n a n d 
K . S c h o n e r t , Zeit. anorg. Chem., 1 2 2 . 2 7 , 1 9 2 2 ; Y . T a n a k a , Chem. Ztg., 4 8 . 2 5 , 1 9 2 4 ; 
Y . T a n a k a , R . K o b a y a s h i , I . E n d o a n d T . E u j i t a , Journ. Soc. Chem. Ind. Japan, 
3 7 . 5 3 8 , 1 9 3 4 ; 11 . S. T a y l o r , Journ. Ind. Eng. Chem., 1 3 . 7 5 , 1 9 2 1 ; Journ. Amer. 
Chem. Soc, 4 3 . 1 2 7 3 , 1 9 2 1 ; Proc. Roy. Soc, 1 0 8 . A , 1 0 5 , 1 9 2 5 ; H . S. T a y l o r a n d R . M. B u m s , 
Journ. Amer. Chem. Soc, 4 3 . 1 2 7 3 , 1 9 2 1 ; T . T e r w e l l e n , Zeit. phys. Chem., 1 5 3 . A , 5 2 , 3 931 ; 
R . T h o m a s , Journ. Soc. Chem. Ind., 4 2 . 2 1 , T , 1 9 2 3 ; W . T h o m s o n a n d F . L e w i s , Chem. News, 
6 4 . 1 6 9 , 1 8 9 1 ; Proc. Manchester Lit. Phil. Soc, 4 . 2 6 6 , 1 8 9 1 ; E . T h o r e n , Zeit. anorg. Chem., 
1 6 3 . 3 6 7 , 1 9 2 7 ; 165 . 1 7 1 , 1 9 2 7 ; E . T i e d e , Brennstoff Chem., 2 . 5 , 1921 ; E . T i e d e a n d W . J e n i s c h , 
ib., 2 . 5 , 1 9 2 1 ; M. T r a i i b e r , Magyar Chem. FoIy., 3 8 . 1 5 0 , 1 9 3 2 ; I I . A . T r o b l e r , Journ. Ind. 
Eng. Chem., 2 4 . 3 3 9 , 1 9 3 2 ; H . A . T r e b l e r , W . A . W e s l e y a n d E . L . I a Q u e , ib., 2 4 . 3 3 9 , 1932 ; 
R . T r a f l a u l t , Hull. Soc Ghim., ( 5 ) , 2 . 2 4 4 , 1 9 3 5 ; R . T u p p u t i , Ann. Ghim. Phys., ( 1 ) , 
7 8 . 1 3 3 , 1 8 1 1 ; ( 1 ) , 7 9 . 1 5 3 , 1 8 1 1 ; S. U e n o , Journ. Japan. Chem. Ind., 8 . 54.r>, 
1 9 1 5 ; 2 3 . 1 1 0 9 , 1 2 0 3 , 1 9 2 0 ; H . W . U n d e r w o o d , Chem. Met. Engg., 2 9 . 5 8 4 , 7 0 9 , 
1 9 2 3 ; E . V e r n i t z a n d A . K u d i n o v a , Trans. Leningrad Inst. Appl. Chem., 1 5 , 1932 ; 
L . V i g n o n , Compt. Mend., 1 5 7 . 1 3 1 , 1 9 1 3 ; A . V i l l a c h o n a n d G . C h a u d r o n , ib., 1 8 9 . 3 2 1 , 1929 ; 
I I . V o g e l , Apoth. Ztg., 1 0 . 6 6 3 , 84O, 1 8 9 5 ; M . V u k , Zeit. Nahr. Genuss., 2 8 . 1 0 3 , 1914 ; 
H . W . W a l k e r , Journ. Phys. Chem., 3 1 . 9 6 1 , 1 9 2 7 ; H . L . W a t e r m a n a n d M. J. T u s s e n b r o c k , 
Journ. Soc. Chem. Ind., 5 0 . 2 2 7 , T , 1 9 3 1 ; B . B . W e s c o t t a n d C. J . E n g c l d e r , Journ. Phys. Chem., 
3 0 . 47O, 1 9 2 6 ; W . A . W e s l e y , I I . A . T r o b l e r a n d E . L . I a Q u e , Trans. Amer. Electrochem. Soc, 
6 1 . 2 6 7 , 1 9 3 2 ; G . R . W h i t e , Journ. Phys. Chem., 1 5 . 7 2 3 , 1 9 1 1 ; H . E . W h i t t a k o r , Trans. Amer. 
Inst. Cliem. Eng., 15 . i , 1 1 4 , 1 9 2 3 ; E . R . W i l l i a m s a n d C. A . J a c o b s o n , Journ. Ind. Eng. Chem., 
2 6 . 80O, 1 9 3 4 ; R . E . W i l s o n a n d W . H . B a h l k e , ib., 17 . 3 5 5 , 1 9 2 5 ; C. E . W i n a n s a n d "Jl. A d k i n s , 
Journ. Amer. Chem. Soc, 5 4 . 3 0 6 , 1 9 3 2 ; E . W o l f s o n , Puss. Oil Eat Ind., 1 . 2 , 1928 ; B . Y a m a g u t i , 
Hull. Japan. Chem. Soc, 2. 2 8 9 , 1927 ; W . I*. Y a n t a n d (J. O . H a w k , Journ. Am-er. Chem. Soc, 
4 9 . J 4 5 4 , 1 9 2 7 ; K . Y o s h i k a w a , Bull. Japan, ('hem. Soc, 6 . 1 0 6 , 1 9 3 1 ; 7 . 2 O l , 1 9 3 2 ; 
Hull. Inst. Phys. Chem. Research Japan, 1 3 . 1 0 4 2 , 1 9 3 4 ; 1 4 . 3 0 8 , 1 9 3 5 ; N . IX Z e l i n s k v 
a n d M . J i . T u r o w a - P o l l a k , Her., 5 8 . B , 1 2 9 8 , 1 9 2 5 ; E . Z i m m e r m a n n . Stahl Eisen, 25 . 7 5 8 , 1 9 0 5 . 

8 J*. B a r d e n h a u e r a n d E . B r a u n s , Mitt. Inst. Eisenforsehung Dusseldorf, 17 . 1 2 7 , 1 9 3 5 ; 
B . B o r o n , Arkiv Kemi Min. Geol., 1 1 . 10 , 1 9 3 3 ; H . M o i s s a n , Compt. Rend., 1 2 2 . 4 2 4 , 1 8 9 6 ; 
P . E e b e a u , ib., 1 2 8 . 9 3 3 , 1 8 9 9 ; C. W i n k l e r , Journ. prakt. Chem., ( 1 ) , 9 1 . 2 0 4 , 1864 ; W . G u e r t l e r 
a n d G . T a m m a n n , Zeit. anorg. Chem., 4 9 . 9 3 , 1 9 0 6 ; IX H . B r o w n e a n d J . E . T h o m p s o n , Trans. 
Amer. Inst. Min. Eng., 6 4 . 4 1 4 , 1 9 1 9 ; R . H . G a i n e s , Journ. Ind. Eng. Chem., 5 . 7 6 6 , 1 9 1 3 ; 
W . J a n d o r a n d W . S t a m m , Zeit. anorg. Chem., 2 0 7 . 2 8 9 , 1 9 3 2 ; H . G i c b e l h a u s e n , ib., 9 1 . 2 5 1 , 
1 9 1 5 ; H . E . P a t t e n , Journ. Phys. Chem., 7. 1 5 3 , 1 9 0 3 ; W . z u r S t r a s s e n , Zeit. anorg. Chew-., 
1 9 1 . 2 0 9 , 1 9 3 0 ; 2 0 0 . 4 6 , 1 9 3 1 ; L>as Gleichgewicht zmischen Eisen, Nickel und ihren Silikaten 
in Schmelzfiuss, L e i p z i g , 1 9 3 0 ; M . E e s z e z e n k o - C z o p o w s k , Trav. Mines (Ira-covia, 5 , 1 9 2 5 ; 
E . S c h u r m a n n a n d W . E s c h , Kautschuk, 1 0 . 1 0 1 , 1 1 9 , 1934 ; K . G r a s s m a n n a n d E . ,1. K o h l m e y e r , 
Zeit. anorg. Chem., 2 2 2 . 2 5 7 , 1 9 3 5 . 

9 R . M u l l o r , A . H a i m a n d E . K r a i n e r , Berg. Hiltt. Jahrb., 8 0 . 7 4 , 1932 ; B . G a r r e , Metall 
Erz, 2A. 2 3 0 , 1 9 1 7 ; E . E a v i e s a n d E . W r i g h t , Journ. Inst. Metals, 4 3 . 2 4 7 . 193O ; L . I l a c k s p i l l 
a n d H . «1. P i n c k , Bull. Soc Ghim., ( 4 ) , 4 9 . 5 4 , 1 9 3 1 ; N . l s g a r i s e h e f r a n d I . M i r k i n , !Corrosion 
Metallschutz, 1 0 . 1 0 9 , 1904 ; I ) . M . M c E a r l a n d a n d O. E . H a r d e r , Bull. Eng. Univ. Illinois, 9 3 , 1912 ; 
O. F . H u n z i k e r , W . A . C o r d e s a n d B . H . N i s s e n , Journ. Dairy Science, 1 2 . 2 5 2 , 1929 ; W . G u e r t l e r 
a n d T . L i e p u s , Zeit. Metallkunde, 1 7 . 3 1 0 , 1 9 2 5 ; G . R . W h i t e , Journ. Phys. Chem., 15 . 7 2 3 , 1911 ; 
A . J . H a l e a n d H . S. F o s t e r , Journ. Soc. Chem. Ind., 3 4 . 4 6 4 , 1 9 1 5 ; W . E i t t m a r , ib., 3 . 3 0 3 , 1884 ; 
G A . P e t e r s , Amer. Journ. Science, ( 4 ) , 3 2 . 3 8 6 , 1 9 1 1 ; A . C o p p a d o r o , Gazz. Ghim. Ita'L, 
3 6 . i i , 6 9 3 , 1 9 0 6 ; W . G . I m h o f f , Amer. Metal Market, 3 7 . 1 0 6 , 1 9 3 0 ; N . K a m e y a m a a n d 
K . T a k a h a s h i , Journ. Soc. Chem,. Ind. Japan, 36 . 1 7 4 , 1 9 3 3 ; H . M o i s s a n , Compt. Rend., 1 3 4 . 
1 3 6 , 1 9 0 2 ; E . M a a s s a n d AV. W e i d e r h o l t , Korrosion Metallschutz, 6 . 2 4 1 , 1 9 3 0 ; R . E o r e n z , 
Zeit. anorg. Chem., 1 2 . 4 4 3 , 1 8 9 6 ; W . J a n d e r a n d H . Senf , ib., 2 1 0 . 3 1 6 , 1 9 3 3 ; W . J a n d o r , 
H . Z w e y e r a n d H . Senf , ib., 2 1 7 . 4 1 7 , 1 9 3 4 ; G. T a m m a n n , Zeit. Elektrochem., 3 5 . 2 1 , 1 9 2 9 ; 
G . T a m m a n n a n d P . S c h a f m e i s t e r , Zeit. anorg. Chem., 1 3 8 . 2 1 9 , 1 9 2 4 ; J . T . T r a v i s , Amer. 
Dyestuff Rep., 1 5 . 6 0 1 , 1 9 2 6 ; Korrosion Metallschutz, 8 . 2 0 , 1 9 2 7 ; G. K r i i s s a n d F . W . S c h m i d t , 
Ber., 2 2 . 1 2 , 1 8 8 9 ; C. W i n k l e r , ib., 2 2 . 8 9 0 , 1 8 9 0 ; K . A . H o f m a n n a n d H . H i e n d l m a i e r , ib., 3 9 . 
3 1 8 4 , 1 9 0 6 ; H . S. R a w d o n a n d W . A . T u c k e r , Bur. Standards Journ. Research, 3 . 3 7 5 , 1929 ; 
C. G . F i n k a n d C. M . E e e r o l y , Trans. Amer. Electrochem. Soc, 5 6 . 2 3 9 , 1 9 2 9 ; R . G. v a n N a m e 



174 INORGANIC AND T H E O R E T I C A L CHEMISTRY 

a n d D. TJ. Hill , Amer. Journ. Science, (4), 42. 301 , 1916 ; Chem. News, 115. 8, 18, 28 , 40, 49 , 
1917 ; J . Napier , Mem. Chem. Son., 2. J6, 1843 ; R . Kru l l a , Chem. Ztg., 54. 429, 1930 ; T . H e y -
m a n n and K. Jell inek, Zeit. phys. Chem., 160. 34, 1932 ; H . N . H u n t z i c k e r a n d L . K a h l e n b e r g , 
Trans. A trier. Electrochem. Soc, 63. 335, 1933 ; H . von W a r t e n b e r g a n d W . Gur r , Zeit. anorg. 
Chem 196 374, 1931 ; M. Rabinowi t sch a n d A. S. Fok in , Zeit. Elektrochem., 85. 18, 1929. 

10 A H Allen, Chem. News, 23. 29O, 1871 ; F . W. A t a c k , Analyst, 38. 316, 1913 ; 
I I . Baubigny, Compt. Bend., 105. 751, 1 8 8 7 ; 106. 122, 1 8 8 8 ; Chem. News, 57. 55 , 1 8 8 8 ; 
A. C Becquerel , Compt. Mend., 55. 18, 1862 ; E . a n d A. C. Becquere l , Chemist, 5. 408, 1858 ; 
N*. N. Beketoff, Bull. Soc. Chim., (2), 40. 71 , 1883 ; S. R . Benedic t , Journ. Amer. Chem. Soc., 26. 
695, 1904 ; Amer. Chem. Journ., 84. 589, 1905 ; P . Ber th ie r , Ann. Chim. Phys., (2), 25. 94, 1824 ; 
R . Bot t inger , Liebig's Ann., 51. 406, 1 8 4 4 ; C. I>. B r a u n , Zeit. anal. Chem., 7. 345, 1 8 6 8 ; 
P E . Browning and J . B . H a r t well, Amer. Journ. Science, (4), 10. 316, 1900 ; O. B r u n c k , Liebig's 
Ann., 336. 281, 1904 ; Zeit. angew. Chem., 2O. 834, 1844, 1907 ; E . D . Campbel l a n d 
W. H. Andrews, Journ. Amer. Chem. Soc, 17. 125, 1895 ; E . D . Campbel l a n d P . E . Trowbr idge , 
Journ. Anal. Appl. Chem., 7. 301, 1893 ; A. Cavall i , Gazz. Chim. Jtal., 27. i i , 95 , 1897 ; 
K. W. Charitsehkoff, Chem. Ztg., 34. 479, 1910 ; M. S. Cheney a n d E . H . S. R i c h a r d s , Amer. 
Journ. Science, (3), 14. 178, 1877 ; Chem. News, 36. 162, 1877 ; J . Clark , ib., 48. 262, 1888 ; 
E. W. Clarke, ib., 20. 154, 1869 ; Amer. Journ. Science, (2), 48. 67, 1869 ; A. Classen, Zeit. anal. 
Chem., 18. 189, 1879 ; A. Commaille, Compt. !tend., 63. 566, 1866 ; J . L.. Davies , Journ. Chem. 
Soc, 28. 31 1, 1875 ; R. H . Davies , Chem. News, 32. 44, 102, 1875 ; H . D e m a r c a y , Liebig's Ann., 
11. 251, 1834 ; P . l>irvell, Compt. Bend., 89. 903, 1 8 7 9 ; H . I>itz, Zeit. angew. Chem., 14. 894, 
IUOl ; C). L. E r d m a n n , Journ. prakt. Chem., (1), 97. 385, 1866 ; N . W. Fischer , Pogg. Ann., 9. 
265, 1827 ; 22. 495, 1831 ; C. R . Fresenius , Journ. prakt. Chem., (1), 89. 261 , 1863 ; J . N . von 
F u c h s , Schweigger's Journ., 62. 191, 1831 ; O. W. Gibbs , Amer. Journ. Science, (2), 44. 213 , 
1870 ; H . Grossmann and W. Hei lborn , Ber., 41 . 1878, 1908 ; O. H e n r y , Journ. prakt. Chem., 
(1), 62. 29, 1 8 5 3 ; Journ. Pharm. Chim., (3), 24. 305, 1 8 5 3 ; M. I l insky a n d G. von K n o r r e , 
Ber., 18. 2728, 1 8 8 5 ; 20. 283, 1 8 8 6 ; F . J ackson , Journ. Amer. Chem. Soc, 25. 992, 1903 ; 
H . O. Jones and H. JS. Tasker , Proc Chem. Soc, 25. 159, 1909 ; L. Lafay , Journ. Pharm. Chim., 
(5), 26. 67, 1892 ; A. Laugier , Ann. Chim. Phys., (1), 9. 267, 1817 ; A. Lecrenier , Chem. Ztg., 
13. 431 , 449, 1889 ; J . von I^iebig, Liebig's Ann., 87. 128, 1853 ; G. Ma la t e s t a a n d E . di NoIa , 
Boll. Chim. Farm., 52. 819, 855, 1913 ; A. Mar t in i , Mikrochem., 8. 4 1 , 1930 ; A. Merry , Journ. 
Chem. Soc, 28. 311, 1875; G. Nass , Zeit. angew. Chem., 7. 501 , 1894; G. Papasogl i , L*Orosi, 
21 . 265, 1898 ; M. Peril lon, Bev. Chim. Anal. Appl., 5. 2 1 , 1897 ; T. L. Ph ipson , Chem. News, 
9. 219, 1 8 6 4 ; 36. 150, 1 8 7 7 ; Proc Boy. Soc, 13. 217, 1 8 6 4 ; O. P o p p , Liebig's Ann., 131. 
363, 1864 ; R . Popper , Zeit. anal. Chem., 16. 433 , 1877 ; M. E . Pozzi -Escot , Bull. Soc Chim. 
BeIg., 22. 155, 1 9 0 8 ; Ann. Chim. Anal., 13. 161, 217, 1 9 0 8 ; Compt. Bend., 145. 435 , 1907 ; 
1». R a y , Zeit. anal. Chem., 79. 94, 1929 ; C. Re icha rd , Chem. Ztg., 28. 479, 885, 1904 ; 
1». J . Rob iqne t , Ann. Chim. Phys., (2), 69. 285, 1838 ; J . C. Ro ldan , Anal. Pis. Quim., 28. 108O, 
193<) ; H . Rose, Pogg. Attn., 84. 571, .1851 ; T. Rosenb lad t , Journ. Buss. Phys. Chem. Soc, 18. 
3O, 1886 ; Bull. Soc Chim., (2), 46. 817, 1886 ; Z. Rouss in , Journ. Pluirm. Chim., (4), 3 . 413 , 
1866 ; Chem. News, 14. 27, 1866 ; P . B . S a r k a r a n d B . K . D a t t a - R a y , Journ. Indian Chem. 
Soc, 7. 251, 1930 ; E . A. Schmidt , Liebig's Ann., 156. 19, 1870 ; J . L. C. Schroder v a n der K o k l , 
Zeit. anal. Chem., 85. 297, 1896 ; B . A. Soule, Journ. Amer. Chem. Soc, 47. 981 , 1925 ; 
A. Terreil , Bull. Soc Chim., (3), 6. 913, 1891 ; Compt. Bend., 45. 652, 1857 ; A. Thiel a n d 
H . OhI, Zeit. anorg. Chem., 61. 396, 1909 ; R . T u p p u t i , Ann. Chim. Phys., (2), 78. 133, 1840 ; 
Compt. Bend., 114. 1149, 1 8 9 2 ; A. Villiers, ib., 119. 1263, 1 8 9 4 ; D . Vital i , Boll. Chim. 
Farm., 45. 665, 1906 ; H . W. F . Wackenroder , Brandes' Arch., 16. 129, 1826 ; H . Weil , Bull. 
Soc Chim., (4), 9. 20, 1911. 

11 W. S. and S. K . Dziergoweky a n d N . O. Schumoff-Sieber, Biochem. Zeit., 2. 190, 1906 ; 
H . K a h h o , ib., 122. 39, 1921 ; A. T h o m a s , Journ. Biol. Chem., 58. 671 , 1924 ; G. B e r t r a n d a n d 
H . N a k a m u r a , Compt. Bend., 185. 321 , 1927 ; G. B e r t r a n d a n d M. Mokragna t z , ib., 175. 112, 
458, 1922 ; AV. Schi i rmann a n d T. B a u m g a r t e l , Zeit. Immunitdls, 31. 151, 1921 ; P . Mascherpa , 
Arch. Exp. Path. Pharm., 124. 356, 1927 ; W. Sa l an t a n d C. W. Mitchell , Proc. Soc. Exp. Biol. 
New York, 13. 15, 1915 ; W. Sa lan t , Journ. Ind. Hygiene, 2. 72, 192O ; W. Sa lan t a n d H . Connet , 
Journ. Pharmacol., 15. 217, 192O ; E . E . Free," Johns Hopkins Univ. Circular, 195, 1 9 1 7 ; 
C. Gerber , Compt. Bend. Soc Biol., 69. 211, 1911 ; L. Massol a n d M. Bre ton , ib., 66. 818, 1910 ; 
K. B . Le l imann, Arch. Hygiene, 68. 421 , 1909 ; H . W. Armi t , Journ. Hygiene, 7. 526, 1907 ; 8. 
565, 1908 ; B. I sachenko, Selsk. Khoz. Lyesow, 189. 35 , 1898 ; Exp. Stat. Becord, 11. 123, 1899 ; 
A. Chassevant and C. Riche t , Compt. Bend., 117. 673, 1893 ; C. R iche t , ib., 97. 1004, 1834 ; 
Y . l>elage, ib., 143. 863, 1907 ; J . B . V. Laborde and A. Riche , Journ. Pharm., (5), 17. 1, 59, 97, 
1888 ; F . Geerkens, Experirnentelle Unlersuchungen ilber die Wirkungen -von Nickelsalzen, B o n n , 
1883 ; Chem. Centr., (3), 15. 43 , 1884 ; C. du Bois, Schweiz. Med. Wochchr., 21. 278, 1931 ; 
Bull. Hyg., 6. 471 , 1931 ; H . Lange , Metallwaren Ind., 24. 87, 1926 ; J . F . H a e r r y , Chemicals, 
24. 23 , 1 9 2 5 ; A. N i e t h a m m e r , Pflanzenbau, 4. 607, 1 9 3 0 ; R . H . Ch i t t enden a n d C. Nor r i s , 
Studies Physiol. Lab. Yale Univ., 3 . 148, 1888 ; G. C. Gmel in , Schweigger's Journ., 48. HO, 1825 ; 
Edin. Med. Journ., 3 . 324, 1827 ; L. N a t h a n , Centr. Balcteriol., 12. i i , 93 , 1904 ; L . N a t h a n a n d 
A. Schmid t , ib., 15. ii, 349, 1905 ; L . N a t h a n , A. Schmid t a n d W. F u c h s , ib., 14. ii, 289, 1905 ; 
E . Manviloff, ib., 18. ii, 199, 1907 ; E . Ludwig , Oesterr. Chem. Ztg., 1. 3, 1898 ; A. Siegler, Compt. 
Bend., 184. 954, 1922 ; E . Haselhoff, Landiv. Jahrb., 22. 862, 1893 ; A. Riche , Journ. Pharm. 
Chim., (5), 17. 5, 1888 ; J . P . Anderson and T. P . A. S t u a r t , Arch. Exp. Path. Pharm., 18. 151, 
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1 8 8 4 ; H . S c h u l z e , ib., 18 . 3 6 0 , 1 8 8 4 ; F . W o h l w i l i , ib., 56 . 4 0 3 , 1 9 0 7 ; M. N a k a m u r a , Bull. 
Coll. Agric. Tokyo, 6 . 147 , 1904 ; Y. F u k u t o m e , ib., 6 . 136 , 1904 ; A n o n . , Canadian Chem. Met., 
1 1 . 5 6 , 1927 ; F . M . R . B u l m e r a n d E . A . M a c k e n z i e , Journ. Ind. Hygiene, 8 . 5 1 7 , 192(5 ; 
K . R . !Dr inke r , L . T . F a i r h a l l , G . B . R a y a n d O. K . D r i n k e r , ib., 6. 3 0 7 , 1924 . 

ia N . C. M a r p l e s , Metal Ind., 37 . 4 8 5 , 49O, 1930 ; foundry Trade. Journ., 4 3 . 3 5 3 , 1930 ; 
M. B a l z o l a , JDyna, 4 . 1, 1 9 2 9 ; J . C o u r n o t , Rev. M&t., 24 . 74O, 1927 ; Usine, 36 . 2 3 , 1929 ; 
J . H . L . V o g t , Berg. HiXtt. Ztg., b2. 1 3 , 1893 ; Min. Met., 10 . 1 8 3 , 1929 ; J . G a l i b o u r g , Aciers 
Sptciaux, 3 . 3 0 8 , 1928 ; G. C h a u d r o n , Rev. MH., 24 . 6 5 4 , 1927 ; C. P . M a d s o n , Trans. Amer. 
Electrochem. Soc, 3 9 . 4 8 3 , 1921 ; R . J . M c K a y , ib., 5 1 . 1457 , 1927 ; 52 . 3 4 1 , 1927 ,- Chem. Met. 
Kngg., 36 . 5 4 7 , 1929 ; Metal Ind., 30 . 5 2 4 , 1927 ; Brass World, 2 3 . 3 8 5 , 1927 ; P . D . M e r i c a , 
Chem. Met. Engg., 2 4 . 17 , 6 4 9 , 1921 ; Amer. Metal Ind., 2 4 . 2 3 8 , 1926 ; Bull. Canada Inst. Min. 
Met., 166 , 1 9 2 6 ; Metal Ind., 18 . 4 4 5 , 1921 ; 2 9 . 5 5 , 7 9 , 1926 ; E . F . C o n e , Iron Age, 105. 1 7 1 3 , 
1920 ; M . C o o k , Chem. Age, 1 3 . 9 , 1 9 2 5 ; W . G. P a l m e r , Journ. Soc. Chem. Ind., 3 9 . 3 1 6 , 192O ; 
T . W . G i b s o n , Mineral Ind., 4 1 . 3 6 9 , 1 9 3 2 ; H . P a r s o n , Zeit. anorg. Chem., 114 . 117 , 1 9 2 0 ; 
Chem. Age, 15 . 2 7 6 9 , 1920 ; A . M. P o r t e v i n , Usine, 36 . 2 3 , 1927 ; foundry Trade Journ., 
37 . 1 8 3 , 1927 ; R . C. S t a n l e y , Trans. Canada Inst. Min. Met., 30 . 869 , 1927 ; Second 
Empire Min. Met. Congress, 1, 1926 ; Automotive Ind., 6 6 . 2 5 4 , 1932 ; E . N . L e w i s , Metal 
Ind., 27 . 6 0 6 , 1925 ; F . B . H . H o w a r d , Electrician, 9 3 . 6 1 0 , 1924 ; A . C. S t u r n e y , Mininq 
Mag., 3 8 . 3 4 1 , 1 9 2 8 ; Min. Journ.—Ann. Rev., 1 3 , 1 9 2 9 ; S. S o w d e r , Inco, 5 . 12, 3 3 , 1 9 2 4 ; 
.1 . M c N e i l , Trans. Inst. Marine Eng., 4 3 . 5 6 1 , 1931 ; Metallurgie, 5 . 5 7 , 1931 ; A. S e t o n , 
Metal Ind., 4 1 . 2 4 3 , 1 9 3 2 ; L . G u i l l e t , Rev. Met., 2 4 . 7 2 2 , 1 9 2 7 ; Science et la Vie, 3 1 . 185 , 
1927 ; Bull. Soc. Ing. Civils, (9) 8 1 . 1 9 5 , 1928 ; R . W o r t h i n g t o n , Automotive Ind., 66 . 164, 
1932 ; E . A . T u r n e r , Chem. Markets, 26 . 1 6 3 , 1 6 5 , 167, 1930 ; E . A . T u r n e r a n d R. U S u h l , 
Amer. Metal Ind., 2 2 . 4 , 1924 ; W . R . B a r k l e y , Metal Intl., 3 0 . 2 5 , 1927 ; Proc. Soc. Chem. 
Ind.—Chem. Eng., 14 . 7 5 , 1933 ; H . C. Mof fe t t , Power Plant Engg., 37 . 2 0 8 , 1933 ; G. C h a r p y , 
Rev. Mil., 2 4 . 7 1 5 , 1927 ; I I . L a n g e , Metalltvaren Ind., 2 4 . 8 8 , 1926 ; R . L u n d , Tek. Ukeblad, 
78 . 5 0 6 , 1931 ; W . T . Gr i f f i ths , Metal Ind., 34 . 3 6 3 , 3 9 9 , 1929 ; A . J . W a d h a m s , Min. Met., 
10 . 1 8 3 , 1929 ; B . E . F i e l d , ib., 14 . 3 0 3 , 1933 ; H . D i n g i e r , IJingler's Journ., 2 6 0 . 3 7 8 , 1886 ; 
H . K a l p e r s , ib., 345 . 3 , 1930 ; G. G r a n d , Aciers Splciaux, 5 . 5 6 6 , 1930 ; I I . W . W a l k e r , Canadia?i 
Chem. Met., 1 5 . 189 , 1931 ; W . v o n S e l v e , Zeit. Metallkunde, 1 3 . 4 0 , 1921 ; (Hesserei Ztg., 1 7 . 
2 7 7 , 2 9 1 , 1 9 2 1 . 

1 3 C. E . M c D o n a l d . Canada Chem. Journ., 4 . 106 , 1 9 2 0 ; F . R . B a r t o n , Journ. Inst. Metals, 
36 . 1 2 1 , 1 9 2 6 ; A. G. C h a r l e t o n , Journ. Soc. Arts, 4 2 . 4 9 6 , 1 8 9 4 ; 4 3 . 6 0 9 , 1 8 9 5 ; Report of the 
Royal Ontario Commission, T o r o n t o , 3 1 2 , 1917 . 

1 4 W . F r e s e n i u s , Zeit. anal. Chem., 2 4 . 7 5 , 1 8 8 5 . 
1 5 E . L u d w i g , (Jester. Chem. Ztg., 1. 3 , 1898 ; A . R o h d e , Arch. Hyg., 9. 3 3 1 , 1889 . 
1 0 R . . ) . M c K a y , Journ. Ind. Eng. Chem., 1 5 . 5 5 5 , 1923 ; Trans. Amer. Electroc-hc.m. Soc, 5 2 . 

3 4 1 , 1927 ; R . C. ' S t a n l e y , Nickel—Past and Present, T o r o n t o , 1927. 
1 7 E . von A u b e l , IHngler's Journ., 267'. 2 3 9 , 1888 ; H . S t e i n a c h , ib., 267 . 3 2 8 , 1888. 
A« E . .1 . J u n g n e r , German Pat., IJ.R.P. 163170 , 1901 ; Zeit. Elektrochem., 1 1 . 5 8 3 , 6 6 0 , 796 , 

8 8 5 , 9 6 9 , 1905 ; T . A . E d i s o n , U.S. Pat. JVo. 1 0 3 6 4 7 1 , 1912. 
l a A . Ie C h a t o l i e r a n d P . D u p u y , Compt. Rend., 127 . 4 3 3 , 1898 ; P . K . E . S c h n u r p f e i l , Rev. 

Class Works, 4 . 6 8 5 , 192O ; H . S e g e r , IJingler's Journ., 248 . 168 , 1 8 8 3 ; F . v o n L e i t h n e r , ib., 
8 3 . 1 2 1 , 1842 ; W . H . Z i m m c r , Sprech., 4O. 8 5 , 1907 ; H . W i c k s a n d J . W . Mel lo r , Trans. Cer. 
Soc., 1 3 . 6 1 , 1 9 1 4 ; F . K . P e n c e , Trans. Amer. Cer. Soc, 14 . 144 , 1 9 1 2 ; ,T. E . B a r t o n a n d 
A . V. B l e i n i n g e r , Glaus Ind., 3 1 . 2 0 9 , 1920 ; J . IX W h i t m e r , Journ. Amer. Cer. Soc, 4 . 357 , 1921 ; 
F . R . B a r t o n , Metal Ind., 2 9 . 2 6 5 , 1926. 

§ 8. The Atomic Weight and Valency of Nickel 
T h e hyd rogen equ iva l en t of nickel a p p r o x i m a t e s 29-5, a n d i ts a t . wt . is t a k e n 

t o be a b o u t 59 because i t is in accord w i t h (i) t h e sp . h t . rule ; wi th (ii) i ts posi t ion 
in t h e periodic t a b l e ; a n d (iii) w i th t h e i somorphous law appl ied t o t h e complex 
alkal i a n d nickel su lpha tes , a n d t h e cor responding sal ts of b ivalent iron, a n d of 
coba l t . T h e general p roper t i es of i ron, cobal t , a n d nickel—e.g., t h e absence of sal ts 
of t e rva l en t n ickel—would place coba l t be tween iron a n d nickel in t h e periodic 
t ab le , b u t t h e a t . w t . of nickel is s l ight ly less t h a n t h a t of cobal t , a n d th i s fact is 
r ega rded as one of t h e misfits in t h e per iodic table—vide 1. 6, 6, a n d t h e a t . w t . of 
cobal t . According t o C. Gr. B a r k l a a n d C. A. Sadler , 1 t h e sca t te r ing of the X- r ays 
by nickel is a b n o r m a l unless t h e a t . w t . of t h e e lement app rox ima te s 61*4. The 
i somorph i sm of t h e nickel a n d m a g n e s i u m su lpha tes , R S O 4 . 7 H 2 O , of t h e cobal t 
a n d nickel chlorides, RCl 2-BII 2O, a n d of t h e coba l t a n d nickel n i t r a tes , 
R ( N 0 8 ) 2 . 6 H 2 0 ; a n d t h e solid soln. of copper a n d nickel su lpha tes all suppor t 
t h e t h e o r y t h a t nickel is bivalent. Iii nickelic oxide, Ni 2 O 3 , t h e nickel is p resumably 
tervalent, * a l t hough th i s oxide does n o t form charac ter i s t ic sal ts . According to 
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G. Pel l ini a n d D . Meneghini , a n d B . Mar ino , t h e r e a r e t w o i somer ic fo rms of n icke l 
d iox ide , in one , t h e nickel is b iva l en t , a n d in t h e o t h e r quadrivalent. I n t h e n icke l 
t e t r o x i d e , NiO 4 , of A. Ho l l a rd , t h e e l e m e n t m a y be octovalent, a n a l o g o u s w i t h 
o s m i u m t e t r o x i d e — a sub jec t d i scussed b y T . C u r t i u s . I n n icke l t e t r a c a r b o n y l , 
Ni(CO) 4 , t h e nickel m a y be o c t o v a l e n t , or m o r e l ike ly b i v a l e n t — v i d e 5 . 39 , 27 . 
D . K . Goralevich cons idered n icke l t o be o c t o v a l e n t in t h e c o m p o u n d B a O 2 N i O 3 . 
W . M a n c h o t a n d co-workers , G. G r u b e , L . Tschugaeff a n d W . Chlop in , a n d 
J. Bellucci a n d R . Corelli, s u p p o r t e d t h e a s s u m p t i o n t h a t n icke l c a n a c t a s a 
univalent e l emen t in c o m p o u n d s of t l ie t y p e N i ( N O ) S - R , b u t n o t so B . C a m b i . 
P . R a y , R . Vogel, A. A . B l a n c h a r d a n d W . B . Gi l l i land, F . P . J . D w y e r a n d 
I ) . P . Mellor, A. F . R i c h t e r , a n d E . Th i lo d i scussed t h e v a l e n c y of n icke l ; 
E . G. Cox a n d co-workers , t h e c o - o r d i n a t i o n n u m b e r a n d t h e p l a n a r conf igura t ion 
of complex sa l t s ; a n d W . R . B u c k n a l l a n d "W. W a r d l a w , a n d G. T . M o r g a n a n d 
F . H . B u r s t a l l , t h e s t e r e o c h e m i s t r y of t h e s e sa l t s . 

I n 1826, E . Rothhof f m a d e a n ana lys i s of n ickel ch lor ide , a n d f rom t h e r a t i o 
N i O : AgCl i t w a s conc luded t h a t t h e a t . w t . of n icke l is 59-05 . T. T h o m s o n a lso 
s t u d i e d t h e sub jec t ; a n d in 1852, O. Li. E r d m a n n a n d R . F . M a r c h a n d o b t a i n e d 
58*2 t o 58*6 for t h e a t . w t . c a l cu l a t ed f rom t h e r a t i o N i O : N i d e t e r m i n e d b y 
r educ ing t h e oxide in h y d r o g e n ; a n d in 1856, J . B . D u m a s o b t a i n e d 59-3 in a 
s imi lar m a n n e r . I n 1857, E . R . Schne ide r o b t a i n e d 58*049 f rom t h e r a t i o N i : 2CO 2 -
J . C. G. de Mar ignac ca l cu la t ed 58*761 f rom t h e r a t i o N i S O 4 : N i O = IOO : 48*289 ; 
I I . B a u b i g n y , 58-740 f rom 100 : 48*280 ; a n d P . Sch i i t zenberger , 58-676 f rom t h e 
r a t i o 100 : 48-257. E . v o n S o m m a r u g a o b t a i n e d 58-803 f rom t h e r a t i o 
2 B a S O 4 : K 2 N i ( S 0 4 ) 2 . 6 H . , 0 : 100-0OO : 93-6505. W . J . Russe l l g a v e 58-742 f rom 
t h e r a t i o N i O : N i - 1 0 0 : 78-593 ; J . L . C. Z i m m e r m a n n , 58-704 f rom t h e r a t i o 
1OO : 78*582 ; P . Sch i i t zenberger , 58-671, from 100 : 48-257 ; B . M o n d a n d co­
worke r s , 58-575 f rom 100 : 78*545 ; a n d G. K r u s s a n d F . W . S c h m i d t , 58-225 
from 1OO : 78-444 ( reduc t ion) , a n d 58-616 from 1OO : 78-557 (ox ida t ion ) . C. W i n k l e r 
o b t a i n e d 59-435 f rom t h e r a t i o 2 A u : 3 N i - I O O : 45-29 ; 59-030 f rom t h e r a t i o 
2Ag : N i - 1 0 0 : 27*359 ; 59-031 f rom t h e r a t i o I 2 : N i - 1 0 0 : 23-255 ; a n d 59-026 
f rom t h e r a t i o 2AgCl : Ni = 100 : 20*590. W . J . Russe l l c a l c u l a t e d 58*906 f rom t h e 
r a t i o Ni : H 2 - I O O : 3-4211. R . H . Bee o b t a i n e d 58-025 f rom t h e r a t i o of t h e sa l t s 
of b ruc ine , ( C 2 3 H 2 6 N 2 O 4 ) 6 H 6 N i 3 C y 1 9 . 1 0 H 2 O : 3 N i - I O O : 5-7295, a n d 58-083 f rom 
t h e r a t i o of t h e sa l ts of s t r y c h n i n e , ( C 2 1 H 2 2 N 2 0 2 ) 6 H 6 N 3 C y 1 2 . 8 H 2 0 : 3 N i = I O O : 6-595. 
J . C. G. de Mar ignac o b t a i n e d 58-842 f rom t h e r a t i o 2Ag : N i 2 - I O O : 60-139 ; 
J . B . D u m a s , 58*971 f rom t h e r a t i o 100 : 60*199 ; a n d W . F . O. de Con inck a n d 
M. G e r a r d o b t a i n e d 58*57 f rom t h e r a t i o N i C 2 O 4 . 2 H 2 O : N i ; T . W . R i c h a r d s a n d 
A. S. C u s h m a n o b t a i n e d 58-668 f rom t h e r a t i o 2Ag : N i B r 2 - I O O : 101-270 ; 58-665 
f rom 2 A g B r : N i - 1 0 0 : 58-174 ; a n d 58-682 f rom N i B r 2 : N i - 1 0 0 : 26-855. I t w a s 
t h o u g h t t h a t t h e r a t i o s of t h e first t w o series s h o u l d b e inc reased b y 0-015 t o a l low 
for t h e p resence of a t r a c e of s o d i u m ch lor ide . 

G. P . B a x t e r a n d L . AV. P a r s o n s c o m p a r e d t h e a t . w t s . of n ickel f rom t e r r e s t r i a l 
a n d me teo r i c sources b y t h e r e d u c t i o n of t h e ox ide w i t h h y d r o g e n a n d f o u n d for 
t e r r e s t r i a l n ickel 58-70, a n d m e t e o r i c n icke l 58-68. T h e difference is w i t h i n t h e 
l imi ts of e x p e r i m e n t a l e r r o r ; G. P . B a x t e r a n d F . A. H i l t o n o b t a i n e d for t h e r a t i o 
NiCl 2 : 2Ag for t e r r e s t r i a l n icke l 0-600730, a n d for m e t e o r i c nickel 0-600726 ; in 
t h e case of t h e r a t i o NiCl 2 : 2Ag, 0-452118 w a s o b t a i n e d for t e r r e s t r i a l n icke l , a n d 
0 4 5 2 1 4 2 for me teo r i c n icke l . T h e s e d a t a g a v e t h e s a m e v a l u e , viz. 58*70 (Ag 
107*880, a n d CI—34*458) for n icke l o b t a i n e d f rom b o t h sources . I n b o t h cases 
t h e m e t e o r i c nickel w a s f rom t h e C u m p a s m e t e o r i t e of S a n o r a , Mexico . 
G. P . B a x t e r a n d co -worke r s f o u n d for m e t e o r i c n icke l f rom a n o t h e r source f rom 
t h e r a t i o N i B r 2 : 2Ag ; 58-696 for t e r r e s t r i a l a n d 58-694 for m e t e o r i c n ickel , a n d 
f rom t h e r a t i o N i B r 2 : 2AgBr , 58-694 for t e r r e s t r i a l n icke l , a n d 58-694 for m e t e o r i c 
n icke l . T h e s e re su l t s all ag ree t h a t t h e r e is n o pe r cep t i b l e difference in t h e i so top ic 
c o m p o s i t i o n of t e r r e s t r i a l a n d m e t e o r i c n icke l . 

G. P . B a x t e r a n d co -worker s cons ider t h a t t h e b e s t r e p r e s e n t a t i v e v a l u e for t h e 
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a t . w t . of n ickel is 58-694 ; F . W . Clarke , a n d J . A. N . F r i e n d , 58-68 ; a n d t h e 
I n t e r n a t i o n a l T a b l e for 1931 g a v e 58-69. M. Gerbe r , a n d Gr. T). H i n r i c h s d iscussed 
some r e l a t i ons of t h e a t . w t s . 

T h e a t o m i c n u m b e r of n ickel is 28 w h e n t h a t of c o b a l t is 27 a n d t h a t of i ron is 
26 . P . V inassa 2 s t u d i e d t h e molecu la r n u m b e r s of n icke l c o m p o u n d s ; a n d 
D . d e B a r r o s , t h e n u c l e a r n u m b e r s . Accord ing t o F . W . As ton , i so topes of n icke l 
h a v e been o b s e r v e d w i t h t h e a t . -Wts. 58 , 60, 6 1 , a n d 62. T h e y were s t u d i e d b y 
B . K . P ly l e r , W . Y e h , a n d J . H . B a r t l e t t . T h e a t o m i c d isrupt ion of n icke l b y 
t h e b o m b a r d m e n t of a.-particles h a s n o t b e e n n o t e d b y Gr. JCirsch, H . P e t t e r s s o n 
a n d Gr. K i r s c h , or b y J . D . Cockrof t a n d E . T . S. W a l t o n , M. A. T u v e a n d 
co -worke r s , or E . R u t h e r f o r d a n d J . Chadwick . E . M a t z n e r sa id t h a t i t is 
d i s i n t e g r a t e d by b o m b a r d m e n t w i t h P o - B e n e u t r o n s . Accord ing t o N . Bohr , a n d 
E . C. S tone r , t h e e l ec tron ic s tructure of t h e a t o m is (2) for t h e K-shel l ; (2, 2, 4) 
for t h e L-shell ; (2, 2, 4, 3 , 5) for t h e M-shel l : a n d (2) for t h e N-shel l . T h e 
e lec t ron ic s t r u c t u r e w a s d i scussed b y A. T . Wi l l i ams , J . D . M. S m i t h , 
M. K a h a n o v i c z , I I . Liessheim a n d co-worker s , S. Meyer , Gr. I . P o k r o w s k y , 
P . R a y , W . H e i s e n b e r g , W . V. H o w a r d , P . D . F o o t e , G. Glockler , I I . G. G r i m m 
a n d A. Sommer fe ld , W . H . R o t h e r y , H . Collins, F . I I . I .or ing, H . Pe r l i t z , 
C D . N i v e n , H . E y r i n g a n d A. S h e r m a n , R . S a m u e l a n d E . Markowicz , R . K r u g e r 
a n d W . E . S h o u p p , G. N . Lewis , F . H . N e w m a n a n d H . J . W a l k e , a n d 
H . J . W a l k e . M. V. G o l d s c h m i d t sa id : 

A c c o r d i n g t o R . L a d e n b u r g , a n d N". B o h r , t h e s i m i l a r i t y i n t h e a t o m i c p r o p e r t i e s o f 
t h e m e m b e r s of t h e i r o n f a m i l y of e l e m e n t s i s c lue t o t h e f a c t t h a t t h e e l e c t r o n s a d d e d , a s 
t h e a t o m i c n u m b e r i n c r e a s e s a r e n o t a d d e d t o t h e o u t e r l a y e r s b u t p a s s f a r t h e r i n t o t h e 
i n t e r i o r of t h e a t o m . A c c o r d i n g t o t h e n a t u r e a n d t h e s t r e n g t h of e x t e r n a l c h e m i c a l 
a c t i o n , d i f f e r e n t n u m b e r s of e l e c t r o n s a r e g i v e n u p b y t h e a t o m s , t h e r e b y g i v i n g r i s e t o t h e 
d i f f e r e n t s t a g e s of v a l e n c y . T h u s , i n s o m e c a s e s , c o l o u r l e s s d i a m a g n o t i c i o n s of t h e n o b l e 
g a s t y p e a r o f o r m e d , a n d i n o t h e r c a s e s , c o l o u r e d p a r a m a g n e t i c i o n s . T h e f o r r o - m a g n e t i s r n 
a n d c a t a l y t i c a c t i v i t y , w h i c h a r e c h a r a c t e r i s t i c t y p i c a l p r o p e r t i e s of t h e i r o n f a m i l y , c a n b e 
a t t r i b u t e d t o t h e s e p e c u l i a r i t i e s of a t o m i c s t r u c t u r e . T h e a t o m s of t h e f r e e e l e m e n t s of 
t h i s f a m i l y a r e b o u n d t o g e t h e r b y s t r o n g f o r c e s , h e n c e , t h e m e l t i n g p o i n t s a r e h i g h a n d t h e 
r e s i s t a n c e t o c h e m i c a l a n d m e c h a n i c a l a c t i o n g o o d . 
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§ 9. Intermetallic Compounds and Alloys of Nickel 
According to G. v o n E n g e s t r o m , 1 W . F l i g h t , a n d A. G. Char l e ton , n i cke l -copper 

a l loys m u s t have been used as co inage a l loys a b o u t 200 B.C., cen tu r i e s before t h e 
d iscovery of nickel a s a m e t a l sui generis, because t h e ana ly se s of some w h i t e 
B a c t r i a n coins bea r ing images or in sc r ip t ions of ce r t a in k ings of B a c t r i a over t h e 
per iod 246 t o 146 B.C., i nd i ca t e t h a t t h e y c o n t a i n 77-585 p e r cen t . Cu ; 20*038, 
Ni ; 0-554, Co ; 1 -048, F e ; a n d t r a c e s of o t h e r m e t a l s . W . F l i g h t also s t a t e d t h a t 
i t is n o t l ikely t h a t t h e coins a r e forgeries. Accord ing t o Q u i n t u s Cur t ius , in his 
Vila Alexander, w r i t t e n i n t h e ea r ly c en tu r i e s of t h e Chr i s t i an era , t h e Oxydracee 
a n d Malli p r e sen t ed t o A l e x a n d e r t h e G r e a t 100 t a l e n t s of ferrum candidum (whi te 
i ron) . A. C u n n i n g h a m , a n d W . C. K o b e r t s - A u s t e n bel ieve t h a t t h e -white i ron w a s 
one of t h e Chinese al loys of nickel a n d c o p p e r ; a n d s imi lar ly also w i t h t h e " I n d i a n 
brass , wh i t e as s i lver ," wh ich w a s m e n t i o n e d in t h e Greek Anthology b y Cr inagor is 
in t h e first c e n t u r y of our e ra . 

A b o u t t h e midd le of t h e n i n e t e e n t h c e n t u r y , in 1856, t h e U n i t e d S t a t e s a d o p t e d 
a copper-n ickel a l loy (88 : 12) for one c e n t p ieces ; b u t i t w a s l a t e r f o u n d t o b e 
u n s u i t a b l e . I n 1860, t h e Belg ians issued co inages w i t h coppe r a n d nickel a p p r o x i ­
m a t e l y as 3 : 1 ; a n d l a t e r on a s imi lar a l loy w a s e m p l o y e d for five a n d t e n c e n t 
p ieces in t h e U n i t e d S t a t e s . Accord ing t o V. AtanasofT, a n d W . F l i gh t , t h e a l loy 
c a m e i n t o use in o t h e r c o u n t r i e s — P e r u , Bu lga r i a , H o n d u r a s , Braz i l , J a m a i c a , 
Swi t ze r l and , G e r m a n y , e t c . F o r a t i m e , g r anu l e s of a "white m e t a l occur r ing i n t h e 
s lags of some disused mines a t Suh l , T h u r i n g i a , were e x t r a c t e d a n d sold as Suhler 
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Weisskupfer : t h e ana ly se s of R . Bra i ides showed t h a t t h e a l loy c o n t a i n e d 8-75 pe r 
cen t , of n icke l , 88 p e r cen t , of coppe r , e t c . 

T h e r e a r e m a n y a l loys of c o p p e r a n d n ickel w i t h specia l t r a d e n a m e s , a n d 
o t h e r s i n w h i c h c o p p e r a n d n icke l a r e t h e d o m i n a n t c o m p o n e n t s . A. F . C r o n s t e d t , 
T . B e r g m a n , a n d A. a n d C. R . A ik in sa id t h a t c o p p e r r ead i ly a l loys w i t h n ickel , 
a n d t h a t t h e p r o d u c t s a r e less duc t i l e t h a n copper , b u t t h e y a r e m a g n e t i c . T h e 
a l loys were also m e n t i o n e d b y H . H . Viv ian , A. T . Mer ry , A. P a r k e s , a n d 
H . E l k i n g t o n . T h e t e r m cupronickel is a p p l i e d t o a l loys c o n t a i n i n g 
a p p r o x i m a t e l y Cu : N i = 8 0 : 20 . T h e a l loy cal led constantan h a s c o p p e r 
a n d n icke l i n t h e p r o p o r t i o n s 2 : 3 ; t h a t s o m e t i m e s cal led nickel bronze 
is t h e co inage a l loy 3 : 1 , a n d t h e a l loy w i t h n e a r l y t h i s p r o p o r t i o n 
of t h e t w o e l e m e n t s h a s b e e n cal led patent nickel, a n ana lys i s of w h i c h 
s h o w e d : 24-14 p e r cen t , of n icke l , a n d 74-71 p e r cen t , of copper ; t h a t cal led 
cupronickel h a s t h e p r o p o r t i o n a b o u t 4 : 1 ; t h a t cal led benedict metal h a s t h e 
p r o p o r t i o n n e a r l y 85 : 15 ; t h e t o l e r a n c e i n t h e g o v e r n m e n t specif icat ions of t h e 
U .S .A . a r e n icke l 14 t o 16 p e r cen t . , a n d copper , 84 t o 86 p e r c en t . ; a n d t h a t cal led 
monel metal—after A. M o n e l l — h a s t h e p r o p o r t i o n 3 : 7 o r 69 p e r cen t , of coppe r 
w i t h u p t o a b o u t 5 p e r cen t , of i ron , m a n g a n e s e , a n d sil icon. T h e compos i t ion 
a n d p r e p a r a t i o n were d i scussed b y I J . A r c h b u t t , L . Daine l l i , !R. I I . Gaines , 
E . S. Whee le r , a n d W . B . P a r k e r . Monel m e t a l is p r o d u c e d f rom t h e nickel -
c o p p e r m a t t e de r ived f rom t h e ores of S u d b u r y , O n t a r i o , a n d i t is hence t e r m e d a 
natural alloy. I t va r i e s f rom 60 t o 72 p e r cen t , n icke l a n d t h e r e m a i n d e r be ing 
m a i n l y c o p p e r w i t h 0-5 t o 6-5 p e r cen t , m a i n l y i ron . O n e specif icat ion of t h e 
G o v e r n m e n t of U .S .A . g a v e as a m i n i m u m 60 pe r cen t , n ickel , a n d for c a s t i n g s — 
Ou, 33 ; F e , 6-5 ; Al, b - 5 ; a n d P b , 0-0 p e r cen t . ; wh i l s t for roll ing, Cu, 36 ; 
F e , 3 -5 ; Al , 0 - 5 ; a n d P b , 0-0 p e r c e n t . T h e ana ly se s of H . F . Moore a n d 
co -worke r s g a v e 26-78 t o 27-18, Cu ; 68-32 t o 68-77, N i ; 2-20 t o 2-58, F e ; 
1-77 t o 1-93, M n ; a n d 0-15, C. T h e m o n e l a l loy w a s d iscussed by M. F r i t z e m e y e r , 
a n d M. G. Corson. 

T h e copper -n icke l a l loys were p r e p a r e d b y N . S. Kurnakof f a n d S. F . Schem-
t s c h u s c h n y b y m e l t i n g t h e c o n s t i t u e n t m e t a l s in a g r a p h i t e crucible , b u t t h o s e 
a l loys w i t h over 20 pe r cen t , of n icke l dissolve c a r b o n w h e n mo l t en , a n d re jec t 
i t a s g r a p h i t e d u r i n g solidif ication. H . B e h r e n s a d d e d t h a t t h e m o l t e n m e t a l is 
l iable t o sp i t o u t a b s o r b e d gases d u r i n g cool ing, a n d is also l iable t o ox ida t i on . 
H e the re fore r e c o m m e n d e d p r e p a r i n g t h e a l loys u n d e r a l a y e r of flux cons i s t ing of 
s o d i u m c a r b o n a t e a n d b o r a x . T h e m a n u f a c t u r e of t h e a l loys was desc r ibed b y 
G. !Lyons, G. Schii le , a n d A. G r o n n i n g s a t e r a n d co-workers . W . S t a h l obse rved 
t h a t t h e c o p p e r oxidizes m o r e r ead i ly t h a n t h e n ickel . C. J . Smi the l l s a n d co­
w o r k e r s p r e p a r e d t h e a l loys b y m e l t i n g t h e m e t a l s in a m a g n e s i a cruc ib le in 
h y d r o g e n . A . v o n Ki ige lgen o b t a i n e d t h e a l loys b y h e a t i n g a m i x t u r e of c o p p e r 
ch lor ide a n d n icke l ox ide w i t h c a l c i u m ca rb ide . N a t u r a l a l loys a re o b t a i n e d 
as in t h e p r o d u c t i o n of m o n e l m e t a l f rom t h e ores of S u d b u r y , O n t a r i o ; a n d 
processes of sme l t i ng were desc r ibed b y E . D o n a t h , G. K r o u p a , a n d F . W . M a r t i n o . 
Al loys h a v e also been o b t a i n e d b y t h e s i m u l t a n e o u s decompos i t ion of t h e t w o 
m e t a l s electrolytic-ally. T h u s , L). S. Ash b rook used an e lec t ro ly t ic b a t h con­
t a i n i n g s o d i u m p h o s p h a t e a n d p h o s p h o r i c ac id , a n excess of t h e c o p p e r sa l t , 
a n d a l i t t l e su lphur i c ac id . T h e e lec t ro ly t ic process w a s also d iscussed b y G. B r u n i 
a n d M. A m a d o r i , M. LIille a n d M. Miiller, H . D . H ine l ine a n d W . B . Cooley, F . P e t e r s , 
K!. M a s a k i , a n d L . E . S t o u t a n d co-workers ; a n d W . E . Oak ley , B . K . De r ing , 
J . E . H u r s t , W . F . G r a h a m , J . W . !Lehr, W . F . Cochrane , T. S. Fu l le r , E . T . Asp , 
C. Ph i l i pposs i an , H . A. E a s t i c k , J . H . Moore , A. B r e g m a n , M. H e n g s t e n b e r g , 
H . R . Wi l l i ams , R . B . P . Crawford a n d K. IX S n y d e r , N . C. Marples , M. A. Ha l l , 
M. Balzo la , J . H . S. D ickenson , E . D . Gleason, a n d W . T. Griffiths, t h e p r e p a r a t i o n 
a n d uses of t h e copper -n icke l a l loys . R . L u n d d iscussed t h e uses of t h e a l loys. 

L . Mazza a n d F . Ciani , G. B r u n i a n d D . Meneghin i , C. M a t a n o , P . H e n r y , 
G. G r u b e a n d A. J e d e l e , A. J ede l e , K . F i s chbeck , a n d A. E . v a n Arke l d iscussed 
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t h e diffusion of nickel i n t o coppe r a n d converse ly ; a n d T . Pecza l sky , t h e c e m e n t a ­
t i o n of copper b y t h e v a p o u r of nickel chlor ide ; a n d diffusion in t h e copper -n icke l 
s y s t e m was s tud ied b y S. T a n a k a a n d C. M a t a n o , a n d C. M a t a n o . T h e equ i l i b r i um 
d i a g r a m has been s t u d i e d b y N . S. Kurnakof f a n d S. F . S c h e m t s c h u s c h n y , 
W . Guer t le r a n d G. T a m m a n n , G. H . Gull iver , P . R o n t g e n a n d W . K o c h , K . H o n d a 
a n d T. I sh igaki , A. L . Fe i ld , V. E . Tafel , O. B a u e r a n d M. H a n s e n , N . B . P i l l ing 
a n d T. E . Kih lgren , A. K r u p k o w s k y , A. H . H i o r n s , L . Ta r sh i sh , a n d L . Gui l le t . 

T h e a l loys fo rm c o n t i n u o u s series of 
solid soln. a s i n d i c a t e d in F ig . 92 d u e 
t o W . G u e r t l e r a n d G. T a m m a n n . 
H . G a u t i e r t h o u g h t t h a t t h e 50 : 50 a l loys 
fo rmed a eu t ec t i c m i x t u r e . T h e d i a g r a m , 
howeve r , is in a g r e e m e n t w i t h t h e cool ing 
cu rves , t h e m i c r o s t r u c t u r e s , t h e h a r d n e s s , 
t h e e lect r ica l conduc t iv i t i e s , a n d t h e 
t h e r m a l e.m.f. of t h e a l loys ; a s well a s 
w i t h E . V i g o u r o u x ' s obse rva t ions on t h e 
e lec t rode p o t e n t i a l s : n o chemica l com­
p o u n d s of n icke l a n d coppe r a r e k n o w n . 
T h e m a g n e t i c t r a n s f o r m a t i o n of nickel t o 
t h e n o n - m a g n e t i c ^8-form occurs w h e n t h e 
t e m p , r ises a b o v e 320° . T h e t r a n s i t i o n 
t e m p . is p rogress ive ly lowered b y 
a d d i t i o n s of copper , so t h a t w i t h 42 p e r 

a t 30°. E v e n in s lowly cooled a l loys , t h e 
P . C h e v e n a r d , a n d A. K r u p k o w s k y 

B . V. Hi l l gave for 

14 00 

12 OO 

800 Y-- -4 

600 V-

4O0 

Yia. 9 2 . — Freez ing-po in t C u r v e s of t h e 
Nicke l -Copper A l loys . 

cent , 
solid 

of copper , t h e t r a n s i t i o n occurs 
soln. a re n o t qu i t e homogeneous , 

observed no sign of t h e fo rma t ion of copper n icke l ide , CuNi . 
t h e cr i t ical t e m p , a t which t h e f e r r o m a g n e t i s m d i s a p p e a r s : 

Coppe r . 
H a r d e n e d 
A n n e a l e d 

0 
355° 
340° 

4 
310° 
295° 

8 
280° 
265° 

2 0 
155° 
140° 

4O p e r cen t 
— 100° 

.— 

W . Guer t l e r a n d G. T a m m a n n gave for a l loys w i t h 89 -1 , 78-6, 68-2, a n d 57-9 p e r 
cen t , of nickel , respect ive ly , 295°, 115°, a n d 30° ; R . G a n s a n d A. F onseca g a v e for 
t h e cr i t ical t e m p . , or Curie po in t , 6 : 

INi . 35 40 45 
0 . —230° —165° —100° -

. K r u p k o w s k y o b t a i n e d : 

IsTi 55 60 65 
6 . — 1 4 1 0 ° —80-4° — 1 7 0 ° 

46 
- 9 0 ° -

70 
40-6° 

47-5 
105° 

75 
88-1° 

49 
— 105° 

80 
140-1° 

5O 
— 30° 

85 
196-2° 

55 
— 12° 

90 
255-8° 

60 65 p e r c e n t . 
+ 2 0 ° + 5 5 ° 

95 100 p e r c e n t . 
307-9° 368-3° 

E . C. B a i n showed t h a t t h e X - r a d i o g r a m s agree w i t h t h e a s s u m p t i o n t h a t t h e 
change from one l a t t i ce t o t h e o t h e r is c o n t i n u o u s ; in t h e case of n i cke l - ch romium, 

i ron-nickel , a n d m a n g a n e s e - c o p p e r , t h e r e is 
n o t a c o n t i n u o u s change , (q.v.). J . H . L o n g 
a n d co-workers , H . L a n g e , a n d E . J . C u y also 
s t u d i e d t h e l a t t i c e s t r u c t u r e . L . V e g a r d a n d 
H . D a l e f o u n d t h a t t h e X - r a d i o g r a m s ag ree 
w i t h t h e a s s u m p t i o n t h a t a c o n t i n u o u s series of 
solid soln. is fo rmed . T h e l a t t i ce c o n s t a n t 
a for 0, 25 , 50, 75 , a n d 100 p e r cen t , of c o p p e r 

3-570, 3-591, a n d 3-610 A. J . W e e r t s g a v e t h e 

3-60, 

3-50 
Ni _ — ^ ^ 

20 40 60 
Atom per cent. Cu 

80 100 

F1Ia. 9 3 . — L a t t i c e P a r a m e t e r s of t h e 
Ni-Cu Al loys . 

is respec t ive ly 3-530, 3-554, 
d imens ions of t h e p a r a m e t e r s of t h e face-cen t red cub ic l a t t i c e of t h e copper -n icke l 
a l loys s h o w n in F ig . 93 . P . W . B r i d g m a n obse rved t h a t t h e copper -n icke l a l loys 
f o r m a c o n t i n u o u s series of solid soln. , a n d t h a t t h e y all h a v e t h e face-cen t red 
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c u b i c s t r u c t u r e w i t h a v a r y i n g f r o m 3 - 6 0 5 A . f o r c o p p e r t o 3*527 A . f o r n i c k e l . 
A . S a c k l o w s k y f o u n d f o r t h e v a l u e s of t h e c o n s t a n t a, 

N i c k e l . 0 10 30 5O 60 70 90 100 p e r c e n t . 
a . . 3-61 3-606 3-595 3-58 3-57 3-56 3-535 3-54 A . 

A . K r u p k o w s k y o b t a i n e d v a l u e s r a n g i n g f r o m a — 3 - 5 1 A . f o r a n a l l o y w i t h 5 7 - 4 
a n d 6 7 - 9 p e r c e n t , o f n i c k e l . T h e s u b j e c t w a s s t u d i e d b y W . G . B u r g e r s a n d 
.T. C. M . B a s a r t , E . A . O w e n a n d c o - w o r k e r s , B. S t^k i to , H . W e i s s , W . R o s e n h a i n , 
11 . L a n g e , E . C. B a i n , S . H o l g e r s s o n , a n d L . V e g a r d a n d H . D a l e . E . v o n G o l e r 
a n d G . S a c h s s t u d i e d t h e e f fec t o f r o l l i n g o n t h e l a t t i c e s t r u c t u r e of m o n e l m e t a l 
a n d of c o n s t a n t a n ; a n d W . A . W o o d , t h e l a t t i c e d i s t o r t i o n of c o l d - d r a w n w i r e s 
of c o n s t a n t a n . 

G . F r i c k o b s e r v e d t h a t t h e c o l o u r of t h e C u : N i = I O : 1 -a l loy i s c o j j p e r - r e d ; 
t h e 1 0 : 2 - a l l o y i s r e d d i s h - w h i t e ; t h e 1 0 : 3 - a l l o y i s n e a r l y w h i t e ; a n d t h e 1 0 : 4 
a l l o y i s s i l v e r y w h i t e . H . B e h r e n s f o u n d t h a t t h e a l l o y w i t h 1 0 p e r c e n t , o f n i c k e l 
h a s a r e d d i s h o r s a l m o n - r e d c o l o u r ; t h e 2 0 t o 2 5 p e r c e n t , n i c k e l a l l o y s a r e d i r t y 
g r e y ; a n d t h e 3 0 p e r c e n t , n i c k e l a l l o y s a r e p a l e g r e y . V . E . T a f e l s a i d t h a t t h e 
c o p p e r t i n t b e c o m e s w e a k e r a s t h e p r o p o r t i o n o f n i c k e l i n c r e a s e s , a n d i s s c a r c e l y 
p e r c e p t i b l e w h e n 3 0 p e r c e n t , o f n i c k e l i s p r e s e n t ; W . G u e r t l e r a n d G . T a m m a n n 
s a i d a l l o y s w i t h o v e r 2 5 p e r c e n t , o f n i c k e l h a v e t h e c o l o u r of n i c k e l , t h o s e w i t h 
l e s s t h a n 2 0 p e r c e n t , s h o w t h e c h a r a c t e r i s t i c c o l o u r o f c o p p e r . J . A . M . v a n 
L i e m p t , M . K u r o d a , a n d N . S . K u m a k o f f a n d S . F . S c h e m t s c h u s c h n y m a d e s i m i l a r 
o b s e r v a t i o n s . W . T . G r i f f i t h s a d d e d t h a t t h e c o l o u r w i t h 1 5 p e r c e n t , o f n i c k e l 
i s n e a r l y w h i t e , a n d t h e w h i t e n e s s a n d b r i l l i a n c y a r e i n c r e a s e d a s t h e p r o p o r t i o n 
o f n i c k e l r i s e s t o 4 0 t o 4 5 p e r c e n t . I t i s t h e n d i f f i cu l t t o d i s t i n g u i s h t h e p o l i s h e d 
a l l o y f r o m s t e r l i n g s i l v e r . A f u r t h e r i n c r e a s e i n t h e p r o p o r t i o n of n i c k e l m a k e s 
t h e a l l o y s l e s s b r i l l i a n t , a n d t h e c o l o u r g r a d u a l l y a p p r o x i m a t e s t o t h a t of n i c k e l . 
H . B e h r e n s s a i d t h a t u n d e r t h e m i c r o s c o p e , t h e a l l o y s s h o w c r y s t a l l i n e g r a n u l e s 
w i t h a h i g h e r p r o p o r t i o n o f n i c k e l t h a n i s p r e s e n t i n t h e r e d d i s h m a t r i x . H a m m e r i n g 
a n d r o l l i n g m a k e t h e a l l o y s f i n e - g r a i n e d , a n d a n n e a l i n g m a k e s t h e m l i k e b r a s s . 
W . G u e r t l e r a n d G . T a m m a n n f o u n d t h a t t h e a l l o y s r i c h i n c o p p e r s h o w n e e d l e ­
l i k e c r y s t a l s w h i c h , a s t h e p r o p o r t i o n of c o p p e r d e c r e a s e s , c h a n g e i n t o p o l y g o n a l 
c r y s t a l s . N . S . K u r n a k o f f a n d S . F . S c h e m t s c h u s c h n y a d d e d t h a t t h e a l l o y s w i t h 
s m a l l p r o p o r t i o n s o f n i c k e l c o n t a i n r e c t a n g u l a r d e n d r i t e s l i k e c o p p e r w i t h o u t a 
m a t r i x ; m i x t u r e s w i t h o v e r 4 0 a t . p e r c e n t , f u r n i s h a m a s s c o n t a i n i n g p o l y g o n a l 
g r a i n s w h i c h h a v e m o r e c o p p e r a b o u t t h e i r p e r i p h e r y , b u t if a n n e a l e d a t 8 0 0 ° t o 
9 0 0 ° , t h e s t r u c t u r e b e c o m e s h o m o g e n e o u s . L . G u i l l e t o b s e r v e d t h a t a l l o y s w i t h 
l e s s t h a n 5 0 p e r c e n t , o f n i c k e l s h o w t w o d i s t i n c t s t r u c t u r a l e l e m e n t s , a l t h o u g h 
E . M . W i l l i a m s s h o w e d t h a t t h e h o m o g e n e o u s c r y s t a l s o f a l l o y s w i t h u p t o 7O p e r 
c e n t , o f n i c k e l h a v e X - r a d i o g r a m s c o r r e s p o n d i n g w i t h m i x t u r e s of c r y s t a l s o f t h e 
t w o e l e m e n t s . A . K r u p k o w s k y s t u d i e d t h e m i c r o s t r u c t u r e of t h e a l l o y s e t c h e d 
w i t h a s o l n . o f 1 p a r t o f c o n e , n i t r i c a c i d , a n d 2 p a r t s o f c o n e , a c e t i c a c i d . O b s e r ­
v a t i o n s o n t h e m i c r o s t r u c t u r e w e r e a l s o m a d e b y V . E . T a f e l , T . H i r o s e , A . H . H i o r n s , 
H . S . K a w d o n a n d M . G . L o r e n t z , H . F . M o o r e a n d c o - w o r k e r s , F . A d c o c k , a n d 
W . B . P r i c e a n d P . D a v i d s o n . O . B a u e r a n d H . A r n d t s t u d i e d t h e s e g r e g a t i o n of 
t h e a l l o y s . 

G . a n d J . W e i r g a v e 8 -87 f o r t h e s p . g r . o f c a s t m o n e l m e t a l , a n d t h e 
v a l u e f o r c o n s t a n t a n i s 8*92 a t 1 8 ° . E . G r u n e i s e n g a v e 8-89 f o r t h e s p . g r . 
o f t h e 5 4 : 4 6 c o p p e r - n i c k e l a l l o y . D . F . M c F a r l a n d a n d O . E . H a i d e r g a v e fo r 
t h e s p . g r . : 

N i c k e l . 9-29 18-73 28-35 38-IO 48-00 58-06 100 por c e n t . 
S p . g r . . . 8-56 8-76 8-92 8-76 8-78 8-53 8-69 

W . C. El l i s a n d co-workers g a v e for t h e Cu : N i (55 : 45) a l loy 8-78 ; a n d for m o n e l 
m e t a l , Cu : N i : F e (28 : 70 : 2), 8-94. Z. N i s h i y a m a found t h e sp . gr. , a n d t h e 

Sp.gr
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elas t ic m o d u l u s , E k g r m s . pe r sq. cm. , of t h e n i cke l - copper a l loys , b e t w e e n 17*6 
a n d 18-1, t o be : 
N i . 0 
S p . g r . . 8 - 9 3 6 9 
jij x j 0 - 6 1-253 

1 
8-9397 
1-263 

'> 
8-9427 
1-273 

5 
8-9449 
1-324 

IO 
8-9533 
1-384 

2(> 
8-9547 
1-457 

2 5 
8-9533 
1-49O 

30 p e r c e n t 
8-9565 
1-562 

W . M. Corse, a n d K. S c h m i d t a lso s t u d i e d t h e sp . gr . of t h e s e a l loys . N . S. Kurnako f f 
a n d S. F . S c h c m t s c h u s c h n y f o u n d t h a t t h e s c r a t c h i n g h a r d n e s s of t h e a l loys 
reaches a m a x i m u m w h e n a b o u t 50 a t . p e r cen t , of n icke l is p r e s e n t , a n d c o r r e s p o n d s 
w i t h t h e m a x i m u m on t h e e.m.f. c u r v e , a n d t h e m i n i m u m o n t h e e lec t r ica l con­
d u c t i v i t y c u r v e — F i g s . 94 a n d 9 5 . W i t h p e r c e n t a g e s b y we igh t , t h e y f o u n d : 

N i c k e l . 
H a r d n e s s 

O 
5 2 - 0 

2 - 4 5 
5 6 - 6 

10-OO 
6 3 - 3 

30 00 
76-6 

4 8 - 1 4 
1 0 0 - 7 

5 4 - 8 0 
1 0 1 - 9 

M. W a e h l e r t g a v e for Br ine lFs h a r d n e s s : 
C o p p e r 
H a r d n e s s 

1 0 0 
5 0 

9 0 
3 9 

8 0 
4 5 

7 0 
5 7 

22000 ^ 
E 

20000 Ĉ  

6O 
61 

5 0 
0 4 

4 0 
6 6 

6 4 - 2 5 
9 3 - 6 

30 
7O 

8 5 0 0 
8 4 0 

20 
74 

20 40 60 oi 
Per cent, nickel 

1OO p e r c e n t . 
7 2 - 5 

1 0 p e r c e n t . 
6 7 

\gratns 

rer can i. mcnei 
IFm. 9 4 . T h e H a r d n e s s of t h e C o p p e r -

N i c k e l A l l o y s . 

I fcixxfl „ „ „ 
200 40O 6OO 800 1000 

F i o . 9 5 . T h e lCffect of t h e A n n e a l i n g 
T e m p e r a t u r e o n t h e H a r d n e s s . 

O b s e r v a t i o n s were a lso m a d e b y A. K u s s m a n n a n d B . Scharnoff, M. G u i c h a r d a n d 
co-workers , I I . C. D e w s , T . I s i h a r a , A . K r u p k o w s k y , W . T . Griffiths, a n d 
I I . W . B r o w n s d o n a n d co-workers . D . G. J o n e s a n d co-workers , W . B . P r i c e a n d 
P . D a v i d s o n , F . S a u e r w a l d a n d K . K n e h a n s , T . U s i h a r a , W . A . M u d g e a n d 
I J . W . Luff, M. K e s s n e r , a n d T . E v e r t s , a n d N . 8. Kurnakof f a n d J . R a p k e f o u n d 
for Br ine!Fs h a r d n e s s in k g r m s . p e r sq. m m . w i t h a ba l l 485 k g r m s . a n d 9-52 m m . 
d i a m e t e r : 

N i c k e l 
H r i n e l l ' s 

0 
32-4 

1 0 
4 3 - 8 

2 0 
5 4 -

3 9 - 7 
7 2 1 

4 5 - 6 
8 1 - 3 

5 9 
7 7 - 3 

7 2 
6 5 - 6 

8 0 
7 4 - 8 

1OO p e r c e n t . 
6 2 - 8 

E . Greul ich s t u d i e d t h e h a r d e n i n g of m o n e l m e t a l b y cold-rol l ing. L . Gui l le t m a d e 
some m e a s u r e m e n t s of t h e rol led a l loys a n d found t h e h a r d n e s s w a s lowered a b o u t 
5 pe r cen t , on a n n e a l i n g a t 750°. T. H i rose f o u n d g r e a t e r differences for t h e 3 : 1 
copper -n icke l , co inage a l loy , for Sho re ' s sc leroscopic h a r d n e s s : 

A n n e a l i n g t e m p . 
H a r d n e s s { * £ £ » ; 

500° 
65-0 
3O-0 

600° 
6 5 0 
21-5 

700° 
63-0 
19-5 

800° 
65 0 
19-O 

900° 
6O-O 
1 7 O 

R . I r m a n n r e p r e s e n t e d t h e Br ine lFs h a r d n e s s of t h e n icke l -copper a l loys b y t h e 
cu rve , F ig . 96. F . S a u e r w a l d o b t a i n e d t h e r e su l t s s u m m a r i z e d in F i g . 97 for t h e 
h a r d n e s s of t hese a l loys a t different t e m p , expres sed in t e r m s of t h e d i a m e t e r of 
t h e impress ion in m m . m a d e b y a bal l of 1*256 k g r m s . fal l ing 14 c m s . F . A d c o c k ' s 
o b s e r v a t i o n s on t h e effect of t h e a n n e a l i n g t e m p , o n t h e h a r d n e s s of t h e a l loys is 
i n d i c a t e d in F ig . 95 . W i t h m a t e r i a l r e d u c e d 8 8 p e r cen t , b y rol l ing, a n d a n n e a l e d 
be low a b o u t 440°, on ly d e f o r m e d or old g ra in s a r e v is ib le ; a b o v e 610° , on ly n e w 
g ra ins a re p r e s e n t ; a n d b e t w e e n t h e s e t e m p , b o t h old a n d n e w g r a i n s a r e v is ib le . 
A s rec rys ta l l i za t ion beg ins t o a p p e a r t h e r e is a m a r k e d dec rease in t h e h a r d n e s s of 

file:///gratns
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t h e m a t e r i a l — v i d e infra, T a b l e I V . W . A. M n d g e d i scussed t h e res i s t ance of 
inone l m e t a l t o d e n t i n g . 

A c c o r d i n g t o W . T . Griffiths, t h e a d d i t i o n of n ickel t o c o p p e r h a s a m a r k e d effect 
on t h e m e c h a n i c a l p r o p e r t i e s . G. H u g h e s showed t h a t 2 p e r cen t , of n ickel inc reases 
t h e m a x i m u m tens i le s t r e n g t h s l ight ly , a n d increases t h e d u c t i l i t y cons ide rab ly . 
T h e 2 p e r cen t , a l loy, co ld -worked a n d annea l ed , h a d a m a x i m u m s t ress of 15-2 t o n s 
p e r sq . in . ; a 49-0 p e r cen t , e longa t ion on 8 inches ; a n d 78-2 p e r cen t , r e d u c t i o n of 

160 

§ 140 

1 120 

^- 100 

c« 80 

601— 

— 

— 

— 

1H 
10 20 30 40 50 

Per cent, of coooer 
2O 40 60 80 

Per cent, of nickel 
100 

Fias . 96 tttid 97. The Hardness of tlie Nickel-Ooppor Alloys. 
a rea . T h e t o u g h n e s s is also i m p r o v e d , a n d I I . B a u c k e f o u n d t h a t 1-5 p e r cen t , 
of n icke l is sufficient t o d o u b l e t h e i m p a c t v a l u e . T h e c o m b i n a t i o n of d u c t i l i t y 
w i t h t o u g h n e s s enab le s t h e s e a l loys t o be co ld -worked t o a n e x t r a o r d i n a r y degree ; 
a n d t h e 4 : 1-copper-nickel a l loys a r e a m o n g s t t h e m o s t duc t i l e non- fe r rous m e t a l s 
in c o m m e r c i a l use . T h e h a r d n e s s a n d e las t ic m o d u l u s of t h e s e a l loys increase 
fair ly r egu la r ly a s t h e n icke l c o n t e n t r ises t o 50 p e r c en t . N . S. KurnakofE a n d 
J . R a p k e ' s o b s e r v a t i o n s on t h e e las t ic m o d u l u s , E k g r m s . p e r sq. m m . , p l o t t e d in 
F ig . 94, s h o w t h a t E inc reases l inea r ly in pas s ing f rom c o p p e r t o n ickel whi l s t t h e 
h a r d n e s s shows a m a x i m u m . T h e y f o u n d : 

Nickel 
JS . 0 20 30 45-6 59 72 80 100 per cent . 

11,1 IO 12,590 13,492 14,855 10,710 17,15O 18,849 20,10O 
E . Grui ie isen g a v e 16,555 k g r m s . p e r sq. m m . for t h e e las t ic m o d u l u s of con-

s t a n t a n . Z. N i s h i y a m a ' s m e a s u r e m e n t s a r e i n d i c a t e d a b o v e . A. L . K i m b a l l a n d 
I ) . E . Lioveil g a v e for t h e e las t ic m o d u l u s of cold-rol led m o n e l m e t a l 17*8 X l O 1 1 

d y n e s pe r sq. cm. , a n d for t h e i n t e r n a l f r ic t ion c o n s t a n t 0-79 X 10 1 5 c.g.s. u n i t s . 
O b s e r v a t i o n s were m a d e b y C. H e c k m a n n , H . C. D e w s , H . J . Tapse l l a n d J . Brad ley , 
G. W . P ie rce , D . IT. Skeen , E . K r u g e r , H . B a u c k e , W . Campbe l l , A. Schulze , 
W. B. P a r k e r , I t . Miiller, a n d W . A. M u d g e a n d L,. AV. Luff. C. E . Gu i l l aume found 
t h a t t h e a d d i t i o n of n icke l t o coppe r ra i ses t h e e las t ic m o d u l u s a p p r o x i m a t e l y 
in acco rd w i t h t h e m i x t u r e l aw ; whi l s t E . W a r b u r g o b s e r v e d a m i n i m u m in 
t h e e las t ic after-effect w h i c h is smal le r t h a n t h a t of t h e c o m p o n e n t s , a n d occurs 
w i t h a l loys h a v i n g n e a r l y 42 p e r cen t , of n ickel . T . K . l i o se found t h a t t h e cold-
d r a w n a l loy w i t h 25 pe r cen t , of n icke l is sof tened b e t w e e n 500° a n d 600°. 

All t h e a l loys a r e flexible, v e r y ma l l eab le , a n d , acco rd ing t o K . Styffe, a b o u t 
50 p e r cen t , h a r d e r t h a n coppe r . Monel m e t a l c a n be forged h o t or cold, b r azed , 
so ldered , a n d we lded . T. F l e i t m a n n found t h a t smal l a d d i t i o n s of o t h e r m e t a l s t o 
cup ron icke l m a d e l i t t l e difference t o i t s we ldab i l i t y . Monel m e t a l h a r d e n s r a p i d l y 
w h e n w o r k e d cold, a n d f r e q u e n t a n n e a l i n g in a r educ ing a t m o s p h e r e , free f rom 
s u l p h u r , a n d be low 1100°, is neces sa ry . R . J . M c K a y obse rved t h a t , u n d e r o r d i n a r y 
c i r c u m s t a n c e s , t h e soft, duc t i l e m e t a l is a c c o m p a n i e d b y a coarse g ra in . I n d r a w i n g , 
o r d e f o r m a t i o n , t h e m e t a l g ives w a y in a d i r ec t ion d e t e r m i n e d b y t h e ax i s of t h e 
g r a in , a n d w h e n t h e g ra in is l a rge , t h e effect shows u p as depress ions on t h e surface, 
w h i c h m a y open i n t o c r a c k s e x t e n d i n g c o m p l e t e l y t h r o u g h t h e shee t . A c o m b i n e d 
w o r k i n g of t h e m e t a l a n d h e a t t r e a t m e n t g ives a m e t a l of h igh d u c t i l i t y a n d fine 
g r a in . T . H i r o s e found t h a t s o m e b a t c h e s of n icke l co inage were v e r y br i t t l e , as 
b r i t t l e , i ndeed , a s porce la in or glass , a n d in s o m e cases could be b r o k e n u p w i t h 
t h e fingers. T h i s b r i t t l enes s cou ld n o t be r e m o v e d b y annea l ing . If t h e al loy 
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conta ins above 0-030 per cent , of oxygen as an i m p u r i t y , annea l ing m a k e s i t b r i t t l e 
owing t o t h e formation of a ne twork of oxide t h r o u g h o u t t h e mass . T h e oxygen 
can be removed by adding some magnes ium, cupromagnes ium, manganese , ferro-
manganese , or cupromanganese t o t h e mo l t en alloy. Su lphu r over 0*076 pe r cen t . 
is harmful . Carbon is n o t ve ry injur ious, b u t G. A. Boeddicker men t ioned coinage 
alloys -which were rendered br i t t l e owing t o t h e sepa ra t ion of g raph i t e "which 
occurs a t 650° to 700°. 

According to W. T. Griffiths, t h e 4 : 1 a n d 3 : 2 copper-nickel alloys when cas t 
and annealed have a m a x i m u m tensile s tress of 15-3 a n d 19-4 t o n s pe r sq. in. respec­
t ively, whilst t h e percen tage reduct ions of a rea are respect ively 34-0 a n d 34-5, a n d 
the percentage elongat ions on a 2-in. length a re respect ively 19-5 a n d 23. Rol l ing 
and anneal ing improves these qual i t ies considerably. R o d s , d r a w n w i t h 56 pe r 
cent, reduct ion, before a n d after anneal ing a t 850° t o 900° for 15 minu te s gave t h e 
following resul ts : 

Max. tensile stress Elongation Reduction of area 
(tons per sq. in.) (per cent.) (per cent.) 

. , ( H a r d . . . . 3 3 - 5 1 8 0 7 0 0 
^ • J \ A n n e a l e d . . . . 2 1 - 4 5 1 0 8 3 0 
.. , , ( H a r d . . . . 4 0 - 9 1 2 0 /50-G 

• " ( A n n e a l e d . . . . 2 6 - 7 4 4 O 7 3 O 

I J . GuiJJet gave for the hard , cold-worked alloy, a n d t h e alloy annea led a t 750° : 
Max. tensile 

stress 
(tons per 

sq. in.) 
12-4 
10-4 
12-2 
10-1 
19-7 

9 - 5 
20-2 
15-O 

. 2 0 0 
16-O 

Elastic 
l imit 

(tons per 
sq. in.) 

10-4 
2 - 1 

10-1 
1-7 

19-3 
1-4 

2 0 - 2 
12-4 
19-1 
14-0 

Elongation 
(per cent.) 

2 7 
4 4 
1 4 
4 O 

2 
1 9 

3 
ir> 

6 
9 

!Reduction 
of area 

(per cent.) 
5 1 - 8 
4 9 - 8 
4 6 - 8 
6 7 1 
11-0 
25 -2 
10-2 
16-4 
1 9 O 
18-8 

Hardness 
(Brinell's) 

6 3 5 3 
6 1 
5 3 
7 3 
5 7 
7 3 
6 0 
8 8 
7 1 

The elastic l imit of annealed al loys wi th u p t o 15 per cent , of nickel is except ional ly 
low ; w i th higher p ropor t ions of nickel, t h e hardness , t enac i ty , a n d elastic l imi t 
a re raised, and the elongat ion, a n d reduct ion of a rea a re lowered. The effect of 

66° 288° 500° 722° 0 0-002 0 004 0-006 in. 
F I G . 9 8 . - T h e E f f e c t of A n n e a l i n g o n F i o . 9 9 . S t r e s s - S t r a i n C t i r v e s of 

C o l d - R o l l e d 4 5 p e r e e n t . N i c k e l A l l o y . H o t - R o l l e d M o n e l M e t a l . 

annea l ing on the mechanica l proper t ies of cupronickel was s tud ied b y L. Ai tchison 
a n d W . R. Barc lay . D . J . M c A d a m ob ta ined t h e resul ts summar ized in F ig . 98 , 
for a 45 per cent, nickel alloy. !Little or no softening occurred unt i l t h e t e m p . 

Per cent. 
Copper 

9 4 - 4 ^ a r d , ' ( A n n e a l e d 

'*U ' 1 A n n e a l e d 
8 5 . 7 J H a r d . 

\ A n n e a l e d 

8 0 - G ^ a r d • I A n n e a l e d 
7 ( ) . j j H a r d 

A n n e a l e d 
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, a n d in th i s 
obse rva t ions 

40 

exceeded 400°, a l i t t l e sof tening occur red a t 500°, a n d a t 650°, t h e m e t a l w a s 
c o m p l e t e l y sof tened. P . D . Merica a n d co-workers f o u n d for m o n e l m e t a l t h e 
r e su l t s s u m m a r i z e d in F i g . 99 . I n t ens ion , t h e b r e a k i n g s t ress w a s 94 ,000 lbs . p e r 
sq . in . , t h e p r o p o r t i o n a l l imi t , 41,300 lbs . p e r sq. in . , a n d t h e y ie ld -po in t , 41,100 lbs . 
p e r sq . in . ; t h e e longa t i on w a s 48 p e r cen t . , a n d t h e r e d u c t i o n of a rea , 67 p e r cen t , 
in 2 inches . I n to r s ion , t h e b r e a k i n g s t ress w a s 66,200 lbs . p e r sq. in . , t h e p r o p o r ­
t i o n a l l imi t w a s 23,800 lbs . p e r sq. in . , a n d t h e y ie ld-po in t , 66,200 lbs . p e r sq. in . 
I n 106 t e s t pieces of m o n e l m e t a l , t h e tens i le s t r e n g t h of 1 w a s u p t o 80,000 ; 4 were 
b e t w e e n 80,00O a n d 82,500 ; 6 b e t w e e n 82,500 a n d 85,00O ; 22 b e t w e e n 85,0OO 
a n d 87,500 ; 35 b e t w e e n 87,500 a n d 90,000 ; 23 b e t w e e n 90,000 a n d 92,500 ; 11 
b e t w e e n 92,500 a n d 95,000 ; 3 b e t w e e n 95,000 a n d 97,500 ; a n d 1 w a s over 
97 ,500—average 88 ,800 . T h e s e r e su l t s show t h e d i s t r i b u t i o n of t h e i n d i v i d u a l 
v a l u e s a b o u t t h e m e a n v a l u e , t h a t is, t h e degree of v a r i a t i o n of t h e i n d i v i d u a l t e s t s 
f rom t h e a v e r a g e v a l u e . G. a n d J . W e i r f o u n d t h e compress ion t e s t s on ho t - ro l led , 
m o n e l m e t a l rods g a v e for t h e e las t ic l imi t , 45,000 t o 50,000 lbs . pe r sq. in . , a n d 
for t h e y ie ld -po in t , 67,000 lbs . j jer sq . in . T h e y also g a v e for t h e shear ing s t ress 
a t t h e e las t ic l imi t , 31,796 lbs . p e r sq. in . , a n d a t t h e u l t i m a t e load, 79,053 lbs . p e r 
sq. in . E . Grune i sen also m e a s u r e d t h e t o r s i o n m o d u l u s of c o i i s t a n t a n ; a n d S. S a t o 
t h e l a t e n t ene rgy d u e t o cold w o r k . 

T h e m e c h a n i c a l p r o p e r t i e s a r e well m a i n t a i n e d a t e l e v a t e d t e m p 
r e spec t t h e copper -n icke l a l loys r e semble o t h e r n ickel a l loys , a n d 
on t h e s u b j e c t h a v e been m a d e b y 
M. r^al lay, R,. B a u m a n n , C. I31azey, 
D . H . B r o w n e , I . M. B r e g o w s k y a n d 
L . W . Sp r ing , W. Gr. 'B rombache r a n d 
K. R . Mel ton , C. L . C la rk a n d 
A. E . W h i t e , C. A. Crawford a n d co­
w o r k e r s , IT. C. D e w s , C. S. D u n b a r , 
H . A . E a s t i c k , O. W . El l i s , F . A. F a h r e n -
wa ld , R . H . G r e a v e s a n d J . A. J o n e s , 
I , . Gui l le t , T . W . H a r d y a n d 
I I . H . I i l e a k n e y , A. K . H u n t i n g t o n , 
D . H . Inga l l , D . G. J o n e s a n d co -worke r s , 
G. H . K e u l e g a n a n d M. R . H o u s e m a n , 
G. Kle in , K . R . K o c h a n d C. D a n n e c k e r , F . C. I ,ea, P . 
N . L,. Mochel , V. T. Malco lm, H . von Miller, E . Osswald , J 
G. A. R o u s h , H . W . Russe l l a n d W . A. Welcke r , 
A. Sehulze , A. Stansf ie ld , Y . Taj i , H . J . Ta1JSeIl 
a n d J . B r a d l e y , J . F . T h o m p s o n , 
a n d A. E . W h i t e , R . G. W a l t e n b e r g 
a n d R . J . M c K a y , W . E . D . 
R . W o r t h i n g t o n . W . J . d e H a a s a n d R . Hadf ie ld 
s t u d i e d t h e p r o p e r t i e s a t —252-8°. T h e resu l t s 
w i t h t h e 43 p e r cen t , n icke l a l loy a r e s u m m a r i z e d in 
F ig . 100. T h e m a t e r i a l r e t a i n s t h e effect of cold 
rol l ing u p t o a c o m p a r a t i v e l y h igh t e m p . T h e 
s t r e n g t h a t 400° of t h e cold-rol led shee t is a s h igh 
as t h a t of t h e ho t - ro l l ed shee t a t o r d i n a r y t e m p . 
These t e s t s a re m a d e r a p i d l y , a n d a t e l e v a t e d t e m p , 
i t is t h e c reep s t r e n g t h t h a t is of p r i m e i m p o r t a n c e . 
T h e d o t t e d l ines in F ig . 100 refer t o t h e cold-rol led 
m e t a l , a n d t h e c o n t i n u o u s l ines t o t h e ho t - ro l l ed 
m e t a l . F o r t h e tens i le s t r e n g t h of ho t - ro l l ed a n d 
c a s t - m o n e l m e t a l , w i t h 28 p e r cen t , c o p p e r a n d 
68 p e r cen t , n ickel , G. a n d J . W e i r g a v e t h e r e su l t s i nd i ca t ed in F ig . 
Acco rd ing t o G. D . B e n g o u g h , t h e m a x i m u m s t ress , in t o n s pe r sq. in. , 

F K J . IOO. M e o h a n i e a l 
4 3 p e r c e n t - !N icke l 
T e m p e r a t u r e s . 

O0 

GOO 

! P r o p e r t i e s of t h e 
A l l o y a t ! D i f f e r e n t 

G. M c V e t t y and 
B. G. P r i m r o s e , 

C. U p t h e g r o v e 
F . S. W h e e l e r 
Wi lkes , a n d 

600 HOO 

F I G . 1 0 1 . T e n s i l e S t r e n g t h of 
M o n e l M e t a l 6 8 p e r c e n t . 
N i c k e l a t D i f f e r e n t T e m p e r a ­
t u r e s . 

101. 
a n d 



1 8 6 I N O K G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

17° 
28-7 
2 7 - 4 

300° 
2 3 - 7 
2 3 - 5 

580° 
12-0 
15 -5 

675° 
6 - 7 

2 0 - 2 

685° 
4 - 5 

3 1 - 2 

760° 
2 - 7 

2 2 - 7 

795° 
2 - 6 

2 6 - 5 

950° 
1 1 

3 1 - 2 

IOIO0 

l - O 
3 7 - 0 

t h e p e r c e n t a g e e longat ion of t h e 80 : 20 n icke l -copper a l loy w h e n t e s t e d a t different 
t e m p . , a re as follow : 

M a x . s t r e s s 
E l o n g a t i o n 

The s t r a i n - t e m p , cu rve differs f rom t h o s e of p u r e m e t a l s ; s ince t h e e longa t i on falls 
off unt i l 650° a n d then r a p i d l y increases , a t t a i n i n g a m a x i m u m a t a b o u t 700° ; 
i t t h e n falls off u p t o 750° ; a n d las t ly , r ises u n t i l a t l eas t 1010° is a t t a i n e d . T h e 
m . p . of th i s al loy is 1190°. I n t h e s t r e s s - t e m p e r a t u r e c u r v e t h e t e m p , of r e cupe ra ­
t ion is j u s t over 700°. J . A r n o t t m a d e s imi la r o b s e r v a t i o n s . T . K . R o s e s t u d i e d 
t h e cond i t ions of annea l ing n e e d e d t o r e n d e r t h e copper -n icke l a l loys h o m o g e n e o u s 
in s t r u c t u r e , a n d su i t ab le for rol l ing ; a n d t h e resu l t s for t h e t e m p , of a n n e a l i n g , 
i t s d u r a t i o n , a n d t h e h a r d n e s s of some a l loys a re i n d i c a t e d in T a b l e I V . G. A. B o e d -

T A B L E I V . — T H E H E A T T K E A T M E N T O F S O M E C O F J P K K - N I C K E L A L L O Y S . 

Hardness 

Maximum 
I on 

rolling 

4 6 
7 5 
U5 
6 4 

I 7 5 

7 7 
8 7 

Minimum 
on 

n nnealiiig 

1 3 - 5 
3 6 O 
1 5 - 5 
1 7 - 5 
2 3 - 5 
2 1 - 5 
3 1 - 5 

Lowest 
t empe ra tu r e 

a t which 
Boftoning is 
perceptible 

2 7 5 ° 
3 0 6 ° 
2 0 0 ° 
3 0 0 ° 
3 0 0 ° 
3 0 0 ° 
4 0 0 ° 

Tempera tu re a t which 
softening is nearly 

completed 

in 30 miiis. 

3 6 O 
7 O O 
4 7 0 
5 5 0 
6 5 0 
6 0 0 
7 O O 

in < 1 niin. 

4 O O 

. 
6 0 O 

.— 

.— 

Metal 

C o p p e r 
N i c k e l . 
C o i n a g e b r o n z e 

8O : 2O . 
7 5 : 2 5 
7 O : 3O 
5() : 5 0 

dicker sa id t h a t w i t h p r o p e r l y a n n e a l e d a l loys t h e e longa t ion c u r v e s h o u l d be 
c o n t i n u o u s , i.e. i t shou ld s lowly decrease t o a b o u t 600°, t h e n increase u n t i l t h e 
in.j)., 1190°, is a t t a i n e d . W . P . W o o d s t u d i e d t h e t o r s ion m o d u l u s of m o n e l m e t a l , 
a n d found 8,003,000 lbs . p e r sq . in . 

13. J . M c A d a m s t u d i e d t h e a l t e r n a t i n g s t ress t e s t s , a n d t h e e n d u r a n c e or fa t igue 
r a n g e of some copper -n icke l a l loys . H e f o u n d for t h e 20 p e r cen t , n icke l a l loy , 
8 t o n s a s t h e e n d u r a n c e l imi t for t h e cold-rol led m a t e r i a l a n d 7-2 t o n s p e r sq . in . 
for t h e m e t a l a n n e a l e d a t 760° for 1 h o u r ; for t h e 45 p e r cen t , n icke l a l loy, he 
o b t a i n e d 19-2 t o n s p e r sq. in . for t h e cold-rol led m e t a l , 12-5 t o n s pe r sq. in . for t h e 
cold-rol led a n d annea l ed m e t a l , a n d 15-4 t o n s p e r sq . in . for t h e ho t - ro l l ed m e t a l . 
T h e a l t e r n a t i n g to r s ion t e s t for t h e 4.5 pe r cen t , a l loy g a v e 7-6 t o n s p e r sq . in . for 
t h e hot- rol led , annea l ed m e t a l . P . D . Merica a n d co -worker s o b t a i n e d t h e r e su l t s 
s u m m a r i z e d in F ig . 99 for t h e m a x i m u m fibre s t ress of m o n e l m e t a l w i t h a p r o ­
po r t i ona l l imi t of 36,600 lbs . p e r sq . in . 

IX J . M c A d a m , H . J . G o u g h a n d D . G. S o p w i t h , a n d H . F . Moore a n d co -worker s 
m a d e s o m e fa t igue t e s t s o n copper -n icke l a l loys . D . J . M c A d a m g a v e t h e s t a t i c 
mechan ica l t e s t s a n d t h e e n d u r a n c e f a t igue t e s t s expressed in lbs . p e r sq . in . of 
some copper -n icke l a l loys , i n c l u d i n g c o n s t a n t a n a n d m o n e l m e t a l . T h e coppe r -
nickel a l loy cold rol led h a d Cu : N i = 8 0 * 3 4 : 19-23 ; a n d t h e ho t - ro l l ed a l loy , 
44-18 : 55-23 ; t h e c o n s t a n t a n h a d a b o u t 53-7 : 44-7 ; a n d t h e m o n e l m e t a l 21-28 
t o 29-51 : 66-78 t o 76-66. 

Copper-Nickel Alloy Cons tan tan 

Cold-rolled Hot-rolled Cold-rolJed Hot-rol led 
As re­
ceived 
6 5 , 4 0 O 
5 9 , 8 0 0 

T e n s i l e s t r e n g t h 
T o r s i o n s t r e n g t h 
S h e a r i n g s t r e n g t h 4 7 , 5 0 O 
E l a s t i c m o d u l u s — 
E n d u r a n c e l i m i t 3 7 , 8 0 0 

Annealed 
6 2 , 1 0 O 
5 8 , 0 0 0 
47 ,1OO 

2 6 , 5 0 0 

As re­
ceived 

4 9 , 9 0 0 
4 1 , 7 0 O 
3 5 , 3 0 O 
2 2 X 10« 
2 0 , 8 0 0 

Annealed 
44 ,4OO 
4 3 , 5 0 O 
3 3 , 3 0 0 

1 8 , 0 0 0 

As re­
ceived 

1 0 3 , 3 0 0 
6 5 , 0 0 0 
5 9 , 4 0 O 

Annealed 
6 9 , 4 0 0 
5 5 , 7 0 O 
4 9 , 9 0 O 

24,00O 43,0OO 

As re­
ceived 

7 0 , 5 0 0 
66 ,1OO 
5 0 , 0 0 0 
2 5 X 10« 
28,0OO 

Annealed 
7 0 , 3 0 0 
6 0 , 2 0 0 
5 0 , 4 0 0 

34 ,5OO 
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Cold-rolled 
Monel Metal 

Hot-rol led Cold-drawn 

T e n s i l e s t r e n g t h . 
T o r s i o n s t r e n g t h . 
S h e a r i n g s t r e n g t h 
E l a s t i c m o d u l u s 
E n d u r a n c e l i m i t 

As reeeived Annealed As received Annealed Aa received Annealed 
97,40O 
77,300 
67,000 

84,40O 

61,000 

34,000 

90,3OO 
69,0OO 
59,400 
25 x 10« 
28,0OO 

77,300 
66,100 
56,9OO 

38,000 

93,50O 
77,00O 
66,500 

97,50O 
67,900 
64,30O 

29,50O 

D . J. M c A d a m o b s e r v e d t h a t t h e s i m u l t a n e o u s a c t i o n of corros ion a n d f a t i g u e — 
corros ion-fa t igue—-may cause fai lure a t s t resses far be low t h e o r d i n a r y e n d u r a n c e 
l imi t—v ide t h e co r ros ion of i ron . W i t h m o n e l m e t a l — w i t h 29-54 p e r cen t , of 
c o p p e r — l o w a n d fully a n n e a l e d — a n d n icke l -copper a l loys w i t h 48-37 pe r cen t , of 
copper—cold - ro l l ed a n d a n n e a l e d — a n d 77-92 p e r cen t , of copper—-low a n d fully 
a n n e a l e d — t h e s t a t i c , m e c h a n i c a l t e s t s were : 

Copper 
(per 

cent.) Anneal 
, ,„ _. . ( L o w . 
2 9 - 4 \ F u l l . 

Tensile 
s t r eng th 
(lbs. per 
Bq. in.) 
127 ,2OO 

8 1 , 9 0 0 
8 5 , 8 0 0 
7 8 , 0 0 0 
6 2 , 4 0 0 
4 7 , 3 0 0 

E las t i c 
l imi t 

(lbs. per 
sq. in.) 
8 4 , 5 0 0 
2 8 , 2 0 0 
47 ,5OO 
2 6 , 0 0 0 
3 4 , 3 0 O 

9 , 2 0 0 

Propor t iona l 
l imi t 

(lbs. per 
sq. in.) 

82 ,0OO 
2 5 , 0 0 0 
38 ,0OO 
2 2 , 8 0 0 
24 ,7OO 

8 , 1 0 0 

!Elongation 
(per cent, 

in 2 inches) 
2 0 - 6 
4 8 - 9 
3 4 - 5 
4 5 - 5 
2 2 - 5 
5 0 - 0 

!{,eduction 
of area 

(per cent.) 
5 7 - 8 
7 3 - 6 
0O-3 
G l - 5 
6 8 - 2 
7 4 - 7 

T h e cor ros ion- fa t igue exp re s sed in graj>hs of t h e s t ress , a n d t h e l o g a r i t h m of t h e 
n u m b e r of cycles w i t h s p e c i m e n s of m o n e l m e t a l t e s t e d in a i r ( fat igue cu rve ) , in 
co r rod ing fresh, c a r b o n a t e w a t e r , a n d i n a co r rod ing r iver , sa l t w a t e r h a v i n g a b o u t 
o n e - t h i r d t h e sal ine c o n t e n t s of s ea -wa te r , a n d w i t h cycles of 1450 revs , pe r m i n u t e , 
for t h e Cu-Ni a l loys w i t h 48-37 a n d 77-92 p e r cen t , c o p p e r a r e s u m m a r i z e d in F igs . 
102 a n d 103 . 

40000 

%> 24i)00\~ 

WOOO 
10s W6 10r JO9 

Log. number cycles 
W6 W7 10s 

Log. number cycles 

F i a s . 1 0 2 a n d 1 0 3 . T l i e F a t i g u e a n d C o r r o s i o n C u r v e s of t h e C o p p e r - N i c k e l 
A l l o y s r e s p e c t i v e l y -wi th 4 8 - 3 7 a n d 7 7 - 9 2 p e r c e n t , of C o p p e r . 

T h e res i s t ance of m o n e l m e t a l t o shock is v e r y h igh . G. a n d J . Wei r , a n d 
R . G. W a l t e n b e r g found t h a t u n d e r t h e I z o d i m p a c t t e s t , t h e forged or hot - ro l led 
m e t a l h a s n o t been b r o k e n , a n d va lue s u p t o 114 foo t -pounds h a v e been recorded , 
w h e r e a s t h e v a l u e for forged c o p p e r is 46 ; c a s t i ron , 1 ; w r o u g h t i ron , 58 ; a n d 
m i l d steel , 77 . S imi la r ly w i t h C h a r p y ' s i m p a c t t e s t , ho t - ro l led mone l m e t a l gave 
153 f o o t - p o u n d s w h e n c a s t a l u m i n i u m g a v e 9 ; c o p p e r ba r s , 35 ; a n d c h r o m e 
n icke l s tee l , 8 3 . H . F . Moore a n d T . M. J a s p e r a lso s t u d i e d t h e fa t igue s t r e n g t h 
of m o n e l m e t a l ; a n d F . R o b i n , t h e acous t i c p r o p e r t i e s . 

E . Grune i sen , a n d R . F . Mehl a n d B . J . Mai r g a v e 0-0662 for t h e compress ib i l i ty 
coefE. of a s a m p l e of c o n s t a n t a n ; a n d t h e v a l u e 0*0664 ca l cu l a t ed b y t h e m i x t u r e 
ru l e for Cu : Ni : Mn = 55 : 44 : 1 is in close a g r e e m e n t w i t h th i s . R . F . Mehl 
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ob ta ined the- following resul ts for t h e compress ibi l i ty coeff. of al loys of copper a n d 
nickel : 
Nickel . . O 9-8 3 0 1 5O-1 69-6 94-8 100-0 a t . p e r c e n t , 
o , n e / O b s . . 0-352 0-357 0-401 0-429 0-450 0-491 0-495 
^ x J O t C a l c . . 0-352 0-363 0-386 0-411 0-440 0-484 0-495 

0. E . Gui l laume found t h a t add i t ions of copper t o nickel lowered t h e coefE. of 
the rma l expansion a p p r o x i m a t e l y in accord w i t h t h e m i x t u r e law. The m e a n 
coeff. of t he rma l expans ion of a n al loy w i th 35 pe r cent , of nickel is a. X 106 = 14*660 
-+-0-00550, and t h a t of 40 pe r cent , nickel alloy, a. X 10°=-14-479+0-004480. 
B y annea l ing a t 100°, some al loys c o n t r a c t 0-002 t o 0-003 m m . pe r m e t r e . 
A. K r u p k o w s k y gave for t h e m e a n coefr. of l inear t h e r m a l expans ion t h e resu l t s 
summar ized in F ig . 105 ; a n d for t h e va lues of a a n d b in 1^=I0(I-\-a0-\-b02) : 

Nickel 
OX 10«i 183' 

18' 

Nickel 

a x 10 

2b x IO* 
I 
) — 1 8 3 c 

t o 2 1 7 ° 
t o 4 4 4 ° 
t o 2 1 7 ° 
t o 4 4 4 ° 

t o 2 1 7 ° 
t o 4 4 4 ° 
t o 2 1 7 ° 

18° t o 4 4 4 ° 

183° 
18° 

0 
1 5 - 4 1 
1 6 - 3 5 

1-54 
0 - 7 4 

6 0 
12 -90 
13 -92 

1-84 
O-98 

10 
1 4 - 8 2 
1 5 - 8 6 

1-62 
0 - 7 3 

7 0 

1 4 - 3 0 

0 -69 

2 0 
1 4 - 2 2 
1 5 1 5 

1-58 
0 - 7 9 

8 0 
1 2 - 4 1 
1 3 - 4 9 

1-90 
O-99 

4 0 
1 3 - 7 6 
1 4 - 4 8 

1-6O 
0-9O 

9 0 

13 8 5 

0 - 5 2 

5 0 p e r c e n t . 
1 3 1 3 
1 3 - 8 3 

1-63 
1 0 3 

1 0 0 p e r c e n t . 
1 1 - 8 6 
1 2 - 8 3 

2 0 1 
1 0 3 

44000ry 

43000V 

542000Y 

\ 41O00\-

\40000Y 

' 39000Y 

38000\-
0 

WM 
F i o . 

10 20 30 40 50 60 x 10e 

A/umber of alternations 

104 .—Fa t igue T e s t s of Moriel 
Me ta l . 

x 16 

CO 

IS 

y 13 

H-1^ 

L _... 

^ T 

444 

S^ 

4 § 3 

!_£o_ 78°^ 

to 78° 

to 70 

^ ? ^ 
__LU 

- -__. ~ H 

20 40 60 80 1O0 
Per cent, nichel 

F I G . 105.-—The M e a n L i n e a r Coefficients of T h e r m a l 
E x p a n s i o n of t h e Nicke l -Copper Al loys . 

R. F . Mehl gave for t h e nickel-copper al loys a t 35 c 

Nicke l 
a x 10« 

O 
16-9 

9-8 
1 6 0 

30-1 
15-2 

5O-1 
14-4 

69-6 
13-95 

94-8 
13-05 

100-0 p e r c e n t . 
1 3 0 

A. Schulze found for monel m e t a l w i th Ni : Cu : F e : Mn, be tween 20° a n d 

( 6 9 - 8 : 29-4 -.0-4 : 0-5 
X 1 U \ 6 6 - l : 3 1 0 : 1-8 : 1 0 

100° 
13-5O 
1 4 - 4 3 

200° 
1 4 - 1 0 
1 4 - 7 6 

300° 
1 4 - 7 2 
1 5 1 7 

400° 
1 5 - 1 6 
1 5 - 5 9 

500° 
1 5 - 5 2 
15 -87 

600° 
15 -77 
16- IO 

Measuremen t s were also m a d e b y S. S c h e m t s c h u s c h n y a n d S. Pogod in , 
P . Chevenard , P . H i d n e r t a n d W . T. Sweeney , G. Borel ius a n d C. H . J o h a n s s o n , 
I I . Sieglerschniidt , A. Schulze, H . C. Dews , a n d C. H . J o h a n s s o n . F . H e n n i n g 
gave for t h e expans ion of u n i t l eng th of t h e al loy w i t h 60 pe r cent , copper , viz. 
e o n s t a n t a n , 0 0 0 2 4 8 9 be tween —191° a n d 16°. W . H . Souder a n d P . H i d n e r t 
gave for t h e coeff. of t h e r m a l expans ion , a, of mone l m e t a l , ho t - ro l led a n d annea led : 

26°-100° 
1 4 0 

100°-200° 
1 5 0 

2000-300° 
1 5 - 9 

300°-400° 
16 -4 

400"-50O0 

1 7 - 3 
600°-600° 

1 8 1 
26°-600° 

16-2 
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L . H o l b o r n a n d A. D a y g a v e for c o n s t a n t a n a t 20°, a .=0-0 4 197 ; a n d a t 0°, b e t w e e n 
0° a n d 500°, I=ZO(1+O;O41481O0+O-O84O2402). C . H . J o h a n s s o n g a v e for t h e 
coeff. of cub ica l e x p a n s i o n , j8, a t 35°, for n icke l -copper a l loys w i t h t h e following 
a t o m i c p e r c e n t a g e s of n icke l : 
N i c k e l . O 2-3 9-8 18-4 3 8 1 5 0 1 69-6 88-8 
j 3 x l 0 6 . 16 9 16-65 1 6 0 15-75 14-85 14-4 13-95 13-35 

94-8 a t . p e r c e n t . 
1 3 0 5 

J . A. 1ST. F r i e n d a n d R . H . Va l lance gave O0 4 177 for t h e coefiF. of t h e r m a l e x p a n s i o n 
of a n icke l -copper a l loy b e t w e e n 10° a n d 100°. W . J a g e r a n d H . Diesse lhors t found 
t h e t h e r m a l c o n d u c t i v i t y of c o n s t a n t a n a t 18° t o be 0-226 c.g.s. un i t s , a n d a t 100°, 
0-268, a n d t h e t e m p , coeff. is 2-36 p e r c en t . ; G. a n d J . Wei r say t h a t t h e t h e r m a l 
c o n d u c t i v i t y of m o n e l m e t a l is one-f i f teenth t h a t of coppe r ; a n d E . Gri ineisen 
g a v e 0-484 a t 18° for t h e 54 : 46 copper -n icke l a l loy. W . C. El l is a n d co-workers 
g a v e 0*0546 cal . p e r c m . p e r sec. p e r degree for t h e c o n d u c t i v i t y of t h e copper 
n icke l (55 : 45) a l loy ; a n d 0-0832 for t h e m o n e l m e t a l Cu : N i : F e = 2 8 : 70 : 2 . 
J . W . D o n a l d s o n , a n d A. W . S m i t h s t u d i e d t h e sub jec t . W . C. Ell is a n d co-workers 
g a v e 0-0546 for t h e c o n d u c t i v i t y of a n a l loy w i t h 55 p e r cen t , of copper . G. E . Sager 
obse rved for t h e t h e r m a l c o n d u c t i v i t y k cals . p e r c m . p e r second pe r degree , t h e 
electr ical c o n d u c t i v i t y , K m h o ; a n d t h e r a t i o R of t hese c o n s t a n t s : 

C o p p e r 
k 
Kx J O - 5 

Bx 10» 

80 p e r c e n t . Cu X x 10~ 5 

[Ii X 10» 

60 p e r c e n t . Cu<-ftT x 1()~5 

I 7? X 10» 

ih 
4O p e r c e n t . Cu K X 1 0 - * 

[IiX 10» 

20 p e r c e n t . Cu</v X 1 O - 4 

\li 

Ni ckol . 
Jc 
K x 1 0 - * 
RX 10® 

2 9 ° 
0-99 
5-55 
5-9 

4 8 ° 
0-089 
3-54 
7-8 

6 2 ° 
0-060 
1-99 
9 1 

5 2 ° 
0 0 5 8 
1-88 
9-3 

4 4 ° 
0-086 
3-36 
8-1 

5 4 ° 
O-193 
9-6O 
6 1 

136° 
1 0 0 
4 0 0 
6 1 
150° 

0-96 
3-46 
6-5 

2C6° 
0-080 
1-99 
7-4 
279° 

0-078 
1-84 
7-7 
198° 
0-9 
2-39 
8-0 

285° 
0 1 6 4 
4 1 O 
7-2 

286° 
0-95 
2-84 
6 0 
462° 

0-150 
3-21 
6-4 
510° 

O-120 
1-96 
7-7 
554° 

0-132 
1-79 
8-9 

474° 
0-128 
2-09 
8-2 
*530° 
0-189 
2-74 
8-6 

471° 
0-93 
2 0 6 
6 1 
711° 

0-223 
3 0 2 
7-5 
717° 

0-218 
1-92 
11-4 
697° 

0-160 
1-74 
9-5 
093° 

0-203 
1-96 
10-7 
743° 

0-278 
2-32 

11-8 

G. F . Sager , a n d K . D i t t r i c h s t u d i e d t h e app l i ca t i on of W i e d e m a n n a n d F r a n z ' s 
Ia1Sv. B . V. Hil l found t h e specific h e a t b e t w e e n 20° a n d 100° of t h e 4 pe r cen t . 
c o p p e r a l loy t o be 0-1080 ; of t h e 8 p e r cen t . , 0-1141 ; of t h e 20 per cent . , 0-1145 ; 
a n d of t h e 40 p e r cen t . , 0-1003. W . J a g e r a n d H . Diesse lhors t gave for c o n s t a n t a n 
0-0977 a t 18°, a n d 0-1018 a t 100° ; W . C. El l is a n d co-workers , 0-094 for a n a l loy 
wi th 55 p e r cent , of c o p p e r ; for t h e Ou-Ni (55 : 45) al loy, 0-094 ; a n d for t h e 
Cu : Ni : F e (28 : 70 : 2) a l loy, 0-132. H . E s s e r a n d co-workers gave 0-1113 for 
t h e sp . h t . of t h e a l loy w i t h 20 p e r cen t , of n ickel . K . E . Grew, 
K . H o n d a a n d M. T o k u n a g a , W . F . H a m p t o n a n d J . H . Mennie , a n d L . Rol la 
s t u d i e d t h e sp . h t . of t h e a l loys . A. E u c k e n a n d H . W e r t h found t h e a t . h t . of 
c o n s t a n t a n for c o n s t a n t p ress , a n d c o n s t a n t vol . , a n d for D e b y e ' s c o n s t a n t : 
S—-the x of 1 . 13, 1 5 — 

T° K . 

cv . 
© . 

15-20° 
0 0 5 7 8 0 
0 0 5 7 8 0 

3 0 5 

17-40° 
0 0 7 1 0 8 
0 0 7 1 0 8 

3 2 5 

76-00° 
2-522 
2-515 

3 4 7 

121-31° 
4-137 
4 1 0 8 

3 4 5 

188-2° 
5-130 
5-064 

3 3 0 

201-97° 
5-335 
5-255 

3 2 4 
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Observa t ions on t h e f.p. of t h e al loys were m a d e b y C. T. Heycock a n d F . H . Nevil le , 
N . S. Kumakof f a n d S. F . Schemtschuschny , V. E . Tafel, B . V. Hil l , H . Gau t ie r , 
W . Guer t le r and G. T a m m a n n , etc .—vide supra, F ig . 120. T h e m . p . of m o n e l 
m e t a l is given as 1360°. G. D . B e n g o u g h gave 1190° for t h e m . p . of t h e 80 : 20 
Ni : Cu-alloy. W . P . W h i t e found t h e l a t e n t h e a t of mone l m e t a l t o be 68 cals . 
per g ram. K. V. Hil l ca lcu la ted for t h e l a t e n t h e a t of t h e m a g n e t i c t r a n s f o r m a t i o n 
4-48 cals. per g ram. I . O b i n a t a s tud ied t h e r a t e of cooling of cupronickel f rom 
900° t o 200° in var ious quench ing med ia ; a n d J . A. M. van L i e m p t a n d 
J . A. de Vr iend, t h e t ime of me l t i ng t h i n fuses. 

H . R u b e n s s tud ied t h e t e m p , coefi. of t h e emissive power of c o n s t a n t a n ; 
M. Luckiesh, and I . L a n g m u i r of monel m e t a l ; P . B e r g m a n n a n d W . Guer t l e r , 
t h e reflecting power ; H . !Lowery a n d co-workers , t h e opt ical p roper t i e s ; 
a n d H . K o t o , t h e reflection of u l t ra -v io le t r ays . W . Coblentz found t h e reflecting 
power, R, of monel me ta l , for l ight of wave- length , A, in yu.—0-001 m m . , t o be : 

It 
0-45 

5 6 - 5 
0 -50 

5 7 - 8 
O-70 

63-7 
O-90 

7 O O 
1 0 0 

7 2 - 3 
2 0 0 

8 3 - 8 
3 0 0 

8 8 - 7 
4-OO/x 

91-O p e r c o n t . 

E . H a g e n a n d H . R u b e n s gave for c o n s t a n t a n — C u : N i - 6 0 : 40, a n d for p a t e n t 
nickel—Cu : Ni -=75 : 25 a n d 80 : 20 : 

( OO : 4(> 
JR{ 7 5 : 2 5 

8 0 : 2 0 

O - 6 5 ^ 1-O/x 
7OO 72-4 
71-O 7 2 6 
7 3 0 7 5 0 

2 - 0 ^ 
8 2 - 3 
8 3 - 5 
8 4 - 1 

4-0,x 
8 8 - 3 
9 1 - 4 
9 2 - 1 

6-0/x 
(91 -1 ) 
( 92 -2 ) 
(92 -1 ) 

8-0/* 
9 2 - 7 
9 3 - 5 
9 2 - 5 

lO-O/u 
9 4 - 0 
93-O 
9 2 - 6 

12-0/* 
94-O 
93-O 
9 4 - 3 

14-0/x 
9 4 - 2 p e r c e n t . 
9 2 - 6 
9 3 - 4 

P . D r u d c , a n d J . T. L i t t l e t on gave for l ight of wave- leng th 5893 
N i c k e l 
K. 

n 

2 5 
3 -32 
1-55 

6 4 O 

3 5 
3 -40 
1-61 

6 6 - 6 

4O 
3 -08 
2 0 9 

5 6 - 2 

5 0 
3 -61 
2 -33 

6 1 - 0 

6(> 
3 -29 
2 1 2 

58-7 

7 5 p e r c e n t . 
3 1 5 
2 O l 

57-7 p e r c e n t . 

W. T. Griffiths said t h a t t h e sp . electrical res is tance of t h e copper-nickel al loys 
increases with, t h e p ropor t i on of nickel , being a b o u t 3 mic ro-ohms for t h e 2 per cen t , 
nickel alloy ; 28 mic ro-ohms for t h e 20 pe r cent , alloy, a n d i t reaches a m a x i m u m 
of 51 micro-ohms for t h e 50 pe r cent , al loy. M a n y alloys of nickel a n d copper 
are used as res is tance wires—e.g. , c o n s t a n t a n . Those con ta in ing 40 t o 45 pe r cent , 
nickel h a v e t h e va luab le p r o p e r t y of h a v i n g a lmos t a zero t e m p , coeff. P . R . !Cost­
ing's resul ts for t h e sp. electrical res is tance in micro-ohms per cm. cube, a n d for t h e 
t e m p , coeff. of t h e res is tance in ohms pe r o h m pe r degree X l O 4 are s u m m a r i z e d 
in Fig- 106. A. A. Somervi l le 's resul ts for c o n s t a n t a n a n d mone l m e t a l are 

0 20 40 60 80 % Cu 

l f i a . 1 0 6 . — T h e E l e c t r i c a l R e s i s t a n c e 
of t h e N i c k e l - C o p p e r A l l o y s . 

200 800 1000 
F i o . 1 0 7 . — T h e E f f e c t of T e m p e r a t u r e 

o n t h e E l e c t r i c a l R e s i s t a n c e s of 
C o n s t a n t a n a n d M o n e l M e t a l . 

summar ized in P ig . 107. Measu remen t s were m a d e b y M. A. H u n t e r a n d A. J o n e s , 
a n d S. I keda . Several o the r al loys were also examined . Tt. S. J . Sp i l sbury found 
t h a t t h e var iab i l i ty of t h e t e m p , coeff. of commerc ia l c o n s t a n t a n wires is d u e t o 
t h e effect of d rawing ; t h e t e m p , coeff. becomes more nega t ive wi th progressive 
d rawing . N . S. Kumakof f a n d S. F . S c h e m t s c h u s c h n y observed a m i n i m u m in. t h e 
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electrical conduc t iv i ty curve wi th a b o u t 50 per cent , nickel . The observed values 
for t h e conduc t iv i ty , m h o X 10 4 , a t 0° are : 

N i c k e l . 0 1 0 0 4 2 0 - 0 4 4 1 - 2 5 5 0 - 8 4 5 6 - 3 7 6 2 0 2 8 9 - 4 6 1 0 0 
M h o X 10* . 6 5 - 3 6-8 3-8 2 0 1-93 1-90 1-94 5-3 8 1 

The reciprocals are p lo t t ed in F ig . 106. A. K r u p k o w s k y gave for t h e res is tance in 
micro-ohms, i.e. Rx. 10 6 , a n d t h e t e m p , coeff. of t h e resis tance, a : 

N i . . . O 1 0 2O 4O 6 0 7O 8O 9 0 
1 0 „ f Q u e n c h e d 1 5 6 5 1 4 - 1 3 2 7 - 7 6 47-4O 5 3 0 9 4 8 0 0 2 7 - 3 6 19 -48 .Rx 1 A n n e a l e d . 1-565 

r.^ i n 4 / Q u e n c h e d 4 2 - 1 0 
a X 1 U 1 A n n e a l e d 4 2 - 1 0 

14-80 
6-89 
4 - 5 3 

2 8 - 5 5 
2 -24 
3 0 9 

4 8 - 0 1 
0 -14 
O I O 

5 2 - 4 8 
2 -55 
1-71 

4 8 - 8 0 
15-52 
14 -46 

2 7 - 5 3 
2 7 - 9 3 
2 7 - 5 3 

2O-35 
3 6 - 6 4 
3 4 - 8 2 

1 0 0 p e r c e n t . 
8-84 
8-03 

57-7O 
62-OO 

A. K r u p k o w s k y a n d W . J . de H a a s observed t h a t t h e electrical conduc t iv i ty curve 
of t h e copper-nickel alloys, annea led in v a c u o a t 750° t o 780°, is charac ter is t ic of 
p u r e mixed c rys ta l a n d shows no apprec iab le 
c u r v a t u r e a t t h e t r ans i t i on from ferro- t o 
p a r a m a g n e t i c al loys. I t shows a wide 
r o u n d e d m i n i m u m a t a compos i t ion n e a r 
t o 55 pe r cent . Ni . I n t h e t e m p e r a t u r e -
conduc t iv i t y curves for some alloys a p o i n t of 
c u r v a t u r e occurs which cor responds exac t l y 
w i t h t h e Curie po in t s of t h e al loys, which, for 
al loys con ta in ing 43-45, 48*40, a n d 57-54 per 
cent . Ni , are respect ively —247°, —196°, a n d 
— 97°. A s t rong increase in t h e coefficient of 
res is tance occurs w i th those alloys in which t h e 
t r ans i t ion from t h e ferro- t o t h e p a r a m a g n e t i c 
s t a t e t a k e s place. Nega t ive res is tance co­
efficients be tween —258-4° and —252-5° were 
ob ta ined wi th al loys con ta in ing be tween 12 
a n d 35 per cent . Ni . A. K r u p k o w s k y ' s 
observa t ions on t h e effect of t e m p , on t h e 
res is tance of these alloys are summar i zed in 
F ig . 108—vide supra. Observa t ions were 
m a d e b y A. Schulze, G. Borel ius, H . I lolnick, R . Schenck, S. K i m u r a and Z. I sawa , 
G. Wucke l , N . A. Schalberofr, a n d S. A. Pogod in a n d E . M. L.akarenko. H . Sch imank 
ob ta ined for c o n s t a n t a n a t 0° K., 220=2-847 ohms , a n d for t h e ra t io RT : RQ, a t 

-250 -750 -50" 0 100 
E i O . 1 0 8 . T h e !Effect of T o m p o r a t u r o 

o n t h e E l e c t r i c a l R e s i s t a n c e of t l i c 
N i c k e l - C o p p e r A l l o y s . 

' Vi 10 20 30 •)') 50 ^r-O 7(1 cu TO so ao Cu 

E i a . 1 0 9 . - — T h e E l e c t r i c a l R e s i s t a n c e of 
t h e C o p p e r - N i c k e l A l l o y s . 

F i a . 1 1 0 . — T h e T e m p e r a t u r e C o e f f i c i e n t of 
t h e R e s i s t a n c e of N i c k e l - C o p p e r A l l o y s . 

273-09°, 196-7°, 87-3°, a n d 20-2° K. , 1-0000, 0-9982, 0-9898, a n d 0-9784 
respect ively. M. A. H u n t e r a n d co-workers measu red t h e res is tance of monel 
m e t a l a t 20° in ohms per mil. ft., a n d as suming th i s va lue un i ty , t h e y found t h a t 
t h e resis tances, R, a t different t e m p , were : 

R 
20° 

1 0 0 0 0 
50° 

1 0 6 2 9 
10O° 

1-1508 
200° 
1-217 

400° 
1-294 

ooo° 
1-384 

800° 
1-488 

1000° 
1-626 
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T h e r e is a t r a n s f o r m a t i o n p o i n t a t 100°. P . C h e v e n a r d appl ies t h e t e r m anomalie 
t o t h e t r a n s f o r m a t i o n s w h i c h d o n o t necessar i ly co r r e spond w i t h a n a l lo t rop ic 
c h a n g e b u t wh ich show t h e m s e l v e s b y a b r e a k in t h e c o n t i n u i t y of t h e c u r v e . 
T h e resu l t s for t h e res i s tance , R, of t h e copper -n icke l a l loys a r e s u m m a r i z e d in 
F ig . 109, where A. r e p r e s e n t s t h e b r e a k i n t h e c u r v e for n ickel , a n d t h e c u r v e a 
deno te s t h e a m p l i t u d e of t h e a n o m a l y . T h e c o r r e s p o n d i n g va lues for t h e t e m p , 
coeff., dlt/R.dO, a r e s u m m a r i z e d in F i g . 110. P . W . B r i d g m a n m e a s u r e d t h e effect 
of p ressure on t h e e lect r ical r es i s tance , R, of t h e copper -n icke l a l loys a t 25°, a n d 
found for t h e re la t ion 8R/R2=ctp-\-bp2, w h e r e a a n d b a re c o n s t a n t s : 

Nicke l 
a, 
b . 

Nicke l 
a 
b . 

O 
-0 -0 6 203 
0 - 0 n 9 6 
8-23 

-0 -0 ,745 
0 O 1 1 I O 

0 1 4 5 
— 0-O5180 

0 - 0 u 7 1 

12-9 
— 0-0«725 

0-O11IO 

1-5O 
— 0 0 B 1 1 9 

0 - 0 u 3 8 

24-3 
— 0-0 a 700 

0 - 0 n 1 2 

4-58 p e r c e n t . 
— 0-0.94 

0 - 0 n 2 1 

50-8 p e r c e n t . 
— 0 0 6 6 8 5 

0 O 1 1 I O 

^0 007 

T h e resu l t s a r e s u m m a r i z e d in F i g . 1 1 1 . W . Gue r t l e r m e a s u r e d t h e e lect r ica l 
c o n d u c t i v i t y i n t e r m s of t h e vol . p e r cen t , of nickel in t h e a l loys . K . F e u s s n e r , a n d 

K . F e u s s n e r a n d S t . L i n d e c k 
obse rved t h a t t h e sp . r e s i s t ance 
increases p r o p o r t i o n a l l y as t h e 
n i cke l - con ten t r ises t o 30 p e r 
cen t . , i t increases m o r e r a p i d l y 
a s t h e n i cke l - con ten t increases 
t o 46 p e r cen t . , i t t h e n r e m a i n s 
n e a r l y c o n s t a n t as t h e n ickel -
c o n t e n t rises t o 62 p e r cen t . , 
a n d i t t h e n falls n e a r l y p r o ­
p o r t i o n a l l y w i t h t h e c o n t a i n e d 
n ickel . T h e t e m p , coeff. of t h e 
res i s tance , a, falls s lowly as t h e 
p r o p o r t i o n of n ickel inc reases 
u n t i l i t acqu i re s a n e g a t i v e 

v a l u e w i t h a b o u t 40 p e r cen t , of n ickel , a n d w i t h h ighe r p r o p o r t i o n s of n icke l , 
t h e t e m p , coefT. increases aga in . T h u s , express ing t h e sp . r es i s tance , R, in 
m i c r o - o h m s p e r c m . c u b e : 

F i o . 111. 

40 60 
Per cent, of nickel 

—Tlio Effect of P r e s s u r e o n t h e E l e c t r i c a l 
!Resistance of t h e N i - C n Al loys . 

N icke l 10-04 2 0 0 4 29-94 41-25 
R 15 26-5 38-5 50 
a . 0 0 5 5 0 0 0 2 5 0 0 0 0 1 3 — O 0 0 0 0 1 4 
E.m.f . 21-8 29-1 33-5 37-9 

46-18 49-36 6 2 0 2 89-46 93-66 
52 51-5 51-3 2OO 18 

— 0-00005 0 0 0 0 0 4 0 0 0 0 2 0 0 0 2 8 5 0 0 0 2 8 4 
39-3 35-8 3 5 0 26-9 23-5 

P . W . B r i d g m a n , W . H . S t a n n a r d , J . S t r a u s s , A. A. Somervi l le , S. F . S c h e m -
t s c h u s c h n y a n d co-workers , a n d C. Liebenoff also s t u d i e d t h e sp . r es i s t ance a n d t h e 
t e m p , coeff. B . V. Hi l l obse rved t h a t t h e t e m p , coeff. of t h e 4, 8, a n d 20 p e r cen t , 
copper al loys becomes less a n d less a s t h e t e m p , rises t o t h e t r a n s i t i o n p o i n t , w h e n 
i t r e m a i n s nea r ly c o n s t a n t . I n t h e 20 p e r cen t , a l loy, t h e c h a n g e is s h a r p , a n d 
co r re sponds closely w i t h t h e t r a n s i t i o n p o i n t . H . Ie Cha te l i e r found t h a t t h e 
electr ical res i s tance of t h e 81 p e r cen t , n ickel a l loy c h a n g e s f rom 0*485 a t 0° t o 
0-473 b e t w e e n 300° a n d 700°, a n d for a wi re of 1 m m . t h i c k n e s s , a n d 80 p e r cen t , 
of copper , he gave i?=0-420-f-0*000110# o h m . T h e e lect r ica l c o n d u c t i v i t y of 
c o n s t a n t a n w a s m e a s u r e d b y G. L . G r a y , E . S e d s t r o m , P . C h e v e n a r d , W . J a g e r 
a n d H . Diesse lhors t , a n d E . L . Ledere r . G. Niccola i f ound t h e e lect r ica l r e s i s t ance 
of c o n s t a n t a n a t 400° is t o t h a t a t —189° a s 1-052, a n d i t is c h a n g e d b y a n n e a l i n g . 
T a k i n g JR in abso lu t e u n i t s , h e found for c o n s t a n t a n a t 

H 
400° 

44,8OO 
250° 

44,8UO 
200° 

44,778 
150° 

44,725 
100° 

44,621 
50° 

44,405 
0° 

44 ,133 
— 50° 

43,808 
—100° 
43,423 

—150° 
42,975 

— 189° 
42,604 
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W. C. Ellis a n d co-workers gave for t h e electrical conduc t i v i t y of t h e Cu : Ni(53 : 45) 
alloy, & x l 0 - 5 = O 2 0 3 2 m h o ; a n d for mone l m e t a l w i t h Cu : Ni : Fe(28 : 70 : 2), 
kx 1 0 _ 5 = 0 - 2 3 4 6 m h o . T h e W i e d e m a n n - F r a n z law does n o t app ly . A. Schulze 
found t h a t t h e electrical res is tance of nine var ie t ies of monel me ta l r anged from 
0-044269 t o 0-044865 a t 20°, a n d t h e t e m p . coefT. be tween 15° a n d 25°, from 0 0 0 1 6 3 9 
to 0-002128. U p t o 100°, t h e Curie poin t , t h e electrical res is tance increases rap id ly 
wi th t e m p . , a n d above 100° slowly such t h a t t h e t e m p , coeff. above a n d below 
100° a re respect ively 1-75 a n d 0-4 pe r cent . H . D . Arnold a n d L. W. M c K e e h a n 
observed t h a t t h e effect of tens ion a n d magne t i za t ion is t o raise t h e electrical 
resis tance a b o u t 2 pe r cent , in e i ther case, b u t the re are differences in t h e ini t ia l 
s tages . TJ. Fischer gave for t h e press, coefr. of t h e electrical resis tance, R, of 
c o n s t a n t a n , — 107dR/Rdp=7 6 a t 273-1° K . ; 4-7 a t 198° K. ; 5-2 a t 81° K . ; a n d 
6-6 a t 20-3° K. N . F . Mot t measu red t h e effect of magne t i za t ion on the conduc t iv i ty ; 
a n d H . Rolnick , t h e effect of tens ion on t h e electr ical resis tance of c o n s t a n t a n ; 
a n d H . R . Wil l iams, t h e effect of tens ion a n d magne t i za t ion on t h e resis tance of 
monel me ta l . The po ten t i a l s of c o n s t a n t a n in aq . soln. of po tass ium chloride of 
different acidit ies were measu red b y F . Vies a n d A. Ugo . 

The copper-nickel alloys exh ib i t a c o m p a r a t i v e l y high thermoelec t r ic effect 
combined wi th a fairly s t r a igh t e .m. f .—temp, curve , a n d t h e alloys have been used 
for t h e so-called base m e t a l py rome te r s . P . R . Kos t ing ' s values for t h e 
thermoelec t r ic force of t h e alloys aga ins t p l a t i n u m , in microvol t s per degree, a re 
summar i zed in F ig . 106 along wi th t h e res is tance curves . K . E . Grew measured 
t h e effect wi th p l a t i n u m , a n d t he r e is a m a r k e d b r e a k in 
t h e curve a t 360°—see nickel . K . Feussner , a n d 
K. Feussner and St . L indeck ob ta ined t h e resul ts ind ica ted 
above , a n d in Fig . 112, for t h e thermoelec t r ic force in 
microvol t s pe r degree of copper aga ins t nickel-copper 
al loys. Analogous resul ts were ob ta ined b y E . Seds t rom. 
AV. R o h n measured t h e thermoelec t r ic force of t h e al loys 
aga ins t p l a t i n u m ; a n d E . Meschter observed m a x i m a for 
dEjdO aga ins t 0 a t 100° a n d a t 87°. F . E . Bash ' s 
observa t ions on t h e thermoelec t r ic force of nickel-copper 
alloys aga ins t p l a t i n u m are ind ica ted in F ig . 112. 
Observa t ions were m a d e for t h e cons t an t an -coppe r 
the rmocoup le by W . Ji iger a n d H . Diesselhorst , F . G. Keyes and co-workers , 
W . P . W h i t e a n d co-workers, P . Chramoff a n d L . Lwowa, L . Rol la a n d co-workers , 
E . H . Hal l , A. L . N o r b u r y , L . J . N e u m a n , J . Gal ibourg, W . Broniewsky, 
J . C. S o u t h a r d and D . H . Andrews , O. Walge r a n d F . R. Lorenz , T. K o u s m i n e , 
a n d F . G. Wick. T h e resul ts of L . H . A d a m s a n d J . J o h n s t o n for t e m p , from 
0° t o 200° ; of L. Ho lbo rn a n d co-workers for t e m p , above 200°, a n d —80° ; a n d 
of H . K . Onnes a n d G. Ho i s t for o the r low t e m p . , are for t h e e.m.f. of t h e 
cons t an tan -coppe r couple E in mill ivolts : 

E 

P . W . B r i d g m a n represen ted t h e resul ts be tween 0° a n d 300° by £ x l 0 6 = - 3 8 - 5 0 
—0-0445#2 vol t . A. Schulze found t h a t t h e thermoelec t r ic force of copper aga ins t 
mone l me ta l is posi t ive, a n d u p t o 600°, var ies l inear ly wi th t e m p . A. W . S m i t h 
a n d J . Dillinger found t h e thermoelec t r ic force of t h e copper -permal loy couple 
is lowered b y a magne t i c field ; a n d on pe rmal loy w i th 78 per cent , nickel, tens ion 
decreases t h e t h e r m a l e.m.f. ; w i th 81 per cent , nickel , t h e couple is insensi t ive t o 
tens ion ; a n d wi th 84 per cent , nickel, t ens ion decreases t h e e.m.f. for low magne t i c 
fields, b u t wi th H over 10 gauss , t he r e is an increase in t h e e.m.f. L. Ho lborn a n d 
co-workers gave for t h e s i lve r -cons tan tan couple : 

20 40 60 80 100 
Per cent, nickel 

Ki o . 1 1 2 . — T h o r m o e l o c -
t r i e E f f e c t of C o p p e r 
t i gu l r i s t t l i e C o p p e r -
N i c k e l A l l o y s . 

— 269-80° 
6-630 

— 192° 
— 5-32O 

— 80° 
— 2-7 

o° 
O 

2 5 ° 

0 - 9 7 9 
r»o° 

2 - 0 1 3 
7 5 ° 

3 - 0 9 6 
100° 

4 - 2 2 7 
200° 
8 - 8 

300° 
1 4 1 

400° 
19-9 

5OO ° 
2 6 - 3 

E 
V O L . 

. 
X V . 

o° 
o-oo 

ioo° 
4 1 2 

200" 
8-84 

300° 
14-1O 

400° 
19-77 

500° 
2 5 - 7 9 

600° 
3 2 - 1 5 
O 
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and for t he molybdenuni -cons tan tan , a n d t h e t u n g s t e n - c o n s t a n t a n couples : 

K (Mo) 
K (W) 
K (Fe) 

— 185° 

— 4-66 
— 7-O 

— 80° 

2-57 
- 3 - 4 

0° 
0 0 0 
0OO 
0 0 0 

100° 
4-66 
4-21 
5 1 

300° 
16-53 
15-29 
15-5 

500° 
30-73 
28-89 
25-7 

700° 
46-65 
44-75 
36-2 

900° 
54-98 (800°) 
6 0 0 0 
47-9 

The values for iron are due t o C. Dannecker , a n d sl ightly h igher values were ob ta ined 
by F . Hoffmann a n d A. Schulze. F o r O. L . Kowa lke ' s observa t ions on t h e 

coba l t - cons tan tan couple, vide sujrra, coba l t . 
F o r t h e p l a t i n u m - c o n s t a n t a n couple , 
G. Re icha rd gave —3-30 mil l ivol ts a t 100° ; 
W . J a g e r a n d H . "Diesselhorst, —3-44 
mill ivolts ; E . Wagner , —3-47 mil l ivol ts ; 
and K. Feussner a n d St . I j indeck, —3*04 
mill ivolts. W. R o h n also s tudied t h e 
thermoelec t r ic force of t h e copper-nickel 
alloys aga ins t p l a t i n u m ; R. Wiebe a n d 
M. J . Brevoor t , aga ins t copper . H . Her l 
ob ta ined for a couple of c o n s t a n t a n a n d an 
alloy of 100 a n t i m o n y , a n d 57 zinc, 0-13 vol t 
a t 480° ; a n d A. G. W a r r e n a n d F . Murphy , 
for a cons t an tan -b ronze couple, 0-35 t o 0-52 
microvol t i>er degree. Observa t ions on t h e 
subject were m a d e b y W . Hosk ins , a n d 
C. B . Thwing . A. K r u p k o w s k y ' s observa­
t ions on t h e the rmoelec t r i c force of t h e nickel-
copper al loys aga ins t lead are summar ized in 
F ig . 113. P . W . B r i d g m a n ob ta ined for t h e 
l ead -cons t an tan couple 2 ? x l 0 0 = — 3 4 - 7 6 0 

—O-O39702 vol t ; a n d for t h e effect of pressure, p, in kg rms . per sq. cm. on t h e 
the rmal e.m.f., i ? x l 0 G vol ts , of a couple composed of uncompressed c o n s t a n t a n , 
a n d of t h e same meta l a t a press, p, when t h e cold junc t ion is a t 0°, he gave : 

20 AO 60 8O 100 

Per cent, of nickel 
F i a . 113.—Tho Thermoelec t r i c Fo rce of 
t h e Nickel-Copper Alloys aga in s t L o a d . 

2,00O 
6,Of)O 

1 2 , 0 0 0 

i o ° 
O-55 
1 71 

. 3 3 5 

2 0 ° 
1 1 1 
3-44 
6-75 

4 0 ° 
2-26 
6-94 

13-67 

co° 
3-45 

10 -51 
2 0 - 7 7 

8 0 ° 
4 - 6 8 

1 4 1 4 
2 8 - 0 3 

ioo° 
5 -95 

1 7 - 8 4 
3 5 - 4 7 "I 

The press, coeff. be tween 0° a n d 100° u p t o 12,000 kg rms . pe r sq. cm. is 0-06409. 
E . Wagne r obta ined JEJdO=ZQl t o 31-1 X 1O - 1 2 vo l t pe r degree for a couple of 
uncompressed and compressed c o n s t a n t a n a t 300 kg rms . pe r sq. cm. A. Kxupkowsky 
a n d W. J . de H a a s found t h a t t h e thermoelec t r ic coeff. of t h e copper-nickel alloys, 
annea led in vacuo a t 750° t o 780°, show t w o m i n i m a in t h e t e m p , ranges —250° t o 
—252-5° a n d —183° t o —0°, a n d one m i n i m u m in t h e range —205° t o —183°. 
The m a x i m u m occurr ing be tween t h e t w o m i n i m a corresponds exac t ly w i th t h e 
Curie po in t . T h e thermoelec t r ic coefficient decreases m a r k e d l y a t low t e m p , a n d 
seems t o approach zero a t 0° K . T h e l inear d i la t ion coefficient curves of these 
alloys show slight m a x i m a , -which wi th decreasing t e m p , occur a t increasingly 
small percentages of nickel. The inflexion po in t s of t h e res is tance curves a n d t h e 
m a x i m a of t h e thermoelec t r ic coefficient curves mee t wi th decreasing t e m p , on 
t h e curve of magnet ic t r ans i t ion , which, is a s t r a igh t line which on e x t r a p o l a t i o n 
cu t s t h e composi t ion axis a t a po in t cor responding wi th a n al loy con ta in ing 41 pe r 
cent , of nickel. 

E . Seds t rom measured t h e Pe l t ie r effect of t h e nickel-copper al loys. P . Czermak 
found the Pel t ier effect of c o n s t a n t a n aga ins t lead, t in , c a d m i u m , a n d m e r c u r y 
t u b e qu i te regular u p t o t h e m . p . of t h e l a t t e r me ta l s ; for lead he gave for t h e 
Pe l t ie r effect P microcals. pe r cou lomb, 1-90 a t 0 ° = 2 - 7 3 a t 100° ; 3-6 a t 200° ; 
a n d 4-4 a t 300°. F o r t h e coppe r - cons t an t an couple, E . Beck gave JP=2-436 a t 
15*5° ; a n d G. Borelius, 2-80 a t 0° ; a n d for t h e i ron -cons t an t an couple, P . Czermak 



N I C K E L 1 9 5 

gave 3-1 a t 0° ; 4 1 a t 100° ; a n d 5-5 a t 200° ; whi ls t E . Beck gave 3-25 a t 14°. 
M. A. H u n t e r a n d A. J o n e s measu red t h e the rmoelec t r i c force of c o n s t a n t a n aga ins t 
copper , a n d t h e resul ts a re ind ica ted in F ig . 107 in connec t ion w i t h nickel . 
W . H . Keesom a n d co-workers , a n d E . J a n e c k e measu red t h e the rmoe lec t r i c force 
of t h e al loys aga ins t a n alloy of gold a n d silver. K . Fu j i s tud ied t h e c o n s t a n t a n -
m a n g a n i n couple. 

P . W . B r i d g m a n gave for t h e Pe l t ie r effect, I* vol t , of t h e l e ad -cons t an t an couple , 
P x l 0 6 = (—34-76-0-07940)(0+273) v o l t s ; a n d E . Lecher ob ta ined for t h e effect 
w i th t h e cons t an tan - i ron couple , 3-4 X 1O - 3 gram-cals . per cou lomb a t 20°. 
P . W . B r i d g m a n gave for t h e Pe l t ie r h e a t effect be tween t h e compressed a n d un ­
compressed m e t a l in joules pe r cou lomb X 10°, for pressures , p kg rms . per sq. cm. : 

0° 20° 40° 60° 80° J 00° 
,0OO . . 15 17 18 2O 2 2 2 4 

p< 6 , 0 0 0 . 4 6 5 1 5 5 6 0 6 5 7O 
[ 2,0OO 

o\ 6 , 0 0 0 
( 1 2 , 0 0 0 9 0 9 9 1 0 9 1 1 9 1 3 0 1 4 O 

P . W . Br idgman gave for t h e T h o m s o n effect, cr vo l t s pe r degree, with t h e lead-
c o n s t a n t a n couple cr x 10°—0-0794(0 + 273) v o l t ; a n d E . Lecher showed t h a t t h e 
va r i a t i on of t h e effect wi th t e m p , can be r ep resen ted by a line of t h e second order . 
E . Lecher gave for t h e T h o m s o n effect, cr microvol t s per degree, wi th c o n s t a n t a n , 
o-=—23-0 a t 0° ; —19-9 a t 200° ; a n d —13-7 a t 400° ; whi ls t G. Borel ius gave 
c r=—25-5 a t 1 7 ° ; —24-9 a t 19-5° ; a n d —25-6 a t 25°. H . E . S m i t h found t h e 
Thomson effect w i t h c o n s t a n t a n decreases w i th tens ion b y becoming less nega t ive 
un t i l t h e elastic l imi t is reached, after which it increases . H . K. N e t t l c t o n s tud ied 
t h e T h o m s o n effect w i th c o n s t a n t a n . P . W . B r i d g m a n found for t h e effect of 
press , p kg rms . pe r sq. cm. on t h e T h o m s o n effect -with a couple of compressed 
a n d uncompressed c o n s t a n t a n t o be in joules per cou lomb per degree X JO8 : 

0° 20° 40° 0 0 a 8()° 100° 

1 2 , 0 0 0 . . 2-7 2 9 3 1 3 3 3-5 3-7 

6 , 0 0 0 . . 4 -6 5 O 5-3 5-7 6 0 6-4 
1 2 , 0 0 0 . . 12 6 13 5 14-4 15 3 16 2 17 2 

A. M. Po r t ev in ob ta ined t h e va lues summar i zed in Fig . 114 for t he po ten t i a l s of 
t h e nickel-copper alloys in dil. su lphur ic acid. A. J . A l lmand a n d H . J . T. E l l i ngham 
showed t h a t t h e po ten t i a l cu rve of t h e i ron-copper al loys is qu i t e different from 
t h a t ob ta ined wi th al loys h a v i n g c o m p o n e n t s which form 
solid soln. B . K r e m a n u po in t ed ou t t h a t when a b i n a r y 
alloy, w i th c o m p o n e n t s occupying different pos i t ions in 
t h e e lec t romot ive series, is d ipped in a corrosive soln., 
t h e nobler me ta l will dissolve less readi ly t h a n t h e o ther , 
a n d will therefore inh ib i t or r e t a r d t h e corrosion of t h e 
alloy ; a n d G. T a m m a n n showed t h a t w i th al loys in 
which t h e concen t ra t ion of t h e nobler m e t a l exceeds a 
ce r ta in va lue , depend ing on i t s mol . wt . , i t p ro tec t s the 
less noble cons t i t uen t . Some discrepancies w i th t h e 
nickel alloys are accoun ted for b y t h e t e n d e n c y of nickel 
t o become passive, a n d when th i s occurs t h e po ten t i a l 
increases t o w a r d s t h e m o r e noble values . L . N o w a c k 
found t h a t t h e range of chemical ac t iv i ty of solid soln. 
of nickel-copper alloys is 0-34 mol . nickel for K 2 S 2 soln. ; 
0-26 mol . for sodium or po t a s s ium hydrox ide , or for a lkal ine soln. of hydrogen 
dioxide or of sod ium t a r t r a t e ; 0-61 for soln. of a m m o n i u m or sod ium pe r su lpha t e ; 
0-89 for soln. of silver n i t r a t e ; 0-76 for soln. of silver or copper su lpha t e ; 0-74 
for soln. of copper ace t a t e ; 0-86 for soln. of copper n i t r a t e ; 0-52 for mercur ic 
cyan ide ; 0-76 for mercur ic n i t r a t e ; a n d 0-89 for mercu rous n i t r a t e . Anodic 
evolu t ion of oxygen occurs w i th al loys h a v i n g from 1-0 t o 0-48 mol. nickel . The 
vo l tage a t which a s t ronger a n d con t inuous opposing c u r r e n t flows is t h e same for 
a l loys wi th u p t o four-eighths mol . of nickel . 
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F i o . 1 1 4 . — T h e P o t e n t i a l s 
of t h e N i c k e l - C o p p e r 
A l l o y s . 
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N . T. Gordon a n d D . P . S m i t h found t h a t t h e e.m.f., E mil l ivol ts , of copper-n icke l 
al loys in an electrolyte con ta in ing xN-Cu p lus (x—l)2V-Ni, w h e n t h a t of a ca lomel 
e lectrode is 0-5642 vol t a t 25° : 

Copper 
(X = O-3 
x^Ol 
x = O- 05 
JT = O - O l 

E 

6 - 8 
563-5 
545-2 
535-3 
502-2 

10-9 
564-2 
5 5 6 0 
541-2 
518-5 

65-5 
574-O 
564-5 
558-5 
544-5 

74-3 
579-0 
564-5 
5 5 7 O 
539-0 

83-4 
584-O 
571-0 
561-O 
541-8 

94-7 per c e n t 
585-2 
568-5 
561-O 
537 2 

-004 
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F l o . 1 15. T h e E l e c t r o m o t i v e F o r c e of t h e N icke l -
Copper A l l o y s d i s so lv ing in 2V-NH4]NTO3. 

The po ten t ia l changes rap id ly for some t i m e af ter immers ion , b u t af ter some 
hours a s t e a d y va lue is reached , which a f t e rwards r e m a i n s c o n s t a n t w i t h i n 3 milli­
vol ts du r ing t h e per iod of observa t ion . I t is found t h a t careful ly annea led spec imens 
give t h e mos t c o n s t a n t resul ts , a n d a l t h o u g h t h e r e a re no regu la r differences be tween 
t h e s t eady po ten t ia l s of surfaces annea led a n d those t r e a t e d w i t h emery , y e t t h e l a t t e r 
exhib i t g rea te r acc iden ta l va r i a t ions . Po l i shed surfaces h a v e a g rea te r t e n d e n c y 
t o give ions t o t h e soln. W i t h al loys from a given ingot , a n d also wi th ingots of a 
similar composi t ion , i t was found t h a t t h e s t e a d y p o t e n t i a l is definitely d e t e r m i n e d 
by t h e composi t ion of t h e e lect rolyte . E . Vigouroux obse rved no cr i t ical p o i n t s 
on t h e e.m.f. curves of these al loys in acids , a n d inferred accord ingly t h a t no 
chemical c o m p o u n d s exist . A. K r u p k o w k s y o b t a i n e d for t h e m a x i m u m a n d 
m i n i m u m values of t h e e.m.f. of t h e nickel -copper al loys dissolving in a n o r m a l soln. 
of a m m o n i u m n i t r a t e con ta in ing 1 per cent , each of nickel a n d copper n i t r a t e s , 
t h e resul ts summar ized in F ig . 115. T h e o the r e lec t rode was ca rbon . F . Vies 

a n d A. Ugo measured t h e elec­
t r o d e p o t e n t i a l of c o n s t a n t a n in 
a soln. of p o t a s s i u m chlor ide ; 
a n d O. B a u e r found t h e p o t e n t i a l 
of a 1 : 1 copper-nickel al loy in 
a 1 pe r cen t . soln. of sod ium 
chloride aga ins t a n o r m a l ca lomel 
e lec t rode t o be —0-197 vol t a t t h e 
s t a r t ; —0-174 vol t af ter 1 hr . ; 

a n d —0-1OO vol t af ter 120 hrs . A. L . N o r b u r y s tud ied t h e thermoelec t r ic force 
aga ins t copper . J . Konigsberger a n d G. Go t t s t e in gave for t h e Hal l efFect w i t h 
c o n s t a n t a n , i i x l O 6 - — 910 a t 1 8 ° ; a n d H . Zahn , —900 a t 18°. J . O b a t a , a n d 
A. W . S m i t h s tud ied t h e effect of t e m p , on t h e Ha l l effect of mone l m e t a l ; a n d 
Ja. Bel laden, t h e ca thod ic d is in tegra t ion . 

O. I J . E r d m a n n , J . Hopk inson , a n d T. T. P . B . W a r r e n observed t h a t t h e 
magne t i c power of nickel is enfeebled or des t royed b y t h e a d d i t i o n of copper . T h e 
l a s t -named observed t h a t a l loys w i t h over 33-78 pe r cent , of copper a re non­
magne t i c ; a n d G. R e i c h a r d n o t e d t h a t t h e cupronicke ls a re n o n - m a g n e t i c . 
According t o E . H . Wil l iams, a l t h o u g h copper is only weak ly magne t i c , 
i t requires 0-8 t o 0-9 pe r cent , of nickel t o neu t ra l i ze i t s d i amagne t i c effect, 
a n d 56 p e r cent , of n ickel is r equ i red before t h e a l loy shows fe r romagne t ic 
X>roperties a t o r d i n a r y t e m p . T h e m a g n e t i c p rope r t i e s were s tud ied b y K . H o n d a , 
E . H . Wil l iams, A. K u s s m a n n a n d B . Scharnoff, M. N . Michejeff, E . C. S toner , 
G. W . E lmen , P . Chevenard , D . R . Ingl is , A. K r u p k o w s k y , E . M. Delora ine , 
A. Sacklowsky, R . G a n s a n d A. Fonseca , A. Fonseca , W . Dehl inger , a n d 
A. E . Kenne l ly ; a n d t h e n o n - m a g n e t i c al loys, b y J . Courno t . W . Guer t l e r a n d 
G. T a m m a n n found t h a t a n al loy w i t h 4O p e r cent , of coppe r h a s b u t a feeble ac t ion 
on a magne t i c needle a t room t e m p . , a n d al loys w i t h less nickel h a v e n o percep t ib le 
ac t ion on t h e needle. The i r obse rva t ions on t h e effect of compos i t ion on t h e t e m p , 
a t which t h e magne t i za t ion d i sappea r s a re s u m m a r i z e d in F ig . 116, a n d B . V. Hi l l 
obse rved t h a t t h e t r a n s f o r m a t i o n w i t h a l loys of different compos i t ion , occurs a t 
Copper . . . . . O 4 8 2O 4 0 per c e n t . 

T r a n s i t i o n t e m o / H a r d a l l ° y - • 3 5 5 ° 3 1 ° ° 2 8 ° ° 1 5 5 ° ~ 1 0 0 ° 
A r a n s m o n * © « * > . { A j m e a l e d a l l o y 340<> 2 9 5 o 2eQO 14QO _ _ 
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T h e t e m p , a t which m o n e l m e t a l loses i t s m a g n e t i c p r o p e r t y is n e a r t h a t of boi l ing 
w a t e r . B . V . Hi l l ' s o b s e r v a t i o n s on t h e i n t e n s i t y of m a g n e t i z a t i o n a t different 
t e m p , w i t h a l loys c o n t a i n i n g 0, 4, 8, a n d 20 pe r cen t , of c o p p e r a r e s u m m a r i z e d in 
F ig . 116, a n d t h e effect of m a g n e t i c fields of 13 a n d 63 c.g.s. u n i t s w i t h t h e 8 p e r 
cen t , coppe r al loy for h a r d - d r a w n a n d a n n e a l e d al loy, in F ig . 117. T h e d o t t e d l ines 
refer t o t h e a n n e a l e d a l loy, a n d t h e c o n t i n u o u s l ines t o t h e h a r d - d r a w n a l loys . 
T h e resu l t s show t h a t t h e t r a n s i t i o n f rom t h e m a g n e t i c t o t h e n o n - m a g n e t i c s t a t e , 
or vice versa, is n o t a b r u p t , 

[SI 
b u t g r a d u a l . B . V. Hi l l 
e x p l a i n e d t h e p h e n o m e n o n 
b y a s s u m i n g t h a t , on cool­
ing , as soon as a pos i t ion of 
theyS- or n o n - m a g n e t i c n icke l 
h a s been t r a n s f o r m e d i n t o 
t h e a- or m a g n e t i c n icke l , 
i t a t once dissolves in t h e 
r e m a i n i n g y8-metal a n d so 
lowers t h e t r a n s f o r m a t i o n 
t e m p , r equ i r ing a f u r t h e r 
fall of t e m p , before t h e t r a n s ­
f o r m a t i o n c a n c o n t i n u e . 
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FiG. 1 1 6 . — T h e Effect of 
T e m p e r a t u r e o n t h e 
I n t e n s i t y of M a g n e t i z a ­
t i o n of C o p p e r - N i c k e l 
A l loys . 
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F I G . 117.—-The Effect of 
t h e Kieltl S t r e n g t h o n 
t h e I n t e n s i t y of M a g ­
n e t i z a t i o n of t h e 8 p e r 
c e n t . C o p p e r Al loys a t 
d i f ferent T e m p e r a t u r e . 
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R . G a n s a n d A. F o n s e c a m e a s u r e d t h e m a g n e t i c suscep t ib i l i t y of t h e a l loys 
a n d found t h a t i t va r i e s a t 15° f rom 0-038 X J 0 ~ 6 w i t h 20-3 p e r cen t , o f 
n ickel , t o 4-565 X 10~ 6 w i t h 60 pe r cen t , of n ickel . T h e r e is a b r e a k w i t h b e t w e e n 
45 a n d 50 p e r cen t , n ickel . T h e m a g n e t i z a t i o n of m o n e l m e t a l w a s s t u d i e d 
b y A. Schulze , a n d A. K u s s m a n n . T h e effect of t h e c h a n g e a t t h e Curie p o i n t 
on t h e c a t a l y t i c a c t i o n of t h e a l loy i n t h e r e a c t i o n 2CO=CCX?+ C w a s s t u d i e d 
b y J . A. H e d v a l l . 

Acco rd ing t o C. W . B u r r o w s , t h e m a g n e t i c i n d u c t i o n of m o n e l m e t a l is d e p e n d e n t 
on t h e h e a t t r e a t m e n t . T h e lowes t p e r m e a b i l i t y in m o n e l m e t a l is o b t a i n e d b y 
h e a t i n g i t t o 700°, cooling t o 180°, a n d 
finally q u e n c h i n g in b r i n e a t — 9 ° . 
T h e h ighes t p e r m e a b i l i t y is o b t a i n e d 
b y a n n e a l i n g t h e m e t a l a t 700°. T h e 
m a g n e t i c i n d u c t i o n of four s amples , 
A h o t rol led rod) B (hot- ro l led shee t ) , 
C (cas t rod ) , a n d I ) (cas t rod ) , of 
mone l m e t a l — q u e n c h e d or c a s t 
( con t inuous lines) a n d a n n e a l e d 
( d o t t e d l ines)—is s u m m a r i z e d in 
F ig . 118. T h e influence of h o t work ­
ing is s h o w n b y c o m p a r i n g t h e cu rves 
for t h e c a s t a n d a n n e a l e d m a t e r i a l . 
T h e c a s t a n d a n n e a l e d m e t a l shows 
t h e lowest i n d u c t i o n , a n d t h e h o t 
rol led a n d a n n e a l e d shee t m e t a l 
shows t h e h i g h e s t i n d u c t i o n . I n genera l , h o t w o r k i n g increases t h e m a g n e t i c 
sof tness of m o n e l m e t a l , t h e ca s t m e t a l is t h e h a r d e s t magne t i c a l l y , a n d the" shee t 
w h i c h h a s rece ived t h e m o s t h o t w o r k i n g is t h e softest m a g n e t i c a l l y . Cold w o r k i n g 
a l t e r s t h e m a g n e t i c p r o p e r t i e s of m o n e l m e t a l , a n d for l a rge m a g n e t i z i n g forces t h e 
c h a n g e s a r e s imilar in n a t u r e a n d m a g n i t u d e t o t h o s e p r o d u c e d in t h e m a g n e t i c 
p r o p e r t i e s of s teel . A 25 c m . m o n e l m e t a l b a r w a s h a m m e r e d un t i l i t showed a n 
inc rease of 2£ pe r cen t . , a n d t h e c h a n g e in p e r m e a b i l i t y b e t w e e n t h e or iginal a n d 
t h e h a m m e r e d b a r was : 
Magnetizing force 
Change in permeabili ty 
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F i a . 118. M a g n e t i c I n d u c t i o n of M o n e l 
M e t a l . 
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1 
H-IOO 

2-5 
— 17 

5 
— 27 

1 0 
— 29 

2 5 
— 28 

5O 
— 28 

1OO 
— 14 

2OO 
— 12 p e r c e n t . 
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W . K o h l m e a s u r e d t h e s a t u r a t i o n va lue , 4?rZ, of t h e m a g n e t i s m of s o m e c o p p e r -
nickel al loys wi th a n app l ied m a g n e t i z i n g force H i n c.g.s . u n i t s . T h e v a l u e s of 
±rrl for t h e p r e p a r e d al loys were : 

C o p p e r 
( 5O 

fj\ 3OO 
(8OO 

O 5 
155O 1 7 2 5 
463O 4 1 5 5 
5 5 0 0 4 9 6 5 

IO 
1 6 1 5 
3 5 6 0 
4 1 5 0 

15 
173O 
2 9 8 5 
3 4 8 5 

2O 
1 7 2 0 
2 4 8 O 
2 8 1 5 

2 5 
116O 
1 4 7 5 
166O 

3 0 
3 1 0 
5 4 5 
76O 

3 5 
4 5 

16O 
4OO 

4 0 p e r c e n t . 
2 5 

12O 
3 2 5 

The following is a selection f rom t h e resu l t s for t h e a l loy h e a t e d for 4 t o 6 h r s . 
a t a t e m p . 0", a n d t h e n q u e n c h e d : 

C o p p e r 
{ 5 0 

(0== 4 0 0 0 ) H { 3 0 0 
(8OO 

5 0 
(0=:55O°)77<3OO 

( 8OO 
( 5 0 

(0 = = 6 5 0 0 ) / / j 3 0 0 
( 8 0 0 
( 5O 

( 0 - ^ 7 5 0 ° ) « } 3 0 0 
f 80O 
( 5 O 

( 0 — 9 5 0 0 ) / / J 3 0 0 
\ 8 0 0 
( 5 0 

(0 — 1 2 5 0 0 ) / / { 3 0 0 
I 8OO 

O 5 1 0 1 5 2O 2 5 p e r c e n t . 
2 2 0 O 1 9 1 0 1 6 1 5 153O 1 6 8 5 116O 
5 3 3 5 4 5 0 5 3 7 4 5 3 1 3 5 2 4 8 O 1 4 7 5 
6 0 4 0 5 0 6 0 4 3 0 0 3 7 2 0 2 8 1 5 1 6 6 0 
3 5 8 5 2 7 6 O 2 0 4 O 1 7 9 0 1 6 8 5 1 2 9 0 
6 1 5 O 5 0 6 O 43OO 3 4 8 5 2 8 1 5 1 6 7 5 
6 4 6 5 5 3 6 O 4 5 6 O 3 8 2 O 3 0 0 0 1 8 0 5 
3 1 9 0 2 7 8 O 2 4 6 5 2 1 0 5 1 8 5 0 115O 
6 O l O 4 9 I O 4 3 7 5 3 6 9 0 2 9 2 5 1 7 I O 
6 2 6 5 5 3 2 O 4 6 1 5 3 8 9 0 3 0 2 0 1 7 8 5 
4 5 7 0 3 1 5 O 3 0 0 O 2 8 2 0 2 0 6 5 1 4 9 0 
7 2 2 5 6 0 4 O 5 2 I O 4 4 0 5 3 3 7 O 2 0 6 O 
7 6 0 O 6 4 3 O 5 6 1 5 4 6 6 5 3 6 5 O 2 2 6 5 
4 3 7 5 3 1 1 5 2 8 3 5 2 3 8 0 2 0 0 0 1 4 8 5 
7 2 0 O 5 6 5 0 4 9 3 O 4 1 7 O 3 1 3 O 2 0 9 5 
7 5 9 O 6 2 1 O 5 3 3 5 4 4 8 O 3 3 7 O 2 1 7 5 
4 8 8 5 3 2 6 O 2 6 5 0 2 5 7 0 189O 1 3 8 0 
7 2 8 O 5 6 9 O 4 3 9 O 3 5 9 5 2 6 3 5 l 8 4 O 
7 4 2 5 6 0 4 0 4 5 8 0 3 6 9 0 2 7 2 O 1 8 8 5 

According t o E . H . Wi l l i ams , a l loys w i t h f rom 1 t o 30 p e r cen t , of n ickel a r e 
mos t ly p a r a m a g n e t i c , a n d d o n o t o b e y a n y k n o w n l a w of p a r a m a g n e t i s m w i t h 
respec t t o t e m p . , for as t h e t e m p , is i nc reased , t h e m a g n e t i c suscep t ib i l i t y first 
increases a n d t h e n decreases , t h e m a x i m u m occu r r i ng in t h e n e i g h b o u r h o o d of t h e 
Curie p o i n t for nickel . T h e suscep t ib i l i t y of a l loys w i t h ove r 3O p e r cen t , of n icke l 
decreases w i t h a rise of t e m p , for t e m p , a b o v e 20° . O b s e r v a t i o n s were a lso m a d e 
b y W . H . Ross . 

O. E . B u c k l e y a n d L . W . M c K e e h a n found t h a t w h e n u n d e r t en s ion p e r m a l l o y 
w i t h less t h a n 81 p e r cen t , n icke l is m o r e easi ly m a g n e t i z e d a n d h a s less hys t e r e s i s ; 
a n d pe rma l loy w i t h over 81 p e r cen t , of n icke l is m o r e difficult t o m a g n e t i z e a n d h a s 
m o r e hys teres is ; whi l s t p e r m a l l o y w i t h 80 p e r cen t , of n icke l is indifferent t o 
tens ion . S. R . Wi l l i ams e x a m i n e d t h e m a g n e t o s t r i c t i o n of h o t a n d cold rol led 
rods of mone l m e t a l . I f a c o n s t a n t m a g n e t i z i n g field of 10OO gauss is left i m p r e s s e d 
on a mone l m e t a l rod , t h e r o d c o n t i n u e s t o s h o r t e n . T h i s after-effect is 4 t o 5 t i m e s 
g rea te r t h a n t h e c h a n g e in l e n g t h d u e t o v a r i a t i o n s in t h e s t r e n g t h of t h e i m p o s e d 
magne t i c field. A. Schu lze o b s e r v e d n o m a g n e t o s t r i c t i o n w i t h h a r d m o n e l m e t a l 
for fields of 150 gauss for 20 h r s . a n d 500 g a u s s for 1 h r . ; a n d a c o n t r a c t i o n w i t h 
soft mone l me ta l . T h e c o n t r a c t i o n is t h e g r e a t e r t h e h ighe r is t h e p r o p o r t i o n of 
con ta ined nickel . A. W . S m i t h a n d J . Di l l inger m e a s u r e d t h e c o m b i n e d effect of 
t ens ion a n d of a l ong i tud ina l m a g n e t i c field on t h e t h e r m o e l e c t r i c force (q.v.) of a 
pe rma l loy a n d copper couple . I n p e r m a l l o y w i t h a h i g h p r o p o r t i o n of n ickel , s a y 
84 p e r cent . , t ens ion decreases t h e i n t e n s i t y of m a g n e t i z a t i o n for low m a g n e t i c 
fields, b i i t i t increases t h e m a g n e t o s t r i c t i o n c o n t r a c t i o n , a n d t h e c h a n g e of t h e r m a l 
e.m.f. ; i n al loys w i th a Iow p r o p o r t i o n of n icke l , s a y 78 p e r cen t . , t e n s i o n inc reases 
t h e i n t e n s i t y of m a g n e t i z a t i o n for low m a g n e t i c fields, b u t i t dec reases t h e m a g n e t o -
s t r i c t i ve expans ion a n d t h e c h a n g e of t h e r m a l e.m.f. L . W . M c K e e h a n a n d 
P . P . Cioffi obse rved t h a t t h e m a g n e t o s t r i c t i o n of p e r m a l l o y w i t h over 81 p e r cen t , 
of n icke l is a c o n t r a c t i o n l ike nickel a n d a n e x p a n s i o n l ike i r o n w i t h less t h a n 81 
p e r c e n t . Tens ion increases t h e m a g n e t o s t r i c t i v e c o n t r a c t i o n a n d d imin i shes t h e 
e x p a n s i o n . T h e r e is a reversa l of s ign w i t h a b o u t 80 p e r cen t , n ickel . O b s e r v a t i o n s 
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were m a d e b y A. Schulze , a n d P . C h e v e n a r d . R . F o r r e r s t u d i e d t h e m a g n e t i c 
m o m e n t ; a n d W . S u c k s m i t h , t h e g y r o m a g n e t i c effect ; A. K u s s m a n n a n d 
B . Scharnoff obse rved n o re l a t ion b e t w e e n t h e coerc ive force a n d h a r d n e s s . 

E . B e r g n e r s t u d i e d t h e so lub i l i ty of h y d r o g e n in t h e a l loys ; W . B a u k l o h a n d 
H . K a y s e r , a n d G. W a g n e r a n d co-workers , t h e copper -n icke l a l loys as h y d r o -
g e n a t i o n c a t a l y s t s . Acco rd ing t o F . A. Gei tner , a copper -n icke l a l loy t a r n i s h e d 
in a i r m o r e qu ick ly t h a n G e r m a n si lver. C. E . Gu i l l aume obse rved t h a t t h e 
a l loys h e e x a m i n e d d i d n o t t a r n i s h in a i r ; a n d t h o s e e x a m i n e d b y K . F e u s s n e r 
a n d S t . L i n d e c k d id n o t a c q u i r e a no t i ceab le t a r n i s h af ter be ing h e a t e d ove r 300° . 
Ac tua l ly , W . T. Griffiths s t a t e d t h a t t h e res i s tance of t h e a l loy t o a t m . a t t a c k 
increases w i t h t h e p r o p o r t i o n of n icke l so t h a t a po l i shed surface of t h e 40 t o 45 
p e r cen t , n ickel a l loy is du l l ed on ly a f te r a long e x p o s u r e t o a t m o s p h e r i c inf luences. 
W . H . J . V e r n o n obse rved t h a t t h e t e n d e n c y of t h e a l loys t o fogging in a t m . a i r is 
solely d e p e n d e n t on t h e p r o p o r t i o n of n i c k e l — t h e coppe r is iner t—v ide n ickel . 
Monel m e t a l resis ts o x i d a t i o n fair ly well u p t o a b o u t 750°. N . B . P i l l ing a n d 
R . E . B e d w o r t h s t u d i e d t h e o x i d a t i o n of t h e s e a l loys a t a h igh t e m p . , a n d found 
af te r 1 h r . ' s h e a t i n g a t a p p r o x i m a t e l y t h e t e m p , n a m e d , t h e increases in we igh t , 
w g r m s . p e r sq. cm. , were as follow : 

Nickel (per cent.) 
I O 
1 5 
2 O 
3 0 
4 0 
5 ( ) 
6 0 
7 0 
8 5 
9 0 
9 5 

750° 
0 0 0 5 4 
0 0 0 4 9 
0 - 0 0 5 9 

. 
— 
— 
— 
— 
— 
— 
— 

800° 
0 - 0 0 7 3 
0 - 0 0 8 0 
0 0 0 8 7 
0 0 0 8 7 

— 

— 
— 
— 
— 

850° 
0 - 0 1 1 7 
O O H 8 
0 0 1 2 1 
0 0 1 1 5 
0 0 0 5 5 
0 - 0 0 4 3 
0 0 0 1 3 
0 0 0 1 2 

.—. 

— 

900° 
0 - 0 1 6 8 
0 0 1 5 6 
0 - 0 1 7 2 
0 0 1 8 1 
0 0 1 2 9 
0 0 1 0 3 
0 0 0 5 8 
0 0 0 2 2 
0 0 0 1 6 
0 0 0 1 2 
O-OO12 

950° 
0 0 2 3 7 
0 - 0 2 6 6 
0 - 0 2 4 5 
0 0 1 9 0 
0 0 1 9 2 
0 - 0 1 4 1 
0 - 0 1 5 4 
0 0 0 2 7 
0 0 0 2 4 
0 - 0 0 4 0 
O OO17 

1000° 
— 
— 
— 
_ ... 

0 - 0 3 6 0 
0 0 3 6 4 
0 - 0 3 0 9 
0 - 0 0 4 3 
0 0 0 3 1 
O-OO 2 7 
O OO 2 1 

T h e al loys w i t h 40 t o 70 p e r cen t , of nickel d o n o t follow t h e s a m e " l aw " of 
o x i d a t i o n as t h e o t h e r a l loys . T h e a l loys w i t h u p t o 40 pe r cen t , of n ickel b e h a v e 
v e r y l ike copper , b u t a b o v e t h i s p r o p o r t i o n of n ickel , t h e r a t e of o x i d a t i o n falls 
off in a m a r k e d w a y . T h e sub j ec t w a s also s t u d i e d b y T . H . Chi l ton a n d W . R. H u e y , 
G. M. E n o s , F . A. F a h r e n w a l d , W . H . F i n k e l d e y , A. C. H a n s o n , J . C. H u d s o n , 
F . O r m e , S. B . Redfield, J . R u h r m a n n , P . Siebe a n d C. Busse , G. T a m m a n n a n d 
H . Bredeme ie r , a n d J . R . T a n n e r a n d G. F . S m a r t . C. K u n z e l s t a t e d t h a t t h e 
a l loys w i t h over 10 p e r cen t , of nickel a r e v e r y p r o n e t o a b s o r b oxygen w h e n t h e y 
a r e m e l t e d . N . P . Allen a n d A. C. S t r e e t s t u d i e d t h e effect of occ luded h y d r o g e n 
a n d o x y g e n on t h e m e c h a n i c a l p rope r t i e s . C. E . G u i l l a u m e obse rved t h a t w a t e r 
v a p o u r a t t a c k s t h e nickel a l loys feebly ; a n d G. a n d J . W e i r r e c o m m e n d e d m o n e l 
m e t a l for use w i t h s u p e r h e a t e d or w e t s t e a m . W . G. W h i t m a n a n d R . P . Russe l l 
s t u d i e d t h e ac t ion of o x y g e n dissolved in w a t e r on m o n e l m e t a l . O. Diegel s t a t e d 
t h a t s e a - w a t e r a t t a c k s t h e 20 a n d 4O p e r cen t , n ickel al loys s l ight ly , a n d sti l l less 
so if t h e a l loy be in c o n t a c t w i t h o t h e r " sacrificial " m e t a l s l ike i ron. J . A. N . F r i e n d 
a n d co-workers , a n d J . McNei l e x a m i n e d t h e effect of sea -wa te r . J . F . Saffy f o u n d 
t h a t a n a l loy w i t h 29 p e r cen t , of coppe r b r o k e w i t h a d e e p c r ack af ter be ing 2 weeks 
in s t e a m a n d b e n t a t 180° ; af ter 7 weeks in s t e a m , i t b r o k e a t an ang le of 90° 
t o 120°. W . R . E . H o d g k i n s o n a n d A. H . Coote sa id t h a t a n a m m o n i a c a l soln. 
of h y d r o g e n d ioxide h a s less ac t i on on t h e n icke l -copper a l loys t h a n i t h a s on c o p p e r 
a lone ; a n d soln. of a m m o n i u m n i t r a t e h a v e less a c t i o n t h a n w h e n t h e y a re m i x e d 
w i t h h y d r o g e n d ioxide , or a m m o n i a . 

V e r y dil . soln. of t h e m i n e r a l ac ids d o n o t a t t a c k t h e h ighe r n ickel a l loys v e r y 
r a p i d l y , b u t a n increased c o n c e n t r a t i o n l eads t o a m o r e r a p i d a t t a c k for a l loys w i t h 
less t h a n 5O p e r cen t , of n ickel , a n d t h e a t t a c k is g r e a t e s t w i t h n i t r i c acid, a n d leas t 
w i t h su lphu r i c ac id . T h e corros ion of m o n e l m e t a l in ac ids , e tc . , was s tud ied b y 
M. G. B inek , J . D e s m u r s , G. A. D r y s d a l e , H . J . F r e n c h , G. G r u b e a n d A. J ede l e , 
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J . C. H u d s o n , A. Jaachke , C. M. Johnson , J . W . McMyn a n d V. Edge , F . A. Rohr -
m a n , E . R a b a l d , F . R e n a u d , and G. Weissenberger a n d Li. P i a t t i . R . I r m a n n 
observed t h a t the a t t a ck of sulphuric acid in m g r m s . per sq. cm. of t h e surface of 
copper-nickel alloys is as follows : 

C o p p e r 
I ^ O H S . 

O 
3 3 OO 

1 0 - 6 
3 1 0 3 

2 5 0 
1 4 - 7 7 

4 2 - 6 
3 - 9 8 

4 7 - 8 
0 - 3 9 

5 9 - 4 
2 1 6 

IOO p e r c e n t . 
2 - 8 9 

40 

E 
& 30 

2O 

The results are p lo t ted in Fig . 1.19. The m a x i m u m resistance t o a t t a c k occurs 
wi th a b o u t 5O per cent , of copper . I ) . F . M c F a r l a n d 
a n d O. E . H a r d e r ob ta ined for t h e corrosion of t h e 
alloys t h e resul ts in Table V w i t h no rma l ni t r ic , 
hydrochlor ic , a n d su lphur ic acids, no rmal soln. 
of sodium chloride a n d hydrox ide , a m m o n i u m 
hydroxide and f a t t y acids , expressed in t e r m s of 
t he loss in weight in m g r m s . per sq. in. per week. 
M. Waeh le r t found t h e losses in m g r m s . per sq. 
cm.—dur ing t h e t ime in hours ind ica ted in 
b racke ts—with ni tr ic a n d sulphur ic acids, ind ica ted 
in Table VI . R. J . M c K a y said t h e pass iv i ty which 
is produced when nickel is exposed t o highly corrosive 
influences is ev iden t in t h e higher nickel alloys like 

monel meta l which is fairly res is tant t o acid corrosion. I t resists 10 per cent-
sulphuric acid r a the r be t t e r t h a n does nickel, y e t in 10 per cent , ni t r ic acid, t h e 

T A B L E V . — T H E C O R R O S I O N O F T H E I S I I C K E L - C O P P E R A L L O Y S . 

\ 
\ 

\ 
V 

S 1 

\ 
N 

js ̂ -L i— 

...... _ _ „ ... 

0 20 40 60 80 TOO 
Per cent, of copper 

F 1 IO . 1 1 9 . T h e A c t i o n o f A c i d 
o n C o p p e r - N i c k e l A l l o y s . 

N i c k e l (per c e n t . ) 

O 
9 - 2 9 

1 8 - 7 3 
2 8 - 3 5 
3 8 - 1 O 
4 8 - O O 
5 8 - 0 6 
6 8 - 3 0 
7 8 - 7 9 
8 9 2 6 

1 0 0 - 0 0 

N a O l 

5 - 0 8 
4 1 8 
1 - 6 0 
1 0 8 
2 - 3 5 
2 - 3 7 
O-7 8 
1 - 7 1 
1 -71 
1 - 1 3 
0 0 0 

H C l 

4 5 O 
2 0 0 
3 4 2 
2 9 - 3 
2 6 - 7 
2 1 2 

7 1 
2 3 0 
1 6 5 
1 8 2 

2 0 7 0 

TT2SO4 

3 1 OO 
1 9 - 5 O 
1 8 - 4 O 
J 9-OO 
1 7 OO 
1 5 1 0 
1 9 - 3 O 
1 7 - 4 O 
1 1 - 7 O 
1 6 4 O 
1 9 4 0 

... 

TTNO3 

3 0 - 8 0 
4 1 - 4 0 
2 7 - 7 0 
2 5 - I O 
2 1 - 4 0 
1 1 - 4 0 
2 2 - 4 O 
1 1 - 4 0 
1 4 - 8 O 
1 1 - 6 0 

2 2 7 O - 0 0 

NaOTT 

1 5 - 0 0 
5 - 9 0 
O-OO 
0 0 0 
0 1 6 
O - 1 6 
l - l O 
0 - 1 3 
2 - 6 O 
0 - 3 2 

1 8 - 7 O 

N T I 4 O H 

4 1 - 8 0 
4 6 - 4 0 
4 6 - 3 O 
3 7 - 3 0 
1 8 - 8 0 

0 0 0 
2 - 2 0 

3 3 - 6 0 
1 5 - 2 O 

0 - 9 7 
1 5 - 9 0 

... 

F a t t y a c i d s 

8 - 9 O 

5 - 8 0 

2 - 9 0 

4 0 0 

— 

. 
T A B L E V I . — T H E A C T I O N O F A C I D S O N T H E N I C K E L - C O F F E R A L L O Y S . 

Cone , of a c i d i 
( p e r cen t . ) 

O 

W 

d" 
W 

r i(48) . 
5 ( 2 4 ) . 

1 0 ( 2 4 ) . 
; 2 0 ( 2 4 ) . 

3 0 ( 2 4 ) . 
I 5 0 ( 2 4 ) . 
f 1 ( 7 2 ) -

5 ( 2 4 ) . 
1 0 ( 2 4 ) . 

I 2 0 ( 2 4 ) . 
3 0 ( 2 4 ) . 
5 0 ( 2 4 ) . 

P e r c e n t , of c o p p e r i n a l l o y 

9 O 

O - 6 0 
2 - 7 5 

4 4 - 3 0 
[ 4 9 - 7 0 

4 2 2 - 5 0 

O O l 
0 1 7 
0 - 5 9 

8 O 

0 - 4 2 
3 - 3 5 

1 3 - 3 O 
1 6 - 4 0 
9 2 - 5 0 

O - 1 7 
O - 8 5 

7 0 

0 - 3 6 
2 1 O 
3 - 6 5 
4 - 6 0 

1 6 - 3 0 
6 9 3 - 5 0 

0 - 2 5 
0 - 1 7 
0 - 4 2 

6 0 

0 - 4 2 
2 1 0 
4 0 0 
1 - 2 0 
1 1 7 

4 6 - 2 0 

0 0 8 
0 - 6 0 
0 - 0 7 
0 0 7 
0 - 0 7 

5O 

0 - 6 0 
0 - 9 5 
1 - 7 8 
0 - 5 1 
0 - 3 4 

1 9 - 5 0 

1 - 1 0 

4O 

0 - 6 8 
0 - 4 8 
1 - 3 0 
0 - 3 4 
0 - 3 4 
7 - 9 8 

O - 1 7 
0 - 4 3 
0 0 7 

3 0 

0 - 5 1 
0 - 2 5 
0 - 2 5 
0 0 8 

2 O 

0 - 6 8 
O - I O 
0 - 7 5 
0 3 4 
0 - 6 8 

2 7 - 9 0 

0 - 3 4 
0 - 4 3 
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nickel b e c o m e s m o r e pass ive a n d is less r a p i d l y a t t a c k e d . T h e p re sence of a n 
u n s t a b l e , s t r o n g ox id iz ing a g e n t f avours t h e a t t a c k b y s t r o n g ac ids . Monel m a y 
res is t a s t r o n g ox id iz ing a g e n t a lone—e .g . l iquid ch lor ine , or a lka l ine b l each ing 
a g e n t s l ike pe rox ide , or h y p o c h l o r i t e s ; a n d i t m a y also res is t t h e a c t i o n of t h e ac id 
a lone , b u t a m i x t u r e of t h e t w o a t t a c k s t h e m e t a l fa i r ly qu i ck ly . IT. 'Kndo a n d 
H . Sekiguchi , J . W . McMyn a n d V. E d g e , a n d Gr. N . Q u a m s t u d i e d t h e ac t i on of 
h y p o c h l o r i t e s . E . S. S p e r r y found t h a t a n aq . soln. of ch lor ine w a t e r d issolves t h e 
p o w d e r e d a l loy. T h e N y a A k k u m u l a t o r A k t i e b o l a g e t found t h a t t h e a l loys w i t h 
6O a n d 70 p e r cen t , of nickel res is t v e r y well t h e anod ic a t t a c k d u r i n g t h e 
e lec t ro lys is of soln. of t h e a lka l ies . 

B . C. Baner j i a n d N . I i . D l i a r o b s e r v e d t h a t w i t h a 50 : 50 al loy, t h e .action of 
20 pe r cen t , n i t r i c ac id was acce l e r a t ed b y t h e p resence of ferrous s u l p h a t e or of 
ferric n i t r a t e or ch lor ide . A c c o r d i n g t o W . R o h n , IO pe r cent , hydroch lo r i c ac id 
d issolves 0-052 g r m . pe r sq. d m . f rom c o n s t a n t a n in 24 h r s . in t h e cold, a n d O-l 1 g r m . 
p e r sq. d m . in an h o u r w h e n h e a t e d . T h e c o r r e s p o n d i n g d a t a for t h e a n n e a l e d 
c o n s t a n t a n a r e r e spec t ive ly 0-073 a n d 0-29 g r m . ; for o r d i n a r y monel m e t a l , 0-06 
a n d 0-17 g r m . ; a n d for a n n e a l e d m o n e l m e t a l , 0-04 a n d 0-23 g r m . Wi th IO pe r 
cen t , n i t r i c acid, t h e d a t a a r e r e spec t ive ly 0-OG a n d 19-4 g r m s . for c o n s t a n t a n ; 
0-24 a n d 7-fi for a n n e a l e d c o n s t a n t a n ; 0-044 a n d 1-2 g r m s . for o r d i n a r y m o n e l 
m e t a l , a n d 0-02 a n d 0-73 g r m . for annea l ed m o n e l m e t a l . F o r 10 pe r cen t , su lphu r i c 
ac id , t h e d a t a a r e r e spec t ive ly 0-005 a n d 0-003 g r m . for o r d i n a r y c o n s t a n t a n ; 
0-01 a n d 0-012 g r m . for a n n e a l e d c o n s t a n t a n ; 0-016 a n d 0-008 g r m . for o r d i n a r y 
mone l m e t a l ; a n d 0-012 a n d 0-004 g r m . for a n n e a l e d m o n e l m e t a l . F o r 10 pe r 
cen t , ace t i c acid, t h e d a t a a r e r e spec t i ve ly 0-004 a n d 0-002 g rm. for o r d i n a r y 
c o n s t a n t a n ; 0-002 a n d 0-004 g r m . for a n n e a l e d c o n s t a n t a n ; 0-002 a n d O-OOtt g r m . 
for o r d i n a r y m o n e l m e t a l ; a n d 0-004 g r m . for a n n e a l e d mone l m e t a l . Fo r 10 p e r 
cen t , p h o s p h o r i c ac id , t h e d a t a a r e r e spec t ive ly 0-004 a n d 0-01 g rm. for o r d i n a r y 
c o n s t a n t a n ; 0-002 a n d 0-008 g r m . for a n n e a l e d c o n s t a n t a n ; 0-006 a n d 0-016 g r m . 
for o r d i n a r y m o n e l m e t a l ; a n d 0-002 a n d 0 0 1 g r m . for a n n e a l e d mone l m e t a l . 
J . I . C r a b t r e e a n d G. E . M a t t h e w s o b s e r v e d t h a t 5 p e r cen t , su lphur i c acid dis­
solves m o n e l m e t a l a t t h e r a t e of 0-69 g r m . p e r 100 sq. in . p e r d a y ; a n d w i t h 5 p e r 
cen t , n i t r i c acid, t h e loss is 0*45 g r m . p e r K)O sq. cm. p e r d a y . S. Croasda le found 
t h a t a f te r s ix weeks ' i m m e r s i o n in 10 p e r cen t , su lphu r i c ac id , 10 pe r cen t , coppe r 
s u l p h a t e , a m i x t u r e w i t h 10 pe r cen t , each of s u l p h u r i c ac id a n d coppe r s u l p h a t e , 
m o n e l m e t a l lost 2-81, 1*99, a n d 4-88 p e r cen t , r e spec t ive ly . O. B . J . F r a z e r a n d 
co -worker s obse rved t h a t t h e cor ros ion of mone l m e t a l in 5 pe r cen t , su lphur i c acid 
va r i e s d i r e c t l y w i th t h e c o n c e n t r a t i o n of t h e d i sso lved o x y g e n , a n d i t r eaches a 
m a x i m u m w h e n t h e soln. is s a t u r a t e d w i t h o x y g e n . A. F . Crosse d r o p p e d t h e 
ac idic w a t e r — 0 - 4 0 pe r cen t , free H 2 S O 4 — c o n t i n u o u s l y for six d a y s on pieces of 
m o n e l m e t a l a n d i ron ; t h e l a t t e r w a s soon co r roded , b u t t h e mone l m e t a l r e m a i n e d 
unaffec ted t h o u g h s t a i n e d b y t h e depos i t f rom e v a p o r a t e d w a t e r . After t w o d a y s ' 
i m m e r s i o n in 3-5 p e r cen t , su lp rmr ic acid , a m o n e l m e t a l r o d h a d lost on ly 0-04 g r m . 
of c o p p e r f rom a n exposed surface of 40 sq. m m . , w h e r e a s wi th i ron, a sa t . soln. of 
fe r rous s u l p h a t e w a s fo rmed . H e n c e , i t w o u l d t a k e 2000 d a y s t o dissolve a t h i c k -

. ness of o n e - t h o u s a n d t h of a n inch of mone l m e t a l . I . P . P o d o l s k y a n d N . M. Z a r u b i n 
found t h a t s u l p h u r v a p o u r a t t a c k s t h e coppe r fas te r t h a n t h e nickel . J . S. V a n i c k 
s t u d i e d t h e a t t a c k b y h o t a m m o n i a gas ; L . Pessel , a n d P . I ) . Meriea , t h e a t t a c k 
b y s u l p h u r o u s ac id . J . I . C r a b t r e e a n d G. E . M a t t h e w s found t h a t h y d r o q u i n o n e 
or pyroga l lo l deve lop ing b a t h s , a n d s o d i u m t h i o s u l p h a t e in hypo-f ix ing b a t h s do 
n o t a t t a c k mone l m e t a l v e r y m u c h ; n icolene is r a t h e r m o r e a t t a c k e d . F . C la rkson 
a n d H . C. H e t h e r i n g t o n obse rved t h a t m o n e l m e t a l is b u t s l igh t ly affected b y cone, 
p h o s p h o r i c ac id a t o r d i n a r y t e m p . ; a n d V. K . P e r s c h k e a n d co-workers obse rved 
t h a t 80 p e r cen t , c o p p e r a l loys res i s t ed t h e a c t i o n of cone , p h o s p h o r i c ac id a t 150° 
v e r y well . E . Maass a n d W . W i e d e r h o l t f ound t h a t t h e a t t a c k by d r y sa l t s decreases 
in t h i s o r d e r — m a g n e s i u m ch lor ide , ca rne l l i t e , H a r t s a l z , p o t a s s i u m chlor ide , sod ium 
ch lo r ide , a n d m a g n e s i u m s u l p h a t e . H . S. R a w d o n a n d E . C. Groesbeck found 
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t h a t for n i c k e l - c o p p e r a l l o y s t h e l o s s e s i n i V - N a C l s o l n . e x p r e s s e d i n m i l l i g r a m s p e r 
s q . d m . p e r 24 h r s . w e r e : 

]^i . . . 0 28-9 44-6 7 0 0 98-9 p e r c e n t . 
Loss . . • 9 0 3-5O 1 0 0 O S 9-20 

V . O . H o m e r b e r g a n d J . P . W a l s t e a d s t u d i e d t h e r e s i s t a n c e t o w e a r o f t h e n i t r o -
g e n i z e d a l l o y . P . P a r r i s h s t u d i e d t h e c o r r o s i o n o f m o n e l m e t a l b y a m m o n i u m 
s a l t s ; M. D o n a u e r , f r u i t j u i c e s ; E . M . M r a k a n d W . V . C r u e s s , f r u i t j u i c e s w i t h 
s u l p h u r d i o x i d e ; a n d M . P . B a l f e a n d H . P h i l l i p s , b y t a n l i q u o r s . 

T h e a l l o y s r e s i s t t h e a t t a c k b y c e r t a i n a c i d f r u i t j u i c e s a n d o t h e r o r g a n i c a c i d s . 
I n v i r t u e of t h e f a c t t h a t t h e a l l o y s c o n t a i n o n l y o n e p h a s e o r s o l i d s o l n . , t h e y h a v e 
t h e a d v a n t a g e of b e i n g u n i f o r m l y a t t a c k e d w i t h o u t l o c a l i z e d c o r r o s i o n o r p i t t i n g , 
w h i c h l e a d m o s t r a p i d l y t o s t r u c t u r a l b r e a k d o w n s . G . a n d J . W e i r r e c o m m e n d 
m o n e l m e t a l w h e r e t h e a c t i o n of a l u m , a l u m i n i u m s u l p h a t e , a l k a l i n e s o a p , a m m o n i a , 
b e n z o i c a c i d , b o r i c a c i d , b u t y r i c a c i d , c a l c i u m s u l p h a t e , c a l c i u m c h l o r i d e , c a r b o l i c 
a c i d , c h l o r i n e , f o r m i c a c i d , h y d r o c y a n i c a c i d , h y d r o f l u o r i c a c i d , h y d r o g e n , l a c t i c 
a c i d , l i m e , m a l i c a c i d , m e r c u r y , o l e i c a c i d , o x y g e n , p a l m i t i c a c i d , c o l d a n d d i l . 
p h o s p h o r i c a c i d , c o l d p i c r i c a c i d , p o t a s s i u m h y d r o x i d e , s a l i c y c l i c a c i d , s o d i u m 
h y d r o x i d e , s o d i u m t h i o s u l p h a t e , s t e a r i c a c i d , s u l p h u r d i o x i d e , t a r t a r i c a c i d , a n d 
w a t e r — f r e s h a n d s a l t — i s c o n c e r n e d . I t i s n o t r e c o m m e n d e d f o r a m m o n i u m n i t r a t e 
i n s a t . s o l n . , c h r o m i c a c i d , c o p p e r s u l p h a t e , m e r c u r i c c h l o r i d e , n i t r i c a c i d , p e r c h l o r i c 
a c i d , p h o s p h o r i c a c i d — h o t s o l n . , p i c r i c a c i d — h o t s o l n . o r s u l p h u r o u s a c i d . O . B a u e r 
a n d H . A r n d t s t u d i e d t h e a c t i o n of s o a p s o l n . , a n d b l e a c h i n g a n d w a s h i n g fluids ; 
a n d F . H . R h o d e s a n d c o - w o r k e r s , t h e a t t a c k b y p h e n o l s . R . J . M c K a y a n d c o ­
w o r k e r s , a n d W . A . W e s l e y a n d c o - w o r k e r s n o t e d t h e a c t i o n o f h o t , a e r a t e d m i l k . 
A . G a n s s e r r e p o r t e d h o w w e l l m o n e l m e t a l r e s i s t e d t h e a c t i o n o f t a n n i n g l i q u o r s ; 
a n d C. F i c h a n d l e r , b o i l i n g l i n s e e d o i l . K . Y o s h i k a w a s t u d i e d t h e a c t i o n of t h i o -
p h e n o n t h e a l l o y u s e d a s a c a t a l y s t . 

W . G u e r t l e r a n d T . L i e p u s o b s e r v e d t h a t t h e 1 : 1 -a l loy of n i c k e l a n d c o p p e r 
i s a t t a c k e d i n 8 h r s . b y 1 0 a n d 5 0 p e r c e n t , n i t r i c a c i d ; 1 0 a n d 3 6 p e r c e n t , h y d r o ­
c h l o r i c a c i d ; a q u a r e g i a ; 10 p e r c e n t , s u l p h u r i c a c i d , a n d 2 0 p e r c e n t , s u l p h u r i c 
a c i d s a t . w i t h s o d i u m s u l p h a t e ; c a r b o n d i o x i d e a n d a i r ; a c e t i c , c i t r i c , a n d t a r t a r i c 
a c i d s ; 10 , 5 0 , a n d 7 0 p e r c e n t . a q . a m m o n i a ; 10 a n d 5 0 p e r c e n t , s o d i u m s u l p h i d e , 
a n d 4 p e r c e n t , s o d i u m s u l p h i d e m i x e d w i t h 8 p e r c e n t , o f a l k a l i ; c h l o r i n e w a t e r ; 
s e a - w a t e r ; s e a - w a t e r a n d a i r ; r a i n - w a t e r a n d a i r ; a n d a s o l n . o f m a g n e s i u m 
c h l o r i d e . W h i l s t a 5 0 p e r c e n t . s o l n . o f s o d i u m h y d r o x i d e a t t a c k e d t h e a l l o y i n 
8 h r s . ' a c t i o n , a 1 0 p e r c e n t , h a d n o a c t i o n i n 4 8 h r s . , a n d a s o l n . of s o d a - l y e a n d 
h y d r o g e n d i o x i d e h a d n o a c t i o n i n 4 8 h r s . T h e a l l o y d e c o m p o s e d a 1 : 5 0 0 - s o l n . 
o f m e r c u r i c c h l o r i d e . R . A d a n d i s c u s s e d t h e a c t i o n o f s o d a - l y e o n c o p p e r - n i c k e l 
a l l o y s . A c c o r d i n g t o A . F . C r o s s e , 0 - 1 3 g r m . o f c o p p e r w a s d i s s o l v e d f r o m a n 
e x p o s e d s u r f a c e o f 1 1 2 s q . c m . o f m o n e l m e t a l i n 5 d a y s b y a 0 - 1 2 p e r c e n t . s o l n . 
of p o t a s s i u m c y a n i d e u n d e r c o n d i t i o n s w h e r e i r o n r e m a i n e d u n a f f e c t e d . W a s h e r s 
of m o n e l m e t a l , -we igh ing 3 9 - 8 8 g r m s . , w e r e i m m e r s e d f o r 5 d a y s i n a 0 - 0 5 p e r c e n t , 
s o l n . of f r ee h y d r o c y a n i c a c i d , a n d l o s t 0 -01 g r m . of c o p p e r p e r 3 0 s q . c m s . of s u r f a c e . 
I r o n w a s h e r s u n d e r s i m i l a r c o n d i t i o n s l o s t 0 - 0 5 g r m . i n 4 0 g r m s . T h e c o r r o d i b i l i t y 
of t h e n i c k e l - c o p p e r a l l o y s w a s s t u d i e d b y M . W a e h l e r t , E . M a a s s a n d W . W i e d e r -
h o l t , R . I r m a n n , P . D . M e r i c a , J . A r n o t t , P . C h e v e n a r d , R . J . M c K a y , F . O r m e , 
G . W e i s s e n b e r g e r a n d L . P i a t t i , W . H . J . V e r n o n , W . R . B a r c l a y , J . F . H a e r r y , 
a n d J . L . E v e r h a r t . D . J . M c A d a m , a n d M . G . B i n e k s t u d i e d t h e c o r r o s i o n o f 
m o n e l m e t a l u n d e r c y c l i c s t r e s s e s — v i d e supra, c o r r o s i o n f a t i g u e . W . M e i s s n e r , 
a n d K . L . M e i s s n e r s t u d i e d t h e c o p p e r - n i c k e l - b i s m u t h a l l o y s . M . B a l l a y a n d 
A . Ie T h o m a s , E . C r e p a z , C. H . M . J e n k i n s a n d E . E . B u c k n a l l , B . W . G o u s e r a n d 
L . R . v a n W e r t , a n d M . G . C o r s o n s t u d i e d t h e n i c k e l - C O p p e r - s i l i c o i l a l l o y s . 

W . A . L a m p a d i u s 2 prepared nickel-silver alloys. He noticed that combination 
takes place with difficulty and imperfectly to form malleable alloys. E. Pannain 
also noted that alloys are formed with difficulty, but in the presence of a third 
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m e t a l a l loy t a k e s p lace m o r e read i ly ; F . Ducel l iez found a difficulty in p r e p a r i n g 
h o m o g e n e o u s a l loys , a n d s t a t e d t h a t t h e p r o d u c t s a r e m i x t u r e s of t h e c o m p o n e n t s ; 
a n d E . V i g o u r o u x a d d e d t h a t n o c o m p o u n d s a r e fo rmed. Al loys were a lso m a d e 
b y G. J . F o w l e r a n d P . J . H a r t o g ; P . B e n v e m u t i p r e p a r e d t h e a l loys e lec t ro ly t i ca l ly . 
W . A. R o s s obse rved t h a t m o l t e n n ickel c a n dissolve m u c h si lver, b u t m o l t e n s i lver 
does n o t t a k e u p m u c h n icke l . G. B a r r u e l a d d e d t h a t t h e a l loy of s i lver w i t h 0-05 
p e r cen t , of nickel is v e r y h a r d . J . R . T o w n s e n d a n d C. H . Greena l l s t u d i e d t h e 
fa t igue t e s t . G. T a m m a n n a n d W . Oelsen g a v e for t h e solubi l i ty , S p e r cen t . , of 
n icke l in si lver , log S = - 1 9 9 1 ^ - ! + 0 - 6 8 S , a n d found : 

962° 800° 740° 600° 510° 400° 
/S . . . 0-122 0-OS4 0 0 5 1 0 0 2 6 0-018 0 0 1 2 

a n d b y e x t r a p o l a t i o n S, a t 20°, is O 0 6 7 8 p e r cen t , of n ickel . 8 . T a n a k a a n d 
C. M a t a n o s t u d i e d t h e diffusion in t h e s i lver-nickel s y s t e m . G. J . P e t r e n k o sa id 
t h a t s i lver is soluble in nickel t o t h e e x t e n t of 0-4 p e r cen t . , a n d t h e m . p . is t h e r e b y 
lowered 20°—vide F i g . 120. O n solidif icat ion, h o m o g e n e o u s solid soln. s e p a r a t e 
o u t . W i t h over 4 p e r cen t , of s i lver , t h e m e t a l s f o rm t w o layers . T h e m . p . of 
s i lver is n o t affected b y nickel so t h a t n icke l is inso lub le in si lver a t t h e m . p . of 
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F I G . ] 20. Krooz ing-po in t C u r v e of t h o 
Nicke l -S i lve r A l loys . 
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Via. 121 . T h e I s o t h e r m a l C u r v e s of t h e 
Nicke l -S i Ivor-Copper Al loys . 

si lver. T h e t r ans i t i on t e m p , of n icke l a t a b o u t 300° is n o t affected b y t h e presence 
of si lver. W . G u e r t l e r a n d A. B e r g m a n n sa id t h a t t h e misc ib i l i ty g a p e x t e n d s 
f rom 4 t o 98-5 p e r cen t , of si lver, a n d i t is r e d u c e d b y copper . J . C o u r n o t e x a m i n e d 
t h e n o n - m a g n e t i c a l loys of t h e t w o e l e m e n t s . G. T a m m a n n a n d W . Oelsen 
m e a s u r e d t h e sp . m a g n e t i z a t i o n (gauss) of s i lver-nickel a l loys c o n t a i n i n g t h e 
following p r o p o r t i o n s of d issolved a n d t o t a l n ickel : 

!Dissolved. Ni 
( 0 0 5 0 1 p e r c e n t . N i 
0-14^ 

9 6 2 ° 
0 1 2 2 

— 0 - 2 5 5 
1 2 - 5 1 
6 1 - 8 

8 6 0 ° 
0 - 0 8 4 

- O - 1 2 9 
3 7 - 9 
9 3 - 4 

7 4 0 ° 
O-051 

— 0 - 0 7 4 
5 4 - 4 

1 1 0 - 9 

6 4 0 ° 
0-O32 
5 - 7 5 

6 3 - 7 
1 1 8 - 1 

5 3 0 ° 
0 - 0 2 0 

14 -9 
7 2 5 

1 2 6 - 9 

40(1° 
O O l 2 

1 9 - 6 
7 6 3 

1 2 9 - 8 

2OO ° 
O O 1 2 

1 9 - 8 
7 6 - 3 

1 2 9 - 2 
G a u s s ] 0-147 p e r c e n t . N i 

( 0-242 p e r c e n t . N i 

E . V i g o u r o u x obse rved t h e e.m.f. of t h e a l loys in ac ids , a n d f o u n d t h a t t h e e.m.f. 
in a n o r m a l soln. of s i lver s u l p h a t e shows t h a t t h e a l loys a rc m i x t u r e s ; a n d t h a t a 
solid soln. of si lver in nickel m a y exis t . N . IT. M o t t s t u d i e d t h e effect of m a g n e t i z ­
a t i o n on t h e r e s i s t ance . A. R e n a u d , a n d I J . J o r d a n a n d co-workers s t ud i ed 
t h e r e s i s t ance of t h e al loys t o t a r n i s h . P . de Cesar is ' o b s e r v a t i o n s on t h e f.p. 
of t h e n i cke l - s i l ver -copper a l loys a r e s u m m a r i z e d b y t h e i s o t h e r m a l f .p. cu rves , 
F i g . 121 . O b s e r v a t i o n s on t h e t e r n a r y s y s t e m were also m a d e b y W . Guer t l e r 
a n d A. B e r g m a n n , a n d H . Pf is ter a n d P . W i e s t . 

W . A . L a m p a d i u s 3 p r e p a r e d n i c k e l - g o l d a l l oys ; h e said t h a t t h e t w o 
m e t a l s r e a d i l y u n i t e t o fo rm a ye l lowish-whi te , h a r d , v e r y mal leab le a l loy 
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w h i c h c a n t a k e a h i g h p o l i s h , a n d w h i c h h a s a m a g n e t i c p o w e r a s g r e a t 
a s t h a t of n i c k e l ; W . J o n e s p r e p a r e d s o m e a l l o y s , a n d R i c h t e r a n d C o . 
o b s e r v e d t h a t w i t h h i g h e r p r o p o r t i o n s of n i c k e l , t h e a l l o y s a r e w h i t e i n 
c o l o u r . K . F i s e h b e c k , a n d A . J e d e l e s t u d i e d t h e d i f fus ion of g o l d a n d n i c k e l . 
K. J a n c c k e s t a t e d t h a t a e u t e c t i c o c c u r s a t 9 5 0 ° ; a n d P . d e C e s a r i s , a t 9 5 5 ° . 
T h e l a t t e r a d d e d t h a t t h e l i m i t s o f m i s c i b i l i t y l ie a t 8 p e r c e n t , o f n i c k e l i n 
go ld , a n d 2 0 p e r c e n t , of go ld in n i c k e l . M . L e v i n f o u n d t h a t t h e f . p . c u r v e , F i g . 1 2 2 , 
g i v e s n o e v i d e n c e of t h e f o r m a t i o n of c o m p o u n d s . T h e r e i s a n i n t e r v a l o f c r y s t a l -

1500 

1400 

7200 

nooc 

WOO 

900" 

800 

1064 

950° 

148^-i 

/ 
/ 

/ 
/ 

80 40 60 

Per cent, of nickel 
F1JG. 122. Freez ing-poin t Curve of t h e 

Nickel-Cold Al loys . 

100 20 40 60 80 Ii 

Per cent, of niche I 
F1IG. 123 .—Freez ing-po in t Curve of t h e 

Nickel -Cold Al loys . 

l i z a t i o n w i t h a l l o y s c o n t a i n i n g 5 t o 2 0 a n d 5O t o 7 0 p e r c e n t , o f n i c k e l ; a n d t h e 
e u t e c t i c o c c u r s a t 9 5 0 ° a n d o v e r 2 0 p e r c e n t , of n i c k e l . T h e r e a r e t w o s e r i e s of 
so l id so ln . T h e r e a r c t w o c o n s t i t u e n t s i n a l l o y s w i t h f r o m 2 0 t o 9 0 p e r c e n t , of 
n i c k e l o n e of w h i c h is r a p i d l y a t t a c k e d b y n i t r i c a c i d , a n d t h e o t h e r s l o w l y . A l l o y s 
w i t h 5 t o 10 p e r c e n t , of n i c k e l a r e h o m o g e n e o u s . T h e t r a n s f o r m a t i o n t e m p , o f 
t h e a l l o y s is v e r y n e a r t h a t fo r p u r e n i c k e l , 3 2 3 ° , s h o w i n g t h a t t h i s t e m p , i s n o t 
a f f ec t ed b y t h e p r o p o r t i o n of g o l d i n t h e a l l o y . A c c o r d i n g t o W . F r a n k e l a n d 

BO % Ni 
F I G . 124.—The !Electrical Conduc t iv i t i e s 

of t h e Nickel-Gold Al loys . 

1064 

F i a . 125 .—The I s o t h e r m a l Curves of t h e 
Nickel-Gold-Si lver Al loys . 

A . S t e r n , t h e c r y s t a l l i z a t i o n t e m p , o f t h e g o l d - n i c k e l a l l o y s l i es o n a c o n t i n u o u s 
c u r v e w i t h a m i n i m u m a t 9 5 0 ° for a l l o y s w i t h 1 5 t o 2 0 p e r c e n t , of n i c k e l . A 
c o n t i n u o u s se r ies of so l id s o l n . i s t h u s f o r m e d so t h a t t h e 2 0 a n d 4 0 p e r c e n t , a l l o y s 
a r e h o m o g e n e o u s . T h e f o r m e r c o r r e s p o n d s w i t h t h e s u p p o s e d m i n i m u m of 
M . L e v i n , a n d P . d e C e s a r i s . E . K o r d e s , N . S . K u r n a k o f f a n d A . N . A c h n a s a r o f f , 
a n d A . R e n a u d d i s c u s s e d t h i s s u b j e c t . 

A . W e s t g r e n a n d W . E k m a n d i s c u s s e d t h e l a t t i c e s t r u c t u r e . H . H a f n e r o b t a i n e d 
s i m i l a r r e s u l t s , F i g . 1 2 3 , a n d t h e c h a n g e s i n t h e s o l i d s o l n . a r e r e p r e s e n t e d b y t h e 
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cu rves in t h e s a m e d i a g r a m . W . H e i k e a n d H . Kessne r also found t h a t t he se 
a l loys suffer m a r k e d changes in s t r u c t u r e s w h e n h e a t e d for p ro longed per iods 
b e t w e e n 100° a n d 550°. A soln. of p o t a s s i u m su lph ide is a good e t ch ing l iquid . 
T h e specific e lectr ical conduc t iv i t i e s of t h e nickel-gold al loys were m e a s u r e d b y 
G. G r u b e a n d "F. Vaupe l , a n d t h e resu l t s a re s u m m a r i z e d in F ig . 124 ; a n d t h e 
effect of p ressure , b y J . O. L i n d e ; a n d t h e the rmoe lec t r i c force, b y G. Bore l ius 
a n d co-workers . T h e a l loys were s t u d i e d b y L . N o w a c k , a n d E . M. Wise . E . Vogt 
a n d H . K r u g e r i nves t i ga t ed t h e m a g n e t i c p rope r t i e s of t h e a l loys ; N . F . M o t t , 
t h e effect of m a g n e t i z a t i o n o n t h e c o n d u c t i v i t y ; a n d W . H . K e e s o m a n d 
C. J . M a t t h i j s , t h e t he rmoe lec t r i c force b e t w e e n —270-5° a n d —255-5°. J . Cou rno t 
e x a m i n e d t h e n o n - m a g n e t i c a l loys . H . Sel tz , P . de 
Cesaris , a n d E . M. Wise s t u d i e d t h e n i c k e l - g o l d -
COpper a l loys ; a n d P . de Cesar is ' o b s e r v a t i o n s on 
t h e f .p. of t h e n i cke l -go ld-s i lver a l loys a re s u m ­
m a r i z e d b y t h e i so the rma l f.p. cu rves , F ig . 125. 
T h e a l loy proplatinum c o n t a i n s Ni , 72-00 ; Ag, 23-57 ; 
Au , 0-71 ; Bi , 3-72. N . P a r r a v a n o s t u d i e d t h e 
quaternary copper-silver-gold-nickel alloys. 

H . M o i s s a n 4 p r e p a r e d b r i t t l e c a l c i u m - n i c k e l 
a l loys b y d i rec t un ion of t h e e l emen t s ; a n d 
N . T a r u g i , b y h e a t i n g a n ickel sa l t w i t h ca l c ium 
ca rb ide . T h e al loys a re d e c o m p o s e d b y w a t e r . 
P . H . Brace , N . C. Breese , L. Misch, a n d 
O. S. Duffendack a n d D . W . R a n d o l p h u t i l ized 
a n i c k e l - b a r i u m a l loy w i th 5 t o 25 pe r cen t , of 
b a r i u m for r ad io -va lve f i laments , a n d s p a r k i n g F i a . 126.—The Freezing-point 
e lec t rodes . H . B o v i n g descr ibed t h e p r e p a r a t i o n ^ i - H e ° f ^ B i n a r y sy»u'm : 

of f i laments of nickel a l loyed w i t h a lka l ine e a r t h 
m e t a l s . G. Masing a n d O. D a h l , a n d W . H e s s e n b r u c h s tud ied t h e n i c k e l -
bery l l ium al loys . T h e f.p. of t h e a l loys a re : 

JlOO \— 

WOO 

800 

700 

.7452 

/ 
/ 

° 1 

\ 
>^i 
/ 

1155* 

I 

. J 

12 14 
Per cent, of beryllium 

B e r y l l i u m 
F r e e z i n g - p o i n t 

6 1 6 
1 4 0 6 ° 

1 1 - 7 2 
1 3 4 4 ° 

1 6 - 7 5 
1 2 9 3 ° 

2 1 - 3 3 
1 2 4 2 ° 

2 9 - 3 4 
1 2 1 5 ° 

3 6 - 1 3 
1 3 4 8 ° 

41 -94 p o r c e n t . 
1 4 3 5 ° 

60Or-

^ 500 Y 

25 36 
Hours annealing 

100 

T h e co r respond ing po r t i on of t h e equ i l i b r ium d i a g r a m is p l o t t e d in F ig . 126. T h e y 
also s t u d i e d t h e m i c r o s t r u c t u r e of t hese a l loys . T h e effect of annea l ing on t h e 
h a r d n e s s of t h e a l loys w i t h 
3 p e r cen t , of be ry l l ium, 
q u e n c h e d f rom 1100°, is 
s u m m a r i z e d in F ig . 127. 
I . F e t c h e n k o - T c h o p i v s k y 
s t u d i e d t h e c e m e n t a t i o n of 
n icke l w i t h be ry l l i um ; a n d 
C. M a t a n o , t h e effect of 
t e m p . o n t h e diffusion. 
Li. M. J a c k s o n discussed t h e 
i m p r o v e m e n t in t h e h a r d ­
ness of nickel , a n d of 
n icke l -copper al loys, w h e n 
be ry l l i um is p resen t . Accord ing t o G. Mas ing a n d O. D a h l , t h e mechan ica l 
p rope r t i e s , expressed in k i log rams p e r sq. m m . of a l loys q u e n c h e d a n d aged for GA 
h r s . a t 500°, a re : 

Beryll ium 
(per cent.) 

0 . 
2 . « / q u e n c h e d 

v a g e d 
o ^ / q u e n c h e d 3 ° \ a g e d 

F i o . 1 2 7 . T h e E f f e c t of A n n e a l i n g o n t l ) 6 H a r d n e s s of 
N i c k e l - B e r y l l i u m A l l o y . 

Hardness 
6 0 

1 6 2 
. 412 

1 9 3 
. 531 

Elast ic 
l imi t 

2 
15-6 
31-8 
25-2 

111-6 

Propor t ional 
l imi t 
.—-

24-4 

43-8 

Ult imate 
fracture 

4 0 0 
57-4 

107-7 
71-4 

1 3 2 0 

Elongat ion 
(per cent.) 

4 5 
16-8 

2 0 
9 O 
0 

Elast ic 
modulus 
20,50O 
18,427 
20,089 
18,502 
20,022 
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W . Krol l observed : 
Ni : Be 

~ __ , (quenched. 
\ a n n e a l e d . 

, r , j q u e n c h e d 
l> " I a n n e a l e d 

'IP - 1 ( 9 u o n c n o c l 
* * 1 a n n e a l e d 

Tensile 
s t rength 

13-O 
1-82 

1 3 0 

5 9 
1 1 2 

l i longation 
(per cent.) 

7 
3 
7 
2 

27 

Reduct ion 
area (per cent.) 

52-0 
3 0 

4 3 0 

4 6 0 
H - O 

ITardnesH 
Brinell 's 
425 
610 
360 
588 
15O 
295 

W. Hessenbruch , a n d H . A. S loman s tud ied t h e subjec t . 
Ii ohms, a n d the magne t i c p roper t i es a re : 

B e r y l l i u m 
C o e r c i v e f o r c e 
I i e m a n e n c e 

1 *erm 

Ji 

, . . . . ( M a x . ear>ih ty{ *, 
' " 1 2 0 

O-O 
1-6 
3 2 0 0 
22OO 
160O 
O-O410 

0 - 3 5 
2 - 2 5 
810O 
1 8 5 0 
] 57() 
O- O 4 164 

0 -70 
2 -50 
6 8 0 0 
J 8 8 0 
1 7 0 0 
O-O4 2 4 

1-41 
2 -60 
670O 
H O O 
137O 
0 - 0 4 4 0 

T h e electr ical res i s tance , 

2-4O p e r c e n t . 
4 1 O 
8 2 0 0 

92O 
135O 
0 - 0 4 5 7 

A. K r u s s m a n n s tudied the magne t i c p roper t i e s of t h e al loys. T h e corrosive ac t ion 
of acids expressed as a loss in m g r m s . per sq. cm. , found by G. Masing a n d O. D a h l , 
is as follows : 

! B e r y l l i u m . 
H N O 1 ( 3 p e r c e n t . ) 
H ( J l ( 3 p e r c e n t . ) 

O 
. 5-4 
. 1-32 

1 ( M n ) 
6 - 5 
2 - 8 

1-5 
32-6 

2 -56 

2 0 
12-1 

3 1 

2 - 5 
54-O 

3 - 1 

3-O p e r c e n t 
3 1 - 4 

2 - 2 

1300 Y-

1200"\-

M. !Ballay, M. G. Corson, a n d G-. Masing a n d W . Pocl ier e x a m i n e d some COpper-
nickel-beryIlium alloys. 

J . Pa rk inson & could n o t p r e p a r e n i c k e l - m a g n e s i u m a l loys d i rec t ly . A. Coehn 
ob ta ined alloys wi th up t o IO per cent , of m a g n e s i u m b y t h e electrolysis of a m i x e d 
soln. of nickel a n d m a g n e s i u m sal ts . T h e p r o p o r t i o n of m a g n e s i u m is grea te r , t h e 
_ r, h igher is t h e t e m p , of electrolysis a n d t h e 

g rea te r is t he r a t io Mg : Ni in t h e e lec t ro ly te . 
T. F l e i t m a n n o b t a i n e d t h e alloys b y me l t ing 
t h e me ta l s toge the r , or b y t h e s imu l t aneous 
r educ t ion of t h e oxides. T h e 0-5 pe r cen t , 
m a g n e s i u m alloy ob t a ined in th i s w a y can be 
rolled or h a m m e r e d , a n d i t r e t a ins i t s duc t i l i ty 
when cold. T h e p r e p a r a t i o n of t h e al loys 
was s tud ied b y W . V. Veazey . G. Voss found 
t h e m e t a l s t o be comple te ly miscible in t h e 
fused s t a t e . T h e f.p. curve , F ig . 128, shows 
a f la t tened por t ion , n o t a t r u e m a x i m u m , a t 
1145° a n d 75 t o 83 per cent , of nickel . This 
cor responds w i t h t h e exis tence of n icke l 
h e m i m a g n e s i d e , Ni 2 Mg, which a p p e a r s in 
t h i n leaflets. T h e eu tec t i c a t 1082° a n d 
89 pe r cent , of nickel ha s t h e phases : nickel 
a n d t h e hemimagnes ide ; t h e eu tec t i c a t 
512° a n d 34 p e r cent , of nickel h a s t h e 
phases : m a g n e s i u m a n d n icke l d imagnes ide , 
NiMg 2 . T h e b r e a k a t 768° a n d 45 p e r cen t , 
of nickel , cor responds w i t h t h e fo rmat ion of 
d imagnes ide b y t h e b r eak ing u p of t h e 

T h e m a g n e t i c t r ans i t i on t e m p , of nickel a t 350° is n o t a l t e r ed 

20 4 O 60 80 700 
Per cent, of nickel 

FIG. 1 2 8 . T h e F r e e z i n g - p o i n t C u r v e 
of N i c k o l - M a g n e s i u m A l l o y s . 

hemimagnes ide . 
b y t h e add i t i on of u p t o 17 pe r cen t , of m a g n e s i u m , b u t w i t h 17 t o 45 p e r cen t , 
of m a g n e s i u m t h e t r a n s i t i o n occurs a t 235°. Alloys w i t h over 45 pe r cent , of 
m a g n e s i u m are n o t m a g n e t i c a t o r d i n a r y t e m p . T h e sub jec t was s tud ied b y 
J . L. H a u g h t o n a n d R . J . M. P a y n e ; a n d W . Krol l i nves t iga t ed t h e ha rdnes s of 
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t h e Ni-Mg-C a l loys . Gr. T a m m a n i i a n d A. R o h m a r m f o u n d t h e h e a t c a p a c i t y , 
c cats, p e r mol , for N i 2 M g , t o be : 

0 0 -100° 1000-200° 200o-300° 300°-400° 400°-500° 
c . . 1 7 7 8 0 8 1 8 5 6 0 1 1898-51 1933-93 1 9 5 5 1 8 

T h e h e x a g o n a l c rys t a l s of N i 2 Mg were f o u n d b y T . L a v e s a n d H . W i t t e t o h a v e t h e 
p a r a m e t e r s a=4-805 A. , a n d c = 15*77 A. , a n d t h e r e a re 8 molecules pe r u n i t cell. 
J . A. G a n n s t u d i e d t h e h a r d n e s s of a l loys w i t h b e t w e e n 0-25 a n d 8 p e r cen t , of 
nickel ; P . Schube l , t h e i r sp . h t . ; a n d J . C o u r n o t e x a m i n e d t h e n o n - m a g n e t i c 
a l loys of t h e t w o e l emen t s . A. P o r t e v i n a n d E . P r e t e t s t ud i ed t h e r a t e of dissolu­
t ion of t h e a l loys in hyd roch lo r i c ac id . F . C. Lea , W . R o s e n h a i n a n d co-workers , 
W. Kro l l , a n d S. L . A r c h b u t t a n d co -worker s s t u d i e d t h e mechan ica l p rope r t i e s 
of these alloys, and of the copper-nickel-magnesium alloys. 

A. F . Gehlen 6 o b t a i n e d a b r i t t l e n i c k e l - z i n c - a l l o y b y h e a t i n g a m i x t u r e of nickel 
a n d zinc. T h e u n i o n is a t t e n d e d b y t h e emiss ion of a red- l ight , or, accord ing to 
A. T. v o n GersdorfF, i t is a t t e n d e d b y c o m b u s t i o n a n d explos ion. T. F l e i t m a n n 
o b t a i n e d a l loys b y t h e s i m u l t a n e o u s r e d u c t i o n of t h e oxides of t h e t w o me ta l s , or 
b y pass ing t h e v a p o u r of z inc over n ickel r e d u c e d f rom t h e oxide . Alloys were 
p r e p a r e d b y C. S. Cussen. Accord ing t o G. Voss, c o m p a c t n ickel dissolves more 
r a p i d l y in m o l t e n z inc t h a n does p o w d e r e d n icke l . Th i s m a y be d u e t o films of a i r 
on t h e surfaces of t h e g ranu le s of t h e p o w d e r . V. E . Tafel m e l t e d t h e al loys u n d e r 
a l aye r of b o r a x . E . P . Schoch a n d A. H i r s c h , a n d H . C. Cocks obse rved t h a t a n 
al loy of zinc a n d n ickel c a n be o b t a i n e d b y e lec t rodepos i t ion f rom soln. of zinc a n d 
nickel sa l t s us ing a c u r r e n t d e n s i t y of 3 a m p s , p e r sq. d m . A b a t h c o n t a i n i n g more 
nickel t h a n zinc y ie lds a n a l loy c o n t a i n i n g far m o r e zinc t h a n nickel . T h e r a t io 
of Zn : N i in t h e a l loy is f rom 4-5 t o 14 t i m e s t h e r a t i o in t h e e lec t ro ly te accord ing 
t o t h e cone , of t h e e lec t ro ly te . T h e sub jec t w a s s t ud i ed b y W . D . Treadwel l , 
H . C. Cocks, F . F o r s t e r , S. Glass tone , A . S. I lusse l l a n d co-workers , a n d 
G. Grube—v ide supra ; a n d t h e sp . gr . of t h e a l loys , b y K . S c h m i d t . 
C. T . H e y c o c k a n d F . H . Nevi l le obse rved t h a t t h e f.p. of zinc is lowered 
b y smal l a d d i t i o n s of n ickel . G. Voss i n v e s t i g a t e d t h e al loys w i t h u p t o 
23 p e r cen t , of n ickel , a n d he found t h a t w i t h 14-5 t o 23 pe r cen t , of nickel , 
solid soln. of n i c k e l tr iz incide, N iZn 3 , a n d zinc s e p a r a t e ou t , b u t be tween 
0° a n d 14-5 pe r cen t , of n ickel , t h e c ry s t a l s of solid soln. a r e insoluble in t hose of 
z inc . T h e al loys a r c n o n - m a g n e t i c a t r o o m t e m p . V. E . Tafel obse rved a cu tec t i c 
v e r y close t o t h e zinc e n d of t h e cu rve , a n d on ly 0-5° below t h e m . p . of z inc . T h e 
c rys ta l l ine c o n s t i t u e n t s obse rved were (i) p u r e z i n c ; (ii) solid soln. w i t h 12-2 t o 
23-0 p e r cen t , of n ickel ; (iii) t h e t r i z inc ide m . p . 876° ; (iv) solid soln. w i t h 39-7 
t o 45-8 p e r cen t , of n ickel which on cool ing t o a b o u t 645° b r e a k u p i n t o t w o o the r 
k i n d s of c rys t a l s , (v) a n d (vi). T h e r e a r e also c rys t a l s (vii) which s e p a r a t e f rom t h e 
m o l t e n m a s s , a n d r e a c t w i t h i t a t 1025° t o 1037° t o form t h e solid soln. (iv). The re 
a re also solid soln. (viii) fo rmed w h e n a l loys w i t h over 45-8 pe r cen t , of nickel a re 
cooled t o 780° . T h e n a t u r e of t h e solid soln. is n o t k n o w n ; owing t o t h e loss of 
z inc b y vo la t i l i za t ion , t h e d i a g r a m a b o v e 50 p e r cent , of nickel could n o t be 
c o m p l e t e d e x c e p t b y e x t r a p o l a t i o n f rom a t e r n a r y mode l . K . T a m a r u ' s , a n d 
K . T a m a r u a n d A. O s a w a ' s r e su l t s a r e s u m m a r i z e d in F ig . 129. T h e c o m p o u n d 
Z n N i forms a solid soln. , S, b e t w e e n 45-1 a n d 49-0 p e r cen t , of n ickel ; t h e l imi t of 
t h e )8-solid soln. e x t e n d e d t o 37-5 p e r cen t , of z inc a t t h e eu t ec t i c t e m p . 872° ; t h e 
r a n g e of t h e a-solid soln. n a r r o w e d d o w n t o 0 t o 61*61 p e r cen t , of n ickel , a n d t h e 
solid soln. /J a n d S were fo rmed respec t ive ly a t 1043° a n d 804° . T h e eu t ec to id 
r eac t i on )8—a.+y occurs a t 675° in t h e r a n g e of 24-4 t o 45-1 p e r cen t , of nickel . 
T h e a-sol id soln. w i t h N i Z n 3 h a s a l imi t ing cone, of 24-4 p e r cen t , of n ickel . W . H e i k e 
a n d co -worker s also s t u d i e d t h e s t r u c t u r e of t h e n ickel -z inc a l loys . T h e sub jec t was 
s t u d i e d b y K . B o r n e m a n n , W . Guer t l e r , W . M. Pe i rce , V. Cagliot i , P . Charr ier , 
H . Ha fne r , W . H e i k e a n d co-workers , L . Gui l le t , a n d A. W e s t g r e n . A. W e s t g r e n , a n d 
W. E k m a n studied the X-radiogram of nickel pentitahenicosizincide, Ni5Zn2 1 ; 
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a n d also t h e re la t ion be tween t h e c rys t a l s t r u c t u r e a n d t h e a t o m i c p r o p e r t i e s of 
t h e nickel-zinc al loys. Nicke l becomes m o r e b r i t t l e w h e n a l loyed w i t h zinc, a n d t h e 
t r iz inc ide is e x t r e m e l y b r i t t l e , a n d i t g ives a b l u e co lo ra t ion w i t h n i t r i c ac id . 
A. S. Russe l l a n d co-workers s t u d i e d t h e c o m p o u n d s fo rmed in m e r c u r y soln. 
T . J. Seebeck e x a m i n e d t h e m a g n e t i c po l a r i za t i on of t h e a l loys . 

E . Vigouroux a n d A. B o u r b o n obse rved t h a t t h e a l loys w i t h less t h a n 72-8 p e r 
cent , of n ickel a r e n o n - m a g n e t i c . J . C o u r n o t s t u d i e d t h e n o n - m a g n e t i c a l loys . 
W h e n pu lver ized a n d sub jec t ed t o t h e ac t ion of hydroch lo r i c or ace t ic acid, t h e 
res idues f rom m i x t u r e s c o n t a i n i n g u p t o 18-3 p e r cen t , of n icke l b e c a m e p r o ­
gressively r icher in th i s e l emen t a n d deve loped m a g n e t i c p rope r t i e s . T h e res idues 
from m i x t u r e s c o n t a i n i n g over 18-3 pe r cen t , n ickel showed l i t t le v a r i a t i o n in 
compos i t ion as t h e a t t a c k progressed . Al loys c o n t a i n i n g less t h a n 18 p e r cen t , of 
nickel on t r e a t m e n t wi th 1 pe r cent , n i t r i c ac id gave i n v a r i a b l y a res idue c o n t a i n i n g 
18-6 pe r cen t , of nickel , co r r e spond ing w i t h n i cke l te traz inc ide , N iZn 4 , wh ich w a s 
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Per cent, of zinc 
F i o . 1 2 9 . — F r e e z i n g - p o i n t C u r v e s of t h e Z i n c - N i c k e l A l loys . 

i so la ted in th i s w a y as a c rys ta l l ine n o n - m a g n e t i c p o w d e r of sp . gr. 7-71, a n d m e l t i n g 
a p p r o x i m a t e l y a t 850°. Th i s c o m p o u n d w a s r a p i d l y a t t a c k e d b y 1 pe r cen t , h y d r o ­
chloric acid, l eav ing a m a g n e t i c depos i t w h i c h w a s s o m e t i m e s p y r o p h o r i c ; t h e 
soln. genera l ly c o n t a i n e d zinc on ly . DiI . su lphu r i c ac id a t t a c k e d t h e a l loy s lowly, 
fo rming a soln. of t h e t w o s u l p h a t e s , a n d depos i t i ng a m a g n e t i c p o w d e r . N i t r i c 
acid m o r e cone , t h a n 1 p e r cen t , d i sso lved t h e a l loy comple t e ly . Nicke l ch lor ide 
soln. d i sso lved t h e a l loy on w a r m i n g , g iv ing r ise t o z inc h y d r o x i d e a n d a 
m a g n e t i c depos i t . T h e e.m.f. of couples f o r m e d f rom m i x t u r e s of t h e t w o m e t a l s 
a g a i n s t z inc in va r ious soln. showed b r e a k s a t 18*33 a n d 72-92 pe r cen t , of n ickel 
co r r e spond ing respec t ive ly w i t h t h e t e t r a z i n c i d e a n d t h e t r i t a z inc ide . 

The zinc-nickel-copper alloys a r e found in c o m m e r c e u n d e r v a r i o u s n a m e s : 
nickelin, new silver, silveroid, silverite, Nevada silver, JPotosi silver, Virginia silver, 
amberoid, electrum, arguzoid, white-copper, e t c . T h e t e r m maillechort—after 
M. Mail le t a n d M. Chor ier , t h e first m a n u f a c t u r e r s of t h e n icke l i n F r a n c e — i s also 
u sed for a s imi lar a l loy. T h e a l loy w a s for a long t i m e k n o w n as German silver, 
argent allemand, or argent d'allemagne ; b u t in 1914, t h e Al loys N o m e n c l a t u r e 
C o m m i t t e e sugges ted t h e a l t e r a t i o n of t h e n a m e s ince i t is n e i t h e r " G e r m a n " 
no r " s i lver . " T h e C o m m i t t e e p r o p o s e d t h e t e r m nickel-silver. T h e t e r m G e r m a n 
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si lver h a s been in use so long, a n d is so famil iar , t h a t i t is d o u b t f u l if t h e sugges t ion 
will d i sp lace t h e use of t h e t e r m G e r m a n si lver. T h e a l loy pak-tong—from t h e 
t h e Chinese pai-fung, m e a n i n g w h i t e coppe r—is a s imi l a r a l loy . I n t h e 
e i g h t e e n t h c e n t u r y t h e t e r m pai-fung w a s t r a n s c r i b e d petong, a n d pehtung; 
a n d t h e w o r d is a l so spe l t paaktong, packtong, pakfong, a n d packfong. 
P a k t o n g is t h e C a n t o n e s e d i a l ec t f o r m of p a i - t ' u n g . T h e w o r d packfong 
is a scr ibal e r ro r i n t r o d u c e d b y Gr. v o n E n g e s t r o m in 1776. One of t h e 
ear l ies t references t o t h e a l loy occurs in A. L i b a v i u s , De natura metallorum 
(F rancofu r t i , 1597), w h e r e he refers t o a w h i t e b r o n z e a s ces album. T h e r e is 
a n a c c o u n t of t h e a l loy b y J . d u H a l d e in his History of China ( L ondon , 1736) ; 
b y R . W a t s o n in his Chemical Essays ( L o n d o n , 1781) ; a n d b y J . B . B l a k e in t h e 
Annual Register of the Society of Arts ( L o n d o n , 1775). T h e h i s to ry of t h e a l loy 
w a s d iscussed b y A. B o n n i n , a n d F . R . B a r t o n . T h e n a m e tombac—a, copper -z inc 
a l l o y — h a s t h e s a m e origin, for i t is a c o r r u p t i o n of tong-pack. P a c k f o n g was used 
in ea r ly t i m e s in Ch ina for m a k i n g gongs a n d o t h e r m u s i c a l i n s t r u m e n t s , whence i t 
w a s e x p o r t e d t o E u r o p e la rge ly d u r i n g t h e s e v e n t e e n t h a n d e i g h t e e n t h cen tu r i e s . 
G. v o n E n g e s t r o m , 7 in 1776, a n d S. R i n m a n , in 1782, s h o w e d t h a t p a k t o n g is a 
copper-z inc-n ickel a l loy. I n 1822, A. F y f e a n a l y z e d t h e Chinese a l loy a n d gave a 
desc r ip t ion of a r t ic les m a d e f rom i t . I n 1823, D e r Vere in z u r B e f o r d e r u n g des 
Gewerbfle isses—a P r u s s i a n Soc ie ty for t h e E n c o u r a g e m e n t of I n d u s t r y — o f f e r e d a 
p r ize for t h e i n v e n t i o n of a n a l loy w h i c h wh i l s t s imi la r t o s i lver in a p p e a r a n c e , 
shou ld cos t n o m o r e t h a n one - s ix th t h e p r ice of s i lver , a n d be su i t ab l e for c u l i n a r y 
a n d t a b l e - w a r e . I n 1824, H e n n i g e r Bros . , Ber l in , p r e p a r e d a copper -z inc-n icke l 
a l loy wh ich t h e y cal led Neusilber, a n d a b o u t t h e s a m e t i m e , A. Ge i tne r , Schneebe rg , 
p r e p a r e d a n ana logous a l loy w h i c h h e ca l led argentan. T h e a l loys were m a n u ­
f ac tu r ed in V ienna , b y A. T. v o n GersdorrT, i n 1825, u n d e r t h e t r a d e - n a m e alpakka. 

Analyses of some of t h e s e a l loys a r e i n d i c a t e d in T a b l e V I I . I n t h e G e r m a n s i lver 

T A B L E VII . -—ANALYSES OF SOME COMMERCIAL NicicEL-CoFPEit-Ziisrc A L L O Y S . 

C u 

67-OO 
6 3 - 3 4 
6 2 - 4 0 
6 0 - 0 0 
5 9 O O 
5 8 - 0 0 
57-4O 
5 6 - 9 8 
55 -2O 

N i 

19-3O 
1 9 1 3 
1 5 - 0 5 
18-8O 
22-2O 
1 8 - 5 0 
1 3 0 0 
2 4 - 3 0 
21-4O 

Z n 

13-6O 
1 7 - 4 1 
2 2 1 5 
17-8O 
18-5O 
2 3 5O 
26-6O 
1 8 - 7 2 
23-4O 

O . H e n r y 
P . L o u y e t 
P . L o u y o t 
J . D . S m i t h ( 3 - 4 C o ) 
A . G n e t t i e r ] 
A . H . H i o r n s 
L . F l s n e r (3-O F e ) 
A . H . H i o r n s 
A . G u e t t i e r 

C u 

5 4 O O 
5 3 - 3 0 
5 1 - 6 0 
5O-OO 
5O-OO 
4 8 - 5 0 
4O-60 
4 0 - 4 0 
26-3O 

N i 

1 8 O O 
26-6O 
2 6 - 0 0 
31-2O 
1 8 - 7 5 
24-3O 
1 8 - 7 5 
3 1 - 6 0 
3 6 - 8 0 

Z n 

28-OO 
2 0 - I O 
2 2 - 4 0 
18-8O 
3 1 - 2 5 
2 4 - 3 0 
3 1 - 2 5 
25-4O 
3 6 - 8 0 

P . A . H o l l e y 
A . G n e t t i e r 
A . G u e t t i e r 
G . P r i c k 
J . P . J . d ' A r c e t 
A . H . H i o r n s 
G . v o n E n g e s t r o m 
A . F y f e (2 -6 F e ) 
C . K o f o r s t e i n 

t y p e of a l loys t h e c o p p e r r a n g e s f rom 5O t o 66 p e r c en t . ; t h e nickel f rom 13 t o 18 
p e r cen t . ; a n d t h e z inc f rom 19 t o 31 p e r c en t . Acco rd ing t o A. H . H i o r n s , t h e 
p e r c e n t a g e p r o p o r t i o n s r e spec t ive ly of n icke l , coppe r , a n d zinc, used in B i r m i n g h a m 
for G e r m a n si lver a r e : extra white metal, 30 : 50 : 20 ; white metal, 24 : 54 : 22 ; 
a rguzo id , 20-5 : 48-5 : 31 ; best best, 21 : 50 : 29 ; firsts or bests, 16 : 56 : 28 ; special 
first, 17 : 56 : 27 ; seconds, 14 : 62 : 24 ; thirds, 12 : 56 : 32 ; special thirds, 
11 : 56-5 : 32-5 ; fourths, 10 : 55 : 35 ; a n d fifths for p l a t e d goods 7 : 57 : 36 . T h e 
s i lve r -p la ted a l loy w a s i n t r o d u c e d as alfenide—after M. A l p h e n — a n d a b o u t 1840 i t 
a p p e a r e d as china silver, christofie, o r Christophle metal. I t h a s a lso been cal led 
Peru silver, electroplate, arguroide, e t c . T h e s i lver p l a t i n g of n icke l w a s s t u d i e d 
b y G. L a n g b e i n , a n d A. McWi l l i am a n d W . R . B a r c l a y . S o m e copper-n ickel -z inc 
a l loys a r e u s e d as solders for n ickel-s i lver a l loys , a n d t h e y of ten c o n t a i n m o r e zinc 
t h a n t h e nickel-s i lvers—e.g. , t h e h a r d so lders h a v e 42 t o 50 ; 3 8 t o 47 ; 11 t o 13-5 ; 
t h e m e d i u m solder , 56 : 34-5 : 9-5 ; a n d t h e soft solder , 56 : 36 : 8. S. P e a r s o n 
a n d W . P r o t t p a t e n t e d t h e a d d i t i o n of 0*5 t o 10-0 p e r cen t , of n ickel t o b rass ; 
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and I!.. Guillet studied the properties of the nickel-brasses. The so-called albata 
metal is a nickel-brass. There are many other alloys containing small proportions 
of other metals. There is no hard-and-fast rule as to the names for particular 
alloys, and each manufacturer may employ, for trading purposes, specific terms of 
his own selection—e.g., Table VIII. These alloys were discussed by W. T. Brannt , 
I. Cerkesoff, W. M. Corse, J . Cournot and E. Hiltbold, M. Duberget, W. C. Ellis and 
E. E. Schumacher, L. Eisner, A. M. Fairlie, A. T. von Gersdorff, H . W. Gillett, 
W. C. Gray and R. E . Ansell, A. H . Hiorns, M. Jahkel , H . Kloss, C. Kiinzel, J . Larde, 
A. Ledebur, P . Louyet, R. Meslier, P . Reinglass, A.Rosenheim and E. Huldschinsky, 
C. Rothert and G. Dern, A. Rzehulka, M. Schied, O. Smalley, E. S. Sperry, 
A. C. Sturney, K. Styffe, E. R. Thews, and R. H. Thurston. 

T A B L E V I I I . — S O M E : N I C K E L - C O P P E B - Z I N O A L L O Y S . 

A l b a t a m e t a l 
A l f e n i d e . 
A l p a k k a . 
A l u m i n i u m - s i l v e r 
A r g o z o i l . 
A r g o t a n 
A r g u z o i d e 
A t o r i t o 
C a r b o n a t o s i l v e r 
C h i n a s i l v e r 
C o l o r a d o s i l v e r . 
C r a i g g o l d 
F l e c t r u m 
K e e n o ' s a l l o y 
LiU t o e in. 
M a i l l e e h o r t 
M a l l o y d i u m 
M a r k u s ' s a l l o y . 
N o o g e n 
N i c k e l o r o i d e 
!Nickel i n . 

J-*! a t m o i d 
P l a t i n o i d 
! P a r k e r ' s a l l o y . 
F v h e o t a n . 
S i l v e r b r o n z e 
S i l v e r i n e . . . 

S t e r l i n o . . . I 
T o u c a s ' s a l l o y . 
T u m c a i l l a n t ' s m e t a l . 
T u t e n a y . . . 
V i c t o r m e t a l 
W e s s e l l ' s s i l v e r 
W h i t e s i l v e r 

C u 

4 0 - 0 
5 0 t o 7 0 

6 5 - 2 
5 7 - 0 
5 4 - 0 

5 0 t o 7O 
4 8 - 5 

55 t o 6 0 
6 6 

6 5 - 2 4 
5 7 
8 0 

5 1 - 5 
7 5 
8 0 

6 5 - 4 
5 9 - 9 6 
4 5 - 5 

5 8 
6 6 t o 8 7 

5 5 - 3 

5 4 0 4 
6 O O ! 

6 0 
5 0 - 4 

5 8 
7 1 t o 7 9 - 5 

6 8 - 5 2 
3 5 - 7 
5 0 0 
4 5 - 7 
4 9 - 9 4 

5 1 t o 6 5 
5 5 - 2 

N i 

8 - 0 
10 t o 2 0 

1 3 
20-O 
14-0 

IO t o 2 0 
2 0 - 5 

1 2 t o 1 8 
1 8 

1 3 0 
2 5 
I O 

2 6 0 
1 6 
1 6 

1 6 - 8 
2 2 - 8 2 
2 7 - 2 5 

1 2 
5 t o 1 0 

3 1 - 1 

2 4 - 7 7 
1 4 O 

I O 
2 5 - 3 

1 6 
16 t o 1 6 - 5 

1 7 - 8 8 
2 8 - 6 
1 5 0 
1 7 - 3 
15-4O 

1 9 t o 3 2 
2 0 - 7 

Z n 

32-O 
5 t o 3 0 

1 9 - 5 
2 0 0 
2 8 0 

5 t o 3 0 
3 1 - 0 

1 3 t o 2 0 
1 6 

1 9 - 5 
1 8 
I O 

2 2 - 5 
2 - 2 5 

5 
1 3 - 4 
1 3 - 4 4 
2 7 2 5 

2 7 
O t o 1 0 

1 3 - 1 

2 0 - 4 2 
2 4 0 I 

2 0 
1 6 - 9 

2 3 
1 t o 7-5 

1 2 - 8 4 
7 - 1 

3 4 - 9 I 
3 7 

3 4 - 2 7 
12 t o 17 

2 4 - 1 

Other meta l s 

a n d 3 0 A l ­
a n d 2 -0 e a c h , of P b a n d S n . 

F e , 6 t o 1 0 ; P b , 1 t o 2 - 5 . 

A s , 2 . 

F e , 1-5 ; S n , 2 - 7 5 ; A l , 0 -5 ; C o 
F e , 5 ; S n , 2 ; C o , 1. 
F e , 3 - 4 . 
F e , 0 - 9 5 . 

S n , 2 ; A l , 0 - 5 . 

O t l i o r v a r i e t i e s H a v e 6 8 : 3 2 : 
a n d 5 5 - 1 3 : 2 4 - 3 8 : 2 0 - 3 . 

P b , 0 1 5 ; F e , 0 -47 ; M n , 0 1 5 . 
1 t o 2 M n . 
C r , 1 0 . 
F e , 4 - 5 . 
P b , 2 ; S n , 1. 
F e , 1 t o 1-5 ; S n , 1 t o 2 - 7 5 ; 

O t o 0 -5 ; C o , 1 t o 2 . 
F e , 0 - 7 6 . 
F b , F e , S n , S b — e a c h 7-2 . 
A l , 0 1 . 

F e , 0 - 2 8 ; A l , 0 1 1 . 
A g , 2 ; F e , 0 - 5 . 

, 2 . 

0 ; 

A I , 

The most common impurities in nickel-silvers are derived from the metals 
employed, and, according to A. Fyfe, J . D . Smith, O. Henry, J. P . J . d'Arcet, 
P . Louyet, L. Eisner, F . C. Thompson, etc., they consist of small quantities of 
iron, lead, and tin. Small proportions of other elements may be deliberately 
added, and numerous mixtures have been patented. E.g., those by Societe 
Anonyme Ie Ferronickel, V. Schmidt, J . Coup and E . Allbaugh, C. F . Ackermann, 
etc. The general effect of a small proportion of iron—say 1 or 2 per cent.—is to 
increase the strength, hardness, and elasticity. Lead, and tin make the metal 
unsuited for rolling, bu t lead, to the extent of 2 or 3 per cent., is favourable when the 
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m e t a l is c a s t a n d s u b s e q u e n t l y w o r k e d . Carbon i m p r o v e s t h e w o r k i n g qua l i t i e s 
of t h e cold al loy, b u t w h e n t h e t e m p , r eaches 650° t o 700° t h e c a r b o n is l iable 
t o s e p a r a t e as g r a p h i t e . F . C. T h o m p s o n f o u n d t h a t o x y g e n m a y occur in t h e 
c a s t m e t a l a s a finely diffused ox ide , p r o b a b l y z inc ox ide . T h e a d d i t i o n of a 
deoxid izer , such a s 0 5 t o 1-5 p e r c e n t , of manganese, r educes t h e size of t h e c r y s t a l 
g ra ins , a n d lessens t h e t e n d e n c y t o c o r r u g a t i o n or " riffling " p r o d u c e d b y a d j a c e n t 
c ry s t a l s be ing t h r u s t one ove r t h e o t h e r . M. Ie T h o m a s s t u d i e d t h e nickel-manganese 
brasses. F . L . S p e r r y r e c o m m e n d e d 0-1 p e r cen t , of aluminium a s a d e o x i d i z a n t ; 
a n d J . W . R i c h a r d s a lso r e c o m m e n d e d 2 t o 3 p e r cen t , of a l u m i n i u m t o p r o d u c e 
a w h i t e , s t r o n g , e las t ic a l loy. C. W . L e a v i t t f o u n d t h a t w i t h magnesium a d d e d a s 
a m e t a l w r a p p e d i n copper-foi l , or a s a m a g n e s i u m - c o p p e r al loy, t h e m e c h a n i c a l 
p r o p e r t i e s , exp res sed in lbs . p e r sq. in . , were g r e a t l y i m p r o v e d : 

Cu : Ni : Zn 60 : 14 : 20 52 : 22 : 2O 55 : 2G : 19 55 : 25 : 18 
, * , , * s , * „ , * s 

M a g n e s i u m . . N o n e O - 1 % N o n e 0 - 1 % N o n e 0 - 1 % N o n e 0 - 1 % 
T e n s i l e s t r e n g t h . 30 ,200 35,20O 27,800 29,10O 30,00O 31,700 24,9OO 33,70O 
E l o n g a t i o n (per c e n t . ) 2-5 8-5 3-5 10-75 7 0 1 1 0 7-25 12-25 

A. P a r k e s , a n d A. M. Fa i r l i e r e c o m m e n d e d smal l a d d i t i o n s of chromium ; a n d t h e 
a l loy platinoid m a y c o n t a i n 1 or 2 p e r cen t , of tungsten. W . Woolf a n d J . A n d r e w s 
p a t e n t e d a n al loy w i t h a n t i m o n y . A c c o r d i n g t o E . A . S m i t h , t h e s t a n d a r d Br i t i sh 
co inage h a s Ag 50, Cu 40, N i 5 , Z n 5 . 

I n s o m e cases, t h e a l loys a r e p r e p a r e d b y p l ac ing a l t e r n a t e l aye r s of t h e t h r e e 
e l e m e n t s in a cha rcoa l c ruc ib le , cove r ing t h e m i x t u r e w i t h cha rcoa l , a n d m e l t i n g 
t h e m i x t u r e s a r a p i d l y as poss ib le . O n e - t h i r d of t h e zinc a n d n ickel is a d d e d in 
t h i s w a y , a n d t h e r e m a i n d e r is i n t r o d u c e d af te r t h e m i x t u r e h a s m e l t e d . T h e 
vo la t i l i t y of t h e z inc m a k e s i t difficult t o ge t t w o b a t c h e s t o ag ree in c o m p o s i t i o n . 
H . Kloss r e c o m m e n d e d a modi f ica t ion of t h i s p rocess . I n a n o t h e r p rocess , t h e 
s e p a r a t e m e t a l s a r e n o t e m p l o y e d , b u t t h e y a r e u sed in t h e fo rm of b i n a r y a l loys . 
P a r t of t h e coppe r is a l loyed w i t h n icke l (1 : 1 or 1 : 2) t o fo rm cupron icke l , a n d 
p a r t w i t h z inc ( 1 : 2 ) t o fo rm b ras s . T h e b ra s s is a d d e d t o t h e cup ron i cke l a f te r 
i t h a s b e e n m e l t e d in a c r u c i b l e — u s u a l l y m a d e of g r a p h i t e . T h e nickel i n t r o d u c e d 
a s cup ron icke l dissolves in t h e m o l t e n b ra s s m o r e r e a d i l y t h a n does n icke l a lone . 
I t is sa id t h a t i t is t h u s poss ible t o p r o d u c e a m o r e h o m o g e n e o u s al loy, a n d t o r e d u c e 
t h e loss b y t h e vo la t i l i za t ion of z inc t h a n w h e n t h e s e p a r a t e m e t a l s a r e used . 
T h e m o l t e n m i x t u r e is s t i r r ed w i t h a c a r b o n or a n i ron rod . T h e i ron- rod m a y be 
c o a t e d w i t h a m i x t u r e of fireclay a n d b o r a x . T h e p r e p a r a t i o n of t h e a l loys w a s 
d iscussed b y S. K e r n , C. P . K a r r , t h e E l e k t r o s t a h l G . m . b . l l . , t h e !Diirener 
Me ta l lwerke , A. T . v o n GersdorfT, K . StyfEe, a n d T . E . K i h l g r e n a n d 
co-workers . A. v o n K u g e l g e n d iscussed t h e p r e p a r a t i o n of t h e a l loy b y 
t h e use of r o a s t e d copper -n icke l ore r e d u c e d b y ca l c ium chlor ide , a n d 23. N e u ­
m a n n sa id t h a t t h e e q u a t i o n : 3M 2 O + CaC 2 = 3M 2 + CaO + 2CO m o r e n e a r l y 
r e p r e s e n t s t h e r e a c t i o n t h a n A. v o n K u g e l g e n ' s e q u a t i o n : 5M 2 O + C a C 2 = C a O 
+ 5 M 2 + 2 C O 2 , because t h e gaseous p r o d u c t c o n t a i n s a p p r o x i m a t e l y e q u a l vols , of 
c a r b o n m o n o x i d e a n d d iox ide . B . N e u m a n n cons ide red t h a t t h e c a r b o n d iox ide 
is d u e t o a s e c o n d a r y r e a c t i o n b e t w e e n t h e m e t a l ox ide a n d c a r b o n m o n o x i d e . 

Gr. L a n g b e i n o b t a i n e d t h e a l loy e lec t ro ly t i ca l ly f rom a soln. of coppe r a n d z inc 
s u l p h a t e s in a n aq . soln. of p o t a s s i u m c y a n i d e , m i x e d w i t h a soln. of n icke l c a r b o n a t e 
in a q . a m m o n i a . C. JJ. F a u s t a n d Gr- H . Mont i l l on s t u d i e d t h e sub jec t . M. K u g e l 
u sed a n e l ec t ro ly te c o n t a i n i n g a s t r o n g m i n e r a l ac id w h i c h is n o t c h a n g e d b y t h e 
c u r r e n t — e . g . , pe rch lor ic , p e r b r o m i c o r su lphu r i c a c i d — a n d a lso t h e sa l t of a l i gh t 
m e t a l l ike m a g n e s i u m , n o t c h a n g e d b y t h e c u r r e n t , i n o r d e r t o m a i n t a i n t h e 
a c i d i t y of t h e b a t h s w i t h o u t a d d i n g a fresh ac id . N i t r i c ac id , t h e ha logen ac ids , 
a n d o rgan i c ac ids a r e n o t s u i t a b l e . T h e a n o d e cons i s t s of nickel-s i lver , a n d 
t h i s m a i n t a i n s t h e c o m p o s i t i o n of t h e b a t h c o n s t a n t a s nickel-s i lver is depos i t ed 
a t t h e c a t h o d e . 

A c c o r d i n g t o H . Ie Chate l ier , G e r m a n si lver b e h a v e s l ike a solid soln. which 
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suffers on hea t ing a molecular t r ans fo rma t ion which shows a po in t of inflexion 
wi th a m a x i m u m a n d a m i n i m u m , on t h e electrical conduc t iv i ty curve—vide 
infra. V. E . Tafel s tudied t h e t e r n a r y sys tem, a n d he found t h a t t h e t e r n a r y 
alloys l iqua te considerably so t h a t t h e lower por t ions of t h e ingots become 
richer in nickel. The t e r n a r y d i ag ram, F ig . 131, shows no signs of a 
t e r n a r y compound or a t e r n a r y eu tec t ic . The surface of t h e t e m p e r a t u r e -

concen t ra t ion model consists of t h r ee 
surfaces each represen t ing t h e sepa ra t ion 
of a series of p r i m a r y solid soln. T h e t h i r d 
of these , t h e r iches t in zinc, is s e p a r a t e d 
from t h e second by a eu tec t ic l ine. T h e 
G e r m a n silver t y p e of alloys consist of 
homogeneous mixed c rys ta l s . 

V. E . Tafel found t h a t t he al loys con­
ta in ing 15-3 to 20-0 per cent , of nickel , 
73 t o 80 per cent , of copper , a n d 7 per cent , 
of zinc are r e m a r k a b l y like silver in colour 
when polished, a n d in duc t i l i ty . T h e al loys 
wi th t h e zinc a n d copper , in t h e p ropor t ions 
approach ing those of t h e brasses , a re brass -
yellow ; those w i t h a h igh p ropor t ion of 
zinc h a v e t h e bluish-grey colour of zinc. 

IT. Behrens observed t h e mic ros t ruc tu re of t h e al loys. Alloys wi th 12 p e r c e n t , 
of nickel a n d 30 per cent , of zinc show greyish-whi te dendr i t e s ; t h e jo in t s 
be tween the c rys ta l s are na r rower , t h e h igher t h e p ropor t i on of t h e Ni : Zn r a t io 
the more m a r k e d is t h e n e t w o r k involving a n i n t e r m e d i a t e subs tance , and , l a t e r 

\£00 
K7O0 
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\506 , 
%450 

Ni Zn 
Kits . 130.~ I s o t h e r m a l F r e e z i n g - p o i n t 

Line*; of t h o N i c k e l - C o p p e r - Z i n c A l l o y s . 

10 20 30 40 50 Melt 70 80 90 70 60 Melt 40 30 

70 60 
F i a . 1 3 1 . 

50 40 30 20 10 
- T h e T e r n a r y S y s t e m : N i - C u - Z n . 

Cu 

on, recrys ta l l iza t ion sets in . T h e coring of t h e c rys ta l s in cas t nickel-si lvers 
is ve ry pers is tent in t h e nickeliferous a l loys , a n d t h i s i m p a r t s b r i t t l eness t o t h e 
m e t a l . G. F . Geiger a n d R. E . Case discussed t h e colour of these a l loys. T h e 
t r ans fo rma t ion of t h e s t ruc tu re t o homogeneous or a l lo t r imorphic c rys ta l s is 
p roduced by annea l ing—stud ied b y O. F . H u d s o n , and F . C. Thompson . The 
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m i c r o s t r u c t u r e w a s e x a m i n e d b y A. T . v o n GersdoriT, O. F . H u d s o n , F . C. T h o m p s o n , 
a n d V. E . Tafel . O. B a u e r a n d M. H a n s e n i n v e s t i g a t e d t h e t e r n a r y s y s t e m , a n d 
F i g . 131 s u m m a r i z e s t h e r e su l t s . I t shows t h e r e l a t i on of t h e t e r n a r y s y s t e m t o 
t h e t h r e e b i n a r y s y s t e m s p r e v i o u s l y discussed. O b s e r v a t i o n s were m a d e b y 
L . Gui l l e t , J . Cou rno t , F . A d c o c k , O. B a u e r a n d M. H a n s e n , K . Y a m a g u c h i a n d 
K . N a k a m u r a , V. E . Tafel , F . M. Os t roga , O. Smal l ey , a n d W . B . P r i c e a n d 
C G . G r a n t . 

S. K a l i s c h e r sa id t h a t n ickel -s i lver shows n o c rys ta l l ine s t r u c t u r e w h e n m a d e 
t h e e lec t rode i n a soln. of c o p p e r s u l p h a t e , b u t t h e c rys ta l l ine s t r u c t u r e is m a n i f e s t 
w h e n t h e m e t a l is e t c h e d w i t h n i t r i c ac id . E . F . L a w showed t h a t t h e mic ro -
s t r u c t u r e closely r e s e m b l e s t h a t of t h e b rasses which consis t of t h e ot-solid soln. of 
t h e coppe r -z inc a l loys . O. F . H u d s o n used a s t r o n g l y ac id soln. of ferric ch lor ide 
a s e t c h i n g l iqu id . T h e m i c r o s t r u c t u r e s of cold-rol led a n d a n n e a l e d s amp le s show 
t h a t c r y s t a l g r o w t h occu r s on a n n e a l i n g t h e a l loys , b u t t h e cold-rol led a l loy m a y 
show s igns of t h e or ig ina l cored s t r u c t u r e of t h e c a s t m a t e r i a l ; a n d t h e cored 
s t r u c t u r e is in ev idence a f te r 48 h r s . ' a n n e a l i n g a t 700° ; b u t i t h a d v a n i s h e d af ter 
72 h r s . ' a n n e a l i n g a t t h a t t e m p , w h e n t h e m e t a l is v i r t u a l l y h o m o g e n e o u s . T h e 
e x t r e m e s lowness of diffusion in G e r m a n s i lvers a s c o m p a r e d w i t h t h e co r r e spond ing 
a-sol id soln. of t h e copper -z inc a l loys is a t t r i b u t e d t o t h e p resence of n ickel . T h e 
s t r u c t u r e w a s s t u d i e d b y E . O. J o n e s a n d E . W h i t e h e a d , I i . G e n d e r s , a n d 
O. Sma l l ey . 

I . rv lemencic o b t a i n e d a l loys w i t h a specific grav i ty r a n g i n g f rom 7-18 t o 8-96 ; 
t h a t of nickel-s i lver be ing 8-62 ; a n d t h a t of n ickel in , 8-96 ; a n d C H . Lees , 8-665 
for t h e a l loy w i t h C u : Ni : Z n = 6 2 : 15 : 22 ; a n d M. Weid ig , 8-451 for t h e 
59-89 : 20-15 : 19-9-alloy. F . C. T h o m p s o n f o u n d t h e sp . gr . of a l loys a t 17° 
t o be : 

Copper . 
Nickel . 
Zinc 
H a r d w o r k o d l ^ - V ° L 

lop. gr. 
Annoyed { « £ J^1-

T h e decrease in t h e specific v o l u m e w i t h a n increase in t h e n icke l c o n t e n t is well-
m a r k e d wi th b o t h t h e a n n e a l e d a n d w o r k - h a r d e n e d s t a t e s . T h e va lues in t h e 
a n n e a l e d s t a t e a r e c o n s i s t e n t l y h ighe r t h a n in t h e w o r k - h a r d e n e d s t a t e . T h e 
a d d i t i o n of u p t o 1-5 p e r c e n t , of m a n g a n e s e h a s n o p r a c t i c a l influence on t h e 
sp . vol . a l t h o u g h t h e deox id i zed a l loys h a v e a h i g h e r sp . gr . T h e inc rease in 
sp . gr . d u e t o a n inc rease i n t h e p r o p o r t i o n of c o p p e r t o zinc is c lear ly s h o w n in 
a l loys w i t h a b o u t 15 p e r cen t , of n ickel . A r g e n t a n is said t o be h a r d e r t h a n si lver, 
a n d V. E . Tafel a d d e d t h a t a l loys w i t h 7 t o 20 pe r cen t . Cu, 33 t o 40 p e r cen t . Ni , 
a n d 40 t o 52 p e r cen t , of z inc a r e v e r y h a r d . F . C T h o m p s o n ' s va lues for Br ine lTs 
hardness w e r e o b t a i n e d w i t h a l oad of 500 k g r m s . a n d a ball 10 m m . in d i a m e t e r . 
T h e r e is a v e r y m a r k e d inc rease in t h e h a r d n e s s a t a b o u t 300° t o 330° . T h e 
inf luence of n ickel is t o ra ise t h e t e m p , a t w h i c h sof ten ing c o m m e n c e s . T h i s is 
s h o w n b y t h e fol lowing d a t a : 

60-6 
7-6 

31-7 
O-1169 
8-55 
O-1 1 80 
8-48 

61-8 
16-4 
21-7 
O-1157 
8-65 
0-1 1 62 
8-60 

61-6 
22-4 
15-9 
O-1 140 
8-77 
O-1148 
8-71 

55-7 
17-4 
26-7 
O-1169 
8-56 
O-11 73 
8-52 

61-2 per cent. 
28-6 
9-8 
O-1145 
8-73 
O-1 1 45 
8-74 

Copper . 
Nickel 
Zinc . 
H a r d rolled 

Annealed < 

rl88° . 
300° . 
401° . 
495° . 
603° . 
696° . 
781° . 
.903° . 

6O-6 
7-6 

31-7 
130 
158 

. 185 
130 
92 
80 
64 
62 
48 

61-8 
16-4 
21-7 
130 
155 
185 
158 
13O 
88 
7O 
64 
61 

61-6 
22-4 
15-9 
134 
155 
176 
15O 
143 
93 
73 
74 
72 

55-7 
17-4 
26-7 
167 
185 
203 
167 
109 
88 
7O 
66 
58 

61-2 por cent 
28-6 
9-8 
158 
167 
195 
174 
143 
13O 
95 
88 
8O 
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Obse rva t i ons were m a d e b y C. A . T h o m p s o n . E . R o b i n s t u d i e d t h e a cous t i c 
properties of a wh i t e a l loy a n d obse rved t h a t b e t w e e n 315° a n d 320° t h e c u r v e of 
t h e d u r a t i o n of t h e s o u n d w h i c h w a s p rogress ive ly r is ing u p t o t h a t t e m p , a s s u m e d 
a n exceedingly r a p i d rise, a n d w i t h i n a n i n t e r v a l of 10 p e r cen t , t h e d u r a t i o n of 
t h e s o u n d increased t o n e a r l y fivefold. T h e v a r i a t i o n in t h e r e sonance is so r a p i d 
t h a t if t h e m e t a l be s t r u c k c o n t i n u o u s l y whi le cooling, t h e r e sonance m a y be h e a r d 
t o fall s u d d e n l y a t a p a r t i c u l a r b low. T h e lowes t c u r v e r e l a t e s t o w h i t e m e t a l 
fresh from t h e mil l . T h e h ighes t c u r v e re l a t e s t o t h e s a m e b a r r e h e a t e d f rom 
a b o u t 500°. T h e m i d d l e c u r v e is t h a t of a n a n n e a l e d w h i t e m e t a l ( h e a t e d t o 650° 

a n d cooled for 5 h r s . d o w n t o 150° o r 
200°) . T h e b e n d in t h e c u r v e d u e t o t h e 
cr i t ica l p o i n t is m o r e a c c e n t u a t e d in t h e 
c u r v e of t h e a n n e a l e d m e t a l ; s t r ess ing 
lessens i t a good dea l . H e a t i n g t o 400° 
p a r t l y d e s t r o y s t h e effect of s t ress ing , b u t 
i t is p r o b a b l e t h a t t h e c o m p l e t e s u p ­
press ion of t h e cr i t ica l p o i n t could n o t b e 
no t i ced . 

V. E . Tafel f ound t h a t a l loys w i t h 73 
t o 80 pe r cen t , copper , 15 t o 20 p e r cen t , 
of n ickel , a n d 7 p e r cen t , of z inc a r e a s 
ma l l eab le a s s i lver ; a n d K . Styffe a d d e d 
t h a t t h e mal leabi l i ty is r e d u c e d b y h igh 
p r o p o r t i o n s of z inc , a n d V. E . Tafel f o u n d 
t h a t t h e br i t t leness a t t a i n s t w o m a x i m a — o n e 
w i t h 27-3 p e r cen t , of copper , 7-6 p e r cen t , 
of n icke l , 65-1 pe r cen t , of z inc, a n d t h e 
o t h e r w i t h 13-5 p e r cen t , of copper , 16-4 p e r 
cen t , of n ickel , a n d 70-1 pe r cen t , of z inc . 
A. F y f e r e p o r t e d t h a t t h e Chinese p a c k f o n g 
b e c o m e s b r i t t l e w h e n h a m m e r e d a t a du l l 

t h e a r g e n t a n c o n t a i n s 0-13 t o 0-18 p e r c en t . 

200 300 400° 

F I G . 132.—Acoust ic Properties of a 
Cu-Ni-Zn Al loy . 

r e d - h e a t . C. Ki inze l f ound t h a t if 
of ch lor ide , i t is b r i t t l e . K . Styffe f o u n d t h a t t h e t o u g h n e s s of nickel-s i lver is 
f avou red b y a h ighe r p r o p o r t i o n of n i c k e l — u p t o 20 p e r c e n t . V. E . Tafel found 
t h a t t h e a l loys w i t h 7 t o 20 pe r cen t , of copper , 33 t o 40 p e r cen t , of n ickel , a n d 
40 t o 52 pe r cent , of zinc a r e t o u g h . Acco rd ing t o S. K e r n , t h e ca s t a l loy w i t h 
70*0, 17-5, a n d 12-5 p e r cen t , r e spec t ive ly of copper , n ickel , a n d zinc h a d a t ens i l e 
s trength of 26 t o n s p e r sq . in . , a n e longa t i on of 23 p e r cen t , i n 2 inches , a n d a 
b e n d i n g t e s t of 67° over a r a d i u s of I f i nches ; wh i l s t w i t h 70-0, 20-0, a n d 
10-0 p e r cen t , r e spec t ive ly of copper , n icke l , a n d zinc, t h e tens i le s t r e n g t h w a s 
36 t o n s p e r sq. in . w i t h a n e longa t ion of 14 t o 17 p e r cen t . , a n d a b e n d i n g t e s t 
of 35° t o 40° over a r a d i u s of I f inches . T h e f r ac tu re in b o t h cases w a s f ibrous. 
O b s e r v a t i o n s were a lso m a d e b y C. Diegel , J . McNei l , J . C o u r n o t a n d E . H i l t b o l d , 
G. F . Geiger a n d R . E . Case, a n d K . R . K o c h a n d C. D a n n e c k e r . M. W e i d i g 
obse rved t h a t t h e effect of a n n e a l i n g o n a w o r k - h a r d e n e d a l loy 59*89 p e r cen t , 
copper , 20*15, n ickel , a n d 19-9, z inc , a n d t h e tens i le s t r e n g t h i n k g r m s . p e r sq . m m . , 
t h e p e r c e n t a g e e longa t ion , a n d t h e b e n d i n g n u m b e r — i . e . , t h e n u m b e r of c o m p l e t e d 
bend ings , t h r o u g h 90° a n d b a c k over a r a d i u s of 5 m m . , w h i c h c a n b e c o m p l e t e d 
w i t h o u t t h e a p p e a r a n c e of a f r ac tu re , were : 

400° 600° 800° 

Tensi le s trength 
E longat ion . 
B e n d i n g number . 

Hard 
alloy 

62-95 
4-9 

1 4 0 

, " s 
air water 

60-26 58-28 
10-8 10-8 
14O 14-5 

air 
44-56 
34-25 
16-0 

water 
43-85 
31-85 
1 5 0 

, 'N „ 

air water 
39-32 39-60 
36-5 36-0 
lO-O 10-5 

T h e m o s t f avourab le a n n e a l i n g t e m p , is b e t w e e n 600° a n d 700° . F . C. T h o m p s o n 
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o b t a i n e d t h e following resul t s for t h e tensile s t r eng ths a n d compress ive s t r eng ths 
of cas t b a r s expressed in t o n s per sq. in. : 

Oi 

Te
ns

U 

f t , 

I O 

C o p p e r 
N i c k e l 
Zinc 

f" Y i e l d - p o i n t . 
I M a x . s t r e s s . 
[ E l o n g a t i o n . . 
l P t e d u e t i o n 
f E l a s t i c l i m i t 
E l a s t i c m o d u l u s 

6O-6 
7 - 6 

3 1 - 7 
7 -16 

1 6 - 8 8 
3 4 - 5 
3 7 - 2 

6-O 
6 4 5 0 

S t r e s s t o c o m p r e s s t o £ 
h e i g h t 

C o m p r e s s i o n 

t. 

7 4 - 8 
5 7 - 2 

6 1 - 8 
16-4 
2 1 - 7 

9-OO 
1 7 - 8 0 
3 9 - 5 
32 -7 

7 0 
9 8 0 0 

7 8 - 5 
5 6 - 2 

6 1 - 6 
2 2 - 4 
15-9 

8-52 
17-2O 
2 4 - 5 
26-7 
1 0 0 

43OO 

7 4 0 
5 7 - 8 

55 -7 
17-4 
26 -7 

9 -04 
1 7 1 2 
3 3 - 5 
3 7 - 8 

7-25 
563O 

81-2 
5 5 - 2 

6 1 - 2 p e r c e n t . 
2 8 6 

9 - 8 
8-76 

19 -72 
32-O p o r c e n t . 
36-7 

8-O 
803O 

8 4 0 
5 5 - 0 p e r c e n t , a t 

1OO t o n s p o r 
s q . i n . 

F . C. T h o m p s o n observed t h a t a r e m a r k a b l y smal l change is p roduced in t h e 
mechan ica l t e s t s b y a l t e ra t ions of compos i t ion . T h e alloys are gradual ly h a r d e n e d 
b y increasing p ropor t ions of nickel , b u t n o t so m u c h as m i g h t h a v e been expec ted . 
T h e ha rden ing shown in t h e resul t s for t h e y ie ld-poin t , a n d m a x i m u m stress in 
tens ion, a n d t h e t r u e e last ic l imit in compress ion find no c o u n t e r p a r t in t h e 
duc t i l i ty co lumns since th i s undergoes ve ry l i t t le change . The in t roduc t ion of u p 
t o 1-5 per cent , of manganese has a beneficial influence, for i t increases t h e duc t i l i ty 
w i t h o u t a loss of s t r eng th . The va lues for t h e e last ic modulus for compress ive 
stresses a re i r regular . This is a t t r i b u t e d t o t h e differences of cas t ing t e m p . , r a t e of 
cooling, a n d cooling stresses in t h e cas t al loys. A. G r a y a n d co-workers gave 
1-3046 X 10 1 2 dynes per sq. cm. for Y o u n g ' s modulus a t 20-3°, a n d 1-2701 X 10 1 2 a t 
86-9°. T h e d iminu t ion pe r degree is therefore 0-000397. F o r t h e elastic modu lus 
of cas t nickel-silver, A. G r a y a n d co-workers gave 13,300 kg rms . per sq. m m . ; a n d 
W . Pscheid l , 12,094 ; a n d for t h e d r a w n me ta l , S. Ka tzene l sohn gave 11,449 k g r m s . 
pe r sq. m m . ; a n d G. Searle , 11,550. F o r P o i s s o n s r a t io , J . K. B e n t o n gave 
0-371, a n d for nickelin, 0-403. W . G. B r o m b a c h e r a n d E . R . Melton, H . J . F r e n c h 
a n d W . A. Tucker , L . Guil let , G. I I . K e u l e g a n a n d M. R . H o u s e m a n , K . I t . K o c h 
a n d C. Dannecke r , F . M. Ost roga , W . B . Pr ice a n d P . Dav idson , C. !Rothert a n d 
G. De rn , O. Smal ley , E . K. Thews , G. L . Thirkel l , F . C. T h o m p s o n a n d E . W h i t e ­
head , a n d Li. J . W o o d a n d S. W . P a r r s tud ied t h e mechan ica l proper t ies of these 
al loys. 

F . C. T h o m p s o n observed for t h e tors ion s trength r ep resen ted by t h e n u m b e r 
of comple te ro t a t ions or twis t s which a wire can e n d u r e : 

C o p p e r 
N i c k e l 
Z i n c . 
H a r d , d r a w n 

rioo° . 
2 9 3 ° . 

I 4 0 5 ° . 
A n n e a l e d - } 4 9 9 ° . 

I 5 8 9 ° . 
6 9 6 ° . 

1 7 9 7 ° . 

6O-6 
7 - 6 

. 31 -7 
2 - 5 
6 - 5 
2 0 

4 2 
4 8 
5 3 
8 1 
8 4 

6 1 - 8 
16-4 
21 -7 

2 - 5 
2 1 

2 
2 9 
5 O 
6 2 
7 6 
8 6 

6 1 - 6 
2 2 - 4 
15-9 

1 
3 
5 - 5 
7 - 5 

1 5 
1 0 1 
1 1 5 
1 1 9 

55-7 
J 7-4 
26 -7 

2 
1-5 
1-5 
2 - 5 

3 9 
5 O 
7 1 
7 0 

61-2 p e r c e n t 
2 8 - 6 

9 - 8 
1 4 

9 - 5 
14-5 
2 3 
3 2 
4 9 
9 8 
7 9 

T h e n u m b e r of tw i s t s which a re possible w i th t h e h a r d - d r a w n wire is v e r y small , 
a n d l i t t le i m p r o v e m e n t occurs un t i l recrys ta l l iza t ion commences . T h e duc t i l i ty 
t h e n r ap id ly increases, a n d w i t h i t , t h e res is tance t o tors ion. A f la t tened m a x i m u m 
a p p e a r s on t h e cu rve , af ter which , t h e al loy begins to b u r n , a n d the n u m b e r of 
tw i s t s falls off aga in . There is a g r adua l rise in t h e t e m p , a t which anneal ing 
commences a s t h e p ropor t ion of nickel is increased. The resul ts wi th fully 
annea led al loys con ta in ing u p t o 1-5 per cent , of manganese show t h a t deoxida t ion 
w i t h m a n g a n e s e improves t h e al loys. A. G r a y a n d co-workers gave 3-4256 X 10 1 1 

d y n e s pe r sq. c m . for t h e modulus of rigidity of nickel-silver a t 20-7°, a n d 
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3-3033 X 10 1 1 a t 88-3°, so t h a t t he d iminu t ion is 0-000528 per degree. The effect 
of t e m p , on the ra te of subsidence of tors ional v ib ra t ions , F ig . 133, shows t h a t t h e 
r a t e of dy ing out of t h e ampl i tude is faster a t t h e lower t e m p . This is t h e reverse 
of t h a t found with wires of o the r me ta l s . G. S u b r a h m a n y a m calcula ted t h e 
logar i thmic decrement ; a n d G. H . Keu legan a n d M. R . H o u s e m a n measu red t h e 
t e m p , coeff. of t h e r igidi ty ; S. Sa to , t h e l a t e n t energy due t o cold work. 

F . C. Thompson found t h a t alternating: stress t e s t s w i th some commerc ia l 
alloys furnished the following resul ts : 

61-25 
10-25 
27-42 

H O 
70 
82 
79 

255 
315 
326 
312 
170 
362 

All t h e samples become less duct i le be tween 300° a n d 400°. The increased ha rd ­
ness p roduced by an increased p ropor t ion of nickel is shown b y t h e smaller n u m b e r 
of a l t e rna t ions endured b y t h e alloys wi th a high p ropor t ion of nickel. The alloys 
de te r iora te when t h e y are hea ted t o a high t e m p , a n d cooled in air. T h e cooling 

80' 

70c 

60° 
CQ 

-i so* 

30 

20* 

C o p p e r 
N i c k e l . 
Z i n c 
H a r d r o l l e d 

A n n e a l e d 

e d s l o w l y f r o m 

. 
. 

, 
f 3 0 0 0 

3 7 0 ° 
4 4 0 ° 
5 1 0 ° 
6 5 0 ° 
7 8 5 ° 
8 6 0 ° 
9 3 0 ° 
9 5 0 ° 

6 0 - 0 8 
9-91 

2 8 - 3 1 
. 5 3 4 

4 6 O 
3 8 6 
3 2 8 

. 8 0 3 

. H O O 

. 1387 

. 1 4 1 4 

. 1 0 2 3 
. 1 4 3 1 

5 5 - 6 0 
1 2 1 7 
3 1 - 4 3 

1 1 5 
6 7 
7 O 

1 3 O 
2 8 0 
4 1 6 
3 8 2 
3 5 7 
255 
3 6 0 

5 8 - 3 8 
18 -77 
2 2 - 3 7 
5 1 
3 5 
3 5 
4 5 

1 0 7 
2 6 8 
2 5 7 
3 0 6 
2 6 2 
2 6 0 

5 5 - 4 9 p e r c e n t . 
2 3 0 6 
2 0 - 6 6 
4 4 
4 1 
4 2 
4 2 
2 8 

1 5 8 
2OO 
1 7 6 

7 3 

— 

'UUU 

I? 750 

I 500 

25O 

) 
/ 

/ 
f 

0 20 40 
Vibrations 

60 2 4 
Time annealing 

6 hrs. 

F i o . 133.—The Effect of T e m p e r a t u r e 
on t h e D a m p i n g of Tors iona l 
Osci l la t ions . 

F I G . 134 .—The Effect of t h e !Duration 
of Annea l ing on t h e Res i s t ance t o 
A l t e r n a t i n g St resses . 

of t h e alloys in a muffle from 930° improves the i r res is tance t o a l t e rna t ing stresses. 
Impur i t i e s usual ly p resen t in commerc ia l al loys h a v e ve ry l i t t le influence on the i r 
hardness , a n d res is tance t o a l t e rna t ing stresses. T h e t e n d e n c y of t h e alloys t o 
bu rn is increased b y increasing t h e p ropor t ion of nickel , b y increasing t h e ra t io 
Zn : Cu, a n d by increasing p ropor t ions of impur i t i es p re sen t in t h e al loys. T h e 
general effect of t h e d u r a t i o n of annea l ing on th i s res is tance of these al loys t o 
a l t e rna t ing stresses is i l lus t ra ted b y t h e curve in F ig . 134. This s teadi ly rises from 
a b o u t 693 after 1 h r . ' s annea l ing t o a b o u t 933 af ter 4 hrs . ' annea l ing . T h e same 
resul t is ob ta ined w i th 6 hrs . ' hea t ing , b u t af ter 7 hrs . ' annea l ing t h e m e t a l becomes 
more br i t t le and less duct i le . T h e influence of t h e r a t e of cooling is i l lus t ra ted b y 
a n alloy wi th 10 per cent , of nickel, a n d 61 pe r cent , of copper . The samples cooled 
v e r y slowly or ve ry quickly are t h e m o s t duct i le a n d t h e softest, whils t t h e o the r s 
are h a r d e r a n d no t so t ough : 

Alternations Brinell's 
endured hardness 

Cooled slowly in closed p o t f rom 800° . . . . 932 47 
Cooled in t h i n s t r i p s in a i r f rom 720° . . . . 343 63 
Q u e n c h e d in w a t e r from 370° . . . . . 427 55 
Q u e n c h e d in w a t e r from 720° . . . . . 444 53 



N I C K E L 2 1 7 

D . J . M c A d a m gave t h e following fatigue t e s t of an annea led copper-nickel-zinc 
al loy wi th Cu : Ni : Z n = 74-01 : 19-45 : 5-17, expressed in lbs . per sq. in. : Tensile 
s t r e n g t h , 5 1 , 100 ; to rs iona l s t r eng th , 43, 900 ; shear ing s t r eng th , 35 , 600 ; 
e n d u r a n c e l imit ( ro ta t ing) 20, 800 ; a n d endurance l imit ( a l t e rna t ing tors ion) , 
13,000. 

F . PfafE found t h a t t h e coefx. of thermal expans ion of nickel-silver is 0-041836 
be tween 0° a n d 100° ; a n d A. G r a y a n d co-workers , 0 0 5 6 5 4 . G. R . D a h l a n d e r 
observed t h a t t h e coeff. of t h e r m a l expans ion between 0° a n d 100° increases from 
0 0 4 1 7 0 1 1 wi th a load of 1-250 k g r m s . in tension, t o 0-0417913 with a load of 
7-5 k g r m s . J . Disch gave for t h e l inear expans ion of e lec t rum, a t 0° be tween 0° 
a n d 300°, in m m . per m e t r e , o7=2-8240-hO-O16502 , or, zero a t 0°, 2-84 a t 100°, 
5-71 a t 200°, a n d 8-62 a t 300° According t o F . Wiis t , t h e cooling curve of t h e 
following alloys shows t w o b reaks , a n d t h e freezing is a t t e n d e d by a n expans ion 
a t t a i n i n g 0-045 pe r cent , as a m a x i m u m ; whils t a con t rac t ion begins be tween 920° 
a n d 1000°, t h u s , 

Break in cooling curve !Expansion Contraction 

Cu : Ni : Zn 

6 1 - 5 7 
5 6 - 2 0 
51-4O 
46-1O 

1 6 1 0 : 2 2 1 6 
2 0 - 4 0 : 2 3 - 3 6 
2 6 - 2 2 : 22-3O 
3 5 - 8 0 : 1 8 0 0 

F i r s t 

1 0 2 0 ° 
1 0 6 0 ° 
1 0 8 7 ° 
1 0 8 5 ° 

Second 

9 5 5 ° 
1 0 2 5 ° 

8 0 0 ° 

Begins 

1 0 6 8 ° 
1 0 4 9 ° 
1 0 8 0 ° 
1 0 9 0 ° 

Maximum 
(per cent.) 

O 0 4 5 
0 - 3 9 
0 - 0 2 7 
0 -032 

Begin-* 

9 1 7 ° 
9 2 4 ° 
9 4 9 ° 

1010° 

Maximum 
(per cent.) 

2 - 0 2 5 
2-05O 
2 -030 
1-935 

According to L.. Lorenz , t h e thermal conduct iv i ty of nickel-silver is 0 0 7 0 0 c.g.s. 
un i t s a t 0° , a n d 0-0887 a t 100° ; G. W i e d e m a n n a n d R . F r a n z gave 0-063 a t 1 2-5° ; 
C. H . Lees gave for t h e Cu : Ni : Z n = 6 2 : 15 : 22 alloy, 0-0415 a t —160°, 0-019 a t 
—80°, 0-056 a t 0° , a n d 0-0595 a t 18° ; a n d A. O. Mitchell , 0-0068 a t 0°, 0-0082 a t 
100°, 0-0096 a t 200°, a n d 0-0110 a t 300°. L . C. Bai ley gave for t h e t h e r m a l 
c o n d u c t i v i t y : 

— 170° 
0 - 0 3 9 

— 150° 
0 - 0 4 1 

— 50° 
O-051 

o° 
0 - 0 5 8 

50° 
0 - 0 6 6 

150° 
0 - 0 8 5 

250° 
0 -102 

450° 
0 1 1 8 

Observa t ions were m a d e b y T. B a r r a t t a n d R . M. Win t e r . G. Glage gave 0-131 
a t 80° for t h e t e m p , conduc t iv i t y , a n d 0-106 for t h e inner h e a t conduc t iv i ty of 
nickel-silver. H . Toml inson gave 0-09464 for t h e specific heat of nickel-silver 
be tween 0° a n d 100° ; a n d A. Campbel l observed t h a t t h e sp . h t . increases 0-009 per 
cen t , per degree be tween 16° a n d 8 0 ° ; 0-0115 pe r cent , a t 127° ; 0-0182 per cent , 
a t 142° ; 0-0297 per cent , a t 181° ; a n d 0-0505 pe r cent , a t 262°. Observa t ions 
were m a d e b y H . Esser a n d co-workers . M. Weidig found t h e melting" point of 
t h e Cu : Ni : Z n = 5 9 - 8 9 : 20-15 : 19-9-alloy t o be 1123°. G. F r i ck observed t h a t 
nickel-si lver mel t s a t a b r i g h t red-hea t , a n d in air, t h e zinc is oxidized ; whi ls t 
H . Behrens no t ed t h a t nickel-si lver me l t s more easily t h a n cupronickel , a n d no 
sp i t t i ng occurs in t h e cas t ing of t h e mo l t en me ta l . According to A. R. H a s l a m , 
if wires of t h e al loy be hea t ed t o redness in hydrogen , t h e less the p ropor t ion of 
nickel in t h e alloy, t h e g rea te r is t he loss of zinc. Thus , in 6 hrs . , 2-258 grins, of an 
al loy w i th 11-4 per cent , of nickel lost 0-274 grm. , a n d wi th 17-6 p e r c e n t , of nickel , 
0-182 g rm. W . H . Preece , a n d F . H . Cinget observed t h e s t r eng th of electric 
c u r r e n t requi red t o me l t wires of nickel-silver. The freezing point curves of t h e 
al loys a re i l lus t ra ted in F ig . 130. They are ob ta ined from V. E . Tafel 's d a t a : 

Copper 
Nickel 
Zinc 

Copper 
Nickel 
Zinc 
F r e e z b l«{end 1sn 8 

Break in cooling 

81-7 
11-8 

6 - 5 
1095° 

. 1 0 4 5 ° 

6 0 - 2 
33 -9 

5 - 8 
1 2 2 4 ° 
1 1 2 5 ° 

__ 

81-2 
13-2 

5 - 6 
1 1 3 3 ° 
1 0 7 2 ° 

6 0 - 4 
6 - 7 

32-2 
9 6 2 ° 
8 9 3 ° 

— 

73-6 
19-4 

7 0 
1 1 6 8 ° 
1 1 1 3 ° 

5 3 - 7 
3 9 - 4 

6 - 9 
1 2 5 3 ° 
1 1 6 6 ° 
— 

7 3 - 5 
13-8 
12-7 

1 1 0 4 ° 
1 0 3 1 ° 

5 1 1 
7 - 8 

4 1 1 
9 2 2 ° 

9 0 7 ° 

7 3 - 5 
7 - 5 

1 9 0 
1 0 3 6 ° 
9 6 9 ° 

4 7 - 2 
4 5 - 4 

7 - 4 
1 2 7 7 ° 
1 1 8 9 ° 

63-O 
2 6 6 
10-4 

1 1 9 5 ° 
1 1 0 4 ° 

4 4 0 
17 3 
38 -7 
9 4 7 ° 

9 1 1 ° 

61 -9 p e r c e n t . 
14 -3 
2 3 - 8 
9 8 8 ° 
9 2 8 ° 
3 9 - 9 p o r c e n t . 
2 7 - 1 
3 3 0 
9 1 5 ° 
— 

9 1 0 ° 
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38-9 
23-6 
37-5 
999° 

913° 

26-7 
6 7 O 
6-3 

1347° 
1252° 

20-8 
39-3 
39-9 

1099° 
969° 
727° 

14-5 
14-4 
711 
859° 
822° 

40-5 
8-O 

51-5 
872° 
851° 
573° 

271 
40-9 
3 2 0 

1134° 
1015° 
633° 

20-2 
26-5 
53-3 
946° 
882° 
390° 

6-1 
89-1 
4-8 

1394° 
1336° 

33-9 
60-9 
5-2 

1326° 
1230° 
.—. 
27-6 
3 3 O 
39-4 

1076° 
961° 
698° 

2 0 0 
22-6 
57-4 
887° 
847° 
773° 

5 0 
711 
23-9 

1297° 
1199° 

33-8 
33-6 
32-6 

1110° 
1011° 

22-6 
36-7 
40-7 
989° 
928° 
725° 

19-5 
9-1 

71-4 
829° 
762° 

6-9 
49-5 
43-6 

1102° 
___ 

851° 

30-2 
34-5 
35-3 

1037° 
908° 
651° 

26-8 
14-4 
58-8 
860° 
827° 
790° 

13-5 
81-6 
4-9 

1373° 
1302° 

6-9 
26-8 
66-3 
886° 

839° 

33-6 
19-4 
4 7 0 
951° 

924° 

27-3 
7-6 

65-1 
843° 
807° 

13-2 
34-2 
52-6 
984° 
875° 
964° 

33-4 per cent. 
7-3 

59-3 
846° 
830° 
632° 

19-6 per cent. 
75-8 
4-6 

1361° 
1267° 

9-7 per cent 
3 6 1 
54-2 
853° 

843° 

6-9 per cent. 
6-7 

86-4 
773° 

496° 

?, 
tt 

C o p p e r 
N i c k e l 
Z i n c 

B r e a k in c o o l i n g 

C o p p e r 
N i c k e l 
Z i n c 

B r e a k i n c o o l i n g 

C o p p e r 
N i c k e l 
Z i n c 

B r e a k i n c o o l i n g 

C o p p e r 
N i c k e l 
Z i n c 
-,, • ( b e g i n s 

fel. o r id s . 
B r e a k i n c o o l i n g 

H . Esse r a n d co-workers gave 67-8 t o 69-1 cals . pe r g r a m for t h e l a t e n t h e a t of 
fusion. E . Salles found t h a t t h e n a t u r e of t h e m e t a l wal ls—nickel-s i lver , b ra s s , 
or s t e e l — h a d no effect on t h e coeff. of diffusion of gaseous ions . R . E m d e n 
observed t h a t t h e emission of l ight f rom nickel-si lver begins a t 403°. 

Accord ing t o K . F e u s s n e r a n d S t . Liindeck, t h e e lectrical res is tance of t h e 
nickel-si lvers is m u c h g rea t e r t h a n t h a t of copper ; i t va r i e s w i t h t h e t e m p , of 
annea l ing ; a n d af ter a p ro longed h e a t i n g a t 150°, t h e res i s tance becomes smal ler . 
W . H . S t a n n a r d gave a t a b l e of t h e res i s tance of nickel-si lver. F . K o h l r a u s c h 
po in t ed ou t t h a t t h e res i s tance is g r e a t e n o u g h for t h e m e t a l t o be e m p l o y e d in 
m a k i n g n o r m a l res i s tance coils. T h e obse rva t ions of Gr. F r i c k a n d M. Miiller, 
H . Buff, A. Mat th iessen , P . T. Riess , a n d Gr. W i e d e m a n n show t h a t t h e res i s tance 
of nickel-si lver is a b o u t 13 or 14 t imes g r ea t e r t h a n t h a t of si lver ; a n d A. A r n d t s e n 
gave 18-72 for t h e c o n d u c t i v i t y of t h e Cu : Ni : Z n = 61 -65 : 15-75 : 22-60-alloy 
w h e n t h a t of silver is 100. A. E m o a d d e d t h a t t h e electr ical c o n d u c t i v i t y of nickel-
si lver a t 0° is 6-438 pe r cen t , of t h a t of si lver ; A. Obe rbeck a n d J . B e r g m a n n 

found t h a t i t is 6-95 t i m e s as smal l as t h a t 
of m e r c u r y ; a n d W . M. Mordey , t h a t 
i t is 8-88 t i m e s as smal l a s t h a t of 
copper . A. A. Sommerv i l l e ' s resu l t s for 
t h e effect of t e m p , on t h e res i s tance of 
nickel-si lver a re s u m m a r i z e d in F i g . 135. 
A. E m o said t h a t t h e abso lu te res i s tance of 
nickel-si lver is 0-0^22922 ; F . U p p e n b o r n 
a d d e d t h a t t h e res i s tance of n ickel in a t 0° 
is 0-4117 o h m — t e m p , coeff. 0 0 0 0 2 8 ; a n d 

t e m p , coeff. 0 0 0 0 3 4 t o 0-00047. K . F e u s s n e r a n d 

200 400 600 800 1000 
F i o . 1 3 5 . — T h e E f f e c t of T e m p e r a t u r e o n 

t h e R e s i s t a n c e of N i c k e l - S i l v e r . 

of nickel-si lver, 0-2670 o h m 
St . L indeck found t h a t t h e res i s tance of n ickel in wi th Cu : Ni : Z n = 6 1 - 6 3 : 18-46 : 19-67 
is 33-2 m i c r o - o h m s — t e m p , coeff. 0-003O, a n d of nickel-si lver w i t h 60-16 : 14-03 : 25-37, 
30 m i c r o - o h m s — t e m p , coeff. 0-00036. I . JKlemencic sa id t h a t t h e res i s tance of 
nickel-si lver is 3-84 t i m e s as g r e a t as t h a t of m e r c u r y , a n d nickel in , 2-90 t i m e s as 
g r e a t — t h e t e m p . coefE. a re respec t ive ly 0-000380 a n d 0-000185 p e r degree b e t w e e n 
0° a n d 16-5°. Obse rva t ions were also m a d e b y E . L . Ledere r , G. Wucke l , a n d 
A. Schulze . W . Meissner s t u d i e d t h e s u p e r - c o n d u c t i v i t y a t low t e m p . ; a n d 
Li. Guil le t a n d M. Ba l l ay , t h e effect of co ld-work . 
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H . Ie Chatel ier observed a pecul iar change in t h e electr ical res is tance of nickel-
si lver a t 300°, d u e , he t h o u g h t , t o a molecular t r a n s f o r m a t i o n . H e t h o u g h t t h a t 
t h e change occurs "with e x t r e m e slowness over a r ange of 150°. F . R o b i n d id n o t 
confirm th i s , for he was ab le t o d e t e c t t h e change w i t h fair ly r a p i d h e a t i n g , a n d i t 
occur red w i t h r e m a r k a b l e a b r u p t n e s s , F ig . 135. This change is connec ted w i th 
t h e i n s t ab i l i t y of e lectr ical res i s tances cons t ruc t ed of these wires . T h e h e a t 
g e n e r a t e d b y t h e c u r r e n t m a y ra ise t h e t e m p , of t h e wires t o t h e t r a n s f o r m a t i o n 
p o i n t , a n d mechan ica l b r i t t l enes s m a y be t h u s induced which m a k e s f rac tu re 
easy . T h e same change m a y be responsib le for annea l ing c racks . F . C. T h o m p s o n 
a r g u e d t h a t if t h e t r a n s f o r m a t i o n be d u e t o nickel , i t s i n t ens i ty should be app rox i ­
m a t e l y p r o p o r t i o n a l t o t h e nickel c o n t e n t of t h e al loy, b u t t h i s is n o t t h e case . I t 
w a s therefore inferred t h a t t h e p h e n o m e n o n is d u e t o t h e re la t ionship be tween 
nickel a n d zinc, t h a t is, t o t h e p o l y m o r p h i c t r a n s f o r m a t i o n of a nickel z inc ide— 
p r o b a b l y NiZn 3 . T h e bulges in t h e cu rves a re in a g r e e m e n t wi th A. S m i t ' s a s s u m p ­
t ion t h a t in w o r k - h a r d e n e d m e t a l s a n i r revers ib le change of molecular cons t i tu t ion 
is i n d u c e d b y press . , a n d nickel t r i z inc ide w h e n sub jec t t o a severe stress m a y 
u n d e r g o a cor responding t r a n s f o r m a t i o n which is n o t reversed when t h e s tress is 
r e m o v e d , b u t is lost on r e -hea t ing t o 300° or 400°. Accord ing t o O. D . Chwolson, 
t h e res i s tance of h a r d - d r a w n nickel-s i lver decreases b y a b o u t 1-1 per cent , w i th a 
gen t le annea l ing , a n d increases b y a b o u t 2 pe r cen t , on s t rongly annea l ing t h e 
a l loy. J . B e r g m a n n obse rved t h a t a n h o u r ' s h e a t i n g of t h e al loy a t 300° m a k e s 
t h e res i s tance a b o u t 0-13 pe r cen t , smal ler t h a n before. F . C. T h o m p s o n measu red 
t h e res i s t ance , R o h m s , of a l loys a t a b o u t 16°. T h e wires were 3 t o 4 inches long 
a n d 0-001 inch in d i a m e t e r ; t h e wires were h a r d d r a w n , a n d t h e n annea led a t t h e 
t e m p , ind ica ted : 

Copx>er . 
N i c k e l 
Z i n c . 

It J 

r H a r d d r a w n 

k A n n e a l e d J 

r i o o ° . 
2 9 3 ° . 
3 3 2 ° . 
3 5 3 ° . 
3 8 1 ° . 
4 0 5 ° . 
4 3 0 ° . 
4 5 3 ° . 
5 3 8 ° . 
6 4 6 ° . 

L 7 9 7 ° . 

. 6 0 - 6 
7 -62 

. 3 1 - 7 
2 2 - 2 
2 1 - 6 
2 1 - 1 
2O-7 
19 -3 
18-8 
18-3 
18-2 
17-9 
18-6 
19 -5 
19-2 

6 1 - 8 
16-4 
2 1 - 7 
3O-2 
3 0 - 5 
3 0 - 4 
3 1 - 5 
3 1 - 5 
3 1 - 8 
3 0 - 6 
3O-O 
3O-5 
3 0 - 5 
3 0 - 3 
2 9 - 8 

6 1 - 6 
2 2 - 4 
1 5 - 8 5 
3 2 - 6 
3 2 - 8 
3 2 - 5 
3 3 - 8 
3 4 - 2 
3 4 - 5 
3 2 - 6 
3 2 - 5 
3 3 - 5 
3 3 - 5 
3 3 - 1 
34-O 

55 -7 
17-4 
2 6 - 7 
2 7 - 5 
2 7 - 7 
2 8 - 0 
2 8 - 6 
2 8 - 4 
28-O 
2 7 - 5 
2 7 - 4 
2 6 - 8 
2 7 - 3 
2 7 1 
2 7 - 6 

6 1 - 2 p e r c e n t 
2 8 - 6 

9 -81 
4 1 - 5 
4 1 - 6 
42-O 
4 2 - 2 
4 1 - 7 
4 1 - 5 
4()-9 
4 I-O 
4 0 - 9 
4O-9 
4 1 - 1 
4 1 - 3 

T h e resu l t s a re p l o t t e d in F ig . 136, a n d t h e y show t h a t t h e electr ical res is tance 
increases as t h e p r o p o r t i o n of nickel increases . 
I n d e e d , n ickel so d o m i n a t e s t h e resu l t s t h a t in 
t h e fully a n n e a l e d s t a t e , t h e sp . res i s tance of 
t h e a l loys is i n d e p e n d e n t of t h e Cu : Zn- ra t io , 
a n d is wel l -expressed b y t h e l inear re la t ion , 
R= 12+3STi mic ro -ohms p e r c . c , where N i 
r ep re sen t s t h e p e r c e n t a g e a m o u n t of nickel 
p r e sen t . T h e presence of u p t o 1-5 pe r cent . 
of m a n g a n e s e a p p a r e n t l y lowers t h e sp . 
res i s tance , a n d t h i s m a y be r ega rded a s a 
r e su l t of deox ida t ion . T h e res is tances of t h e 
h a r d - d r a w n a n d fully annea led a l loys closely 
co r re spond wi th one ano the r . On ly t h e al loys 
w i t h 7*5 p e r cent , of nickel show t h e u sua l 
decrease i n res is tance p r o d u c e d b y recrys ta l l iz ing a h a r d - w o r k e d me ta l . 
M. Weid ig observed t h a t for t h e 59-89 : 20-15 : 19-9-alloy, t h e electr ical 
r es i s tance , R ohms for a wire 3 m m . d i a m e t e r , a n d 1 me t r e long, a n d 
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FiO. 136. T h e !Effect of A n n e a l i n g 
on t h e !Electrical R e s i s t a n c e of 
Cu : N i : Zn-Al loys . 
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h a r d - d r a w n , is 0-04763 
a t different t e m p . , 

when comple te ly sof tened, 0 0 4 4 6 5 ; a n d w h e n a n n e a l e d 

400° 0OO° 800° 

C o o l e d i n 
Ji 

a i r 
0 0 4 4 4 4 

w a t e r 
0 - 0 4 3 9 2 

a i r 
0 - 0 4 3 8 6 

w a t e r 
0 - 0 4 4 1 1 

a i r 
0 0 4 5 6 5 

• w a t e r 
0 - 0 4 3 8 7 

J . D e w a r a n d J . A. F l e m i n g found t h a t t h e c u r v e r ep re sen t i ng t h e v a r i a t i o n of 
t h e res i s tance f rom —182° t o 99-3° is l inea r ; a n d G. Niccola i found for t h e 
res i s tance , R c.g.s. u n i t s , of nickel-s i lver , a n d nickel in : 

Nickel -s i lver 
N icke l in 

4 0 0 ° 
. 31,61O 
- 38,640 

3 0 0 ° 
31,184 
38,470 

2 0 0 ° 
30,341 
37,787 

100° 
29,393 
37,000 

o° 
28,457 
36,200 

— IOO° 
27,538 
35,402 

— 189° 
26,718 
34,692 

R. B e n o i t r e p r e s e n t e d t h e res i s t ance a t t h e t e m p . 0° b y R=R0(I +0 -00035660) ; 
a n d A. Ma t th i e s sen a n d C. Vog t gave for t h e electr ical c o n d u c t i v i t y 7-803 
—0-003461904-0-063956>2 for t h e 30-593 : 12-84 : 6-56-alloy, w h e n t h e c o n d u c t i v i t y 
of h a r d - d r a w n wsilver is 100. J . G 6 t z obse rved t h a t w i t h h a r d e n e d wires , a n d 
increas ing c u r r e n t s t r e n g t h s , t h e res i s tance first r ises, a n d t h e n falls t o i t s in i t ia l 
va lue . R . S. Wil lows found t h a t t h e res i s t ance of nickel-s i lver is t h e s a m e for 
a l t e r n a t i n g as i t is for d i rec t c u r r e n t s a t 20°, 100°, t h e t e m p , of l iqu id c a r b o n d iox ide 
a n d of l iquid air . W . H . P reece , a n d F . H . Cinget s t u d i e d t h e h e a t i n g effects, a n d 
t h e safe ca r ry ing capac i t ies of wires for t h e electr ic c u r r e n t ; a n d A. Campbe l l , t h e 
.Joule h e a t i n g effect of t h e c u r r e n t . T h e r e l a t ions b e t w e e n t h e e lect r ical a n d 
t h e r m a l conduc t iv i t i e s were s tud ied b y F . E . N e u m a n n , P . G. Ta i t , a n d Li. L o r e n z ; 
a n d t h e eflect of a load on t h e res i s t ance , b y H . Toml inson , a n d J . G. MacGregor . 

C. D a n n e c k e r found t h e thermoelectr ic force, E mi l l ivol ts , of a couple of 
n ickel a n d nickel-s i lver w i t h t h e co ld- junc t ion a t 0° , t o be : 

K 

J . D e w a r a n d J . A. F l e m i n g gave for t h e e.m.f., E c.g.s. u n i t s , of a couple of l ead 
a n d nickel-s i lver wi th t h e co ld- junc t ion a t 0° , 

— 185° 
— 0-8 

— 8 0 ° 
— 0-4 

0 ° 

O 
100° 

— 0-6 
2 0 0 ° 

— 1-1 
4 0 0 ° 
— 0-4 

coo° 
— 2-5 

8 0 0 ° 
— 5 1 

9 0 0 ° 
— 6-5 

100° 
K . — 1 2 5 , 0 5 0 

20-2° 
- 2 8 , 8 2 0 

12 5° 
— 1 3 , 5 7 0 

— 12 4 
+ 1 3 , 0 7 0 

— 01-0° 
•4- 5 8 , 1 8 0 

— 102 4° 
4 1 2 4 , 6 7 0 

— 2031° 
4 - 1 4 1 , 9 0 5 

E . Nol l o b t a i n e d w i th t h i s couple —14-68 mic rovo l t s a t 50°. F o r t h e couple of 
copper a n d nickel-s i lver , K . F e u s s n e r a n d 
S t . L i n d e c k obse rved 14-4 mic rovo l t s pe r 
degree difference of t e m p . ; a n d w i t h copper 
a n d nickel in , I . K l e m e n c i c o b t a i n e d 11-47 
mic rovo l t s b e t w e e n 0° a n d 100°. T h e sub jec t 
w a s d iscussed b y F . P e t e r s , a n d L . J . N e u r a a n . 
F . C. T h o m p s o n found for t h e ha rd-sof t c o u p l e — 
i.e., one m a d e f rom h a r d - d r a w n a n d annea led 
w i r e s — t h e r e su l t s p l o t t e d in F i g . 137. T h e 
n e u t r a l p o i n t a t 150° for t h e 60-6 : 7-6 : 31-7-alloy 
is on a cu rve which rises t o 380°, w h e n a s h a r p 
b r e a k occurs . T h e o t h e r cu rves show discon­
t inu i t i e s a t 410° , a n d 420° , co r r e spond ing w i t h 

< i t h e t e m p , a t wh ich t h e sof tening of t h e a l loy 
ioo° Joo6 3oo° 400° 500° 600° beg ins . M. Mac l ean m e a s u r e d t h e effect of a 

F io . 137.—Thermoelectric Force l ong i tud ina l t ens i le s t ress on t h e t h e r m o e l e c t r i c 
Zn"AlTd S ° f t C c m p l e s o f C u N i " force, a n d f o u n d for nickel-s i lver w i r e s—one of 

n . °.yS wh ich h a d b e e n p e r m a n e n t l y e l o n g a t e d b y 
l ong i tud ina l s t ress—0-1027 mic rovo l t pe r degree difference of t e m p , in h o t a n d 
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- t h e c u r r e n t p a s s e s f r o m 

2 5 O 

~ 
0 - 0 6 7 9 

5 0 O 
0 - 0 8 

0 - 0 6 3 4 

7 5 0 
0 1 0 5 

0 0 6 6 1 

IOOO 
O-1 3 

0 - 0 8 1 3 

125O 
O-18 
0 0 5 1 
0 - 0 9 9 6 

1 5 0 0 
0 - 3 5 
0 1 6 2 
0 1 0 5 9 

1 7 5 0 g r m s . 
0 - 8 0 p e r c e n t . 
0 - 5 8 8 
O-122 

c o l d j u n c t i o n ; a n d f o r a c o u p l e w i t h o n e w i r e l o a d e d -
t h e s t r e t c h e d t o t h e u n s t r e t c h e d w i r e : 

T o t a l l o a d 
T e m p o r a r y e l o n g a t i o n 
P e r m a n e n t e l o n g a t i o n 
M i c r o v o l t p e r d e g r e e 

G . B o r e l i u s o b s e r v e d t h a t t h e P e l t i e r e f f e c t w i t h c o p p e r a n d n i c k e l i n a t 0 ° i s 
1-236 m i l l i c a l s . p e r c o u l o m b , a n d w i t h c o p p e r a n d n i c k e l - s i l v e r , 1*650 m i l l i c a l s . p e r 
c o u l o m b . A . C a m p b e l l o b s e r v e d t h a t t h e n e u t r a l p o i n t w i t h a c o u p l e o f n i c k e l a n d 
n i c k e l - s i l v e r i s a b o u t 2 5 2 - 3 ° t o 2 5 4 - 3 ° ; a n d h e s t u d i e d t h e e f fec t w i t h i r o n a n d 
n i c k e l - s i l v e r . Gr. B o r e l i u s a l s o o b t a i n e d f o r t h e T h o m s o n e f f e c t w i t h n i c k e l i n , 
a t 3 1 ° , — 1 7 - 1 4 m i c r o v o l t s p e r d e g r e e , a n d w i t h n i c k e l - s i l v e r , a t 2 3 ° , — 1 0 - 4 5 m i c r o ­
v o l t s p e r d e g r e e . A . B a t t e l l i f o u n d t h a t t h e T h o m s o n e f fec t i s p r o p o r t i o n a l t o t h e 
c u r r e n t s t r e n g t h a n d t h e t e m p , o n t h e a b s o l u t e s c a l e . I I . K. S m i t h s t u d i e d t h e 
e f f ec t o f s t r a i n o n t h e T h o m s o n e f fec t o f G e r m a n s i l v e r . 

G . F r i c k s a i d t h a t n i c k e l - s i l v e r i s n o t m a g n e t i c , o r o n l y s l i g h t l y s o , w h e n i t i s 
c o n t a m i n a t e d w i t h i r o n . A . K u s s m a n n a n d H . J . S e e m a n n s t u d i e d t h e p a r a ­
m a g n e t i s m of t h e s e a l l o y s . V . E . T a f e l f o u n d t h a t w h a t h e c a l l e d t h e A - c r y s t a l s 
b e c o m e m a g n e t i c w h e n t h e a l l o y so l i d i f i e s . E . d ' A g o s t i n o o b s e r v e d m a g n e t o ­
s t r i c t i o n w i t h t r a n s v e r s e m a g n e t i z a t i o n . 

G . F r i c k o b s e r v e d t h a t w h e n n i c k e l - s i l v e r i s e x p o s e d t o a i r i t a c q u i r e s a y e l l o w 
t a r n i s h ; a n d A . L e d e b u r , t h a t t h e m o l t e n m e t a l a b s o r b s o x y g e n . A . W a g n e r 
f o u n d t h a t n i c k e l - s i l v e r w i t h 7 0 - 2 p e r c e n t , o f c o p p e r , i n t h e a b s e n c e o f c a r b o n 
d i o x i d e , i s l e s s e n e r g e t i c a l l y a t t a c k e d b y s o l n . t h a n i s t h e c a s e w i t h b r a s s o r b r o n z e ; 
a q . s o l n . o f a m m o n i u m a l k a l i , a n d m a g n e s i u m c h l o r i d e s h a v e t h e m o s t v i g o r o u s 
a t t a c k i n t h e p r e s e n c e o f c a r b o n d i o x i d e ; b u t A . V o g e l o b s e r v e d n o a c t i o n o n t h e 
a l l o y i m m e r s e d i n p o t a s h - l y e (1 : 5 0 0 ) . G . E . B u t t e n s h a w o b t a i n e d a n a l l o y w i t h 
41 t o 4 3 - 8 6 p e r c e n t , o f c o p p e r , 1 0 t o 1 0 - 2 0 p e r c e n t , o f n i c k e l , a n d 4 0 t o 4 3 - 1 9 p e r 
c e n t , o f z i n c w i t h s m a l l p r o p o r t i o n s of l e a d , t i n , a l u m i n i u m , a n d p h o s p h o r u s , w h i c h , 
w h e n i n c o n t a c t w i t h i r o n , i s n o t a t t a c k e d b y s e a - w a t e r . J . J a h n f o u n d t h a t i n 
c o n t a c t w i t h h y d r o g e n s u l p h i d e a t 

1 0 0 ° 150° 109° 2 0 2 ° 2 9 2 ° 
861-8 866-8 8 6 7 » 866 3 8 8 2 1 ing r tn s . 

0-2 1-2 1-4 3-9 7-4 
834-3 835-9 834-3 836-6 833-2 

0 0-6 0-9 3-6 5-9 
846-7 826-0 818-3 826-2 844-7 

0-4 0-4 0-3 3-6 13-5 

T o m b a c 
G a i n in w e i g h t 
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w i t h verd igr i s on ly in t hose p a r t s w h e r e a i r h a s access ; a n d J . P . J . d ' A r c e t , t h a t 
i t becomes greenish-b lack in v i n e g a r ; i n w ine , i t b e c o m e s d a r k b r o w n ; in a soln. 
of s o d i u m chlor ide , r e d d i s h - b r o w n ; i n a soln. of t a r t a r i c ac id or a m m o n i u m 
chlor ide , b l ack w i t h g reen spo t s ; a n d in oxa l ic ac id , b l ack . M. V. RuisakofT a n d 
I . N . B u s c h m a k i n s t u d i e d t h e a c t i o n of p h o s p h o r u s a n d of p h o s p h o r i c ac id . 
A. G a w a l o w s k y observed t h a t c r u d e p e t r o l e u m , a n d m i n e r a l oils h a v e n o a c t i o n 
on nickel-si lver, b u t r a p e oil, a n d 4 p e r cen t , v i n e g a r a t t a c k i t s t r ong ly . J . I . C r a b -
t ree a n d G. E . M a t t h e w s obse rved t h a t h y d r o q u i n o n e o r pyroga l lo l deve lop ing 
b a t h s , a n d s o d i u m t h i o s u l p h a t e or hypo-f ix ing b a t h s , co r rode nickel-s i lver , a n d 
a t e r i t e a l loys. W . H . F i n k e d e y , R . J . A n d e r s o n a n d G. M. E n o s , F . S p r i n k m e y e r , 
F . O r m e , L,. J . W o o d a n d S. W . P a r r , a n d W . Vo ig t s t u d i e d t h e co r rod ib i l i ty of 
t h e a l loys . H . A . T reb l e r a n d co-workers s t u d i e d t h e a c t i o n of mi lk on t h e a l loys . 
G. J . Fowle r a n d P . J . H a r t o g s t u d i e d t h e s i l ver -n icke l - z inc a l loys . 

T. F l e i t m a n n 8 o b s e r v e d t h a t IO pe r cen t , of c a d m i u m c a n be a d d e d t o n icke l 
w i t h o u t i t losing i t s w o r k i n g qua l i t i e s . G. Voss p r e p a r e d n i c k e l - c a d m i u m a l loys 
a n d found t h a t t h e vo l a t i l i t y of t h e c a d m i u m p r e v e n t e d t h e d i a g r a m b e y o n d 
15 p e r cen t , of n icke l f rom be ing exp lo red . Nicke l does n o t fo rm solid soln. w i t h 
c a d m i u m a t t h e m . p . 321° . A t 501° , a c o m p o u n d of u n k n o w n c o m p o s i t i o n r e a c t s 
w i t h t h e m o t h e r - l i q u o r t o fo rm n i cke l t e tracadmide , N i C d 4 . C. E . S w a r t z a n d 

A. J . Ph i l l ips d e t e c t e d a h a r d c o n s t i t u e n t , 
nickel heptacadmide, NiCd7, in the alloys. 
These a l loys a r e n o n - m a g n e t i c . A . W e s t g r e n 
a n d W . E k m a n s h o w e d t h a t n i cke l pent i ta -
h e n i c o s i c a d m i d e , N i 5 Cd 4 , c a n be p r e p a r e d a s 
w i t h t h e a n a l o g o u s c o m p o u n d s of i ron , a n d 
c o b a l t z incides . A. J . B r a d l e y d iscussed t h e 
X - r a d i o g r a m s . A. R o u x a n d J . C o u r n o t found 
t h a t t h e e l ec t rodepos i t ed a l loy c o n t a i n s solid 
soln. , n o t m i x t u r e s . J . C o u r n o t s t u d i e d t h e 
n o n - m a g n e t i c a l loys of t h e t w o e l emen t s . 

M. E k k e r a n d J . Kra jes ics p r e p a r e d a 
n i c k e l - c o p p e r - c a d m i u m a l l o y , o r r a t h e r a n 
a l loy w i t h p a r t of t h e z inc in n ickel -s i lver 
r ep l aced b y c a d m i u m — C u , 1000 ; N i , 600 ; 
Zn , 400 ; Cd, 30 ; Mg, 10 ; Sn , 2 ; a n d Al , 1— 
which w a s t h o u g h t t o m a i n t a i n i t s l u s t r e in a i r 
a t 100°, a n d t o be ac id proof. 

J . Nick les 9 ob se rved t h a t n icke l does n o t u n i t e d i r ec t ly w i t h m e r c u r y . 
R. Bottger prepared nickel-mercury alloys, or nickel amalgams from sodium 
a m a l g a m a n d a soln. of n ickel ch lo r ide . T h e r e a c t i o n is a t t e n d e d b y t h e d e v e l o p ­
m e n t of h e a t , t h e l i be r a t i on of h y d r o g e n , a n d t h e p r e c i p i t a t i o n of n icke lous 
h y d r o x i d e . H . Moissan e m p l o y e d a s imi lar p rocess . J . Bel lucci a n d R . Corelli 
r e d u c e d a soln. of p o t a s s i u m n icke lous c y a n i d e b y s o d i u m a m a l g a m in a n a t m . of 
h y d r o g e n ; A . D a m o u r r e d u c e d a soln. of n icke lous a m m i n o c h l o r i d e w i t h z inc 
a m a l g a m ; a n d J . S c h u m a n n , a soln. of n icke lous ch lor ide w i t h z inc a m a l g a m . I f 
a soln. of n icke lous n i t r a t e be s imi la r ly t r e a t e d , on ly n icke lous h y d r o x i d e is fo rmed . 
P . C a s a m a j o r o b t a i n e d n icke l a m a l g a m b y s h a k i n g u p n icke l w i t h s o d i u m a m a l g a m 
a n d di l . ac id . J . S c h u m a n n , a n d W . R a m s a y o b t a i n e d t h e a m a l g a m b y t h e 
e lec t ro lys is of a soln. of n icke l ch lor ide w i t h a m e r c u r y c a t h o d e . G. T a m m a n n 
a n d co-workers found t h e so lub i l i ty of n icke l in m e r c u r y t o be 5 - 9 x 1 0 " * , a n d 
N . M. I r v i n a n d A. S. Russe l l , < 2 x 10~ 5 g r m . p e r 100 g r m s . of m e r c u r y . 

R . B o t t g e r sa id t h a t t h e viscid a m a l g a m is n o n - m a g n e t i c ; A . D a m o u r , a n d 
C. P . S t e i n m e t z found t h a t t h e n ickel a m a l g a m s a r e m a g n e t i c . J . S c h u m a n n also 
found t h a t t h e a m a l g a m is n o n - m a g n e t i c . A . D a m o u r n o t e d t h a t w h e n h e a t e d , 
t h e m e r c u r y is d is t i l led off, l e av ing ash-g rey , s p o n g y n icke l , w h i c h , a cco rd ing t o 
H . Moissan, is n o t p y r o p h o r i c . A . D a m o u r o b s e r v e d t h a t w h e n n icke l a m a l g a m 
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is e x p o s e d t o a i r , t h e n icke l is ox id ized t o b l a c k n icke lous ox ide ; a n d H . Moissan 
a lso n o t i c e d t h a t t h e a m a l g a m is r ead i ly ox id ized in a i r or in w a t e r . A. S. Russe l l 
a n d co -worke r s s t u d i e d t h e o r d e r of t h e r e m o v a l of m e t a l s f rom a m a l g a m s by-
ox id iz ing a g e n t s , a n d found Zn , Cu, Cr, F e , Mo, Co, H g , N i , W . M. R a b i n o v i c h 
a n d P . B . Z y w o t i n s k y found t h a t n icke l is d i spe r sed in m e r c u r y a b o v e t h e so lubi l i ty 
l im i t t o f o r m a colloidal soln. E . P a l m a e r g a v e 0-00014 p e r cen t , for t h e so lubi l i ty 
of n icke l i n m e r c u r y , a n d t h e s u b j e c t w a s d i scussed b y R . Br i l l a n d W . H a a g . 
G. T a m m a n n a n d W . Oelsen f o u n d for a n a m a l g a m w i t h 0-144 p e r cen t , of n ickel , 
t h e s p . m a g n e t i z a t i o n 0-198 gaus s . O b s e r v a t i o n s w e r e a l so m a d e b y D . Wi insche . 
C. F . S c h o n b e i n obse rved t h a t w h e n t h e a m a l g a m is s h a k e n in a i r , o r in w a t e r 
acidified w i t h s u l p h u r i c ac id , s o m e h y d r o g e n d iox ide is f o r m e d . R . B o t t g e r obse rved 
t h a t n o gas is d e v e l o p e d w h e n t h e a m a l g a m is p l a c e d u n d e r w a t e r or di l . ac id ; 
a n d , a d d e d A. D a m o u r , t h e a m a l g a m 
dissolves v e r y s lowly in cold , di l . su l ­
p h u r i c o r h y d r o c h l o r i c ac id , a n d in h o t 
ac id , t h e n icke l is d i s so lved . T h e a m a l ­
g a m is c o m p l e t e l y so luble i n n i t r i c ac id . 

H . G i e b e l h a u s e n 1 0 f o u n d t h a t 
a m o r p h o u s b o r o n d isso lves in n icke l ; 
I . F e t c h e n k o - T c h o p i w s k i s t u d i e d t h e 
c e m e n t a t i o n of n icke l b y b o r o n ; a n d 
t h e b o r o n - n i c k e l a l loys we re d i scussed 
5 . 3 2 , 4 . A . B . d u J a s s o n n e i x s t u d i e d 
t h e m a g n e t i c p r o p e r t i e s of t h e a l loys . -
C. Tiss ier o b t a i n e d n i c k e l - a l u m i n i u m 
a l loys b y m e l t i n g t o g e t h e r a l u m i n i u m 
a n d a n icke l su lph ide , a n d H . Moissan , 
a n d C. C o m b e s p r e p a r e d a l loys w i t h 20 
p e r cen t , n icke l in t h i s m a n n e r . A . Coehn 
a n d E . Tass i ly f o u n d t h a t i n t h e elec­
t ro lys i s of m i x e d soln . of a l u m i n i u m 
a n d n ickel s u l p h a t e s , n i cke l free f rom 
a l u m i n i u m is d e p o s i t e d . A . Gr. C. G w y e r 
found t h a t t h e m e t a l s c o m b i n e a l m o s t 
exp los ive ly a t 1300°, a n d t h a t t h e m o l t e n 
m e t a l s a r e c o m p l e t e l y miscible in t h e 
l iqu id s t a t e . F . R o b i n o b s e r v e d t h a t t h e 
t e r n a r y a l loys Al : N i : C u = 57 : 25 : 18 
h a v e need le s of t h e h e x a l u m i n i d e , a 
w h i t e c o n s t i t u e n t a n d t w o g r e y ones . 
Li. Gui l l e t s a id t h a t t h e t w o m e t a l s 
f o r m a c o m p o u n d nickel hexaluminide, 
NiAl 4 , w i t h a l loys h a v i n g u p t o 27 p e r cen t , n icke l , a n d w i t h b e t w e e n 27 a n d 
50 p e r c e n t , of n icke l t w o immisc ib le l aye r s a r e fo rmed owing t o t h e m u t u a l insolu­
b i l i t y of t h e t w o c o m p o u n d s N i A l 6 a n d n i cke l d ia lumin ide , N iAl 2 . F . R . W . Michel 
r e p o r t e d t h e h e x a l u m i n i d e t o be fo rmed b y m e l t i n g t o g e t h e r a l u m i n i u m a n d 
n icke l ch lo r ide u n d e r a l a y e r of a m i x t u r e of s o d i u m a n d p o t a s s i u m ch lor ides , a n d 
t r e a t i n g t h e r egu lus w i t h di l . h y d r o c h l o r i c ac id . T h e s p . gr . of t h e c r y s t a l p l a t e s 
is 3-647, a n d t h e y a r e c o m p l e t e l y soluble in h y d r o c h l o r i c ac id . All t h e a l u m i n i u m 
vola t i l i zes a s ch lo r ide w h e n t h e a l u m i n i d e is h e a t e d in h y d r o g e n ch lo r ide . 
Li. Gui l l e t a lso r e p o r t e d t h e f o r m a t i o n of nickel hemialuminide, N i 2 Al , a n d nickel 
octitaluminide, N i 8 Al . O n l y one of t h e s e s t a t e m e n t s h a s been verified by 
A . G. C. G w y e r , n a m e l y , t h e f o r m a t i o n of t h e d i a l u m i n i d e . T h e f .p. c u r v e h a s a 
m a x i m u m a t a b o u t 1640° a n d 68*4 p e r cen t , of n icke l c o r r e s p o n d i n g w i t h n i cke l 
a l u m i n i d e , N iAl , whose s t r u c t u r e w a s d i scussed b y A. J . B r a d l e y , V. F u s s , 
K . H o n d a a n d T . I s h i g a k i , W . L . F i n k a n d L.. A. Wil ley , a n d H . R h e i n b o l d t . 
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A c c o r d i n g t o A. G. C. G w y e r , t h e r e is a b r e a k in t h e c u r v e a t a b o u t 835° 
a n d 27 p e r cent , of n ickel ; a n d a t 1130° a n d 42 p e r cen t , of n i cke l . 
T h e r e is a eu t ec t i c or r a t h e r a m i n i m u m in t h e c u r v e a t 1371° a n d 87 
p e r cen t , of n ickel . I n t h e cool ing of t h e m o n a l u m i n i d e , t h e r e is a 
r e a c t i o n wi th t h e m o t h e r - l i q u o r a t 1130° r e s u l t i n g i n t h e f o r m a t i o n of t h e 
d i a l u m i n i d e . T h e e u t e c t i c a t 630° a n d 6 p e r c e n t , of n ickel r e p r e s e n t s e-solid 
soln. a n d n i c k e l t r ia luminide , N i A l 3 . I t is f o r m e d in l ong need les w h e n t h e 
d i a lumin ide r e a c t s w i t h t h e fused l iqu id a t 830° . O. B r u n c k o b t a i n e d t h i s c o m ­
p o u n d b y t r e a t i n g a n a l loy of n icke l a n d six t i m e s i t s w e i g h t of a l u m i n i u m w i t h 
3 pe r cen t , h y d r o c h l o r i c ac id . T h e c r y s t a l s h a v e t h e co lour of n icke l , t h e y h a v e 
t h e sp . gr . 3*681, a r e c o m p l e t e l y so lub le i n h y d r o c h l o r i c ac id , a n d , a c c o r d i n g 
t o P . G r o t h , t h e y a r e p r o b a b l y i s o m o r p h o u s w i t h i ron t r i a l u m i n i d e , F e A l 3 . 
G. T a m m a n n a n d K . D a h l d i scussed t h e b r i t t l e n e s s of t h e a l loy a t t e m p , u p t o 
750°. A. G. C. G w y e r obse rved t h a t t w o series of sol id soln. a r e f o r m e d re spec ­
t i v e l y w i t h 68 t o 81 pe r cen t , of n icke l , a n d w i t h 87*5 t o 100 p e r cen t , of n icke l . T h e 
l imi t s of s a t u r a t i o n a r e d i sp laced b y v a r y i n g t h e t e m p , so t h a t t h e a l loy w i t h 85 p e r 
cen t , n ickel , for e x a m p l e , becomes h o m o g e n e o u s w h e n h e a t e d for a long t i m e a t 
1030°. T h e a l loys were also d i scussed b y M. G. JLorentz, P . R o n t g e n a n d W . K o c h , 
J . A s a t o , W . C. D e v e r e u x , A. W . S m i t h , E . T . R i c h a r d s , N . B . P i l l ing a n d 
T . E . K i h l g r e n , J . H . H r u s k a , H . Sch i rme i s t e r , a n d B . T r a u t m a n n . 

A . W e s t g r e n a n d A. A l m i n obse rved t h a t t h e l a t t i c e p a r a m e t e r of a l loys w i t h 
A l u m i n i u m O 17 22 27 38 47 54 1OO a t o m % 
ci . . . . 3-519 3-546 3-557 3-560 — A 
V o l u m e p e r a t o m . 10-89 11-15 11-25 11-36 11-64 11-8O 11-87 16-51 A 3 

C o n t r a c t i o n . . 7-2 8-3 1 O l 12-2 14-7 1 6 0 

T h e resu l t s were d i scussed b y N . S t e u d e l , W . C. P h e b u s a n d F . C. B l a k e , K . Becke r , 
K . B e c k e r a n d F . E b e r t , a n d A. W e s t g r e n . H . P e r l i t z s t u d i e d t h e d i s t a n c e a p a r t 
of t h e a t o m s . G. E . A n d r e w s o b s e r v e d t h a t a 1 : 1 n i c k e l - a l u m i n i u m a l loy is du l l 
g rey , p o r o u s , a n d b r i t t l e . H . S c h i r m e i s t e r f o u n d t h a t t h e a l loys w i t h 12 p e r cen t , 
of n icke l c a n be rol led, b u t t h e b e s t r e s u l t s w e r e o b t a i n e d w i t h a l loys w i t h a b o u t 
4 p e r cen t . E . L u d w i g f o u n d t h a t w i t h s o m e b i n a r y a l loys of a l u m i n i u m , Br ine lFs 
h a r d n e s s c a n be r e p r e s e n t e d b y U=a-\~b log JPV, w h e r e a is a c o n s t a n t d e p e n d e n t 
on t h e n a t u r e of t h e a d d e d m e t a l ; 6 i s a c o n s t a n t ; PVi t h e vol . p e r cen t , of t h e 
c o m p o u n d w i t h t h e a d d e d m e t a l ; a n d H is t h e d e p t h t h e ba l l s inks exp re s sed in 
jut. K . R o t h obse rved t h a t w i t h n icke l , w h e r e t h e c o m p o u n d N i A l 3 is fo rmed , 
# ^ 6 2 4 — 200 log JPV> a n d 

N i . 1 0 1-5 2 0 3 0 4-0 5-0 9-8 20 0 p e r c e n t . 
r v . 0-7 1-2 1-5 2-2 3 O 3-8 7-8 1 5 0 
H . 646 598 586 563 531 52O 447 402/x 

B . L . T e m p l i n a n d D . A . P a u l m e a s u r e d t h e e las t ic c o n s t a n t s , a n d E . Scheue r , t h e 
f luidi ty of t h e m o l t e n a l loy . A c c o r d i n g t o H . Sch i rme i s t e r , t h e m e c h a n i c a l 
proper t ies—-the t ens i l e s t r e n g t h i n k g r m s . p e r sq. m m . , t h e p e r c e n t a g e e longa t ion , 
a n d Br ine l l ' s h a r d n e s s — w e r e f o u n d t o b e : 

Nicke l . . O 0-6 1-0 1-9 3-1 4-5 6-2 8 1 10-3 p e r c e n t . 
Tens i l e s t r e n g t h . 10-5 11-2 11-5 12-7 14-7 15-2 15-O 14-9 16-5 
K l o n g a t i o n . 34 33 32 29 27 2 5 22 16 8 
H a r d n e s s . . 2 9 34 44 4 5 47 53 

E . E . McCol lough s t u d i e d t h e t h e r m a l e x p a n s i o n of some a l loys ; a n d H . B o h n e r , 
a n d W . B r o n i e w s k y , t h e e lec t r ica l c o n d u c t i v i t y . A . G. C. G w y e r f o u n d t h a t on ly 
t h e a l loys w i t h m o r e t h a n 85 p e r cen t , of n icke l a r e m a g n e t i c , a n d t h e m a g n e t i c 
p o w e r falls off r a p i d l y , as i l l u s t r a t e d b y t h e d o t t e d l ine , F i g . 139, b y dec rea s ing 
t h e p r o p o r t i o n of n icke l . T h e t e m p , a t w h i c h t h e m a g n e t i c p e r m e a b i l i t y d i s ­
a p p e a r s is lowered b y t h e p re sence of a l u m i n i u m . T h e t r a n s f o r m a t i o n w i t h n icke l 
a l o n e occurs a t 390° , w i t h 5 , 10, a n d 12*5 p e r c e n t , of a l u m i n i u m , i t occu r s a t 210° , 
85° , a n d 50° r e spec t ive ly . H . B e t z s t u d i e d t h e p h o s p h o r e s c e n c e of t h e film of 
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ox ide o n t h e a l loy ; a n d K . H o n d a , a n d D . P . R a y - C h a d h u r y a n d P . N . Sen G u p t a , 
t h e m a g n e t i c p r o p e r t i e s . 

Al loys w i t h a b o u t 2 p e r cen t , t i t a n i u m were p r e p a r e d b y t h e Cen t ra l s t e l l e fiir 
w i s senschaf t l i ch techn i sche U n t o r s u c h u n g e n ; w i t h sma l l p r o p o r t i o n s of t i n a n d 
c a d m i u m , b y H . So lb i sky ; w i t h p h o s p h o r u s , b y F . J . S c h u m a c h e r ; a n d w i t h 
m a g n e s i u m , b y A. JL. !Brooke a n d !R. D . M a c k i n t o s h . T h e so-cal led mincTcin metal 
is a n a l loy of coppe r , a l u m i n i u m , a n d n icke l . L . Gui l le t d i scussed t h e effect of 
n icke l o n s o m e a l u m i n i u m b r o n z e s . E . H . a n d A. H . Cowles a n d C. F . M a b e r y , 
a n d J . W . R i c h a r d s s t a t e d t h a t t h e so-cal led Hercules metal is a c u p r o n i c k e l w i t h 
a l i t t l e a l u m i n i u m ; a n d t h e nickel-aluminium of c o m m e r c e is a l u m i n i u m w i t h 
5 p e r cen t , of a n a l loy of n icke l w i t h a n excess of coppe r . M. Hi in t z sche l sa id t h a t 
one of t h e s e a l loys h a d a sp . gr . of 2-86, a t ens i l e s t r e n g t h of 13-8 k g r m s . pe r sq. m m . 
a n d a good r ing . E . W i l s o n f o u n d t h a t a n a l loy of a l u m i n i u m wi th 1-29 p e r c e n t , 
of n icke l a n d 1-08 p e r cen t , of c o p p e r h a d a n e las t ic l imi t of 25-9 k g r m s . p e r 
sq . m m . , a n d a t 15°, a n e lect r ica l r e s i s t ance of 0 -0 5 341 . 

T e r n a r y n i c k e l - C O p p e r - a l u m i n i u m a l l o y s , a n d n icke l -copper -z inc a l loys in 
w h i c h s o m e of t h e z inc is r e p l a c e d b y a l u m i n i u m h a v e b e e n used t o s o m e e x t e n t 
c o m m e r c i a l l y . Al loys w i t h ove r 20 p e r cen t , of n icke l a n d v a r y i n g a m o u n t s of 
a l u m i n i u m , h a v e b e e n c o m m e r c i a l i z e d a s aluminium-silver, minargent, e t c . , a s 
s u b s t i t u t e s for t h e h i g h e r g r a d e s of n ickel -s i lver b e c a u s e t h e s e a l loys h a v e a fine, 
s i l ve ry co lour , a n d t a k e a h igh pol ish . A. S. Z a i m o v s k y a n d M. F r a m e s , 
D . I C C r a m p t o n a n d H . P . Croft , a n d H . N i s h i m u r a s t u d i e d t h e n a t u r e of t h e s e 
a l l o y s ; a n d P . Mer ica , t h e p r e c i p i t a t i o n h a r d n e s s . G. F . A n d r e w s f o u n d t h a t 
t h e fol lowing Cu-Ni-Al a l loys a r e s t r o n g , h a r d , a n d f ine-gra ined : 66 : 24 : 10 
t a k e s a fine pol ish a n d h a s t h e co lour of 10 -ca ra t gold ; 55 : 33 : 12 is go lden-
b r o w n ; 72*5 : 21*25 : 6-25 h a s a r i ch a n d d e e p g o l d e n - b r o w n . W . P . P a r k e r 
e x a m i n e d t h e s u i t a b i l i t y of t h e t e r n a r y a l loys for h igh-speed , s u p e r h e a t e d 
s t e a m - t u r b i n e b l ades . T w o c o m m e r c i a l a l loys h a d 

C u 
82-07 
7 9 O 

A l 
2-54 

1 1 -5 

N l 
14-64 

5-0 

M n 
O 
O 

Zn 
0-68 
O 

F e 
t r a c e 

4 - 5 

Si 
O-04 p e r 
•—-

c e n t . 
,, 

A. A. R e a d a n d P . H . G r e a v e s p r e p a r e d t e r n a r y a l loys of a l u m i n i u m , copper , a n d 
u p t o 15 p e r cen t , of n icke l . All t h e a l loys w h e n ro l led fu rn i shed s o u n d r o d s . 
T h e a l loys w h e n d r a w n all g a v e s m o o t h s o u n d wi res . T h e m i c r o s t r u c t u r e of t h e 
a l loys w a s s t u d i e d b y D . G. J o n e s a n d co -worke r s , V. F u s s , I C E . B i n g h a m a n d 
J . L.. H a u g h t o n , C. R . A u s t i n a n d A . J . M u r p h y , T . S. Fu l l e r , W . A. M u d g e , 
J . O b a t a , F . P o l l , W . B . P a r k e r , a n d A. A . R e a d a n d R . H . Greaves . F o r t e r n a r y 

06 p e r cen t , a l u m i n i u m , A. A. R e a d a n d R . H . G r e a v e s a l loys w i t h 9-70 t o 10 
f o u n d t h e sp . gr . t o be 

N i c k e l 
f C h i l l c a s t 

« ~ ™~ J A n n e a l e d S p - g r . < Q u e n o h e d 

l C o l d r o l l e d 

a n d for a l loys w i t h 4-93 t o 5-55 p e r cen t , of a l u m i n i u m , a n d 

0 
7 - 5 4 
7 - 5 4 
7 - 5 4 

2 - 4 6 
7 - 5 5 
7 - 5 4 
7 - 5 4 
7 - 5 6 

4 - 9 5 
7 - 5 6 
7 - 6 3 
7 - 6 3 
7 - 6 3 

7 - 4 8 
7-6O 
7-57 
7 - 5 8 
7-57 

1 0 - 1 4 1 5 - 7 5 p e r c e n t . 
7 - 5 3 7-6O 

N i c k e l 
f C h i l l c a s t 

c. J A n n e a l e d 
S p - g l - 1 Q u e n c h e d 

l C o l d r o l l e d 

O 

8-18 
8 -18 
8 1 7 

2 - 3 8 
8 1 4 
8 1 7 
8 1 6 
8 1 6 

4 - 8 4 
8 1 5 
8 - 1 8 
8 - 1 8 
8-17 

7-31 
8-15 
8 1 9 
8 -18 
8-18 

9 - 4 2 14-9O p e r c e n t . 
8 - 1 3 8 -14 

I n sp i t e of t h e fac t t h a t t h e s p . gr . of n icke l , 8-80, is less t h a n t h a t of copper , 8-93, 
t h e p resence of nickel ra ises t h e sp . gr . T h i s is m o s t m a r k e d w i t h t h e a l loy con­
t a i n i n g 10 p e r cen t , of a l u m i n i u m , a n d 5 p e r cen t , of n ickel . I n t h i s series, w i t h 
l a rge r a m o u n t s of n icke l , t h e sp . gr . falls i n s p i t e of a s l ight decrease in t h e p r o -
p o r t i o n of a l u m i n i u m . T h e SIo1W cool ing of t h e a l loys increases t h e sp . gr . so t h a t 

V O L . x v . Q 
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in a l loys w i t h 5 p e r cen t , of a l u m i n i u m , a n d 5 a n d 7-5 p e r cen t , of n icke l , t h e 
r e spec t ive sp . gr. in t h e a n n e a l e d s t a t e s a r e 8-178 a n d 8-192, a n d in t h e q u e n c h e d 
s t a t e s 8-176 a n d 8-180. These d a t a c o r r e s p o n d w i t h t h e r e spec t ive decreases in 
vol . of 0-2 p a r t pe r 1000 a n d 1-5 p a r t s p e r 1000 r e spec t ive ly on slow cool ing. 

A. A. R e a d a n d R . H . G r e a v e s m e a s u r e d t h e sc leroscope h a r d n e s s , a n d !Brinell's 
h a r d n e s s ; for t h e l a t t e r a 10 m m . ba l l u n d e r a l o a d of 3000 k g r m s . app l i ed for 
1 m i n . was used for t h e a l loys w i t h 10 p e r cen t , a l u m i n i u m , 

N i c k e l . . . 
f C h i l l c a s t . 

0 , J A n n e a l e d . . 
& c l o r o s c ° P e i Q u e n c h e d . 

I C o l d r o l l e d 
r C h i l l c a s t . 

J A n n e a l e d . 
J Q u e n c h e d . 
L C o l d r o l l e d 

B r i n e l l ' s 

O 
2 0 0 
20-5 
6 2 0 
3 3 0 

1 3 5 ' 
1 2 7 
2 5 7 
1 8 6 

1 0 4 
3 3 0 
2 2 0 
5 6 0 
39-0 

15O 
1 3 9 
2 1 1 
2 1 4 

2-46 
36-5 
2 7 0 
4 9 0 
3 8 0 

1 7 6 
1 5 8 
2 0 6 
2 0 7 

4-98 
4 1 0 
2 5 0 
5 3 0 
4 O O 

1 9 9 
1 5 1 
2 5 1 
2 1 6 

7-48 
35-O 
26-0 
40-0 
43-0 

1 7 9 
1 6 2 
2 0 9 
2 3 1 

1 0 1 4 
3 5 O 
2 8 O 
4 5 0 

1 8 2 
1 7 3 
2 1 4 

15-75 p e r c e n t . 
3 2 O 

4 5 0 

1 8 2 

2 0 5 

a n d for a l loys w i t h 5 p e r cen t , of a l u m i n i u m , t h e load in Br ine l l ' s t e s t w a s 1000 
k g r m s . : 

N i c k e l 
f C h i l l c a s t . 

c, 1 J A n n e a l e d . 
S c l e r o s C O P ° i Q u e n c h e d . 

I C o l d r o l l e d 
f C h i l l c a s t . 

J A n n e a l e d . 
I Q u e n c h e d . 
l C o l d r o l l e d 

B r i n e l l ' s 

0 
9-O 
8-5 

1 1 0 
1 7 0 
5 8 
6 1 
5 2 

1 1 4 

0-94 
10-5 
10-5 
H O 
18-5 
5 9 
6 4 
5 6 

1 1 3 

2-38 
11-0 
11-0 
11-5 
2 1 0 
5 9 
6 6 
6 2 

1 2 4 

4-84 
12-O 
12-5 
12-0 
2 3 0 
6 0 
8O 
6 1 

1 3 6 

7-31 
13-5 
2 7 0 
17-0 
27-5 
7 7 

1 6 7 
9 2 

1 5 6 

9-42 
17-O 

.— 

1 1 5 

1 4-90 p e r c e n t . 
3 7 0 

1 7 3 

240 

200 

160 

1720 

80 

\ / 

T 
E 

x" '"" 

/ y 

'*% 

^ 
; y 

•• 

s 

t 10% 

Y) 
& 

Al 
V 

/y\ 

60 

50 

30 

20^ 

10 

16Or 

T h e effect of cold-rol l ing, a n d especia l ly of q u e n c h i n g , is g r e a t e r in p r o p o r t i o n w i t h 
t h e scleroscope h a r d n e s s t h a n i t is w i t h Br ine l l ' s h a r d n e s s — F i g s . 140 a n d 141 . 
T h e r e is a r a p i d increase in t h e h a r d n e s s of t h e 5 p e r cen t , a l u m i n i u m al loys in t h e 
a n n e a l e d s t a t e in t h e p resence of ove r 5 p e r cen t , of n ickel , a n d in t h e cas t s t a t e 

w i t h over 7-5 pe r cen t , of n ickel . 
T h e increase is so r a p i d t h a t 
w h e n t h e p r o p o r t i o n of n ickel 
r eaches 7-5 p e r c e n t . , t h e a n n e a l e d 
m e t a l w i t h 5 p e r cen t , of a l u m i n ­
i u m is h a r d e r t h a n t h e cor re ­
s p o n d i n g a l loy w i t h 10 pe r cen t , 
a l u m i n i u m ; s imi lar ly w i t h t h e 
ca s t m e t a l h a v i n g 15 p e r cen t , 
n ickel . T h e h a r d e n i n g c a p a c i t y 
of t h e a l l oys—shown b y t h e r a t i o 
of t h e h a r d n e s s in t h e q u e n c h e d 
s t a t e t o t h a t in t h e a n n e a l e d 
s t a t e — i n c r e a s e s as t h e p r o p o r t i o n 

4 8 12 
Per cent. Ni 

...I 0 

F i o . 1 4 O . — H a r d n e s s o f 
C h i l l C a s t i n g s . 

2 4 6 
Per cent Ni 

I T i o . 1 4 1 . — H a r d n e s s o f 
A n n e a l e d R o d s . 

of nickel increases , b u t t h e r e is in genera l a m a r k e d a n d r egu l a r dec rease in t h e 
h a r d e n i n g c a p a c i t y i n t h e a l loys w i t h 10 pe r c e n t , a l u m i n i u m . T h e r a t i o i n t h e 
a l loys w i t h 5 p e r cen t , of a l u m i n i u m falls be low u n i t y w h e n t h e n icke l r e aches 
5 p e r cen t , a n d is sti l l f u r t h e r r e d u c e d w h e n t h e n icke l a t t a i n s 7-5 p e r cen t . T h i s 
shows t h a t t h e a l loys a r e cons ide rab ly sof tened b y q u e n c h i n g . 

W . B . P a r k e r f o u n d t h a t t h e m e c h a n i c a l p r o p e r t i e s of a l loys : 

Cu : N l : A l 
8 2 - 0 7 ; 1 4 - 6 4 : 2 - 5 4 
7 9 - 6 3 : 4 - 1 3 : 9 - 7 7 . 
7 9 0 : 5 - 0 : 1 1 - 5 

M o d u l u s o f 
e l a s t i c i t y 
( l b s . per 
S Q . i n . ) 

2 1 , 1 5 0 , 0 0 0 
1 7 , 0 5 5 , 0 1 0 
1 8 , 5 0 0 , 0 0 0 

Y i e l d -
p o i n t 

( t o n s per 
sq . i n . ) 

3 0 - 5 
1 5 0 
1 8 0 

M a x i m u m 
l o a d 

( t o n s p e r 
sq . i n . ) 

5 7 - 0 
4 5 - 0 
5 8 0 

Elongation 
on 2 inches 
(per cent.) 

1 0 0 
1 2 0 

8 0 

Reduction 
of area 

(per cent.) 
1 3 0 
1 6 0 
1 1 0 
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H . T o m l i n s o n found Y o u n g ' s m o d u l u s of n ickel -s i lver t o be 1 3 3 5 X 1 0 6 g r m s . pe r 
sq . c m . ; t h e t o r s i o n a l r i g id i ty , 493-7 X 10 6 g r m s . p e r sq . c m . ; a n d P o i s s o n ' s r a t i o , 
0-354. F . C. L.ea, H . J . F r e n c h a n d W . A. T u c k e r , W . R o s e n h e i m , a n d S. L . Arch -
b u t t a n d co -worke r s a lso s t u d i e d t h e m e c h a n i c a l p r o p e r t i e s of t h e s e a l loys . 

A . A . H e a d a n d R . H . G r e a v e s r e p o r t e d t h a t t h e m e c h a n i c a l t e s t s for chill 
c a s t i ngs , e x p r e s s e d i n t o n s p e r sq . in . , were 

N i c k e l . . . . . 
C Y i e l d - p o i n t . 

i n -^~~ - ~~4- A I J M a x i m u m s t r e s s . H) p e r c e n t . Al < ->-,, , . ,n . . 
L J E l o n g a t i o n ( 2 i n s . ) 

( . R e d u c t i o n a r e a 
N i c k e l 

5 p e r c e n t . A l 

f Y i e l d - p o i n t . 
J M a x i m u m s t r e s s . 
J E l o n g a t i o n ( 2 i n s . ) 
{ . R e d u c t i o n a r e a 

O 0 - 9 6 5 - 1 8 1 0 1 4 1 4 - 6 2 p e r c e n t . 
1 1 - 6 1 2 - 8 1 9 - 9 2 5 1 1 6 - 5 
3 0 - 4 3 3 5 - 5 0 3 9 - 8 0 3 8 - 4 8 2 9 - 1 8 
1 9 - 4 2 0 - 2 7-2 2 - 8 3 -2 
2 7 - 2 2 1 - 5 1 O l 4 - 6 5-5 

O l-OO 5 0 5 9 - 4 2 1 4 - 9 0 
5 0 5-5 5-6 1 5 - 4 2 3 5 - 1 

1 8 - 7 3 1 9 - 2 6 1 8 - 6 7 2 8 - 2 7 4 1 - 5 6 
68-O 9 2 1 8 6 - 5 3 9 - 7 4 -7 
5 8 - 2 6 9 1 7 3 1 3 9 - 0 1 0 - 0 

T h e r e s u l t s a r e p l o t t e d i n F i g . 142. 
p l o t t e d in F i g . 143 , a r e : 

T h e r e s u l t s w i t h ro l led a n d a n n e a l e d r o d s , 

Nickel 
f Y i e l d - p o i n t . 

N i c k e l 

5 p e r c e n t . A l 

i n n^„ „^^+ A I J M a x i m u m s t r e s s . IO p e r c e n t . A.I < T7,, , . ,~ . . 
* I E l o n g a t i o n ( 2 i n s . ) 

v R e d u c t i o n a r e a 

f Y i e l d - p o i n t . 
J M a x i m u m , s t r e s s . 
J E l o n g a t i o n ( 2 i n s . ) 
L R e d u c t i o n a r e a 

T h e m e c h a n i c a l t e s t s on cold-ro l led r o d s g a v e 
N i c k e l . . . . . 

r Y i e l d - p o i n t . 
-, r. J - A i J M a x i m u m s t r e s s . 
1 0 p e r c e n t . A l «j E l o n g a t i o n ( 2 i r i s . ) 

( . R e d u c t i o n a r e a 

0 
1 4 - 4 
2 5 - 6 8 

9 O 
1 0 - 4 

0 
5-2 

2 2 - 1 6 
8 2 - 5 
7 8 - 9 

2 - 4 6 
1 8 1 
3 1 - 8 8 
1 2 - 3 
1 3 0 

0 - 9 4 
5 -3 

2 3 - 7 8 
9 4 - 6 
7 6 1 

N i c k e l 

5 p e r c e n t . A l 

f Y i e l d - p o i n t . 
J M a x i m u m s t r e s s . 
J E l o n g a t i o n ( 2 i n s . ) 
( . R e d u c t i o n -

a n d s imi la r ly , w i t h q u e n c h e d r o d s , 
Nickel . . . . 

C Yield-point. 
, ^ X A I J M a x i m u m s t r e s s 
IU p e r c e n t . A l ^ E l o n g a t i o n 

(2 i n s . ) 
V . R e d u c t i o n a r e a N i c k e l 

5 p e r c e n t . A l 

f Y i e l d p o i n t . 
J M a x i m u m s t r e s s 
I E l o n g a t i o n ( 2 i n s 
! . R e d u c t i o n a r e a 

O 
4 2 - 0 
4 4 - 2 8 

9 -0 
1 2 - 4 

O 
1 7 - 4 
27-2O 
64-O 
7 5 1 

0 
3 5 O 
5 3 - 5 5 

2 - 3 
3 9 
O 
6-4 

2 2 - 7 9 
7 8 - 6 
7 3 - 3 

2 - 4 6 
3 6 - 9 
5 1 - 2 4 
1 3 - 0 
H O 

0 - 9 4 
1 8 1 
2 8 - 1 8 
6 3 - 1 
7 8 1 

2-46 

4 5 - 3 4 
5-4 
5 -4 
0 - 9 4 
6-6 

2 2 - 8 3 
8 5 - 6 
7 3 - 8 

4 - 9 5 
1 8 - 0 
3 5 - 5 6 
1 6 - 2 
1 7 - 4 

2 - 3 8 
5-5 

2 2 - 8 6 
9O-2 
7 1 0 

4 - 9 5 
4 0 - 2 
5 1 - 4 0 
1 2 1 

8-4 
2 - 3 8 

2 2 - 5 
3 0 - 1 2 
5 5 0 
6 6 - 7 

4 - 9 5 
18-O 
4 6 - 5 6 

4 -2 
5 5 
2 - 3 8 
7-2 

2 4 - 8 5 
7 7 - 8 
4 1 - 4 

7 - 4 8 
1 8 - 8 
3 8 - 9 1 
1 3 1 
1 5 - 1 
4 - 8 4 
9-4 

2 5 - 8 6 
7 O O 
6 0 2 

7 - 4 8 
4 7 - 8 
5 2 0 1 
1 2 - 3 
16 3 

4 - 8 4 
2 3 - 5 
3 1 - 1 1 
5 O O 
7 2 - 3 

7 - 4 8 
2O-O 
4 9 - 5 8 

6 -3 
5-5 
4 - 8 4 
7-6 

2 4 - 2 2 
8 6 - 8 
7 2 - 4 

p e r c e n t . 

7 -31 
2 4 0 
39-OO 
2 5 - 6 
2 6 - 8 

p e r c e n t . 

7 -31 
3 1 1 
36 -3O 
2 8 - 8 
4 1 - 0 

p e r c e n t . 

7-31 
1 1 4 
2 9 - 7 7 
5 2 1 
6 5 1 

I n t h e a l loys "with 10 p e r cen t , a l u m i n i u m , t h e inc rease in t h e m a x i m u m s t ress 
a n d y i e ld -po in t of t h e chill c a s t i n g s is o b t a i n e d u p t o 10 p e r c e n t , n icke l a t t h e 
e x p e n s e of e longa t i on a n d r e d u c t i o n of a r e a ; t h e m e c h a n i c a l p r o p e r t i e s of t h e 
a n n e a l e d r o d s a r e i m p r o v e d b y t h e a d d i t i o n of 5 p e r cen t , of n ickel . T h e on ly 
c h a n g e in t h e cold-rol led r o d s w i t h inc reas ing p r o p o r t i o n s of n ickel is a rise in t h e 
m a x i m u m s t ress w i t h o u t a decrease in d u c t i l i t y . A c o m p a r i s o n of t h e m e c h a n i c a l 
p r o p e r t i e s of q u e n c h e d a n d a n n e a l e d a l loys s h o w s t h a t t h e inc rease in m a x i m u m 
s t res s , d u e t o q u e n c h i n g , dec reases a s t h e p e r c e n t a g e of n icke l r ises. T h e effect of 
q u e n c h i n g is t o r e d u c e s l igh t ly t h e m a x i m u m s t re s s ; t h e e longa t ion a n d r e d u c t i o n 
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of a rea increase wi th t h e p ropor t ion of nickel , b u t t h e y a re v e r y smal l t h r o u g h o u t . 
T h e yie ld-points of t h e quenched al loys a r e n o t well denned , a n d the i r e las t ic 
behav iou r was examined in t h e ex t ensome te r : 

With alloys having 10 per cent, of aluminium and 0» 4-95, and 7-48 per cent, of nickel, 
the limit of proportionality of stress to strain was reached in each case at a stress of 
approximately 8 tons per sq. in. The increments of strain corresponding to successive 
equal increments of stress then increased continually, accompanied by a perceptible 
amount of permanent sot. In the case of the alloy with 7-48 per cent, of nickel a very 
decisive " creeping point " "was reached at a stress of 20 tons per sq. in. In the case of the 
alloy with 4-95 per cent, of nickel a somewhat less marked creeping point was reached at a 
stress of 18 tons per sq. in. In the case of the alloy -with no nickel, although the limit of 
proportionality was no higher than in the alloy with 4-95 or 7-48 per cent, of nickel, that 
is, about 8 tons per sq. in., no definite evidence of creeping was detected until the stress 
reached an intensity of 35 tons per sq. in. The total amount of creep which occurred at 
this load did not exceed y „ ^ (> 0 inch, and a self-hardening action then set in -which enabled 
the stress to be raised to 47 tons per sq. in. before pronounced creeping was resumed. 

I n t h e alloys w i th 5 per cent , of a lumin ium, t h e add i t i on of u p t o 5 per cent , 
of nickel improves t h e e longat ion a n d r educ t ion of area w i t h o u t affecting t h e 

y ie ld-point a n d t h e m a x i m u m st ress ; 
b u t w i th over 5 per cent , of nickel , t h e 
l a t t e r p roper t i es a re i m p r o v e d b u t 
t h e e longat ion a n d r educ t ion of a rea 
suffer a cor responding decrease . 
W i t h t h e annea led rods , t h e m a x i m u m 
stress a n d y ie ld-poin t rise slowly wi th 
increasing p ropor t ions of nickel , u p t o 
5 p e r c e n t . , after which, u p t o 7-5 per 
cent . , t h e increase is rap id . W i t h 
cold-rolled rods , t h e m a x i m u m stress 
a n d y ie ld-poin t a re ra ised whi ls t t h e 
e longat ion a n d reduc t ion of a rea 
decrease slowly w i th be tween 1 a n d 

5 per cent , of nickel, a n d more qu ick ly w i t h over 5 per cent , of nickel . W i t h 
quenched rods , t h e effect of increasing t h e nickel u p t o 5 per cent , is t o increase 
s l ight ly t h e yie ld-point a n d m a x i m u m stress , a n d improve t h e duc t i l i ty ; b u t w i th 
over 5 pe r cent , of nickel , t h e increase in t h e y ie ld-poin t a n d m a x i m u m stress is 
more rap id , a n d the re is a cor responding fall in t h e e longat ion a n d reduc t ion 
of a rea . Compar ing t h e resul ts for t h e quenched a n d annea led rods , wi th less 
t h a n 5 per cent , of nickel , t h e m a x i m u m stress is scarcely affected b y quench ing , 
t h o u g h t h e y ie ld-point is s l ight ly ra ised, a n d t h e e longat ion a n d reduc t ion of a rea 
are d iminished. W i t h 5 per cent , nickel , t h e duc t i l i ty is increased b y quench ing , 
while t h e m a x i m u m stress a n d y ie ld-poin t a re lowered. This effect is m a r k e d 
wi th 7-5 pe r cent , n ickel . 

T h e mechanica l p roper t i e s of air-cooled alloys are : 

Per cent. Ni 

F i « . 1 4 2 . T e n s i l e 
T e s t s — C h i l l C a s t ­
i n g s w i t h IO p e r 
c e n t . A l . 

2 4 6 
Per cent. Ni 

F i a . 1 4 3 . T e n s i l e 
T e s t s r t o l l o d a n d 
A n n e a l e d w i t h 10 
p e r c e n t . A l . 

Nickel 
Yie ld -po in t 
M a x i m u m s t ress . 
E l o n g a t i o n (2 ins.) 
R e d u c t i o n of a r e a 

10 per cent. Al 
4-95 

1 8 1 
41-76 
12-9 
1 0 0 

7-48 
17-0 
42-64 
15-2 
14-1 

4-84 
7-6 

23 79 
8 1 0 
68-7 

5 per cent. Al 
7-31 p e r c e n t . 

1 1 6 
27-06 
63-9 
69-9 

Hence , t h e mechanica l p roper t i es of air-cooled alloys w i t h 5 per cent , a l u m i n i u m 
a n d u p w a r d s of 5 pe r cent , nickel a p p r o x i m a t e t o those of t h e quenched r a t h e r t h a n 
those of t h e annea led m e t a l . The m a x i m u m stress is even sl ight ly lower t h a n 
t h a t of t h e quenched mate r i a l , p r o b a b l y owing t o t h e absence of a n y ha rden ing 
effect b y s t ra ins set u p in quench ing . T. Sa i to , S. F . H e r m a n a n d F . T. Sisco, 
I . I i t a k a , a n d L . J . W o o d a n d S. W . P a r r s tud ied t h e mechanica l p roper t i es of 
t h e n ickel -a luminium-copper al loys. 
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O 
38 
231 

O 
741 
773 

1045 

2-40 4-95 
57 147 

165 145 

0-94 2-38 
746 671 
580 354 
862 738 

7-48 
54 

511 

4-84 
445 
229 
4OO 

per cent 

7-31 
193 
15O 
258 

A. A. R e a d a n d R . H . G r e a v e s found t h a t t h e a l t e r n a t i n g s t ress t e s t s g a v e for 
t h e n u m b e r of a l t e r n a t i o n s res i s ted : 

N i c k e l 

!

A n n e a l e d 
Cold , r o l l e d 
Q u e n c h e d 

N i c k e l 

{ A n n e a l e d 
C o l d r o l l e d 
Q u e n c h e d 

T h e r e s i s t ance of cold-rol led r o d s t o a l t e r n a t i n g s t resses 
is r e d u c e d b y t h e p r e s e n c e of n ickel ; a n d t h e 
d e t r i m e n t a l effect of a n n e a l i n g t h e 10 p e r cen t , 
a l u m i n i u m a l loys is t o s o m e e x t e n t d i m i n i s h e d b y 
5 p e r c e n t , of n icke l . T h e r e s u l t s for q u e n c h e d 
r o d s a r e un re l i ab l e . I n t h e a l loys w i t h 5 p e r c e n t , 
of a l u m i n i u m , a n inc reas ing p r o p o r t i o n of n icke l 
r e d u c e s t h e r e s i s t ance t o a l t e r n a t i n g s t r e s s ; b u t in 
t h e a n n e a l e d s t a t e t h e r e is n o dec rea se u n t i l t h e p r o ­
p o r t i o n of n icke l exceeds 1 p e r c e n t . T h e effect of 
q u e n c h i n g is t o inc rease t h e r e s i s t ance of t h e a l loys 
t o a l t e r n a t i n g s t resses . 

F . R o l l o b s e r v e d a b r e a k in t h e d i l a t i on c u r v e s 
of s o m e of t h e a l loys i n d i c a t i n g a n u n k n o w n t r a n s ­
f o r m a t i o n . E . Griffiths a n d F . H . Schofield, a n d 
G. A . S h a k e s p e a r m e a s u r e d t h e t h e r m a l c o n d u c ­
t i v i t i e s of some of t h e l i gh t a l loys . A . A . R e a d a n d 
R . H . G r e a v e s , a n d C. R . A u s t i n a n d A. J . M u r p h y m e a s u r e d t h e m . p . of a l loys 
w i t h 10 p e r cen t , of a l u m i n i u m , a n d f o u n d for 

750 

600 

1-5 30 4-5 6-0 75 
Per cent, of nickel 

F i a . 1 4 4 . — T h e K f f e c t of 
! N i c k e l o n t h e A l t e r n a t i n g 
S t r e s s T e s t . 

1 4 - 6 2 p e r c e n t . 
1 0 6 3 ° 

N i c k e l . 0 2 - 4 6 5 - 1 8 7 - 4 8 1 0 - 1 4 
M . p . . 1 0 4 2 ° 1 0 3 9 ° 1 0 4 2 ° 1 0 5 3 ° 1 0 7 9 ° 

T h e r e is t h u s a s l igh t fall fo l lowed b y a r ise before t h e n icke l r eaches 5 p e r cen t . ; 
wh i l s t w i t h t h e 5 p e r cen t , a l u m i n i u m a l loys t h e r e is a n i m m e d i a t e rise in t h e 
m . p . of t h e a l loys : 

N i c k e l 
M . p . 

0 
1<)54C 

2 - 3 8 
1 0 8 1 ° 

5 - 0 5 
1 0 9 3 ° 

7 - 3 1 
1 0 9 7 ° 

9 - 4 2 
1 1 0 8 ° 

14-9O p e r c e n t . 
1 1 1 9 ° 

A . A. R e a d a n d R . H . G r e a v e s f o u n d t h a t t h e sp . e lec t r ica l r e s i s t ance R 
m i c r o h m s — o r o h m s X 1 O - 6 — a n d t h e r e l a t i v e c o n d u c t i v i t y (copper 100) of t h e 
t e r n a r y a l loys a r e as follows : 

Al 10 per cent . Al 5 per cent. 

N i c k e l 
It 
C o n d u c t i v i t y 

O 
1 0 - 2 7 
1 6 0 

1 0 4 
1 1 - 7 4 
1 4 0 

2 - 4 6 
14-4O 
1 1 - 4 

O 0 - 9 4 2 - 3 8 4 - 8 4 7 -31 p e r c e n t . 
9 - 8 5 1 0 - 8 8 1 2 - 5 6 15 -47 1 8 - 4 5 

16-7 1 5 1 1 3 1 1 0 - 6 8-9 

T h e r e su l t s for t h e c o n d u c t i v i t y a r e p l o t t e d in F ig . 145. T h e c o n d u c t i v i t y for t h e 
a l loy w i t h 5 p e r cen t , of a l u m i n i u m is s l ight ly g r e a t e r t h a n for a l loys w i t h 10 p e r cen t , 
of a l u m i n i u m . I n b o t h cases , t h e c o n d u c t i v i t y is d i m i n i s h e d b y t h e a d d i t i o n of 
inc reas ing p r o p o r t i o n s of n icke l . T h e effects of q u e n c h i n g , a i r cool ing, a n d a n n e a l i n g 
w i t h slow cool ing of a l loys w i t h 5 p e r cen t , of a l u m i n i u m , a r e as follow : 

R X 10- 6 o h m Conduct iv i ty (Cu = IOO) 

N i c k e l { * ; | * P - « c e n t . 
Annealed Air-cooled Quenched 

1 5 - 4 9 1 4 - 4 7 1 5 - 5 4 
1 8 0 1 1 8 - 4 5 1 8 - 4 3 

Annealed 
1 0 - 6 

9 1 5 

Air-cooled 
1 0 - 6 

8 - 9 3 

Quenched 
1 0 - 6 

8 -94 

Slow cool ing increases t h e e lec t r ica l c o n d u c t i v i t y of t h e a l loys . T h e res i s t ance of 
t h e a l loy w i t h 7-5 p e r c e n t , of n icke l is l owered b y a n n e a l i n g a n d slow cooling, 
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whi l s t t h e q u e n c h e d m a t e r i a l h a s n e a r l y t h e s a m e v a l u e as t h a t of t h e a i r -cooled 
m a t e r i a l . H . Toml in son f o u n d t h a t t h e inc rease of r e s i s t ance p e r u n i t p r o d u c e d 
b y a s t ress of a g r a m p e r sq . c m . is 2346 X 10~ 1 2 ; t h e inc rease of r e s i s t ance p e r 
u n i t of sp . r es i s t ance w h i c h w o u l d b e c a u s e d b y a s t ress sufficient t o d o u b l e 
t h e l eng th of t h e wire , 0*226. E . E . N o r t h r u p m e a s u r e d t h e r e s i s t ance of 
a l u m i n i u m - m a g n e s i u m - n i c k e l (90 : 8 : 2) a l loys . A . Schu lze also s t u d i e d t h e 

e lect r ica l r e s i s t ance of t h e s e a l loys . O. L . K o w a l k e 
o b s e r v e d t h e t h e r m o e l e c t r i c force of couples of a l u m i n i u m -
nickel a l loys a g a i n s t i ron , a n d n i c h r o m e — v i d e infra, 
F i g . 159, a n d W . R o h n , a g a i n s t p l a t i n u m ; J . O b a t a 
s t u d i e d t h e H a l l e f fec t ; E . C. S tone r , a n d J . C o u r n o t 
s t u d i e d t h e n o n - m a g n e t i c a l loys of t h e t w o e l e m e n t s ; 
A. K u s s m a n n a n d B . Scharnoff o b s e r v e d n o r e l a t i o n 
b e t w e e n t h e coerc ive force a n d h a r d n e s s . 

F . R o l l f o u n d t h a t a l loys w i t h n icke l 3-5 t o 5-5 p e r 
c en t . ; a l u m i n i u m , 46 t o 50 ; a n d copper , 46-50, fell t o 
a fine p o w d e r on e x p o s u r e t o a i r . A. A . R e a d a n d 

R . H . G r e a v e s obse rved t h a t a l loys c o n t a i n i n g u p t o 
10 pe r cen t , of n ickel res is t cor ros ion b y s e a - w a t e r a n d 
a lka l ine soln. b e t t e r t h a n a l u m i n i u m - c o p p e r a l loys , b u t 

t h e l a t t e r res is t a t t a c k by ac ids b e t t e r t h a n a l loys c o n t a i n i n g nickel . T h e y f o u n d 
for soft t a p - w a t e r , a n d for s ea -wa te r , t h e fol lowing losses in w e igh t in lbs . p e r 
sq . ft . pe r m o n t h : 

w 

% 12 
"^ 

S.<r. 

**\ 
*> 

15 30 4-5 6-0 
Per cent, nickel 

75 

K i a . 1 4 5 . — T h e K f f e c t o f 
N i c k e l o n t h e C o n ­
d u c t i v i t y of C u - A l - N i 
A l l o y s . 

IO p e r c e n t . A l -1 

5 p e r c e n t . A l -

1 p e r c e n t . A l * 

M u n t z m e t a l 
N a v a l b r a s s 

Nickel 
per cent. 

f 0 - 0 0 . 
J 0 - 9 7 . 
I 4 - 9 4 . 
I 9 - 9 8 . 
r ooo . I 0 - 9 2 . 
I 4 - 9 0 . 
U O 0 7 . 
r ooo . 
I 1 0 3 . 
\ 3 57 . 
I 9 - 8 3 . 

. 

. 

Sea-water 
Annealed 
0 0 0 0 9 1 
0 - 0 0 0 2 2 
0 0 0 0 1 2 
0 - 0 0 0 0 9 
O-00031 
0 - 0 0 0 3 1 
O-OOO 1 2 
0 0 0 0 0 5 
0 0 0 2 4 4 
0 - 0 0 2 2 1 
0 0 0 1 0 6 
0 0 0 0 1 8 
0 0 0 1 5 8 
0 - 0 0 1 4 0 

-» 
Cold-rolled 
0 0 0 0 5 9 
0 - 0 0 0 2 4 
0 0 0 0 1 3 
0 - 0 0 0 0 1 
0 0 0 0 3 4 
0 - 0 0 0 3 1 
0 - 0 0 0 1 2 
0 0 0 0 0 2 
O O 0 2 1 1 
0 - 0 0 2 1 4 
0 0 0 1 6 3 
0 - 0 0 0 1 5 
0 0 0 1 4 3 
0 - 0 0 1 3 1 

Tap-water 
Annealed 
0 - 0 0 0 0 9 
0 - 0 0 0 0 6 
O-OOOll 
0 0 0 0 0 9 
0 - 0 0 0 0 6 
0 0 0 0 0 8 
0 0 0 0 0 7 
0 - 0 0 0 1 2 
O-OOOll 
O-OOOIO 
0 * 0 0 0 1 5 
O-OOOll 
0 0 0 0 4 0 
0 0 0 0 2 0 

Cold-rolled 
0 0 0 0 0 8 
0 0 0 0 0 9 
0 - 0 0 0 1 2 
0 0 0 0 0 8 
0 0 0 0 0 6 
0 0 0 0 0 8 
0 0 0 0 0 9 
0 0 0 0 1 2 
0-O001O 
0 - 0 0 0 1 3 
0 0 0 0 1 2 
O-000IO 
0 - 0 0 0 3 3 
0 0 0 0 2 2 

T h e r e su l t s for s e a - w a t e r a r e p l o t t e d in F i g . 146. I n all cases , t h e effect of n icke l 
u p t o 10 p e r cen t , is g r e a t l y t o r e d u c e t h e cor ros ion of a l loys b y s ea -wa te r , a n d t h e 
effect of t h e first 1 p e r cen t , of n icke l o n t h e 10 p e r cen t , a l u m i n i u m a l loy is v e r y 
m a r k e d . T h e cold-rol led a n d a n n e a l e d a l loys b e h a v e s imi la r ly . Aga in , t h e 
cor ros ion w i t h some ac ids a n d dil . soda - lye w a s f o u n d t o be : 

IO per cont. Al 5 per cent. Al 
N i c k e l . 
O - I i V - N a O H . 
V i n e g a r 
0 I A Z - H 2 S O 4 . 
O 1A7-HC1 

O 
0 0 0 0 2 2 
0 0 0 0 4 
0 0 0 1 5 
0 0 0 1 6 

4 - 9 5 
0 0 0 0 1 8 
0 - 0 0 0 9 O 
0 0 0 3 6 
O-0406 

7 - 4 8 
O-0OO19 
0 - 0 0 0 8 9 
0 - 0 1 4 2 
0 - 0 3 7 4 

O 
0 0 0 0 4 2 
0 0 0 0 7 5 
0 0 0 6 0 
0 0 3 9 

4 - 8 4 
0 - 0 0 0 2 6 
0 0 0 0 6 0 
0 0 0 6 2 
0 0 3 5 

7 -31 p e r c e n t . 
0 0 0 0 2 3 
0 0 1 0 4 
0 - 0 0 5 8 
0 0 3 6 

O b s e r v a t i o n s were m a d e b y G. M. E n o s , a n d T . S a i t o . T h e r a t e of co r ros ion 
b y 0 - I iV-NaOH is v e r y smal l a n d is d i m i n i s h e d b y t h e p r e sence of n icke l t h o u g h 
n o t so g r e a t l y a s w i t h sea -wa te r . T h e p re sence of n icke l g r e a t l y inc reases t h e 
cor ros ion b y v inegar , especia l ly in t h e 10 p e r cen t , a l u m i n i u m series of a l loys . 
T h e r a t e of cor ros ion b y 0- I iV-H 2 SO 4 is a lso g r e a t l y i nc reased b y n icke l in t h e 
10 p e r cen t , a l u m i n i u m series, b u t is a l m o s t unaf fec ted b y n icke l in t h e 5 p e r cen t , 
a l u m i n i u m series . T h e cor ros ion w i t h 0-12V-HCl is v e r y g r e a t ; t h e 10 p e r cen t , 
a l u m i n i u m a l loy w i t h o u t n icke l w i t h s t o o d t h e a c t i o n bes t . T h e r a t e of cor ros ion 
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of t h e 5 p e r cen t , a l u m i n i u m a l loys is n o t affected b y t h e p resence of n ickel , b u t 
t h e cor ros ion of t h e a l loy w i t h 10 p e r cen t , of a l u m i n i u m is g r e a t l y inc reased a s 
t h e p r o p o r t i o n of n ickel inc reases . T h e sub jec t was s t u d i e d b y A. v o n Zeer leder , 
a n d P . R e n a u d . H . G r u b e r found t h e increase in w e i g h t w h e n p l a t e s 6 0 x 1 3 x 1 2 

were exposed for a n h o u r t o h y d r o g e n su lph ide , t o be : 
: Al . . 700° 800° 900° 1000° 
: O . . 9-67 3S-O . 
: f> . . 4-39 14-7 1 7 0 25-O 
: 10 • 0-29 1 2 6 2 78 1OO 

IB . 0 0 4 0-25 0-90 1 1 7 

m m . 
N i 

r ioo 
G a i n in w e i g h t s tJ? 

I 85 : 
L.. N a t h a n o b s e r v e d t h a t G e r m a n s i lver vessels a re inc l ined t o check t h e f e r m e n t a ­
t i o n of ax>ples, a n d bee r -work . K . E . B i n g h a m a n d J . L . H a u g h t o n , W . A. M u d g e , 
L . J . W o o d , T. S. Fu l l e r , a n d A. A. R e a d a n d R . IT. G r e a v e s s tud ied t h e copper-
a l u m i n i u m - n i c k e l a l loys—v ide supra; a n d R . K . H e z l e t a n d R . Gende r s , s i lver-
a l u m i n i u m - n i c k e l a l loys . V. F u s s , S. H a s h i m o t o , a n d W . R o s e n h a i n and co­
workers studied some aluminium-magnesium-nickel alloys, and some aluminium-
zinc-nickel alloys ; S. Daniels, some aluminium-magnesium-nickel-copper 
alloys ; and C. Hisatsune, some aluminium-silicon-nickel alloys. W. A. Wesley 
a n d co-workers n o t e d t h e a c t i o n of h o t a e r a t e d mi lk on t h e a l loy. 

6 25 

2 0 

/-SS 

10 

— 0-5 

0 

xMuntz\jri 
Warn, I bra 

17TT 

'AaI 
^s 

Al 
S ^ - -

0 60 7-5 90 10-5 
Per cent, of nickel 

K i a . 146.-—Tlio Cor ros ion of A l u m i n i u m -
N i c k e l Al loys b y S e a - W a t e r . 

7600' 

MOO 

1300" 

1200° 

400° 

300c 

200c 

700c 

Nori 

7386? 

-magnetic\ solid solution 

Magnetic transformation 

Magnetic solid solution 3&TT" 
-~| -\224n-f 
re tic solid so Magnetic solid solution 

—LZ—. J I J L i 
20 40 60 

Per cent, niche I 

/ 3 -

7452] 

33W 

l^ra. 1 4 7 . — T h e FVoozirig-point C u r v e s of 
t h e N i c k e l - T h a l l i u m A l l o y s . 

L . J . W o o d a n d S. W. P a r r s t u d i e d t h e r e s i s t ance of t h e n i cke l - a lumin ium-
c o p p e r a l loys t o cor ros ion ; L . N o w a c k , t h e a g e - h a r d e n i n g of t h e g o l d - a l u m i n i u m -
nickel alloys. 

M. D u b o w i c k y 1 1 s t u d i e d t h e c e m e n t a t i o n of n icke l b y silicon. T h e n i c k e l -
s i l i con a l l o y s were s t u d i e d b y O. D a h l a n d co-workers , J . T . L i t t l e t o n , a n d 
A. L . Marsh—v ide si l icon. G. Masing , E . Crepaz , L . Gui l le t a n d co-workers , 
A . Schu lze , a n d J . A r n o t t s t u d i e d t h e a g e - h a r d e n i n g of t h e copper-nickel-s i l icon 
a l loys ; D . G. J o n e s a n d co-workers , t h e i r m e c h a n i c a l p r o p e r t i e s ; M. G. Corson, 
t h e i r s t r u c t u r e ; L . N o w a c k , t h e a g e - h a r d e n i n g of t h e g o l d - n i c k e l - s i l i c o n 
a l loys ; B . E . F i e ld , t h e ac id- res i s t ing qua l i t i es of t h e n i c k e l - a l u m i n i u m 
s i l i con a l loys ; W . R o h n , t h e t h e r m o e l e c t r i c force of t h e n i c k e l - t i t a n i u m al loys 
a g a i n s t p l a t i n u m ; M. Gui l le t a n d co-workers , a n d C. L . Wi l son a n d co-worker s , 
t h e copper-n icke l - s i l i con a l l o y s ; a n d W . R o s e n h a i n a n d co-workers , O. D a h l , 
a n d IT. C. !Lea, t h e m e c h a n i c a l p rope r t i e s of t h e c o p p e r - n i c k e l - m a g n e s i u m -
aluminium alloys. 

W . K r o l l s t u d i e d some g a l l i u m - n i c k e l a l loys . G. Voss i n v e s t i g a t e d t h e 
n i c k e l - t h a l l i u m a l loys a n d obse rved t h a t t h e fused m e t a l s a re n o t miscible 
b e t w e e n 0° a n d 90 p e r cen t , of n ickel . !Nickel r e t a i n s 3 p e r cen t , of t h a l l i u m in 
solid soln. , a n d t h e solid soln. is in e q u i l i b r i u m a t 1386° w i t h t w o l iqu id l ayers , 
F i g . 147. T h e t r a n s i t i o n t e m p , of n o n - m a g n e t i c t o m a g n e t i c n ickel is lowered b y 
e n o u g h t h a l l i u m t o fo rm a s a t . solid soln . a n d r e m a i n s c o n s t a n t on fu r the r add i t i on . 
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T h e nickel-si l icon al loys were d i scussed in connec t i on w i t h s i l i con—6. 13 , 40 . 
O b s e r v a t i o n s were also m a d e b y O. D a h l a n d N . S c h w a r t z , M. D u b o w i c k y , 
R . W a l t e r , a n d B . Bo ren . M. A. H u n t e r a n d J . W . B a c o n , O. L a n e , a n d R . F r a n k s 
a n d B . E . F ie ld s t ud i ed t h e m a g n e t i c p r o p e r t i e s of t h e n i c k e l - t i t a n i u m a l loys ; 
A . Schulze , t h e electr ical c o n d u c t i v i t y , a n d M. A . H u n t e r a n d J . W . B a c o n , t h e 
m a g n e t i c p roper t i e s of t h e C O p p e r - n i c k e l - t i t a n i u m a l loys ; a n d R . F r a n k s a n d 
B . E . F ie ld , a n d K . G r a s s m a n a n d E . J . K o h l m e y e r , n i c k e l - z i r c o n i u m a l loys . T h e 
t r a d e t e r m cooper ite app l ies t o a n i c k e l - z i r c o n i u m a l l o y (Ni , 8O ; S b , 14 ; Zr , 6) 
which is sa id t o be v e r y s t r o n g a n d s u i t a b l e for t h e c u t t i n g too l s . N . P e t i n o t 
m a d e al loys of t h e t w o e l e m e n t s in a n e lec t r ic fu rnace . T . E . Al l ibone a n d 
C. Sykes m e a s u r e d t h e sp . r e s i s t ance , a n d m a g n e t i c i n d u c t i o n of some 
n icke l -z i rconium a l loys . E . C h a u v e n e t 1 2 p r e p a r e d a n i c k e l - t h o r i u m a l loy , 
which he cons idered t o be n icke l d i t h o r i d e , N i T h 2 , b y r educ ing p o t a s s i u m 
t h o r i u m chlor ide , or t h o r i u m ch lor ide w i t h l i t h i u m in a n ickel b o a t . T h e 
a l loy furnishes g r ey lamella?, or else a b l ack , p y r o p h o r i c p o w d e r c o n t a m i n a t e d 
w i th a b o u t 10 p e r cen t , of t h o r i a . T h e p y r o p h o r i c v a r i e t y inf lames s p o n t a n e ­
ous ly w h e n p o w d e r e d i n a m o r t a r , or w h e n d r i ed a t 115°. I t does n o t 
fo rm nickel c a r b o n y l w h e n h e a t e d t o 60° in a c u r r e n t of c a r b o n m o n o x i d e , b u t a t 
400°, t h e gas is d e c o m p o s e d w i t h t h e depos i t i on of c a r b o n . T h e a l loy is n o n ­
m a g n e t i c ; i t is r a p i d l y d issolved b y h y d r o c h l o r i c ac id . K . G r a s s m a n n a n d 
E . J . K o h l m e y e r e x a m i n e d t h e n i c k e l - c e r i u m a l loys . 

A. F . Cronstc-dt ,1 3 T. B e r g m a n , a n d A. a n d C. R . A i k i n desc r ibed s o m e n i c k e l -
t i n a l l oys , which were found t o be w h i t e , h a r d , a n d b r i t t l e . T . F l e i t m a n n obse rved 
t h a t n ickel a l loys w i t h u p t o 10 p e r cen t , of t i n w i t h o u t losing i t s w o r k i n g qua l i t i e s . 
Al loys were s t u d i e d b y D . J . Reisz a n d co-workers , a n d J . Courno t . I J . Gui l le t 
i n v e s t i g a t e d t h e c e m e n t a t i o n of n icke l b y t i n . C. T. H e y cock a n d F . H . Nevi l le 
obse rved t h a t t h e a d d i t i o n of one a t o m i c p e r cen t , of n icke l t o t i n lowered 
t h e m . p . of t h e l a t t e r 2-94°. H . G a u t i e r m e a s u r e d t h e m . p . of t h e s e a l loys a n d 
o b t a i n e d a m a x i m u m on t h e c u r v e a t 1310° a n d 43 p e r cen t , of n ickel c o r r e s p o n d i n g 
w i t h n i cke l d i tr i tastannide , N i 3 Sn 2 —v ide infra—as well as t w o eu tec t i c s , one a t 
231° a n d 0-01 p e r cen t , of n icke l , a n d t h e o t h e r a t 1160° a n d 70 p e r c e n t , of 
n icke l . G. C h a r p y also obse rved m i n i m a w i t h 2 a n d 60 p e r cen t , of n ickel , a n d a 
m a x i m u m w i t h 43 p e r c en t . A c c o r d i n g t o L.. Gui l le t , n icke l a n d t i n c a n fo rm 
four solid soln.—(i) a m a g n e t i c a-sol id soln. w i t h 0 t o 5 p e r cen t , of t i n ; (ii) a 
n o n - m a g n e t i c a-solid soln. w i t h 0 t o 5 pe r cen t , of t i n ; (iii) a ^8-solid soln. w i th 
3 8 t o 41 p e r cen t , of t i n ; a n d (iv) a y - s o l i d soln. w i t h 55 t o 60 p e r c e n t , of t i n — 
a n d one c o m p o u n d , n icke l s t a n n i d e , N i S n , in c r y s t a l s l a rge e n o u g h t o be seen b y 
t h e n a k e d eye . Al loys w i t h 5 t o 38 p e r cen t , of t i n cons is t of t h e a.-solid soln . , 
o r of t h e y8-solid, a n d t h e ot-yS eu t ec t i c ; t h o s e w i t h 41 t o 55 p e r cen t , of t i n cons i s t 
of p~ a n d y - s o l i d soln. ; t h o s e w i t h 60 t o 67 p e r cen t , of t i n c o n t a i n t h e y-sol id soln. 
a n d t h e m o n o s t a n n i d e ; a n d finally, t h o s e w i t h 65 t o 100 p e r cen t , of t i n c o n t a i n 
t h e m o n o s t a n n i d e or t h e Sn-a.-solid soln. e u t e c t i c . 

G. Voss s t u d i e d t h e e q u i l i b r i u m cond i t i ons of t h e a l loys , a n d his r e su l t s a r e 
s u m m a r i z e d in F i g . 148. T h e a l loys w i th 3-5 t o 18 a n d 26 t o 45 p e r cen t , of n icke l 
s e p a r a t e i n t o t w o l aye r s . T h e r e a r e n o defini te m a x i m a on t h e f .p. c u r v e , b u t 
t h e r e a re t h r e e b r e a k s , a n d a e u t e c t i c a t 1135° a n d 68*5 p e r cen t , of n icke l , a n d 
a n o t h e r a t 229° a n d 1-3 p e r cen t , of n icke l . B e t w e e n 30 a n d 45 pe r cen t , of n icke l , 
t h e t w o l iquid l aye r s r e a c t a t 1235° t o form t h e d i t r i t a s t a n n i d e . A b r e a k o n t h e 
cool ing cu rve a t 1162° co r r e sponds w i t h t h e f o r m a t i o n of n i cke l t r i tas tannide , 
Ni 3 Sn—v ide infra—in long need les f rom a r e a c t i o n b e t w e e n t h e d i t r i t a s t a n n i d e 
a n d a fused m a s s w i t h 65 p e r cen t , of n icke l . W i t h a l loys h a v i n g 60 t o 85 p e r 
cen t , of n ickel , t h e r e is a b r e a k i n t h e cool ing c u r v e a t 855° d u e t o a r e a c t i o n 
b e t w e e n t h e t r i t a s t a n n i d e a n d t h e solid soln . r e su l t i ng i n t h e f o r m a t i o n of n i c k e l 
te tr i tas tannide , N i 4 Sn . W i t h a l loys h a v i n g 42-5 t o 60 p e r cen t , of n icke l , t h e r e 
is a s l igh t t h e r m a l effect a t 8 3 7 ° — m a y b e lower if supercoo l ing o c c u r s — a n d i t is 
t a k e n t o r e p r e s e n t t h e b r e a k i n g d o w n of t h e t r i t a s t a n n i d e i n t o t h e d i t r i t a s t a n n i d e 
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a n d t h e t e t r i t a s t a n n i d e . On ly one series of solid soln. w i t h 0 t o 15 p e r cen t , of 
t i n w a s obse rved b y Gr. Voss . A. S. Russe l l a n d co -worke r s e x a m i n e d t h e com­
p o u n d s f o r m e d in m e r c u r y soln. T h e p rope r t i e s of t h e a l loys were s t u d i e d b y 
E . M. Wise a n d J . T . E a s h , E . S. H e d g e s a n d C. E . H o m e r , a n d A. W . S m i t h ; 
and t h e i r s p . h t . , b y P . Schl ibel . 

L*. Gruillet f ound t h a t t h e a l loys fo rmed of a-sol id soln. , a n d t hose fo rmed of 
t h e Sn-y-sol id soln. a r e duc t i l e , a n d possess t h e m e c h a n i c a l p rope r t i e s of n ickel or 
t i n ; all t h e o t h e r s e x c e p t t h o s e c o n t a i n i n g m o r e t h a n 90 p e r cen t , of t i n a r e 
e x t r e m e l y h a r d or fragile, t h e <x-solid soln. be ing t h e m o s t fragile. E . V i g o u r o u x 
o b s e r v e d t h a t t h e a l loys w i t h 13-64, a n d 83-65 pe r cen t , of t i n a re h a r d , b r i t t l e , 
a n d g r e y ; whi l s t t h e a l loy w i t h 92-71 p e r cen t , of t i n is b lu i sh-whi te a n d ma l l eab le . 
O n l y t h e first of t h e s e t h r e e a l loys is sonorous . T h e sonorous a l loys c o n t a i n 
66-76 t o 85 p e r cen t , of t in ; t h e f ragi l i ty 
of t h e a l loys increases w i t h t h e p r o p o r t i o n 
of t i n u p t o 66*76 p e r cen t . , a n d t h e n 
d imin i shes so t h a t a l loys w i t h 85 t o 100 
p e r cen t , of t i n a r e s o m e w h a t ma l l eab l e . 

Acco rd ing t o E . V i g o u r o u x , w h e n t h e 
a l loys w i t h 13-64, 83-65, a n d 92-71 p e r 
cen t , of t i n a r e t r e a t e d a l t e r n a t e l y w i t h 
w a r m n i t r i c ac id a n d fused p o t a s s i u m 
h y d r o x i d e , a res idue of n i cke l s tannide , 
N i S n , r e m a i n s a s a s i lver -whi te , n o n ­
m a g n e t i c , c rys t a l l ine p o w d e r of sp . gr . 
8-44 a t 0° /0° . T h e ca l cu l a t ed sp . gr . is 
7-93. I . Of teda l g a v e for t h e d imens ions 
of t h e h e x a g o n a l cells of n icke l m o n o -
s t a n n i d e , N i S n , c = 5 - 1 7 4 A. , a = 4 - 0 8 1 A. , 
or a : c~ 1-268. Acco rd ing t o E . V i g o u r o u x , 
t h e m o n o s t a n n i d e is a t t a c k e d b y ch lo r ine 
a t a r e d - h e a t , w i t h t h e f o r m a t i o n of 
ch lor ides of t h e t w o m e t a l s ; i t b u r n s 
w i t h i ncandescence in o x y g e n ; s u l p h u r 
v a p o u r c o n v e r t s i t i n t o t h e su lph ides of 
t h e t w o m e t a l s ; h y d r o c h l o r i c ac id , 
s u l p h u r i c ac id , a n d a q u a reg ia d issolve 
i t c o m p l e t e l y , b u t n i t r i c ac id h a s l i t t le 
effect e v e n af ter a p r o l o n g e d boi l ing ; 
fused a lka l i h y d r o x i d e s , c a r b o n a t e s , a n d 
n i t r a t e s a t t a c k i t b u t s lowly, t h o u g h p o t a s s i u m c h l o r a t e oxidizes i t below i t s 
m . p . T h e m o n o s t a n n i d e m a y be a solid soln. , a eu t ec t i c a l loy, or a m i x t u r e of 
i s o m o r p h o u s fo rms , b u t i t is cons ide red ce r t a in t h a t i t is n o t a m i x t u r e of t h e 
free m e t a l s s ince a m i x t u r e of t h e p o w d e r e d m e t a l s b e h a v e s q u i t e differently f rom 
t h e s u p p o s e d m o n o s t a n n i d e . 

E . R . J e t t e a n d E . F e t z s t u d i e d t h e X - r a d i o g r a m s , a n d t h e ha rdnes s of t h e 
a l loys . W . Meissner a n d co -worke r s s t u d i e d t h e res i s t ance a t v e r y low t e m p . 
N . A . P u s c h i n f o u n d t h a t t h e e.m.f., E mi l l ivo l t s , of t h e a l loys in soln. of s t a n n o u s 
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There is an a b r u p t c h a n g e in all cases w i t h a l loys h a v i n g 50 a t . p e r cen t , of nickel ; 
and this is in a g r e e m e n t w i t h t h e a s s u m e d ex i s t ence of a m o n o s t a n n i d e ; t he r e is 
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n o ev idence of a nickel hemistannide, N i 2 S n . A . B a t t e l l i o b s e r v e d t h a t t h e 
t h e r m o e l e c t r i c force of n icke l - t in a l loys a g a i n s t l ead is g r e a t e r t h a n t h a t c a l c u l a t e d 
f rom t h e m i x t u r e ru le , so t h a t i t exceeds t h e v a l u e for t i n a lone . 

T. J . Seebeck obse rved t h a t s o m e of t h e n icke l - t in a l loys a r e m a g n e t i c . 
K . H o n d a , E . C. S toner , a n d J . C o u r n o t s t u d i e d t h e m a g n e t i c p r o p e r t i e s of 
a l loys of t h e t w o e l emen t s . L . Gui l l e t o b s e r v e d t h a t on ly a l loys w i t h less t h a n 
38 pe r cen t , of t i n a r e m a g n e t i c a t o r d i n a r y t e m p . , a n d possess t r a n s f o r m a t i o n 
po in t s r ep re sen t ing t h e c h a n g e t o t h e n o n - m a g n e t i c s t a t e , a n d t h e y a l l c o n t a i n t h e 
<x-solid soln. or eu t ec t i c , a n d t h i s is t h e sole m a g n e t i c c o n s t i t u e n t of t h e s e a l loys . 
E . V igou roux sa id t h a t t h e m a g n e t i c a l loys c o n t a i n 0 t o 40*22 p e r cen t , of t i n . 
Gr. Voss a d d e d t h a t on ly a l loys w i t h u p t o 60 p e r cen t , of n icke l a r e m a g n e t i c . 
T h e t e m p , a t w h i c h t h e m a g n e t i c p r o p e r t y d i s a p p e a r s on h e a t i n g fal ls f rom 350° 
for p u r e n ickel t o 145° for a l loys w i t h 62 p e r cen t , of t h a t m e t a l . T h e fall is f rom 
190° t o 130°, i.e., 60° for a l loys w i t h 67 t o 65 pe r cen t , of n icke l co r r e spond ing w i t h 
t h e d i s a p p e a r a n c e of t h e solid soln. T h e loss of m a g n e t i c p o w e r on h e a t i n g a n d 
i t s r e t u r n on cooling occur a t : 
N i c k e l . . . J O O 9 5 9 0 8O 7O 6 7 6 5 6 2 p e r c e n t . 
L o s s o n h e a t i n g . . 3 5 0 ° 3 3 0 ° 3 2 5 ° 1 9 5 ° 1 9 5 ° 1 9 2 ° 1 4 0 ° 1 4 5 ° 
R e s t o r a t i o n o n c o o l i n g . 3 2 5 ° 3 0 0 ° 2 8 0 ° 1 8 0 ° 1 8 0 ° 1 8 5 ° J 2 0 ° 3 1 5 ° 

JB. V. Hi l l found t h a t w i t h 0, 5 , 10, a n d 15 p e r cen t , of t i n , t h e t r a n s f o r m a t i o n 
' t e m p , occu r red a t 340°, 303° , 268°, a n d 230° respec t ive ly . 

E . V i g o u r o u x obse rved t h a t whi l s t t h e n icke l - t in a l loys a r e d isso lved b y h y d r o ­
chlor ic a n d su lphu r i c ac ids , n i t r i c ac id d i s i n t e g r a t e s t h e m , p r o d u c i n g n icke l a n d 
m e t a s t a n n i c acid, a n d w i t h a n a l loy c o n t a i n i n g 92*71 p e r cen t , of t in , a l i t t l e n icke l 
is d issolved. W h e n t h e a l loys w i t h 13*64, 83-65, a n d 92-71 p e r cen t , of t i n a r e 
t r e a t e d a l t e r n a t e l y w i t h w a r m n i t r i c ac id a n d fused a lka l i h y d r o x i d e , t h e m o n o -
s t a n n i d e r e m a i n s a s a r e s idue , wh i l s t a l loys w i t h 9-01, 22-74, 35-05, a n d 37-50 p e r 
cen t , of t i n , w h e n s imi lar ly t r e a t e d , fu rn ish t h e t r i t a s t a n n i d e as a l igh t b r o w n , n o n ­
m a g n e t i c , c rys t a l l ine p o w d e r of sp . gr . 8-98 a t 0 ° / 0 ° — t h e ca l cu l a t ed v a l u e is 8-17. 
I t is so luble in m o l t e n n icke l ; i t is a t t a c k e d b y o x y g e n a t a r e d - h e a t , a n d b y 
ch lor ine w i t h i ncandescence ; h y d r o c h l o r i c ac id a t t a c k s i t a t o r d i n a r y t e m p , a n d 
d issolves i t c o m p l e t e l y on w a r m i n g ; s u l p h u r i c ac id , a n d a q u a regia d issolve i t 
m o r e qu i ck ly ; a n d dil . n i t r i c ac id h a s l i t t le a c t i o n e v e n w h e n w a r m , b u t t h e cone , 
ac id p r o d u c e s m e t a s t a n n i c ac id . W h e n a l loys w i t h 45 t o 57 p e r cen t , of t i n a r e 
t r e a t e d a l t e r n a t e l y w i t h n i t r i c ac id a n d a lka l i h y d r o x i d e , t h e d i t r i t a s t a n n i d e 
r e m a i n s . T h e ac t i on of hyd roch lo r i c ac id on a l loys w i t h 59 t o 66 p e r cen t , of t i n 
d imin i shes t h e p r o p o r t i o n of t i n t o w a r d s t h e m i n i m u m 57-47 p e r cen t , co r re ­
s p o n d i n g w i t h N i 3 S n 2 , whi l s t n i t r i c ac id ra i ses i t t o w a r d s a m a x i m u m of 66-97 
p e r cen t , co r re spond ing w i t h N i S n . 

T h e t e r n a r y COpper-nickel-tin a l loys c a n be o b t a i n e d b y m e l t i n g t o g e t h e r t h e 
c o n s t i t u e n t m e t a l s a s w a s d o n e b y C. Bischof, a n d L . E i s n e r . T h e l a t t e r o b t a i n e d 
t h e 2 : 1 : 1-alloy a n d f o u n d i t s sp . g r . t o be 8-948, a n d o b s e r v e d t h a t i t is n o t 
a t t a c k e d b y a i r o r b y h y d r o g e n su lph ide . C. L a n g b e i n o b t a i n e d t h e t e r n a r y a l loys 
b y t h e e lec t ro lys is of a soln. of t h e m e t a l p h o s p h a t e in a soln. of s o d i u m p y r o ­
p h o s p h a t e . T h e a l loy adnic, de sc r ibed b y W . B . P r i c e , h a s c o p p e r 70, n icke l 29 , 
a n d t i n 1. W . B . P r i c e a n d co -worker s , a n d J . Vesze lka d i scussed t h e e q u i l i b r i u m 
d i a g r a m . D . J . M c A d a m g a v e t h e folio wing s t a t i c m e c h a n i c a l t e s t s , a n d t h e 
fa t igue t e s t s of a n a n n e a l e d Cu : N i : S n (69-82 : 29-08 : 0-95) a l loy, exp res sed in 
lbs . p e r sq. in . : Tens i le s t r e n g t h , 87 ,300 ; t o r s iona l s t r e n g t h , 48 ,000 ; s h e a r i n g 
s t r e n g t h , 50,900 ; e las t ic m o d u l u s , 2 1 - 4 X l O 6 ; a n d e n d u r a n c e l imi t , 22 ,500. T h e 
s u b j e c t w a s d iscussed b y J . T . E a s h a n d ' C . U p t h e g r o v e , W . C. El l i s a n d E . E . S c h u ­
m a c h e r , E . F e t z , W . H . F i n k e l d e y , L . Gui l le t a n d co -worke r s , BL Ozleberger , a n d 
C U p t h e g r o v e a n d co-workers . J . W e b s t e r o b s e r v e d t h e effect of a d d i t i o n s of 
aluminium ; a n d of bismuth o n t he se a l loys . T h e Cu-Ni -Sn-Bi -Al a l loys a r e e las t ic , 
a n d a r e n o t read i ly ox id ized . T h e effect of a d d i n g zinc t o t h e copper -n icke l - t in 
a l loys w a s obse rved b y C Diegel , a n d C. Kefe r s t e in . T h e Suhler Weisskupfer h a s 
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Cu, 40-4 ; N i , 2 5 - 4 ; Sn , 2-6 ; a n d Zn, 25-4. E . Gr i ine isen found t h a t t h e old a l loy 
Rotgass w i t h i t s Cu, 85-7 ; N i , 6-39 ; Sn , 6-39 ; a n d Zn , 7-15, h a s a m o d u l u s of 
e l a s t i c i ty of 8244 k g r m s . p e r sq . m m . V. S c h m i d t , a n d R . B . W h e a t l e y o b s e r v e d 
t h e effect of m a n g a n e s e on t h e q u a t e r n a r y a l loy ; M. A s h b a r i u m , t h e effect of 
m a n g a n e s e ; a n d J . W e b s t e r , t h e effect of b i s m u t h . J . McNeil l d i scussed t h e 
nickel bronzes. S a u v a g e ' s a l loy neogen c o n t a i n s Cu, 58 ; N i , 12 ; Sn , 2 ; Zn , 0-5 ; 
B i , 0-5 ; a n d Al, 0-5. T h e a l loy N i , 40 ; Ag, 10 ; Al , 30 ; Sn , 10 h a s t h e t r a d e ­
n a m e rosein ; i t is u sed for j e w e l r y . T h e a l loy Cu, 70 ; N i , 29 ; Sn , 1 w a s cal led 
admiralty nickel, o r adnic. I t is a cor ros ion- res i s t ing and hea t - r e s i s t i ng a l loy 
desc r ibed b y W . B . P r i ce . P . H i d n e r t a n d W . T. Sweeney o b t a i n e d for t h e m e a n 
coeff. of t h e r m a l e x p a n s i o n , a , 

a X 1 0 « 
20° to aoo° 

15-2 
1 0 0 ° t o 2 0 0 ° 

15-5 
2 0 0 ° t o 3 0 0 ° 

18O 
2 0 ° t o 2 0 0 ° 

1 5 4 
20° t o 3 0 0 ° 

16-3 

T h e a l loy Cu, 64 ; N i , 35 ; Sn , 1 w a s ca l led newloy ; a n d barberUe, 85 , Cu ; 5, N i i 
5 , S n ; a n d 5 , SiCu^. W . B . P r i c e a n d co -worke r s found t h a t a n u m b e r of these 
t e r n a r y a l loys could be h a r d e n e d b y h e a t t r e a t m e n t . T h u s , t h e alloy wi th Cu, 64*4 ; 
N i , 27 '6 ; Sn , 8 , h a d t h e Br ine l l ' s h a r d n e s s 114 w h e n c a s t ; IOO, w h e n homogen ized 
a n d q u e n c h e d ; 196, w h e n h o m o g e n i z e d 
a n d f u r n a c e cooled ; 114, w h e n h o m o ­
gen ized a n d a i r -cooled ; 228 , w h e n 
h o m o g e n i z e d a n d d r a w n a t 400° ; 3 2 1 , 
w h e n h o m o g e n i z e d a n d d r a w n a t 500° ; 
a n d 179, w h e n h o m o g e n i z e d a n d d r a w n 
a t 500° . C. G. F i n k a n d C. M. D e c r o l y 
s t u d i e d t h e co r rod ib i l i t y of b a r b e r i t e in 
s u l p h u r i c ac id ; a n d R . N i t z s c h e , t h a t 
of t h e n icke l b r o n z e s . T h e a l loys were 
s t u d i e d b y E . M. S t a p l e s a n d co­
w o r k e r s , E . O r m e , F . De l a roz i e r e , a n d 
N . B . P i l l ing a n d T. E . K i h l g r e n . M. 
B a l l a y , a n d L . Gui l l e t a n d co -worke r s 
s t u d i e d t h e copper -n i cke l - t in - s i l i con 
alloys. 
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Per cent, of nickel 

FiO. 149 .—Tlio F r e e z i n g - p o i n t C u r v e of 
t h e !Nickel-Lefcul A l l o y s . 

E . Griffiths a n d F . H . Schofield s t u d i e d t h e t h e r m a l a n d e lect r ical 
c o n d u c t i v i t i e s of s o m e a l u m i n i u m b r o n z e s c o n t a i n i n g n icke l ; a n d T. I s h i k a w a , t h e 
h a r d n e s s of t h e s e a l loys . S. K a t o i n v e s t i g a t e d t h e n i c k e l - t i n - a l u m i n i u m a l loys . 

A. F . C r o n s t e d t , 1 4 a n d R . T u p p u t i p r e p a r e d n i c k e l - l e a d a l loys ; t h e y sa id 
t h a t t h e t w o m e t a l s u n i t e w i t h difficulty t o fo rm a g rey , s l igh t ly l u s t rous , l amina r , 
a n d fr iable a l loy. A . D . v a n B i e m s d y k a d d e d t h a t if gold be p r e s e n t , t h e p h e n o ­
m e n o n of flashing m a y occur i n t h e cupe l l a t ion . T . E l e i t m a n n found t h a t u p t o 
10 p e r cen t , of l ead m a y be a d d e d t o n icke l w i t h o u t t h e a l loy losing i t s w o r k i n g 
p r o p e r t i e s . B . S. S u m m e r s m a d e lead-n icke l a l loys e lec t ro ly t ica l ly . J . C o u r n o t 
s t u d i e d t h e p r o p e r t i e s of t h e a l loys . A . P o r t e v i n obse rved t h a t n ickel a n d lead 
a r e on ly p a r t i a l l y misc ib le i n t h e l iqu id s t a t e , a n d sa id t h a t t h e m e t a l s d o n o t 
f o r m solid soln. T w o l i qu id l aye r s a r e f o r m e d w i t h b e t w e e n 7 a n d 60 p e r cen t , 
of n icke l a t 1365°. T h e e u t e c t i c h a s 0-07 pe r cen t , of n icke l . G. T a m m a n n a n d 
W . Oelsen r e p r e s e n t e d t h e so lub i l i ty , /S p e r cen t . , of n ickel in l ead b y 
log # = - — 2 3 2 0 r - i - j - 3 - l ] , a n d f o u n d : 

2 0 0 ° 1 8 0 ° 
0 0 2 6 002.'J S 

3 2 7 ° 
0-195 

300° 
0 1 0 3 

2 5 0 ° 
0 - O 4 7 

a n d , b y e x t r a p o l a t i o n , o b t a i n e d , a t 20° , <S=0-000016 p e r cen t , of n ickel . W . Se i th 
a n d co -worker s s t u d i e d t h e diffusion of n icke l in lead . G. Voss found t h a t t h e 
a l loys a r e n o t miscible in t h e fused s t a t e w h e n t h e p r o p o r t i o n of n ickel is b e t w e e n 
16 a n d 72 p e r cen t . , F i g . 149. T h e r e is a ser ies of sol id soln. w h i c h w h e n s a t u r a t e d 
c o n t a i n s 4 p e r cen t , of l ead . A t 1338°, t h e solid soln. is in equ i l i b r ium wi th t h e 
t w o l iqu id l aye r s . T h e so lub i l i ty of t h e solid soln. in l ead decreases v e r y r ap id ly 
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with fall of temp., and at its m.|)., lead alone separates out. Ail the alloys are 
magnetic ; the transition temp, of non-magnetic to magnetic nickel is raised about 
5° by the addition of 4 per cent, of lead, and it remains constant at 350° with further 
additions of lead. 

A. M. Fairlie compared lead-nickel alloys against lead-antimony alloys, and 
found that the lead-nickel alloys have a tensile strength one-third greater than 
that of lead, but less than half that of the best lead-antimony alloys. The elonga­
tion—per cent, per half inch—and the tensile strength in lbs. per sq. in. were : 

L e a d 
XClonga t ion 
T e n s i l e s t r e n g t h 

1OO 
1 1 0 

2 3 6 5 

9 9 
7 4 

: $ i 7 4 

9 7 - 7 5 
9 1 

3 2 6 2 

9 6 - 5 p e r c e n t 
3 2 

3 2 6 2 

300° 
0 1 0 3 

— 0 - 1 0 
6 6 - 6 

2 2 9 

200° 
0 - 0 2 6 
2 - 8 6 

1 0 7 - 2 
2 8 3 

150° 
0 - 0 2 3 
5 - 9 5 

1 1 2 0 
2 8 3 

100° 
0 - 0 2 3 
5 - 9 5 

1 1 2 - 1 
2 8 2 

2 0 ° 
0 0 2 3 
5 - 9 5 

1 1 2 - 2 
2 8 5 

Sp. gr. 1-530 
One week One -week 

a t 14° a t 184° 
0 - 0 1 4 0 - 3 5 7 
0 0 0 9 0-19O 
0 0 1 7 0 - 0 8 5 
0 0 2 1 0 1 3 4 

S p . 

One week 
a t 14° 
0 - 0 7 8 
0 0 3 5 
0 - 0 4 2 
0 - 0 5 7 

g r . 1-753 
12 lira. 
a t 184" 
0 - 4 1 9 
O 3 9 1 
O-35 7 
0 1 9 9 

G. Tammann and W. Wiederholt studied the cathodic polarization of the alloy ; 
and J. Cournot, the non-magnetic alloys of the two elements. Gr. Tammann and 
W. Oelsen measured the sp. magnetization (gauss) of lead-nickel alloys containing 
the following proportions of dissolved and total nickel : 

327° 
Disso lved N i . . . 0 1 9 5 

( 0 0 3 5 p e r c e n t . Ni . — O-200 
Gauss ] 0-218 p e r c e n t . Ni . 10-7 

(0-520 p e r c e n t . N i . 191 

The lead-nickel alloys are in nearly all cases superior to lead in their acid-resisting 
properties. The lead-nickel alloys can be substituted for lead-antimony alloys 
where hot acid has to be treated, provided a moderate degree of hardness and 
strength is all that is desired. The losses in weight with sulphuric acid were : 

Per eent. 
Pb 

100 
99 
97-75 
96-5 . 

N . P a r r a v a n o , W . G u e r t l e r a n d F . M e n z e l , a n d Gr. F . A l l e n p r e p a r e d n i c k e l -
l e a d - c o p p e r a l l o y s a n d f o u n d t h a t t h e a d d i t i o n o f 0 -95 t o 4-5 p e r c e n t , o f n i c k e l 
a n d 0 -05 t o 4-5 p e r c e n t , o f c o p p e r r e n d e r s l e a d m o r e r e s i s t a n t t o a t t a c k b y w a t e r . 

J . M c N e i l n o t e d t h a t t h e p r e s e n c e o f 2-5 p e r 
c e n t , of n i c k e l r a i s e d t h e s o l u b i l i t y o f l e a d i n 
c o p p e r f r o m 3 5 t o 6 0 p e r c e n t . A . B r a n d f o u n d 
s o m e a n t i m o n y a n d s u l p h u r i n a c o m p l e x 
c o p p e r - n i c k e l - l e a d a l l o y o c c u r r i n g a s a f u r n a c e 
p r o d u c t a t M e c h e r n i c h . W . G u e r t l e r a n d 
F . M e n z e l , a n d W . G u e r t l e r f o u n d t h a t w h i l s t 
c o p p e r a n d n i c k e l m i x c o m p l e t e l y i n t h e l i q u i d 
s t a t e a n d f o r m m i x e d c r y s t a l s i n t h e s o l i d 
s t a t e i n a l l p r o p o r t i o n s , t h e b i n a r y s y s t e m s 

\ ob\/ \ - & A / o \ / \ c o p p e r - l e a d a n d n i c k e l - l e a d s h o w v e r y l i m i t e d 
^ » \ \ / \ T \ 7̂ 1 \ m i s c i b i l i t y i n t h e l i q u i d s t a t e , t h e l i m i t s f o r 

s / ._ . . \_v . . . \ V . . ^ _ A n o n - m i s c i b i l i t y b e i n g 36—86-5 p e r c e n t , o f l e a d 
Ni Cu in the first and 30—84 per cent, in the second ; 
Floi t ^ % i ; ^ I ^ % " ^ r X n ^ r e nevertheless the ternary system shows com-

plete miscibility in the liquid state m almost all 
proportions. Mixtures of the German coinage nickel (Ni 25 per cent., Cu 75 per cent.) 
with lead in all proportions yielded clean homogeneous alloys of excellent lustre 
and appearance, the microscopical examination snowing mixed crystals of copper-
nickel in a ground mass of almost pure lead. Alloys containing 60 per cent, of 
lead with varying proportions of copper and nickel show complete miscibility in 
the liquid phase down to very small proportions of either nickel or copper (2-5 per 
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cen t . N i , 6 pe r cen t . Cu) ; t h i s is a t t r i b u t e d t o t h e fact t h a t a smal l p r o p o r t i o n of 
e i t he r coppe r or n ickel is sufficient t o m a k e a n o therwiso immisc ib le fluid l aye r of t h e 
o t h e r w i t h l ead comple te ly miscible . L . Diene l t , a n d H . v o n J i i p t n e r p r e p a r e d some 
al loys of copper-n icke l - lead w i t h z inc a n d t i n . M. W a e h l e r t found t h a t t h e a l loys 
fo rm a c o n t i n u o u s series of solid soln. , a n d a re c o m p a r a t i v e l y s imple in c h a r a c t e r . 
B . G a r r e a n d A. Muller s t u d i e d t h e n i c k e l -
lead-cadmium alloys ; W. Guertler, nickel-
lead-antimony alloys ; and R. J . Anderson, 
the nickel-lead-tin-zinc-copper alloys. 

E . W . v o n S i emens a n d J . G. H a l s k e , 1 5 

a n d K . G r a s s m a n n a n d E . J . K o h l m e y e r 
p r e p a r e d some n i c k e l - t a n t a l u m a l loys b y 
s u b j e c t i n g a n i n t i m a t e m i x t u r e of t h e 
p o w d e r e d m e t a l s t o a h i g h p r e s s u r e , a n d 
h e a t i n g t h e p r o d u c t a t a h i g h t e m p , i n a n 
i n e r t a t m . o r i n v a c u o . T h e y f o u n d t h a t 
t h e a d d i t i o n o f 5 t o 1 0 p e r c e n t , o f t a n t a l u m 
t o n i c k e l i n c r e a s e s m a t e r i a l l y t h e a c i d 
r e s i s t a n c e a n d t h e d u c t i l i t y o f n i c k e l . A n 
a l l o y w i t h 3 0 p e r c e n t , o f t a n t a l u m c a n b e 
b o i l e d i n a q u a r e g i a a n d o t h e r a c i d f o r a n 
e x t e n d e d p e r i o d o f t i m e w i t h o u t s u f f e r i n g 
c o r r o s i o n ; i t d o e s n o t o x i d i z e i n a i r a t a 
h i g h t e m p . ; t h e a l l o y i s v e r y t o u g h ; i t 
m a y b e r o l l e d , h a m m e r e d , a n d d r a w n ; 
a n d i t i s n o t b r i t t l e . T h e n i c k e l l o s e s i t s 
m a g n e t i c p r o p e r t i e s o n a d d i n g t a n t a l u m . 

E . T h e r k e l s e n d i s c u s s e d t h e s e a l l o y s . A l l o y s w i t h u p t o 3 6 p e r c e n t , of T a f o r m a 
h o m o g e n e o u s s o l i d s o l n . w h i c h h a s a l i q u i d u s f a l l i n g s m o o t h l y f r o m 1 4 5 0 ° t o 1 3 5 0 ° ; 
t h e r e i s a m a x i m u m a t 1 5 4 5 ° , c o r r e s p o n d i n g w i t h n i c k e l t r i t a t a n t a l i d e , N i 3 T a , a n d 
a m i n i m u m a t 1 4 0 0 ° w i t h 61 p e r c e n t . T h e r e a r e <x-,f3-, a n d y - s o l i d s o l n . — F i g . 1 5 1 . 
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F I G . 152 .—Hardness , Tensi le Strength , and Electrical Conduct iv i ty 
of the N i -T a Al loys . 

T h e s t r u c t u r e of a l loys w i th 50 t o 78 pe r cen t , of T a a r e v e r y c o m p l e x , a n d show a 
t r a n s f o r m a t i o n in t h e solid s t a t e a t 1350°. Br ine lFs h a r d n e s s of t h e solid soln. , 
F i g . 152, increases a l m o s t l inear ly w i t h t h e t a n t a l u m c o n t e n t u p t o 250 for 35 p e r 
c e n t , of T a ; t h e tens i le s t r e n g t h of t h e co ld -worked a l loys increases f rom 40 t o n s 
p e r sq . in . for p u r e n icke l t o 116 t o n s p e r sq . in . for t h e 35 p e r cen t . T a al loy, 
!Fig. 152. T h e c o l d - d r a w n 9 p e r c en t . T a a l loy h a s an e lect r ical res i s tance of 
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300 
Temperature difference 

F I G . 1 5 3 . — T l i o T h e r m a l E l e c t r o m o t i v e F o r c e 
of t h e N i - T a A l l o y s . 

72=0-262(1 - f - 0 0 0 2 0 + 0 0 0 0 0 0 1 6 # 2 ) o h m s p e r m e t r e p e r sq . m m . — F i g . 152. T h e 
e.m.f. of t h e couple N i : 9 t o 15 p e r c e n t . T a a l loy is 2 m . v o l t a t 100°. T h e 
res i s tance of al loys w i th a b o u t 12*5 a t . p e r cen t , of T a is v e r y good. All t h e a l loys 
read i ly oxidize in a i r a t 350°. W . R o h n s t u d i e d t h e t he rmoe lec t r i c force of t h e 

a l loys a g a i n s t p l a t i n u m ; a n d 
K . G r a s s m a n n a n d E . J . K o h l m e y e r , 
the nickel - tantalum - zirconium 
alloys ; nickel - copper - tantalum 
alloys ; nickel-columbium alloys ; 
and the nickel columbium-zdrconium 
alloys. 

H . Giebe lhausen , 1 6 a n d K . Grass ­
m a n n a n d E . J . K o h l m e y e r , p r e ­
p a r e d n i c k e l - v a n a d i u m a l loys . H e 
sa id t h a t t h e t w o e l e m e n t s fo rm a 
c o n t i n u o u s series of solid soln. w i t h i n 
t h e r a n g e i nves t i ga t ed , viz. 0 t o 36 
p e r cen t , v a n a d i u m . T h e f.p. c u r v e , 
F i g . 154, passes t h r o u g h a shal low 
m i n i m u m . T h e m a g n e t i c t r a n s ­
f o r m a t i o n t e m p , is r a p i d l y lowered 
b y v a n a d i u m as s h o w n b y t h e d o t t e d 
l ines—vide n i c k e l - v a n a d i u m s teels . 

H . H e r s e n s c h m i d t o b t a i n e d n i c k e l - v a n a d i u m b y r e d u c i n g a m i x t u r e of n icke l 
ox ide a n d v a n a d i c ac id . W . R o h n s t u d i e d t h e t h e r m o e l e c t r i c force of t h e a l loys 
a g a i n s t p l a t i n u m ; a n d K . G r a s s m a n n a n d E . J . K o h l m e y e r , t h e nickel-COpper-
vanadium alloys. 

G. Voss 1 7 p r e p a r e d n i c k e l - c h r o m i u m al loys , a n d found t h a t t h e f .p. c u r v e 
cons is t s p r ac t i c a l l y of t w o b r a n c h e s : f rom 0 t o 42 p e r cen t , of n ickel , solid soln. 
r ich in c h r o m i u m s e p a r a t e ; a n d f rom 42*5 t o 100 p e r cen t , n ickel , solid soln. r ich 
in n ickel s e p a r a t e o u t . T h e r e is a v e r y s h o r t b r e a k in t h e misc ib i l i ty c u r v e 

b e t w e e n 42*0 a n d 42-5 p e r cen t , of nickel . Al loys w i t h 
less t h a n 90 p e r cen t , a re m o r e m a g n e t i c . T h e t r a n s i t i o n 
t e m p , is lowered 100° b y t h e a d d i t i o n of 2 p e r cen t , of 
c h r o m i u m . S. Sek i to a n d Y . M a t s u n a g a , Y . M a t s u n a g a , 
a n d S. Nishigori a n d M. H a m a s u m i rev ised t h e w o r k of 
G. Voss , a n d t h e r e su l t s a r e s u m m a r i z e d in F i g . 156. 
T h e p r e p a r a t i o n of t h e a l loys b y fusion in h y d r o g e n in 
magnes i a c ruc ib les w a s e x e c u t e d b y C. J . Smi the l l s a n d 
co-workers . J . W . C u t h b e r t s o n s t u d i e d t h e e lec t ro-
depos i t ion of t h e al loy. N . B . P i l l ing a n d T . E . K ih lg r en , 
P . R o n t g e n a n d W . K o c h , W . R o s e n h a i n a n d co-workers , 
a n d C. H . M. J e n k i n s a n d co-workers , d iscussed t h e con­
s t i t u t i o n of t h e a l loys . G. G r u b e s t u d i e d t h e diffusion of 
c h r o m i u m in n ickel . E . C. B a i n , a n d M. R . A n d r e w s 
found t h a t t h e l a t t i ces of t h e c h r o m i u m a n d n ickel a r e 

v e r y different in t y p e , a n d t h e r e is a region e x t e n d i n g from a b o u t 65 t o 95 p e r cen t , 
c h r o m i u m whe re t h e l a t t i ce s o v e r l a p . F . C. B l a k e a n d co-workers obse rved t h a t 
w i t h a l loys h a v i n g 65 t o 85 p e r cen t , of c h r o m i u m t h e r e is p r e s e n t a p h a s e h a v i n g 
a b o d y - c e n t r e d l a t t i c e , w h i c h is c h r o m i u m ; t h e r e is a p h a s e w i t h c h r o m i u m 
nickel ide ; a n d a p h a s e w i t h n i cke l d ichromide , NiCr 2 . T h e X - r a d i o g r a m ind i ca t e s 
t h a t t h e r e a r e 96 a t o m s p e r u n i t cell ; t h a t t h e cell cons is t s of four i n t e r p e n e ­
t r a t i n g l a t t i ces of n ickel , w i t h four o t h e r i n t e r p e n e t r a t i n g l a t t i ces of c h r o m i u m , 
t h e l a t t i ce is b o d y - c e n t r e d a n d t e t r a g o n a l , w i t h a= 10-64 A. , a n d a n axia l r a t i o 
a : c = l : 1-040. T h e d e n s i t y is i den t i ca l w i t h t h a t of c h r o m i u m , n a m e l y , 6-93. 
E . R . J e t t e a n d co-workers found t h a t t h e a l loys c o n t a i n e d on ly b o d y - c e n t r e d 
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F I G . 1 5 4 . — T h e F r e e z i n g -
p o i n t C u r v e of INTi c k e l -
V a n a d i u m A l l o y s . 
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c h r o m i u m , face-cent red nickel , a n d occas ional ly r h o m b o h e d r a l c h r o m i c ox ide . 
F . C. B l a k e a n d A. E . F o c k e d iscussed t h e d i s to r t i on of t h e nickel space- la t t i ce 
b y c h r o m i u m . S. Sek i to a n d Y . M a t s u n a g a found t h a t a l loys w i t h u p t o 45 p e r 
cen t , of c h r o m i u m h a v e a face -cen t red , cubic l a t t i ce , a n d t h e 
c h r o m i u m dissolves in t h e n ickel t o fo rm a solid soln. Al loys 
w i t h 95 t o 100 pe r cen t , of c h r o m i u m h a v e a b o d y - c e n t r e d 
cub ic l a t t i ce , a n d a n o t h e r solid soln. is fo rmed. Al loys w i t h 
45 t o 95 p e r cen t , of c h r o m i u m a r e he t e rogeneous , a n d consis t 
of a m i x t u r e of t h e t w o solid soln. F . S t roh le in i n v e s t i g a t e d 
t h e diffusion of c h r o m i u m in n ickel , a n d F ig . 155 is se lec ted 
f rom his r esu l t s . 

A. P a r k e s p r e p a r e d a n i cke l - coppe r - a lumin ium al loy w i t h 
10 p e r cen t , of c h r o m i u m ; a n d n i c k e l - c h r o m i u m al loys were 
also p r e p a r e d b y H . O s t e r m a n n a n d C. L ac r o ix , E . H a y n e s , 
F . K r u p p , M. v o n Schwarz , J . H . S. D ickenson , F . H a u p t m e y e r , 
A. B . D a v i s , J . H . L,. de B a t s , W . F . Cochrane , S. A. P ogod in , 
A . M. Korolkoff, S. A. P o g o d i n a n d co-workers , t h e Vere in ig te 
D e u t s c h e Nike lwerke , W . H o s k i n s , C. J . Smi the l l s , 
S. S. Smirnoff, J . H . Russe l , Y . S. G i n t z b u r g a n d 
A. D . Goldberg , a n d J . T. H . D e m p s t e r . S o m e of t h e s e a l loys 
a r e e m p l o y e d on a c c o u n t of t h e i r la rge e lectr ical res i s tance , a n d t h e i r s t ab i l i t y a t 
a h igh t e m p , for w i r e -wound elect r ical fu rnaces . M. v o n Schwarz discussed h o w 
t h e wires b e c a m e b r i t t l e w i t h use . T h e a l loy n i c h r o m e h a s r o u g h l y 58 t o 62 pe r 
cen t , of N i ; 23 t o 26 p e r cen t , of F e ; 8 
t o 14 p e r cen t , of Cr ; 0-5 t o 2-0 p e r cen t , 
of Mn, Zn , a n d Si ; 0-2 t o 1-0 pe r cen t , 
of C. Th is a l loy h a s t h e t r a d e n a m e 
chromel A. ; a n o t h e r g r a d e of n i c h r o m e 
is chromel B w i th 15 p e r cen t , of c h r o m i u m 
a n d 85 of n i c k e l ; a n o t h e r g r a d e , chromel 
O, h a s 11 p e r cen t , of c h r o m i u m , 64 of 
n ickel , a n d 25 of i ron . A n o t h e r fo rm of 
n i c h r o m e h a s Cr, 12 ; Ni , 60 ; a n d F e , 25 ; 

F e , 2 6 ; sooTi-— 

1IO. 155. T h o Diffu­
sion of C h r o m i u m 
in N icke l . 
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y e t a n o t h e r h a s Cr, 12 ; N i , 60 
Mn, 1 ; C, 0-50 ; a n d Si, 0-40. 

T h e X - r a d i o g r a m s of t h e a l loys were 
s t u d i e d b y Z. Jeffries a n d R . S. Archer , 
F . C. B l a k e , F . C. B l a k e a n d J . O. L o r d , 
W . C. P h e b u s a n d F . C. B l a k e , a n d 
H . Weiss . J . R . Vilella, a n d J . A. M. v o n 
Laempt s t u d i e d t h e solid soln. T h e sp . gr . 
of t h i s a l loy is 8-15 ; a n d t h e Br ine l l ' s 
h a r d n e s s , 165 to 175. W . C. El l i s a n d co-workers g a v e 8-39 for t h e sp . gr . of 
t h e N i : Cr(80 : 20) a l loy. Acco rd ing t o F . Bauer fe ld , t h e ac t ion of hydroch lo r i c 
ac id on n i c k e l - c h r o m i u m a l loys r e p r e s e n t e d b y t h e pe r cen t age loss is : 

IOO 

4 0 O l 56 

156. F r e e z i n g - p o i n t C u r v e of t h e 
N i c k e l - C h r o m i u m Al loys . 

N i 
C r 
C . 
L o s s 

( 50° 
\ 200° 

£J < 400° 
/ 600° 
\ 800° 

89-9O 

5 1 2 
0-36905 
1-2 
3-7 
9-6 

17-1 
24-4 

8 6 0 1 
2-38 
6-28 
0-47231 
2 - 5 
9 -3 

20-8 
32-9 
45-3 

— 
10-59 

4-95 
0-25081 
2 - 3 
6-9 

23-0 
33-3 
45-9 

65-29 
2 2 1 4 

5-28 
0-07422 
2-3 
6-2 

18-8 
30-8 
44-1 

44-57 
43-20 

5 O O 
0-1490 
2 1 
5-9 

17-8 
29-3 
41-6 

A. Gr. L o b l e y a n d C. Li. B e t t s , a n d C. R . Aus t in a n d G. R . Gier, m e a s u r e d t h e 
c reep of t h e 80 : 20 n i cke l - ch romium al loy. C. J . Smi the l l s a n d S. V. Wi l l iams 
found t h e diffusion of nickel a n d c h r o m i u m a t 1450° is v e r y smal l . 
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P . W . B r i d g m a n found t h e compress ib i l i ty of n i e h r o m e (Ni, 80 ; Cr, 20) a t 
30° t o be 8v/v0= (5-50-0O4Wp)PX 10-7, o r £ = 0 - 0 6 5 5 a t 30°, a n d R . F . Mehl a n d 
B . J . Mai r o b t a i n e d a h ighe r v a l u e b y ca l cu la t ion f rom t h e m i x t u r e ru le . T h e 
m e c h a n i c a l p rope r t i e s were e x a m i n e d b y W . R o s e n h a i n a n d co-workers , 
C. H . M. J e n k i n s a n d co-workers , P . C h e v e n a r d , J . F . K a y s e r , H . J . Tapse l l a n d 
J . B r a d l e y , R . S. M a c P h e r r a n , N . L . Mochel , E . F . L a k e , J . K . S m i t h , M. C o m b e , 
W . R o h n , F . A. F a h r e n w a l d , A. Ie Chate l ie r , L . O. H a r t , F . J a b l o n s k y , a n d 
B . J o n e s . T h e u l t i m a t e tens i le s t r e n g t h of n i e h r o m e is : 

200° 400° 600° 800° 
Tensi le s t r e n g t h . . . 94 ,000 91,00O 59,000 32,000 lb s . p e r sq . in . 

P . Chevena rd , a n d F . A. F a h r e n w a l d m e a s u r e d t h e t h e r m a l expans ion of t h e a l loys , 
t h e sp . h t . , t h e t h e r m a l c o n d u c t i v i t y , a n d t h e r a d i a t i o n of h e a t . P . C h e v e n a r d 
obse rved a n anomalie—that is , a b r eak , A, F ig . 157—in t h e c o n t i n u i t y of t h e coeff. 
of t h e r m a l expans ion c u r v e of t h e c h r o m i u m - n i c k e l a l loys . T h e resu l t s a r e 
s u m m a r i z e d in F ig . 157. O b s e r v a t i o n s were a lso m a d e b y P . H i d n e r t . T h e 

F I G . 1 5 7 . — T h e Coefficients of T h e r m a l E x p a n s i o n of t h e C h r o m i u m - N i c k e l A l loys . 

m o s t complex a l loy h a s a t h e r m a l c o n d u c t i v i t y 20-5 p e r cen t , of t h a t of ca s t i ron , 
t h e s p . h t . a t 100° is 0*111 ; a n d t h e m . p . , 1460°. O b s e r v a t i o n s were m a d e b y 
R . K i k u c h i , A . W . S m i t h , a n d M. S. v a n D u s e n a n d S. M. She l ton . W . C. El l i s 
a n d co-workers g a v e 0-0358 cal . p e r c m . p e r sec. p e r degree for t h e N i : Cr(80 : 20) 
a l loy ; a n d 0-104 for t h e sp . h t . C. H . M. J e n k i n s a n d M. Xi. V. G a y l e r s t u d i e d 
t h e m . p . a n d t h e t r a n s i t i o n p o i n t s ; a n d E . R . B i n k l e y , a n d A . L . He l fgo t t , t h e 
emiss iv i ty . V. A . S u y d a m found t h e t o t a l r a d i a t i o n e n e r g y of n i e h r o m e , E w a t t s 
p e r sq . cm. , a t T° K . , t o be—v ide F i g . 24 : 

325° 483° 073° 1013° 1113° 1178° 1258° 1308° K. 
JS . 0 0 4 1 7 0-3259 0-0080 1-8913 3-6580 5-9170 9-8000 13-3820 

A. W . F o s t e r gave for t h e a t . h t . of n icke l : 
397° 347° 342° 331° 269° 144° 

A t . h t . . 8-22 8 1 0 9-26 \ 1 0 1 3 7-70 6-88 
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for a n a l loy w i t h 1 p e r cen t , of c h r o m i u m : 

A t . h t . 

A t . h t . 

341° 
7 03 
er cen t . 
354° 
6-34 

302° 283° 
7-29 8 1 1 

of c h r o m i u m : 
309° 244° 

5-99 6 1 2 

235° 
6-98 

229° 
5-90 

195° 
6-50 

183° 
5-65 

107° 
6 1 5 

127° 
5-40 

273° 
1-000 

398° 
1 0 4 5 

556° 
1-088 

735° 
1 1 2 8 

1018° 
1-143 

1188° 
1 1 6 9 

1 320° 
1-219 

1503° 
1-279 

1281 

120 

,0-00089 

0 00077 

0O0065 ig, 

0-00053 § 

F . M. S e b a s t a n d G. Li. G r a y found t h e e lect r ical r e s i s t ance R m i c r o h m s p e r 
c m . c u b e a t 20°, of t h e N i : Cr a l loys for 100 : 20 t o be R a n d t h e t e m p , coeff. 
0 = 0 - 0 0 0 1 2 ; for 1 0 0 : 1 5 , i g = 8 4 - 7 a n d « = = 0 0 0 0 2 0 ; 1 0 0 : 1 0 , R=Ql-S a n d 
« = 0 0 0 0 3 7 ; a n d for 100 : 5, R=45 7 a n d o, = 0-00097. W . C. El l is a n d co-workers 
g a v e for t h e e lect r ical c o n d u c t i v i t y of t h e Ni : Cr (80 : 20) al loy, k X 10~ 5 =0*0939 m h o . 
M e a s u r e m e n t s we re m a d e b y W . A. G a t w a r d , M. A. H u n t e r a n d A. J o n e s , 
F . V . L i n d s a y , M. A. G r o s s m a n , J . S t r a u s s , a n d R . K i k u c h i . H . RoIn ick 
s t u d i e d t h e t en s ion coeff. of t h e r e s i s t ance of n i c h r o m e . 

V. A. S u y d a m g a v e for t h e r e s i s t ance of n i c h r o m e R o h m s a t different t e m p . , 
0 K , w h e n t h e r e s i s t ance a t 0° or 273° is t a k e n a s u n i t y : 

R . 

A. A. Somerv i l l e ' s r e su l t s a r e s u m m a r i z e d in F ig . 158. P . W . B r i d g m a n g a v e for 
t h e p ress , coeff. of t h e r e s i s t ance for p ress , b e t w e e n O a n d 12,000 k g r m s . pe r sq . cm. ; 
c h r o m e l A, —0-O6134 a t 0° , a n d 
— 0-O6137 a t 90°, whi l s t t h e t e m p , 
coeff. b e t w e e n 0° a n d 100° is 
0-000163. S imi la r ly , for c h r o m e l B , 
t h e press , coeff. a t 0° w a s —0-0 6 158, 
a n d a t 95° - 0 - O 6 1 6 9 , whi l s t t h e 
t e m p , coeff. b e t w e e n 0° a n d 95° w a s 
0-000212. F o r c h r o m e l C, t h e 
press , coeff. a t 0° was —0-0 6 4272 ; 
a t 52-24°, - 0-064194 ; a n d a t 95-88°, 
— 0-064488 for p ress , b e t w e e n 0 a n d 
12,000 k g r m s . , a n d —0-0 64372 for 
press , b e t w e e n 0 a n d 6000 k g r m s . 
so t h a t b e t w e e n 0° a n d 100° t h e press , coeff. passes t h r o u g h a m i n i m u m . T h e 
t e m p , coeff. a t a t m . p ress , is n o r m a l in be ing pos i t ive , b u t t h e d i rec t ion of t h e 
c u r v a t u r e is n o t n o r m a l . B e t w e e n 0° a n d 52° , t h e t e m p , coeff. is 0-001076, a n d 
b e t w e e n 0° a n d 96° , 0-001030. H . R o l n i c k m e a s u r e d t h e effect of t ens ion 
on t h e r e s i s t ance of n i c h r o m e ; H . L . B r a k e l , t h e effect of v i b r a t i o n ; a n d 
J . O b a t a , t h e effect of a m a g n e t i c field. W . R . B a r c l a y a n d G. K. M. S t o n e found 
t h e N i : C r = 80 : 20 c u r v e s t o be useful for h e a t i n g e lectr ic furnaces u p t o 1100°. 
F . P . P e t e r s , M. A . H u n t e r a n d A. J o n e s , a n d S. F . S c h e m t s c h u s c h n y a n d co­
worke r s , m a d e o b s e r v a t i o n s on t h e sub jec t . A. I m h o f obse rved s t a t i o n a r y waves 
a re e m i t t e d b y wi res h e a t e d b y a n a l t e r n a t i n g c u r r e n t . C. G. F i n k a n d 
C. M. Dec ro ly found t h e c o n t a c t p o t e n t i a l of n i c h r o m e (60-8 Ni , 12-5 Cr, 26-3 Fe ) 
in su lphu r i c ac id of 0-45, 2-40, 5-15, a n d 9-92 p e r cen t . H2SO4 t o be—0-610, 
—0-725,—0-717, a n d —0-710 vo l t . T h e y also s t u d i e d t h e pas s iv i ty of t h e al loy. 

F o r O. L . K o w a l k e ' s o b s e r v a t i o n s o n t h e t h e r m o e l e c t r i c force of couples of coba l t 
w i t h n i c h r o m e a n d t h e " a d v a n c e " a l loy , vide supra, coba l t ; E . F . N o r t h r u p , 
a n d R . H a s e m e a s u r e d t h e e.m.f. of a t h e r m o c o u p l e of n icke l a n d n i ch rome . The 
t h e r m o e l e c t r i c force, E mi l l ivol t s , of s o m e n i c k e l - c h r o m i u m al loys , m e a s u r e d by 
F . Bauer fe ld , a re i n d i c a t e d a b o v e ; t h a t of t h e a l loys a g a i n s t p l a t i n u m was 
s t u d i e d b y W . R o h n , a n d L . J . N e u m a n ; a n d a g a i n s t copper , b y A. W . Fos t e r . 
O. L . K o w a l k e o b t a i n e d t h e r e su l t s s u m m a r i z e d in F i g . 159 for t h e couples (i) N i , 
86 ; Cr, 14-3, a n d Ni , 96-6 ; F e , 2-2 ; Si , 2-4 ; (ii) Cr, 10-01 ; F e , 30 ; N i , 

V O L . X V . R 

112 

FICJ . 

400 600 8OO WOO 2OO 

1 5 8 . — T b o Effec t of T e m p e r a t u r e o n t h e 
R e s i s t a n c e of N i c h r o m e . 
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59-9, a n d Al , 3-3 ; N i , 96-4 ; (iii) F e , 99-9, a n d Al, 1-14 ; N i , 98-3 ; (iv) n icke l 
w i t h a smal l p r o p o r t i o n of i ron , a n d i ron w i t h a sma l l p r o p o r t i o n of n icke l ; (v) F e , 
99-8, a n d Cu, 5 2 - 3 ; N i , 4 8 - 0 ; (vi) Cr, 1 6 - 8 ; N i , 83-3, a n d F e , 1-08; N i , 98-90. 
T h e r e su l t s for (vi) were s imi la r t o t h o s e w i t h (ii) ; t h e v a l u e s for t h e t h e r m o ­
elect r ic force, E mi l l ivo l t s , of t h e o t h e r coup les we re : 

& (i) 

E (ii) 

K (iii) 

K (iv) 

2? (V) 

324° 
11-39 

316° 
5-56 
240° 

6-75 
360° 

8-41 
318" 

15-7O 

454° 
16-64 

450° 
8-59 
330° 

9-09 
452° 

10-40 
445° 

22-51 

554° 
20-73 
545° 

10-76 
435° 

10-66 
643° 

14-98 
540° 

27-66 

646° 
24-41 

636° 
13-10 

045° 
13-64 

836° 
20-65 

634° 
32-99 

825° 
31-51 

800° 
18-27 
843° 

18-2O 
931° 

23-6O 
825° 

44-85 

1018° 
38-45 

824° 
22-21 

1026° 
22-19 

1022° 
26-57 

890° 
49-41 

1115° 
41-43 

993° 
24-52 
1109° 
24-16 
1107° 
29-58 

997° 
55-02 

A. W . F o s t e r , a n d W . R o h n s t u d i e d t h e t h e r m o e l e c t r i c force of t h e a l loys ; a n d 
A. W . S m i t h , t h e H a l l effect. A. W . F o s t e r , a n d M. A. H u n t e r a n d A. J o n e s 
m e a s u r e d t h e t h e r m o e l e c t r i c force of a l loys of c h r o m i u m a n d n icke l a g a i n s t copper , 
a n d t h e r e su l t s a r e i n d i c a t e d in F i g . 49 i n connec t ion w i t h nickel . O. F e u s s n e r 

d i scussed t h e sub jec t . J . Sa f ranek in­
v e s t i g a t e d t h e m a g n e t i c p r o p e r t i e s of 
t h e n i c k e l - c h r o m i u m al loys , a n d f o u n d 
t h a t t h e rec ip roca l of t h e suscep t ib i l i t y 
p l o t t e d a g a i n s t t e m p , g ives a s t r a i g h t 
l ine b e c o m i n g concave t o w a r d s t h e T-ax i s 
a t h ighe r t e m p . T h e v a r i o u s m a g n e t i c 
c o n s t a n t s a r e l inear func t ions of t h e 
compos i t i on . T h e sp . m a g n e t i z a t i o n of 
t h e CrNig al loy e x t r a p o l a t e s t o zero a t 
a b s o l u t e zero . C. S a d r o n obse rved t h a t 
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40 
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•Thermoelectric !Force of Some 
Thermocouples. 

t h e Curie p o i n t of n icke l falls f rom 355° 
w i t h n icke l t o —143° w i t h n icke l con­
t a i n i n g 10 p e r cen t , of c h r o m i u m , a n d 
t o —273° ( ex t r apo l a t i on ) w h e n 12 p e r 
cen t , of c h r o m i u m is p r e s e n t . T h e 
s a t u r a t i o n m a g n e t i z a t i o n of t h e a l loys , 
o>, a t T° K . , i n a p a r t i c u l a r field, va r i e s 

w i t h t h e t e m p , b e t w e e n 110° K . a n d 150° K. , so t h a t arT=ar0(l—aT), w h e n a is 
c o n s t a n t . P . C h e v e n a r d , a n d D . P . R a y - C h a u d h u r y a n d P . N . Sen G u p t a s t u d i e d 
t h e m a g n e t i c p r o p e r t i e s of t h e a l loys , a n d J . M. I d e , t h e m a g n e t o s t r i c t i o n . 

W . B a u k h o l a n d H . ELayser s t u d i e d t h e p e r m e a b i l i t y of t h e a l loys t o h y d r o g e n . 
T h e r e s i s t ance of t h e h e a t e d a l loys t o o x i d a t i o n w a s s t u d i e d b y F . A . F a h r e n w a l d , 
a n d W . H e r r m a n n . W . H . J . V e r n o n o b s e r v e d t h a t c h r o m i u m h i n d e r s t h e fogging 
of n icke l on e x p o s u r e t o a i r—v ide n i c k e l ; Y . U t i d a a n d M. Sa i to , t h a t n i c h r o m e 
wire on a 2 h r s . ' h e a t i n g g a i n e d 0*84 m g r m . of o x y g e n p e r sq . c m . T h e y also 
e x a m i n e d t h e effect w i t h o t h e r r e s i s t ance wires . R . J . M c K a y , J . C. H u d s o n , a n d 
J . A . N . F r i e n d d iscussed t h e cor ros ion of t h e a l loy b y s ea -wa te r , e t c . H . I p a v i c 
s t u d i e d t h e corros ion of t h e a l loy b y h y d r o g e n s u l p h i d e . R . Cous t a l a n d H . Sp ind l e r 
f o u n d t h a t a n o d e s of n i c k e l - c h r o m i u m a r e s l igh t ly a t t a c k e d b y l iqu id a m m o n i a . 
Y . TJtida a n d M. Sa i t o s t u d i e d t h e r e s i s t ance t o cor ros ion of n i c h r o m e b y 
s u l p h u r i c ac id a t 20° us ing 125 c.c. of ac id for a s a m p l e of IO g r m s . for 
3 3 3 h r s . , a n d for 24 h r s . a t 80° a n d 47 h r s . a t 20° . T h e losses i n g r a m s p e r sq . in . 
p e r h o u r were : 

2 0 ° 8 0 ° 

Sp. gr. H 2 SO 4 
Loss 

1-83O 
0-00007 

1-747 
000019 

1-408 
O-OOO 

1 1 4 2 
0-O0O 

1 0 3 6 
0-00006 

1-830 
0-004 

1-408 
O-OOIO 

1 0 3 6 
0 0004 
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T h e corrosion wi th n i t r i c acid is r a t h e r severe ; a n d wi th hydrochlor ic acid, t h e 
ac t ion is n o t severe w i th u p t o 20 per cent , acid in t h e cold. The ac t ion w i th 
su lphurous acid is six t imes t h a t of su lphur ic acid of sp . gr. 1-830 u n d e r similar 
condi t ions . T h e ac t ion of ace t ic acid is severe. T h e alloy is v e r y l i t t le a t t a c k e d 
b y lac t ic acid, or b y aq . a m m o n i a of a n y concen t ra t ion . P . Askenasy n o t e d t h e 
res is tance of n icke l -chromium t o s t e a m a t 1000° ; H . Gruber , t h e res i s tance t o 
h y d r o g e n sulphide ; a n d J . S. Vanick, t h e res is tance t o ho t gaseous a m m o n i a . 
W . K o h n found t h e corrodibi l i ty of nickel : ch romium alloys holding 1 per cent , 
of manganese , a n d expressed as a loss in g rams per sq. dm. , N n o t annealed , A, 
annea led , us ing 10 per cent , acids : 

HNO3, H 2 SO 4 H C l CH3COC)H H 3 P O 4 

88 : , , /24 lira, cold 
X1\l hr. hot. 

OA , r (24 lirs. cold 8 4 : 1 5 { l hr. hot 
I 24 hrs. cold 

79 : 2O W hr. hot 

N 
2 - 7 6 
2 -16 
0 0 4 
O 
0 0 1 
O 

A 
2-37 
0 - 9 
0 - 0 4 
0 - 2 
0 0 2 
O 

0 0 3 
0 1 2 
0-07 
0 1 0 
0 0 1 
0-11 

A 
0-02 
0 0 5 
0 0 1 
0 0 2 
0 0 1 
0 1 4 

N 
O 18 
1-26 
0 0 8 
l-2() 
0 0 3 
0-72 

A 
O-IO 
1-10 
0 0 4 
0 - 5 1 
0 0 3 
0 - 6 8 

r * 

N 
0 -002 
0 -007 
0 0 0 6 
0 0 0 4 
0 -002 
O 

A 
0-002 
0 0 0 7 
O-004 
0 -004 
0 0 0 2 
O 

N 
0 - 0 0 4 
0 0 1 8 
0 - 0 0 6 
0 - 0 3 4 
0 - 0 0 2 
O-Ol l 

A 
O 0 0 4 
O 0 3 
O 
O 0 3 2 
O-004 
0 0 5 1 

Observa t ions were m a d e b y W . Guer t l e r a n d W . A c k e r m a n n , R. Boichers , 
W . R . Barc lay , P . Chevenard , W . A. G a t w a r d , L. O. H a r t , J . F . Kayse r , 
F . F . K h i m u s h i n a n d M. F . Denisoff, P . S. Menough, W. M. Mitchell , M. Sauvageo t , 
S. W . G. Snook, B . S t rauss , F . St rohle in , a n d W . H . J . Vernon. C. G. F i n k a n d 
C. M. Decro ly found t h a t t h e losses w i th n ichrome (60-8 Ni , 12-5 Cr, 26-3 Fe ) , in 
mi l l igrams per sq. d m . per 24 hrs . , were, wi th su lphur ic acid hav ing t h e concen­
t r a t i o n , in g rams per l i t re : 
H2SO4 . . 3-35 24-75 53OO 106-50 197-90 157O 1768 
Loss . . 6 9 123 173 231 315 145 700 

W . G. Imhoff s tud ied t h e corrosive ac t ion of mol t en zinc on t h e nickel -chromium 
al loys ; G. N o r d s t r o m , t h e a t t a c k b y hydrogen sulphide , su lphur dioxide, a n d 
reduc ing g a s e s ; H . McK. Elsey, carboniz ing 
t h e al loy by hea t ing i t in n i t rogen a n d a hyd ro ­
ca rbon . E . Maass a n d W . Weiderho l t found 
t h e a t t a c k by d ry sal ts decreases in th i s order : 
m a g n e s i u m chloride, carnal l i te , H a r t s a l z , 
po t a s s ium chloride, sod ium chlor ide, a n d 
magnes ium su lpha te . E . Siedschlag found 
t h a t t h e copper - ch romium - nickel al loy 
(5 : 40 : 55), a n d 150 c.c. of l iquid ac t ing for 
1 h r . gave t h e following percen tage losses : 
H o t , cone, a q u a regia, 29-0 ; cold, cone, a q u a 
regia, 22-0 ; hot , hydrochlor ic acid (1 : 1), 5 ; 12 

ho t , cone, hydrochlor ic acid, 18 ; cold, cone. vi& 
hydrochlor ic acid, 1-2 ; ho t , cone, n i t r ic acid, ^u 

t\ A u ^, ~~ ^i+~:~ .,^.rJ r* Q. V.^4- „ ; + ,.,V. ,̂-,,"̂  F ia . 160.-—Isothermal Curves of tho 
0-4 ; cold, cone, n i t r ic acid 0-3 ; h o t n i t r ic acid Coppor-Chrornium-Niokel Alloys. 
(1 : 1), 0-1 ; h o t su lphur ic acid (1 : 1), 0 1 ; l t y 

a n d soda-lye, nil. W i t h t h e 30 : 10 : 60 alloy, hot , cone, a q u a regia, 28-0 ; cold, 
cone, a q u a regia, 3-0 ; h o t cone, hydrochlor ic acid, 8-0 ; ho t hydrochlor ic acid 
(1 : 1), 16-0 ; ho t su lphur ic acid, 0-7 ; ho t , cone, ni t r ic acid, 0-1 ; cold, cone, n i t r ic 
acid, 0-1 ; a n d soda-lye, nil . R . Borchers s tud ied t h e ac t ion of n i t r ic acid ; a n d 
C. G. F i n k a n d F . J . K e n n y , t h e pass iv i ty of t h e alloy p roduced b y chromic acid. 
E . C. B a d e a u , a n d W . A. Wesley a n d co-workers n o t e d t h e ac t ion of ho t , ae ra ted 
mi lk on t h e alloy. R . H a s e s tud ied t h e res is tance of n ich rome t o mol ten brass , 
a n d zinc ; a n d F . H . R h o d e s a n d co-workers , t o phenols . The corrodibi l i ty of 
t h e al loys was discussed b y J . S t rauss . 

E . Siedschlag s tud ied t h e t e r n a r y copper -chromium-nicke l alloys and obta ined 
t h e i so the rma l curves ind ica ted in F ig . 160. T h e he te rogene i ty of t h e copper-
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chromium s y s t e m is p a r t l y r e m o v e d b y t h e a d d i t i o n of n i c k e l ; w h e n be low 55 p e r 
c e n t , of n icke l is p r e s e n t , h e t e r o g e n e o u s s y s t e m s w i t h t w o l aye r s a r e f o r m e d i n 
t h e reg ion w i t h i n t h e d o t t e d l ine , F i g . 160. D . F . M c F a r l a n d a n d O. E . H a r d e r 
m e a s u r e d t h e sp . gr . , Br ine l l ' s h a r d n e s s , a n d t h e m o d u l u s of e l a s t i c i ty a n d t h e 
u l t i m a t e tens i le s t r e n g t h i n lbs . p e r sq . in . of s o m e t e r n a r y c o p p e r - n i c k e l - c h r o m i u m 
a l loys , a n d t h e re su l t s a r e s u m m a r i z e d in T a b l e I X . T h e e longa t ions were sma l l . 

T A B L E I X . — M E C H A N I C A L P B O P E R T I E S O F C o r r K R - N i C K E L - C j i R O M i t J M : A L L O Y S . 

Composit ion 

C u 

91-68 
8 2 1 3 
74-43 
62-58 
52-57 
42-40 
8 3 0 2 
73-22 
63-28 
5 3 1 6 
42-88 
32-41 
21-8O 
10-99 
7 4 0 5 
63-99 
53-77 
43-47 
32-79 
22-05 
1 1 1 2 

54-38 
43-86 
3 3 1 7 
22-31 
11-25 

.—. 
33-57 
22-58 
11-39 

11-53 
—— 

C r 

9-32 
8-40 
8-45 
8-53 
8-69 
8-67 

16-98 
1 7 1 2 
17-25 
17-40 
17-54 
17-69 
17-83 
17-98 
25-95 
2 6 1 7 
26-38 
26-61 
26-84 
2 7 0 6 
27-29 
27-52 
35-58 
35-89 
36-20 
36-50 
36-82 
37-14 

j 45-76 
46-16 
46-56 
46-96 
56-56 
5 7 0 7 

Hardness 
(Brinell's) 

< 6 8 
86 

103 
143 
161 
163 
69 
82 
89 
99 

156 
175 
179 
126 
68 

117 
116 
126 
148 
170 
1 63 
181 
121 
11« 
131 
156 
163 
147 
107 

202 
179 
228 
179 

Sp. gr. 

8-78 
8-57 
8-81 
8-72 
8-75 
8-62 
8-6O 
8-71 
(8-34) 
8-62 
8-52 
8-54 
8-5() 
8-48 
8-47 
8-55 
8-49 
8-42 
8-34 
8-34 
8-36 
8-23 
8-33 
8-38 
8 1 4 
8-12 
8 1 3 
8-14 
8-24 

7-87 
7-95 

Modulus 
elast ici ty 

(lbs. per sq. in.) 

18,000,000 

7,000,000 
12,000,000 
20,000,000 

7,000,000 

17,600,000 
20,000,000 
16,300,000 
23,700,000 
22,000,000 
15,000,000 

26,400,000 

16,300,000 

57,000,00O 
63,200,000 

4 8 , 0 0 0 , 0 0 0 

U l t i m a t e s t r eng th 
(lbs. per sq. in.) 

19,978 

23,833 

14,88O 
14,802 
17,521 

56,255 
19,846 

2 2 , 6 5 O 
2 5 , 7 6 8 
3 8 , 7 3 4 
3 2 , 6 5 4 
2 9 , 6 3 ( ) 
3 6 , 9 5 8 

7 , 4 4 9 

2 9 , 5 8 7 

3 3 , 8 4 2 
2 2 , 3 3 6 

37,2OO 

O b s e r v a t i o n s were a lso m a d e on t h e m i c r o s t r u c t u r e a n d w o r k i n g qua l i t i e s of t h e s e 
a l loys . G. K l e i n s t u d i e d t h e s e a l loys . F . M. S e b a s t a n d G. I J . G r a y i n v e s t i g a t e d 
t h e e lect r ical r e s i s t ance of t h e c o p p e r - n i c k c l - c h r o m i u m a l loys . T h e y f o u n d for t h e 
re s i s t ance It m i c r o h m s p e r c m . c u b e a t 20° , a n d for t h e t e m p . coefF. ct, on a d d i n g 
t h e following p r o p o r t i o n s of c h r o m i u m t o 100 p a r t s of t h e copper -n icke l a l loy , 

25 C r { ^ k o 1 

(Nickel 
20 OrlR . 

!

Nickel 

90 
107 

1OO 
96-4 
000012 

1OO 
84-1 

84 
110-8 

90 
106-3 

0 000079 

90 
95-7 

80 per cent. 
121-8 

75 
86-3 
000012 

85 
9 9 0 

O 00020 

5O 
36-7 
0-00031 

75 
86-4 
000011 

25 
21-3 
000046 

25 
22* 1 
0 00047 

0 per cent. 
2-7 
000299 

O per cent. 
3-4 
0 0025 
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( N i c k e l 
IO CrI Ii . 

( N i c k e l 
5 CrJ It . 

1OO 
6 7 - 8 

8 5 
8 6 - 3 

0 0 0 0 3 7 

7 5 SO 
8 3 - 9 5 0 - 7 

O 0 0 0 1 6 O-O0018 

2 5 
22*4 

0 0 0 0 4 2 

O p e r c e n t . 
2-2 
0 0 0 3 4 9 

1 0 0 
4 5 - 7 

0 0 0 0 9 7 

7 5 
7 0 - 5 

0 - 0 0 0 4 1 

5 0 
5 5 - 1 

0 0 0 0 1 4 

2 5 
2 5 - 1 

0 0 0 0 3 5 

0 p e r c e n t . 
2 -1 
0 0 0 3 4 5 

T h e resul t s a re p l o t t e d in F ig . 161 . On add ing c h r o m i u m t o a copper-nickel al loy, 
t h e res is tance first r ises, a n d t h e n falls. A m a x i m u m res is tance is a t t a i n e d for 
each al loy a t a ce r ta in concen t r a t ion of c h r o m i u m , a n d as t h e concen t ra t ion of 
t h e copper in t h e a l loy increases , t h i s m a x i m u m approaches t h e axis of zero 
c h r o m i u m . I n all cases where t h e res is tance of a n alloy is increased b y c h r o m i u m , 
t h e t e m p , coofi. is r educed ; a n d where 
t h e res i s tance is r educed b y a d d i n g ^ 72° 
c h r o m i u m , t h e t e m p . coefT. is increased . ^JOO 
E . Siedschlag s tud ied t h e c h r o m i u m -
nickel -copper al loys ; J . Gr. T h o m p s o n 
a n d co-workers , a n d A. L . N o r b u r y a n d 
I i . Morgan , t h e ac t ion on n i cke l -
chromium-s i l i con al loys of soln. of u rea 
a n d of a m m o n i u m ca rbona t e , a n d likewise 
also w i th n i c k e l - c h r o m i u m - v a n a d i u m 
al loys ; H . Ni tzsche , t h e acid-resis t ing 
proper t ies of t h e n i c k e l - c h r o m i u m -
copper-t in al loys ; V. O. H o m e r b e r g a n d 
I . JST. Zavar ine , a n d P . R o n t g e n a n d 
W. K o c h , n i c k e l - c h r o m i u m - a l u m i n i u m al loys ; a n d P . H o n t g e n a n d W . K o c h , 
copper -n icke l - chromium-a lumin ium al loys . Alloys w i t h t h e following pe rcen tage 
p ropor t ions of nickel a n d c h r o m i u m t o g e t h e r "with a b o u t 3 per cent , of i ron, 
a n d v a r y i n g p ropor t ions of ca rbon a n d silicon, were found b y F . Bauerfe ld t o h a v e 
t h e following va lues for t h e the rmoe lec t r i c force in mi l l ivol ts aga ins t p l a t i n u m : 
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1 6 1 . — T h o E l e c t r i c a l R e s i s t a n c e of 
t h e C u - N i - C r A l l o y s . 

N i : C r 
8 9 - 9 0 
7 2 - 0 3 : 8-06 
6 2 - 5 6 : 2 7 - 9 7 
5 0 - 9 6 : 3 8 - 6 7 
4 4 - 5 7 : 4 3 - 2 0 

. 5 0 ° 
1-2 
2 3 
2-() 
1 7 
2 1 

1 0 0 ° 
2 1 
4 - 5 
3 - 0 
3 - 5 
4 1 

2 0 0 ° 
3 - 7 

lO-J 
7 - 7 
7-O 
7 - 9 

3 0 0 ° 
6 - 9 

1 6 1 
12-2 
1 1 1 
12-5 

4 0 0 ° 
9 - 6 

2 2 - 7 
17 -3 
15-6 
17 -8 

5 0 0 ° 
13 -3 
2 9 - 5 
2 2 - 7 
2 0 0 
2 3 - 5 

6 0 0 ° 
1 7 1 
3 6 - 2 
2 9 - 8 
2 5 - 2 
2 9 - 3 

7 0 0 ° 
2 0 - 8 
4 3 2 
3 6 - 2 
3 l-O 
3 5 - 3 

8 0 0 ° 
2 4 - 4 

4 2 - 4 
3 6 - 6 
4 1 - 6 

T h e a l l o y C u : N i : C r , 12 -5 : 7 0 - 8 : 16 -7 , h a s a h i g h r e s i s t a n c e , viz. 112 m i c r o h m s p e r 
e m . c u b e , a n d a v e r y s m a l l t e m p , coeff . , -viz. 0 - 0 0 0 0 7 8 . S . W . I ; >arr o b t a i n e d a n a l l o y , 
C u , 6 - 4 2 ; M n , 0 - 9 8 ; S i , 1 0 4 ; W , 2 1 3 ; N i , 6 0 - 6 5 ; A l , 1 0 9 ; K e , 0 - 7 6 ; C r , 2 1 0 7 ; 
a n d M o , 4 - 6 7 , w h i c h h e c a l l e d illium. T h e t e n s i l e s t r e n g t h i s h i g h , i t r e s i s t s c o r r o s i o n b y 
a c i d s ; i t i s c l o s e - g r a i n e d ; a n d i t m e l t s a t 1 6 0 0 ° . I t w a s u s e d i n p l a c e of p l a t i n u m f o r 
c a l o r i m e t e r b o m b s . T h e a l l o y chromax h a s C r , 3 ; N i , 14 ; C u , 6 6 ; M o , 3 ; A l , 3 ; Z n , 
12 ; a n d calorite, C r , 12 ; !Ko, 15 ; M n , 8 ; N i , 6 5 . T h e a l l o y w i t h t h o t r a d e - n a m e c-hrottutn 
c o n t a i n s u p t o 2 0 p e r c e n t . !Fe ; 6 3 t o 8 8 , N i ; 1 5 , C r ; 1, N i ; a n d t h e a l l o y contracid, 
12 t o 2 0 , F o ; 5 8 t o 6 1 , N i ; 1 5 , C r ; 2 , M n . 

F . E . B a s h ' s observa t ions of t h e the rmoe lec t r i c force of t h e Ni-Cr-Cu al loys aga in s t 
p l a t i n u m a re ind ica ted in F ig . 48 , in connec t ion w i th nickel . A. K u s s m a n n a n d 
B . Scharnofl observed n o re la t ion be tween t h e coercive force a n d ha rdnes s . 

D . F . M c F a r l a n d a n d O. E . H a r d e r ob t a ined for t h e corros ion of t h e t e r n a r y 
al loys t h e resul ts ind ica ted in T a b l e X , us ing n o r m a l n i t r i c , hydroch lor ic , a n d 
su lphur ic acids ; n o r m a l soln. of sod ium chlor ide, a n d h y d r o x i d e ; a m m o n i u m 
hyd rox ide , a n d f a t t y ac ids . The resu l t s a r e expressed in t e r m s of t h e loss of 
weight in m g r m s . pe r sq. in . pe r week. H . A. Treb le r a n d co-workers s tud ied t h e 
ac t ion of milk . 

N . B a a r 1 8 p r e p a r e d n i c k e l - m o l y b d e n u m al loys b y fusing t h e me ta l s in 
h y d r o g e n in crucibles l ined wi th magnes ia . T h e f.p. cu rve of alloys wi th u p t o 
6O per cen t , of m o l y b d e n u m shows t h e presence of on ly one compound , nickel 
molybd ide , NiMo ; a n d i t me l t s w i th decompos i t ion a t 1340°. There is a 
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T A B L E X . — T J T E C O K B O S I O N O F T H E C O P P E B - N I C K E L - C H B O M I U M A L L O Y S . 

Composition 

Cu 

7 2 - 4 3 
6 2 - 5 8 
5 2 - 5 7 
4 2 - 4 0 
3 2 - 0 5 
2 1 - 5 5 
10 -87 

. . 
8 3 0 2 
7 3 - 2 2 
6 3 - 2 8 
5 3 - 1 6 
4 2 - 8 8 
3 2 - 4 1 
2 1 - 8 O 
1 0 - 9 9 
7 4 - 0 5 
6 3 - 9 9 
5 3 - 7 7 
4 3 - 3 7 
3 2 - 7 9 
2 2 0 5 
1 1 1 2 

5 4 - 3 8 
4 3 - 8 6 
3 3 1 7 
2 2 - 3 1 
1 1 - 2 5 

3 3 5 7 
2 2 - 5 8 
1 1 - 3 9 

1 1 - 5 3 

Cr 

8 - 4 5 
8 - 5 3 
8 - 6 O 
8 - 6 7 
8 - 7 5 
8 - 8 1 
8 - 8 9 
8 - 9 6 

1 6 - 9 8 
1 7 - 1 2 
1 7 - 2 5 
1 7 - 4 O 
1 7 - 5 4 
1 7 - 6 9 
1 7 - 8 3 
1 7 - 9 8 
2 5 - 9 5 
2 6 1 7 
2 6 - 3 8 
2 6 - 6 1 
2 6 - 8 4 
2 7 - 0 6 
2 7 - 3 9 
2 7 - 5 2 
3 5 - 5 8 
3 5 - 8 9 
3 6 - 2 O 
3 6 - 5 O 
3 6 - 8 2 
3 7 1 4 
4 5 - 7 6 
4 6 - 1 6 
4 6 - 5 6 
4 6 - 9 6 
5 6 - 5 6 
5 7 - 0 7 

N a C l 

1 - 8 9 
1 - 5 3 
0 - 6 6 
O - 5 3 
0 - 7 1 
0 - 6 3 
0 - 6 0 
O-OO 
4-OO 
3 - 6 5 
<) -76 
2 - 1 3 
0 - 9 4 
O - 8 5 
0 - 3 7 
0 - 5 1 
4 - 6 0 
3 - 3 O 
2 - 6 2 
1 - 3 7 
1 - 0 5 
0 - 3 7 

0 3 7 
2 - 9 5 
1 - 8 4 
1 - 6 7 
1 - 2 5 
0 - 4 5 
0 - 4 0 
2 - 4 5 
0 - 8 7 
O 3 7 
0 - 2 7 
0 - 3 3 
0 - 2 7 

H C l 

6 - 3 
4 - 8 
6 0 
4 - 6 
8 - 2 
7 - 3 

1 0 - 7 
1 9 - 4 
3 8 3 
2 9 - 5 
3 3 - 3 

8 - 2 
6 - 2 

1 8 - 8 
4 - 4 
6 1 

3 O - 3 
1 0 - 8 

5 O 
6 - 6 

1 2 - 3 
1 1 - 6 

5 - 9 
8 - 1 0 

1 5 - 2 
7 - 5 

1 1 - 5 
1 8 - 6 
1 O O 
2 1 - 2 
1 6 - 2 

9 - 5 
1 9 - 5 
3 1 - 2 
1 1 - 9 
3 2 - 2 

H - S O 1 

1 1 - 9 0 
1 4 O O 

5 - I O 
6 - 7 O 
5 3 0 

1 2 - 3 0 
4 - 9 0 
6 O O 

1 4 - 2 O 
1 4 - 5 0 

9 O O 
4 - I O 
3 - 7 O 
9 - 4 O 
4 - I O 
7 - 4 O 

1 6 - 4 0 
1 5 - 6 0 

6 - 1 0 
5 3 O 
9 - 6 O 
5 - I O 
1-8O 
4 1 0 

1 4 - 9 0 
1 2 - 4 0 
l l - O O 

8 0 0 
I 1 - 3 0 

2 * 2 0 
1 3 - 2 0 

5 - 6 0 
6 - 4 O 
0 3 5 
3 - 7 0 
1-3O 

H N O . 
.1.A. Xl *-*3 

1 0 - 8 0 
9 - 9 0 
8 - 5 O 

1 0 - 8 0 
1 5 1 0 
1 7 - 2 O 
1 7 - 8 0 

9 8 0 OO 
1 3 - 1 O 
1 6 - 3 O 
1 3 - 4 0 
1 0 - 5 0 

7 - 6 O 
6 - 2 O 

1 7 - 7 O 
1 8 I O 
6 0 - 3 O 
1 0 - 8 4 

7 - 5 0 
4 - 8 O 
4 - 8 O 
4 - 9 O 
4 - 9 O 

4 9 2 O O 
9 - 2 O 
8 - 3 0 
7 - 3 O 
4 - 4 O 
1 0 2 
0 - 6 0 
9 - 7 O 
6 - 4 O 
7 - 4 O 
0 0 0 
7 - 7 0 
O - 3 5 

N a O H 

0 - 2 6 
O I O 
O-OO 
O-OO 
2 - 6 O 
2 - 7 O 
O-OO 
2 - 7 O 
9 - 7 O 
5 - 0 O 
O-OO 
1 - 2 0 
O - 1 4 
O-OO 
O-OO 
O-OO 
0 - 8 6 
6 - 9 O 
0 - 6 4 
0 - 5 8 
0 0 9 
O-OO 
0 - 3 0 
O-OO 
3 - 9 0 
1 - 1 0 
l -OO 
O - 1 5 
0 - 2 2 
O - 5 3 
5 - 7 0 
0 - 2 5 
1 0 0 
0 1 4 
1 0 0 
0 - 4 4 

N H 4 O H 

3 3 - 7 0 
3 4 - 4 O 
1 4 - 3 0 

0 - 2 3 
3 - 6 0 
0 - 9 7 
0 - 7 6 
2 - 6 5 

5 7 - 8 O 
4 7 - 7 0 
2 9 - 5 0 
2 6 - 6 O 
2 3 - 7 O 
2 1 2 O 

0 - 2 6 
O-OO 

6 7 - 5 0 
4 9 - 2 0 
2 8 - 3 O 
3 9 - 6 O 
3 5 - 6 0 
2 9 - 5 0 

O-OO 
0 0 0 

5 0 - 8 0 
4 1 - 4 0 
3 7 - 5 0 
3 1 - 5 0 

0 - 9 0 
O-OO 

4 4 - 8 0 
2 5 - 3 O 

0 - 9 0 
0 0 0 
0 - 2 0 
0 - 5 O 

F a t t y 
a c i d s 

7 - 7 0 

0 0 0 

— 
1 1 4 

— 
6 - 4 0 

6 - 6 O 
3 - 8 O 
0 - 8 7 

0 - 2 5 
1 0 - 7 O 

7 - 5 0 

3 - 8 0 

8 - 3 0 
1 1 - 3 0 

— 
2 - 9 O 
_— 
0 - 3 4 
.— 
3 - 2 5 
... 
2-4O 

e u t e c t i c a t 1297° or 1300° w i t h 49-5 p e r cen t , of m o l y b d e n u m . T h e n ickel c a n 
ho ld u p t o 33 pe r cen t , of m o l y b d e n u m in solid soln. T h e s u b j e c t w a s s t u d i e d 
b y P . R o n t g e n a n d W . K o c h . R . S c h w a r z s t u d i e d t h e diffusion of m o l y b d e n u m 
in n icke l , a n d a se lec t ion of h is r e su l t s is s h o w n in F i g . 163 . V. Ade l sko ld a n d 
co-workers o b s e r v e d n o e v i d e n c e of t h e f o r m a t i o n of c o m p l e x c a r b i d e s in t h e 
s y s t e m N i - M o - C W . K o s t e r , a n d W . K o s t e r a n d W . S c h m i d t s t u d i e d 
t h e l a t t i ce p a r a m e t e r s ; W . R o h n , t h e t h e r m o e l e c t r i c force of t h e a l loys a g a i n s t 
p l a t i n u m ; W . Meissner a n d co -worke r s , t h e r e s i s t ance a t v e r y low t e m p . ; 
W . K o s t e r a n d W . S c h m i d t , t h e m a g n e t i c p r o p e r t i e s of t h e a l loys ; J . C o u r n o t , 
t h e n o n - m a g n e t i c a l loys of t h e t w o e l e m e n t s ; L . F . D r e i b h o l z , t h e h a r d n e s s ; 
W . Gue r t l e r , some m e c h a n i c a l p r o p e r t i e s ; a n d L . F . Dre ibho l z , a n d C. S a d r o n , t h e 
m a g n e t i c p rope r t i e s . W . G u e r t l e r a n d T . L i e p u s o b s e r v e d t h a t a l loys of n icke l 
a n d 1 t o 30 pe r cen t , m o l y b d e n u m a r e i n g e n e r a l s t a b l e for less t h a n 8 h r s . i n 
c o n t a c t w i t h 10 a n d 5O p e r cen t , n i t r i c ac id , h o t o r cold ; c a r b o n d iox ide a n d 
a i r ; c i t r ic a n d t a r t a r i c ac id , a n d 50 p e r c en t . a q . a m m o n i a , b u t t h e y a r e s t a b l e for 
48 h r s . in 10 pe r c en t . aq . a m m o n i a . T h e a l loys a r e s t a b l e for 48 h r s . i n 10 p e r c e n t , 
s u l p h u r i c ac id , a n d 8 h r s . i n 20 p e r cen t , s u l p h u r i c ac id s a t . w i t h s o d i u m s u l p h a t e , 
a n d a lso in ace t ic ac id ; i t is s t a b l e for 8 h r s . i n 50 p e r c e n t , s o d i u m su lph ide , a n d for 
48 h r s . in a 10 pe r c en t . soln. T h e a l loy is s t a b l e for 48 h r s . in 10 a n d 5 0 p e r c e n t . 
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soda- lye , a n d in h y d r o g e n d ioxide in a soln. of soda- lye , a n d in a soln. of s o d i u m 
su lph ide (4 pe r cen t . ) a n d a lkal i (8 pe r cent . ) - I t s lowly decomposes a soln. of 
mercu r i c chlor ide . I t is s t ab le 24 h r s . i n a soln. of chlor ine w a t e r , s ea -wa te r , a n d 
r a in -wa te r , a n d a soln. of m a g n e s i u m chlor ide . T h e effects of a d d i t i o n s of 4 t o 
10 pe r cen t , of a l u m i n i u m , of 4 t o 13 p e r cent , of t in , a n d 1 t o 10 p e r cen t , of 
sil icon were also e x a m i n e d . H . O. F o r r e s t a n d co-workers , a n d B . E . F ie ld 
e x a m i n e d t h e res i s t ance of t h e s e a l loys b y ac ids , e t c . E . K e u n e c k e d iscussed 
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Via. 163. The Diffusion of Molyb­
denum in Nickel. 

n i c k e l - m o l y b d e n u m as a c a t a l y s t in t h e syn thes i s of a m m o n i a . K . G r a s s m a n n 
a n d E . J . K o h l m e y e r s tud ied t h e a l loys . 

W . Guer t l e r a n d T. L i e p u s , a n d K . G r a s s m a n n a n d E . J . K o h l m e y e r , e x a m i n e d 
the nickel-copper-molybdenum alloys, and the nickel-copper-molybdenum-
t a n t a l u m al loys ; H . P f a u t s c h , F . Siedschlag , a n d P . R o n t g e n and W . K o c h 
s t u d i e d t h e m o l y b d e n u m - n i c k e l - a l u m i n i u m a l loys ; a n d H . P f a u t s c h showed 
t h a t in t h e m o l y b d e n u m - n i c k e l - s i l i c o n a l loys , bes ides t h e b i n a r y c o m p o u n d s 
MoSi3 , MoNi , N i 2 S , N i 3 S 2 , a n d NiSi , t h e r e a r e t w o t e r n a r y c o m p o u n d s : n icke l 

Pr 
1500 

F i o . 
Ni Ni3 Si 
164.—Nickel-Molybdenum-

Silicon Alloys. 
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dimolybdenosi l ic ide , Ni 3 Mo 2 Si , F i g . 164, wh ich is s t ab l e be low 2100° w h e n i t 
m e l t s u n c h a n g e d , b u t t h e second c o m p o u n d : n i c k e l molybdenodis i l i c ide , 
Ni 4 MoSi 2 , decomposes below 850°, 2 N i 4 M o S i 2 = N i 3 M o 2 S i + N i 3 S i 2 + N i 2 S i . T h e 
silicide NiSi fo rms a eu tec t i c w i t h Ni 3 Mo 2 Si . All t h e a l loys , excep t ing those r ich 
i n n icke l a n d cons is t ing of h o m o g e n e o u s solid soln. , a r e h a r d a n d b r i t t l e . T h e 
al loys w i t h over 70 p e r cen t , n ickel were all a t t a c k e d b y a soln. of m a g n e s i u m 
chlor ide ; t h e a l loy N i : Mo : S i = 90 : 7 : 3 w a s n o t a t t a c k e d b y 48 h r s . ' exposu re 



248 INORGANIC AND THEORETICAL CHEMISTRY 

7500 

7475 

1450 

20 30 
Per cent, tungsten 

X?1G. MMS.—The Freezing-point Curve 
of Nickel-Tungsten Alloys. 

to 16 per cent, hydrochloric acid, but the others were attacked ; they were all 
attacked by nitric; acid ; and only the 94 : 3 : 3 alloy was not attacked by tartaric 

acid. Some of the alloys were attacked and 
others were not attacked by soln. of sodium 
hydroxide, sodium sulphide, aq. ammonia, 
and mixtures of sodium sulphate and 
sulphuric acid. W. Guertler and T. Liepus 
studied the corrodibility of these alloys. 
H. Pfautsch studied the molybdenum-
nickel-tin alloys. T. D. Kelly, C. J. Smithells 
and co-workers, Gr. L. SakharofT and co­
workers, and E. Siedschlag examined the 
molybdenum-nickel-chromium alloys, and 
found that no ternary compounds are 
formed, but there is evidence of the forma­
tion of a ternary alloy with between 5 and 
10 per cent, of nickel. The structure of 
the alloys rich in nickel is that of a 

homogeneous solid soln., but the other alloys contain two or three phases 
consisting of MoNi, molybdenum with small quantities of nickel and chromium in 
solid soln., and the homogeneous solid soln. The alloy with Ni : Mo : Cr = 60 : 20 : 20 
is attacked only slightly by hot hydrochloric acid, or by hot dil. sulphuric acid, 

and it is not attacked by alkali-lye. 
7600°t , T , 1 ,—r-, , -r r—-i H. Gruber studied the action of 

hydrogen sulphide between 700° and 
1000°. W. Guertler and T. Liepus 
studied the corrodibility of these 
alloys. E. R. Johnson and 
W. J. Buechling, and M. Combe 
studied the chromium-molybde-
num-nickel alloys ; and K. Grass -
mann and E. J. Kohlmeyer, 
the molybdenum-tantalum-nickel 
alloys ; and the molybdenum-
vanadium-nickel alloys. 

F. A. Bernoulli,1» J. Trowbridge 
and S. Sheldon, C. L. Sargent, 
V. I. Tretyakoff and N. D. Titoff, 
H. L. Coles and J. G. Donaldson, 
K. Grassmann and E. J. Kohlmeyer, 
and H. Leiser prepared nickel-
tungsten alloys ; but H . List said 
that true alloys are not formed. 
R. Irmann found that tungsten has 
very little tendency to dissolve in 
molten nickel at 1800° ; but can 
be prepared by melting the nickel 
in an electric crucible furnace with 
a carbon electrode, and adding 
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nickel oxide to remove the carbon ; 
then introducing the tungsten, and 
after all is melted, deoxidizing 
with magnesium. The f.p. curve 
with up to 50 per cent, tungsten 

shows a maximum at 1480° corresponding with nickel hexadecitatungstide, 
Ni16W, and one at 1495° corresponding with nickel hexitatungstide, Ni6W. 
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T h e fo rmer m a y n o t be a defini te c o m p o u n d . T h e r e is a cm tec t i c a t 1426° 
a n d 2 a t . p e r cen t , of t u n g s t e n : one a t 1435° a n d 9-2 a t . p e r cen t , of 
t u n g s t e n ; a n d one a t 1456° a n d 17 a t . pe r cen t , of t u n g s t e n . Solid soln. a r e 
p r o b a b l y fo rmed w i t h u p t o 2 a t . p e r cen t , t u n g s t e n . R . Vogel o b s e r v e d n o 
s ign of N i 1 6 W , a n d his e q u i l i b r i u m curves , F ig . 167, a r e different f rom t h o s e of 
R . I r m a n n , !Fig. 167. T h e b e h a v i o u r of a l loys w i t h m o r e t h a n 80 p e r c e n t , of 
n icke l is difficult t o o b s e r v e a c c u r a t e l y because of supercool ing , a n d a l loys w i t h 
o v e r 50 p e r cen t , of t u n g s t e n lose t h e i r f luidi ty a n d b e c o m e " p a s t y " w i t h 
inc reas ing c o n c e n t r a t i o n s of t u n g s t e n . O b s e r v a t i o n s were n o t m a d e a b o v e 1600°. 
T h e c rys ta l l i z ing t e m p , of a l loys w i t h 0 t o 35 p e r cen t , of t u n g s t e n rises f rom 1475° 
t o 1525°, whi l s t a second, v e r y i r r egu la r t h e r m a l effect is observed below 900° , 
b e c o m i n g s t e a d y a t 905° w i t h 35 p e r cen t , of t u n g s t e n . T h e m a x i m u m c rys t a l ­
l i za t ion p o i n t a t 1525° c o r r e s p o n d s w i t h t h e c o m p o s i t i o n N i 6 W . F r o m 35 p e r 
cen t , of t u n g s t e n t h e c rys t a l l i za t ion c u r v e falls t o 1510° a t 47 pe r cen t , of t u n g s t e n , 
t h i s be ing t h e l imi t ing compos i t i on for c o m p l e t e misc ib i l i ty . The re is a eu tec t i c 
p o i n t a t 52 p e r cen t , of t u n g s t e n , 1510°, t h e e u t e c t i c cons i s t ing of s a t u r a t e d m i x e d 
c rys t a l s of N i 6 W a n d t u n g s t e n w i t h p u r e t u n g s t e n . T h e s e c o n d a r y t h e r m a l effect 
which , in a l loys c o n t a i n i n g f rom 45 p e r cen t , of t u n g s t e n u p w a r d s , is c o n s t a n t a t 
905°, a p p e a r s t o be d u e t o t h e s e p a r a t i o n of s a t . m i x e d c r y s t a l s i n t o t h e i r con­
s t i t u e n t s N i 6 W a n d t u n g s t e n . T h e l imi t ing c o m p o s i t i o n for f e r r o m a g n e t i s m a t 
t h e o r d i n a r y t e m p , in t h e a l loys is b e t w e e n 10 pe r cen t , a n d 20 p e r cen t , of t u n g s t e n . 
T h e s e p a r a t i o n of t h e m i x e d c ry s t a l s i n t o t h e i r c o n s t i t u e n t s a t 905° is p r o b a b l y 
d u e t o t h e t r a n s f o r m a t i o n of t h e n icke l f rom t h e /3- t o t h e cc-form. K . Becke r a n d 
F . E b e r t s t ud i ed t h e X - r a d i o g r a m s of t h e h e x i t a t u n g s t i d e . V. Ade l sko ld a n d 
co-workers obse rved t h a t if c a r b o n is p r e s e n t , a c o m p l e x n i cke l t u n g s t e n tr i ta-
carbide, N i 3 W 3 C, is fo rmed . 

T h e Br inel l h a r d n e s s of t h e s e a l loys is a m i n i m u m w i t h 15 pe r cen t , of t u n g s t e n . 
T h e tens i le s t r e n g t h ( k g r m s . p e r sq. m m . ) of t h e s e a l loys decreases r a p i d l y w i t h 
inc reas ing p r o p o r t i o n s of t u n g s t e n , a t t a i n i n g a m i n i m u m w i t h 25 pe r cen t , of 
t u n g s t e n , a n d t h e n r i s ing j u s t as r a p i d l y . T h e d u c t i l i t y of n icke l , howeve r , is 
a d v e r s e l y affected b y t h e a d d i t i o n of t u n g s t e n , so t h a t on ly w h e n t h e t u n g s t e n is 
less t h a n a b o u t 18 p e r cen t , can t h e h o t m e t a l be rol led i n t o shee t s : 
T u n g s t e n . . 0 5 6 8 11 1 8 2 3 3 2 p e r c e n t . 
T e n s i l e s t r e n g t h . — —- 4 5 - 8 4 3 - 4 36-1 2 1 1 4 9 - 2 
B r i n o U ' s h a r d n o s s 1 4 4 1 2 5 K>7 K)S 148 2 8 8 
R X l O - 4 . . O-1 IO 0 - 3 6 7 - O-407 0 - 7 4 8 0 - 9 6 0 1-063 

W . K a h l b a u m a n d co-workers s t u d i e d t h e tens i le p r o p e r t i e s . T h e electr ical 
r e s i s t ance , 2 ? X l O ~ 4 o h m p e r cm. cube , t h u s inc reases a l m o s t p r o p o r t i o n a l l y w i t h 
t h e t u n g s t e n c o n t e n t u p t o 23 p e r c en t . O n e i m p o r t a n t use for t h e a l loys is in t h e 
m a n u f a c t u r e of me ta l - f i l amen t , i n c a n d e s c e n t l a m p s exp lo i t ed b y K. W. v o n 
S i emens a n d J . G. H a l s k e , a n d t h e Al lgemeine E lek t r i z i t a t sgese l l scha f t . W . R o h n 
s t u d i e d t h e t h e r m o e l e c t r i c force of t h e a l loys a g a i n s t p l a t i n u m ; a n d C. S a d r o n , 
t h e m a g n e t i c p rope r t i e s . J . T r o w b r i d g e a n d S. She ldon found t h e sp . m a g n e t i s m 
of t h e a l loys t o b e : 

T u n g s t e n . . O 1 2 3 6 p e r c e n t . 
S p . m a g n e t i s m . 1 0 5 1-92 1-7O 1-75 1-15 e . g . s . u n i t e 

T h e a l loys a re c h a r a c t e r i z e d b y t h e i r r e s i s t ance t o a t t a c k b y m a n y chemica l 
r e a g e n t s . Al loys w i t h 6 a n d 14*3 a t . p e r cen t , of t u n g s t e n e x h i b i t a m a x i m u m 
res i s t ance t o corros ion b y ac ids , a n d a m i n i m u m re s i s t ance in t h e n e i g h b o u r h o o d 
of a e u t e c t i c . I . P . P o d o l s k y a n d N . M. Z a r u b i n s t u d i e d t h e a c t i o n of s u l p h u r 
v a p o u r ; a n d H . G r u b e r , t h e a c t i o n of h y d r o g e n s u l p h i d e b e t w e e n 700° a n d 1000°. 
A c c o r d i n g t o R . I r m a n n , t h e r e s i s t ance of n icke l t o a t t a c k b y 63 pe r cen t , su lphu r i c 
ac id is i nc reased four-fold b y t h e a d d i t i o n of 5 p e r cen t , t u n g s t e n , a n d twelve-fold 
b y t h e a d d i t i o n of 10 p e r cen t . T h e r e s i s t ance inc reases m o r e slowly b e t w e e n 10 
a n d 18 p e r cen t , t u n g s t e n , a n d a t 25 pe r cen t , dec reases cons ide rab ly , inc reas ing 
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dur ing 12 h rs . ' ac t ion , t h e losses in m g r m s . 

18-5 
0 - 8 0 

2 3 - 5 
1 1 7 

27 -7 
2 -92 

3 2 0 
2 - 1 3 

4 7 - 8 p e r c e n t . 
0 - 3 5 

aga in from 30 pe r cent . Thus , a t 90° 
per sq. cm. , p lo t ted in Fig. 168, a re : 

Tungsten 0 5-4 111 150 
Losses . 33-OO 8-52 2 98 1-86 

O. Rumscho t t e l found t h a t in t h e t e r n a r y copper-nickel - tungsten a l loys , t h e 
t ungs t en in the mol ten alloy sepa ra t ed o u t on freezing. R . I r m a n n , however , 
prepared a series of t h e t e r n a r y al loys, a n d found t h a t t h e al loys wi th W : Cu 
= 3-57: 23-10 could be reduced 5 per cent , by ro l l i ng ; t h e 4 - 4 0 : 3 3 - 2 0 al loys, 
S per cent . ; t h e 4-98 : 47-01 al loys, 40 pe r cent . ; a n d t h e 8 0 2 : 39-80 al loys, 
70 per cent . The mate r ia l is h a r d e n e d by rolling, a n d i t c an t h e n be softened by 
anneal ing, t h u s , 
A n n o a l o d fit 
R r i n o l l ' s h a r d n e s s 

6 6 5 ° 
2 7 5 

7 6 5 ° 
2 3 9 

8 6 5 ° 
2 3 9 

9 1 5 ° 
2 2 9 

9 8 0 ° 
2 0 8 

1 0 8 0 ° 
1 7 5 

1 1 4 0 ° 
1 7 5 

1 2 0 0 ° 
1 1 4 

The hardness curve of t h e al loys h a s a b reak a t 1140° corresponding wi th t h e 
softening t e m p . The Brinel l ' s ha rdnes s of t h e t e r n a r y al loys is : 

2 p e r c e n t . w / g ^ I f 1 " 1 ( H a r d n e s s 

5 p e r c e n t . w ( £ ° P P e r 
1 ( . H a r d n e s s 

l O p e r c e n t . w ( g r ° P P , e r 1 I H a r d n e s s 

O O 
1 4 5 0 

O O 
1 4 4 - 0 

O O 
1 0 9 - 0 

10-3 
106-2 

2 0 - 4 
1 1 O O 

9 6 
1 1 8 2 

2 0 - 3 
9 5 - 4 
31-O 
9 2 - 2 
19-9 

1 4 2 6 

3 9 1 
11 OO 

4 1 - 9 
102 -6 

3 0 1 
1 3 7 - 4 

4 8 - 7 p e r c e n t . 
113-9 

p e r c e n t . 

39 -2 p e r c e n t . 
132-1 

The results are p lo t t ed in F ig . 169. The cas t - rods wi th Cu : W = 40-89 : 4-28 h a d 
the tensile s t r eng th 35 k g r m s . pe r sq. m m . , a n d t h e pe rcen tage e longat ion 6-0 ; 

Or 
B 
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F i o . 17O. T h e F J e c t r i c a l 
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0 10 20 30 40 50% W 
F i o . 1 6 8 . — T h e A c t i o n of 

S u l p h u r i c A c i d o n N i c k e l -
T u n g s t e n A l l o y s . 

for t h e 47-01 : 4-98 alloy, t h e corresponding va lues were 47 a n d 17 ; a n d for t h e 
39-80 : 8-02 alloy, 39 a n d 5-6. The t e r n a r y al loy w i th Cu : W = 42-9 : 5 0 9 freezes 
dur ing t h e in te rva l 1350° a n d 1260° ; a n d t h e 20-3 : 2-18 alloy dur ing t h e 
in te rva l 1372° a n d 1355°. This is t a k e n t o show t h a t solid soln. a re formed. 
J . C. McLennan a n d C. J . Smithel ls s tud ied t h e absorp t ion coefE. for y - r ays . T h e 
electrical res is tance of t h e al loy, Rx 10 4 o h m s per cm. cube, was found t o be 
(plot ted in F ig . 170) : 

3-5 per cent. W 4-5 per cent. W 8 per cent. W 
C o p p e r 
HX 10« 

2 1 1 0 
O-557 

4 5 - 8 0 
0 - 5 4 6 

3 3 O O 
0 - 6 2 5 

4 7 - 0 1 
0 - 6 0 3 

4 7 - 6 5 
0 - 5 6 0 

2 0 - 9 9 
0 - 7 7 2 

39-8O p e r c e n t . 
0 - 6 0 9 

R. I r m a n n represented t h e corrosion of t h e t e r n a r y al loys represen ted b y t h e 
losses in mgrms . per sq. cm. b y t h e ac t ion of su lphur ic acid u n d e r like condi t ions , 
b y t h e curves , F ig . 171, a n d b y t h e d a t a : 

2 per cent. w { g w e r 

3 per cent. w{££PP° r 

5 p e r c e n t . w { g ^ * > e r 

I O p e r c e n t . w { £ ° P P e r 

0 0 
2 3 - 2 0 

O O 
2 0 - 0 0 

0 0 
1 0 - 0 

O-O 
3 - 0 0 

1 0 3 
0 - 5 2 
9 - 5 
3 1 7 

2 0 - 4 
2 - 4 8 
9 - 6 
0 - 4 9 

2 O - 3 
O-OO 

2 0 - 3 
2 - 1 2 

3 1 0 
1 - 6 2 

1 9 - 9 
1 - 1 9 

3 9 - 1 
1 - 5 7 

3 6 2 
2 - 2 0 

4 2 - 9 
0 - 9 1 

3 O l 
1 - 0 0 

4 8 - 7 p e r c e n t . 
4 - 4 7 
•— p e r c e n t . 

— p e r c e n t . 

3 9 - 2 p e r c e n t . 
2 - 7 5 
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ioo° 
44,r>90 

18-45° 
4 3 , 8 0 6 

0-8° 
4 3 , 6 1 O 

- 8 O " 
4 3 , 0 2 2 

— ioo° 
4 2 , 3 8 5 

— 182° 
4 1 , 4 5 4 
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F i a . 1 7 1 . — T h e A c t i o n of 
S u l p h u r i c A c i d o n t h o 
N i - C u - A V A l l o y s . 

K . G r a s s m a n n a n d E . J . K o h l m e y e r s t u d i e d t h e c o p p e r - t u n g s t e n - n i c k e l a l loys , 
and the copper-tungsten-nickel-tantalum alloys. The copper-nickel-zinc-
t u n g s t e n a l loys , a p p r o x i m a t i n g nickel-s i lver w i t h 1 t o 2 per cen t , of t u n g s t e n , h a v e 
t h e t r a d e - n a m e p l a t i n o i d — s a y Cu, 60 ; N i , 14 ; Zn , 24 ; W , 1 t o 2. E . S. Spe r ry 
descr ibed p la t ino id free f rom t u n g s t e n , a n d A. M. Fa i r l i e descr ibed a p l a t i no id 
w i t h Cu, 54-0 ; N i , 24-77 ; Zn , 20-42 ; F e , 0-47 ; 
Mn, 0-15 ; a n d P b , 0-15. O. R u m s c h o t t e l sa id t h a t 
t u n g s t e n s e p a r a t e s o u t f rom t h e m o l t e n l iqu id o b t a i n e d 
b y a d d i n g n i c k e l - t u n g s t e n a l loys t o copper -z inc a l loys . 
~R. I r m a n n s tud i ed t h e effect of t u n g s t e n on t h e cor rod i -
b i l i ty of nickel-s i lver . C. A. L»ees sa id t h a t t h e t h e r m a l 
c o n d u c t i v i t y of p l a t i n o i d a t 18° is 0-060 c.g.s. u n i t s ; 
0 0 5 8 a t 0° ; 0 0 4 7 a t —80° ; a n d 0-042 a t —160° . T h e 
sp . e lec t r ica l r e s i s t ance , R c.g.s. u n i t s , w a s g iven b y 
J . D e w a r a n d J . A. F l e m i n g : 

R 

T h e res i s t ance of p l a t ino id , sa id J . T . B o t t o m l e y , is 
a b o u t 1-5 t i m e s a s g r e a t as t h a t of n ickel-s i lver , a n d 
t h e t e m p , coeff., 0-04509 t o 0 0 4 2 2 . A. Gr. W a r r e n a n d 
F . M u r p h y found t h e e.m.f. of t h e couple w i t h p l a t i n o i d 
a n d b r o n z e is —15-5 mic rovo l t pe r degree . M. Mac lean 
found t h a t t h e e.m.f. of a couple of p l a t i n o i d wires , 
one of wh ich was s t r e t c h e d long i tud ina l ly , w a s 0-0910 
mic rovo l t pe r degree difference of t e m p , b e t w e e n t h e cold a n d h o t j u n c t i o n s . T h e 
c u r r e n t pas sed from t h e s t r e t c h e d t o t h e u n s t r e t c h e d wire . H e found for p la t ino id : 

T o t a l l o a d . . 2 5 0 5OO 75O 1 0 0 0 
T e m p o r a r y e l o n g a t i o n 0 - 0 3 5 0 - 0 7 1 O-101 0 - 1 3 0 
P e r m a n e n t e l o n g a t i o n -— 0 - 0 2 5 
M i c r o v o l t s p e r d e g r e e . 0 - 1 0 5 8 O-1190 O-1330 O-1532 

P . L u d w i k a n d R . Scheu , B . J o n e s , a n d P . C h e v e n a r d s t u d i e d t h e m e c h a n i c a l 
p r o p e r t i e s of t h e n i c k e l - t u n g s t e n - c h r o m i u m a l loys , a n d t h e a l loy w i t h t h e t r a d e ­
n a m e illium, desc r ibed b y C. T . K n i p p a n d J . L . H a l l , is a n a l loy of n ickel a n d 
c h r o m i u m w i t h some t u n g s t e n a n d o t h e r e l e m e n t s . P . A. Hel le r 2 ° p r e p a r e d 
nicke l u r a n i u m a l loys . 

T. F l e i t m a n n 2* obse rved t h a t w i t h n i c k e l - m a n g a n e s e a l loys con t a in ing u p t o 
10 p e r cen t , of m a n g a n e s e t h e w o r k i n g qua l i t i e s a r e n o t d e s t r o y e d . Al loys -were 
p r e p a r e d b y H . W e d d i n g , W . B . D r i v e r , a n d M. Basse 
a n d M. v o n Selve. A. L e u c h t e r , a n d A. N . Campbe l l 
desc r ibed t h e p r e p a r a t i o n of t h e a l loys e lec t ro ly t ica l ly . 
S. F . S c h e m t s c h u s c h n y a n d co -worker s s t u d i e d t h e f .p. 
c u r v e , a n d t h e r e su l t is s u m m a r i z e d in F i g . 172. T h e r e 
is a n u n b r o k e n series of solid soln. w i t h a m i n i m u m in 
t h e c u r v e a t 1030°, a n d 56 p e r cen t , of m a n g a n e s e . 
W i t h a l loys h a v i n g 36 t o 51 p e r cen t , of m a n g a n e s e , t h e 
f reezing-point cu rve shows a b r e a k b e t w e e n 790° a n d 
816° i n d i c a t i n g t h a t t h e solid soln. is d e c o m p o s e d 
w i t h t h e possible f o r m a t i o n of a defini te c o m p o u n d . 
A. D . D o u r d i n e found a flat m i n i m u m a l i t t l e over 1000° 
w i t h b e t w e e n 56 a n d 63 p e r cen t , of m a n g a n e s e , wh ich 
shows pecul ia r i t i es t a k e n t o i nd i ca t e t h e f o r m a t i o n of a 
s t a b l e a n d a n u n s t a b l e modi f ica t ion of n i c k e l m a n g a n i d e , N i M n . P . I . GrradusofT, 
A . D . D o u r d i n e , M. v o n Selve , K . H o n d a a n d T . I sh igak i , B . B l u m e n t h a l a n d 
co-workers , S. V a l e n t i n e r a n d G. Becke r , a n d N . B . P i l l ing a n d T. E . K i h l g r e n 

125O 
0 - 1 6 0 
O-030 
0 1 6 8 3 

15OO 1 7 5 0 g r m . 
O-190 p e r c e n t . 
0 - 0 3 5 
0 - 2 1 7 7 
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F i O . 1 7 2 . T h o F r e e z i n g -
p o i n t C u r v e of N i c k e l -
M a n g a n e s e A l l o y s . 



252 INORGANIC AND T H E O R E T I C A L CHEMISTRY 

discussed t h e cons t i t u t i on of t h e a l loys ; A . W . S m i t h , t h e t h e r m a l c o n d u c t i v i t i e s ; 
J . Cou rno t , t h e m a g n e t i c p rope r t i e s . E . P e r s s o n a n d E . O e h l m a n s t u d i e d 
t h e X- rad iog rams—v ide m a n g a n e s e ; a n d W . N o w a c k i , a n d S. K a y a a n d 
A. KuBsmann, the lattice structure of nickel tritamanganide, MnNi3. 

W . A. Mudge a n d L . W . !Lufi e x a m i n e d t h e m e c h a n i c a l p r o p e r t i e s ( lbs. p e r 
sq. in.) a n d found : 

0-05 1-89 4-G3 per cent. Mn 

B a k e w o l l h a r d n e s s 
" P r o p o r t i o n a l l i m i t 
Y i e l d - p o i n t 
U l t i m a t e s t r e n g t h 
K Ion p a t i o n i n 2 i n s . 
! R e d u c t i o n a r e a 

Ho t -
rolled 

6 7 0 
2 2 , 8 0 0 
3 3 , 4 0 0 
7 7 , 2 0 0 

4 3 - 7 
5 9 - 5 

A n ­
nealed 

6 0 - 5 
1 9 , 7 0 0 
2 6 , 7 5 0 
7 6 , 8 5 0 

4 8 - 5 
7 5 - 9 

Ho t -
rolled 

6 9 0 
2 5 , 5 0 0 
3 4 , 3 5 0 
8 1 , 8 0 O 

3 9 - 7 
6 3 - 5 

A n ­
nealed 

6 3 0 
2 2 , 0 0 0 
2 7 , 5 0 O 
8 0 , 7 0 0 

4 8 - 9 
7 4 - 2 

H o t -
rolled 

77-O 
3 1 , 3 5 0 
3 8 , 5 5 O 
8 6 , 5 0 0 

4 2 - 5 
5 2 - 6 

A n ­
nealed 

68«0 
2 5 , 8 5 0 
2 2 , 6 5 O 
8 5 , 8 0 O 

46-O p e r e o n t 
7 2 4 

B . J o n e s , IC. R . Koch a n d C. D a n n e c k e r , a n d I I . J . !French a n d W. A. T u c k e r 
d iscussed t h e p r o p e r t i e s of t h e s e a l loys ; M. A . H u n t e r a n d J . W . B a c o n , t h e 
e lect r ical res i s tance ; a n d W . R o h n , t h e t h e r m o e l e c t r i c force of t h e a l loys a g a i n s t 
p l a t i n u m . S. K a y a a n d A . K u s s m a n n f o u n d t h a t t h e Cur ie p o i n t of t h e n icke l -
m a n g a n e s e al loys s t a r t s a t 356° , t h e v a l u e for pur i f ied n icke l , b u t is l owered b y 
t h e a d d i t i o n of m a n g a n e s e u n t i l i t r e aches o r d i n a r y t e m p , w i t h 25 p e r cen t , of 
m a n g a n e s e . W i t h inc reas ing m a n g a n e s e c o n t e n t , a t o r d i n a r y t e m p . , t h e r e is a 
d i s t i nc t increase in t h e s a t u r a t i o n v a l u e for sma l l m a n g a n e s e c o n t e n t s , a n effect 
which is st i l l p r e s e n t a t t h e t e m p , of l iqu id a i r . "With b e t w e e n 5 a n d 10 p e r c e n t , 
of Mn, t h e c u r v e r eaches a m a x i m u m , wh ich , a t o r d i n a r y t e m p . , lies a b o u t 10 p e r 
cen t . , a n d a t —193° a b o u t 20 p e r cen t . , h i g h e r t n a n t h e c o r r e s p o n d i n g v a l u e for 
p u r e n ickel . W i t h a l loys c o n t a i n i n g m o r e t h a n a b o u t 10 p e r cen t , of M n , s o m e 
t r a n s f o r m a t i o n occurs in t h e a l loy a t a t e m p , b e t w e e n 400° a n d 600°. A n a l loy 
w h i c h h a s b e e n s lowly cooled t h r o u g h t h i s t e m p , r a n g e a n d t e m p e r e d is m o r e 
h igh ly m a g n e t i c t h a n one wh ich h a s b e e n r a p i d l y cooled t h r o u g h t h i s s t a g e . W i t h 
increas ing m a n g a n e s e c o n t e n t t h e r e is a g r e a t e r difference b e t w e e n t h e t w o s t a t e s , 
so t h a t r a p i d l y cooled a l loys c o n t a i n i n g 24 p e r cen t , of M n h a v e on ly a f r ac t ion of 
t h e m a g n e t i z a b i l i t y t h e y h a v e if cooled s lowly. K . Kre ie l she imer , a n d W . R o h n 
m e a s u r e d t h e e lect r ica l r e s i s t ance of a n i c k e l - m a n g a n e s e a l loy ; a n d W . Meissner 
s t u d i e d t h e c o n d u c t i v i t y of t h e a l loys a t t h e t e m p , of l iqu id h e l i u m . S. K a y a a n d 
A. K u s s m a n n , A. Dauvi l l i e r , !E. C. S tone r , a n d J . G. G r a y f o u n d t h a t b y p r e v i o u s 
cool ing t o —190° , n o c h a n g e occurs in t h e m a g n e t i c p r o p e r t i e s , a n d t h a t in t h i s 
r e spec t t h e y differ f rom n icke l a n d m a n g a n e s e s tee ls . Gr. T a m m a n n a n d E . V a d e r s 
s t u d i e d t h e e lec t rode p o t e n t i a l of n i c k e l - m a n g a n e s e a l l oys , a n d t h e y f o u n d t h a t 
t h e solid soln. of t h e t w o m e t a l s h a s a l im i t -with 0-5 mol . !Ni. O. v o n A u w e r s a n d 
H . Ki ih lewe in s t u d i e d t h e m a g n e t i c p r o p e r t i e s of t h e a l loys . T h e co r rod ib i l i t y of 
t h e n i c k e l - m a n g a n e s e a l loys w a s s t u d i e d b y W . G u e r t l e r a n d T . L i e p u s . 

T h e r e a r e q u i t e a n u m b e r of m o r e c o m p l e x m a n g a n e s e - n i c k e l a l loys w h i c h h a v e 
been r e c o m m e n d e d a s r e s i s t ance wires . A m o n g s t t h e n i c k e l - m a n g a n e s e - C O p p e r 
a l l oys t h e r e a r e manganin—Cu, 86-62 ; N i , 3-261 ; Mn , 8 0 3 1 ; Sn , 0-073 ; F e 
0-60 ; m o r e usua l ly , a c c o r d i n g t o W . J a g e r a n d H . Diesse lhors t , Cu, 84 ; N i , 4 
Mn, 12 ; or, acco rd ing t o K . F e u s s n e r a n d S t . !Lindeck, Cu, 86 ; N i , 2 ; M n , 12 
or , accord ing t o W . B . D r i v e r , Cu, 75 ; N i , 20 ; M n , 5 ; or , a c c o r d i n g t o 
A . M. Fa i r l i e , Cu, 8 2 - 1 2 ; N i , 2 - 2 9 ; M n , 1 5 - 0 2 ; F e , 0-57. These a l loys w e r e 
d iscussed b y V. F i s che r , A. Ie T h o m a s , S. F . S c h e m t s c h u s c h n y a n d S. A . P o g o d i n , 
E . S. S p e r r y a n d J . B . R h o d e s . N . P a r r a v a n o ' s s t u d y of t h e t e r n a r y s y s t e m is 
s u m m a r i z e d in F ig . 173, s h o w i n g t h e l i q u i d u s ( con t inuous ) c u r v e s , a n d t h e so l idus 
( d o t t e d ) cu rves . T h e s y s t e m fo rms solid soln. in al l p r o p o r t i o n s . T h e p r e p a r a t i o n of 
t h e a l loys a n d also t h e m i c r o s t r u c t u r e of m a n g a n i n were desc r ibed b y H . B e h r e n s , 
a n d R . Vogel . T h e sp . gr . g iven b y W . J a g e r a n d H . Diesse lhor s t is 8-44 a t 18°. 
E . Gr i ine isen found t h e e las t ic m o d u l u s t o b e 12,599 k g r m s . p e r sq . m m . 
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P . W . B r i d g m a n g a v e for t h e rec ip roca l of Y o u n g ' s m o d u l u s of m a n g a n i n , 
0-72 X 1 O - 6 ; P o i s s o n ' s r a t i o , 0-33 ; a n d t h e cub i c compress ib i l i t y , 0-7 X 1O - 6 . 
JD. J . M c A d a m m e a s u r e d t h e s t a t i c , m e c h a n i c a l t e s t s a n d t h e fa t igue t e s t s of ho t -
rol led N i : Cu : M n (67-51 : 26-23 : 4-31) a l loy expressed i n lbs . p e r sq. in . T a k i n g 
t h e s a m p l e a s rece ived , a n d t h e s a m e s a m p l e af te r a n n e a l i n g in t h a t o rde r , t h e 
r e su l t s were : Tensi le s t r e n g t h , 91 ,600 a n d 88,800 ; t o r s iona l s t r e n g t h , 73 ,400 
a n d 78,300 ; shea r ing s t r e n g t h , 65 ,800 a n d 60,000 ; a n d e n d u r a n c e l imi t , 39 ,000 
a n d 37 ,800. H . E b e r t s t u d i e d t h e compress ib i l i ty , a n d E . Gri ine isen o b t a i n e d 
0-0681 for t h e compress ib i l i t y coefE., a n d R . F . Mehl a n d B . J . Mair o b t a i n e d a 
smal l e r v a l u e b y c a l c u l a t i o n f rom t h e m i x t u r e ru le . W . J a g e r a n d H . Diesse lhor s t 
f o u n d t h e t h e r m a l c o n d u c t i v i t y t o be 0-217 c.g.s. u n i t s a t 18°, a n d 0*264 a t 100°, 
so t h a t t h e t e m p . coefL is 2-7 p e r c en t . C. A. Lees g a v e 0-052 a t 18° ; 0-050 a t 
0° ; 0-040 a t —80° ; a n d 0-035 a t 160°. M. A . H u n t e r a n d J . W . Bacon , L . Hol la , 
S. A. P o g o d i n a n d E . M. L e k a r e n k o , a n d A. W . S m i t h s t u d i e d t h e sub jec t . W . J a g e r 
a n d I I . D iesse lhors t g a v e 0-0973 for t h e sp . h t . a t 18°, a n d 0-1004 a t 100°. T h e 
t i m e of m e l t i n g t h i n fuses w a s m e a s u r e d b y J . A. M. v a n U e m p t a n d 
J . A. d e Vr iend . 

T h e e lect r ical r e s i s t ance of m a n g a n i n is h igh , a n d t h e t e m p , coeff. of t h e 
res i s t ance is smal l . C. H e u s l e r sa id t h a t t h e sp . r e s i s t ance is 41 t o 45 m i c r o h m s 
pe r c m . c u b e , a n d t h e t e m p , coeff. is n e g a t i v e a t 16° ; K . F e u s s n e r a n d S t . L i n d e c k 
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174.—-The Kleetrical Resistance 
of the Cu-Ni-Mn Alloys. 

g a v e 47-7 m i c r o h m s p e r c m . c u b e for t h e r e s i s t ance , a n d t h e t e m p , coeff. is 
—0-00003 ; a m a n g a n i n r e s i s t ance coil of 1 o h m a t 18° h a s a res i s t ance of 
1-000050 o h m s a t 27-5° ; i t is a g a i n 1 o h m a t 38° ; a n d 0-999900 o h m a t 46° . 
W . J a g e r found t h a t t h e r e s i s t a n c e coils d id n o t c h a n g e in v a l u e over a per iod of 
s ix y e a r s . O b s e r v a t i o n s w e r e m a d e b y F . E . B a s h , M. A. H u n t e r a n d A. J o n e s , 
W . H . S t a n n a r d , F i r m A b l e r a n d co-workers , E . L . Nichols , N . B . Pi l l ing , 
E . I i . L e d e r e r , E . W e s t o n , e t c . G. Niccola i g a v e for t h e res i s tance in a b s o l u t e 
u n i t s , R, 

— 189° — 10O° 0° 2 5 ° 100° 125° 4 0 0 ° 
It . . 37,937 38,427 38,787 38,832 38,847 38,832 38,258 

F . M. S e b a s t a n d G-. L . G r a y found for t h e r e s i s t ance Ii m i c r o h m s p e r c m . cube 
a t 20° , a n d t h e t e m p , coeff. a , for t h e t e r n a r y a l loys : 

(Ni 
5 per cent. MnIiR 

U x JO3 

8 per cent. M n | a X 1 ( j 3 

15 per cent. Mn-I -,na 

O 2O 
17-9 33-5 

0-17 0-14 
19-7 40-2 

0-32 0-075 

_—. — 

4O 
50-4 

0-089 
54-8 

0 0 7 1 
68-7 

— O-O10 

5 0 
5 5 1 

0-085 
5 8 1 

0 0 8 8 
70-8 

-fO-025 

60 70 
54-35 50-72 

0-22 1 0 9 
6 0 0 5 55-8 

0 1 4 0-53 
75-3 — 

+ 0-064 — 

8 0 
38-8 

7-39 
45-8 

1-85 

.— 

1 OO p e r c en t 
17 4 

2-97 
23-3 

2-49 
— 
— 

T h e r e su l t s a r e p l o t t e d i n F i g . 174, a n d s h o w t h a t t h e p resence of m a n g a n e s e 
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increases t h e res is tance of t h e copper -n icke l a l loys , a n d a n increase in t h e r e s i s t ance 
is a c c o m p a n i e d b y a decrease in t h e t e m p , coeff. A n a l loy of Cu, 50 ; N i , 40 ; 
a n d Mn, IO has a res is tance of a b o u t 70 m i c r o h m s p e r c m . cube a n d a zero t e m p . 
coefF. a t 20°. A. A. Somervi l le ' s r e su l t s for t h e effect of t e m p , on t h e res i s t ance 
of m a n g a n i n are s u m m a r i z e d i n F i g . 175. N . B . P i l l ing , M. A. H u n t e r a n d 
J . W . Bacon , H . Roln ick , J . S t r a u s s , a n d S. F . S c h e m t s c h u s c h n y a n d co-workers 
s tud ied t h e t e m p , coeff. of t h e r e s i s t ance of m a n g a n i n ; a n d A. Michels a n d 
M. H . Lenssen , t h e effect of p re s su re . P . W . B r i d g m a n g a v e for t h e r e s i s t ance a t 
0° , 1-0000 ; a t 26°, 1 0 0 0 7 ; a t 50° , 1-0006 ; a t 76°, 1-0002 ; a n d a t 97°, 0-9995, 
so t h a t t he r e is a m a x i m u m n e a r 30° . H e also found t h e effect of p r e s su re , p, i n 
k g r m s . pe r sq. cm. t o be s u c h t h a t t h e press , coeff. of t h e r e s i s t ance R3 o r {dR/dp) 

0-00012 

0^00004 ifc? 
§ 

-0-00004^ 

0° 100 200 300 400 500° 
JPiGt. 175.—-The Effect of T e m p e r a t u r e o n t h e R e s i s t a n c e of M a n g a n i n . 

= 0*052325. A. !Lafay g a v e 0 0 5 2 1 6 pe r k g r m . p e r sq. cm. , a n d E . Lisell , 0-05208 
t o 0-05213 for annea l ed wire a n d 0-06279 t o 0-052338 for h a r d - d r a w n wi re . Accord­
ing t o E . B . R o s a a n d H . D . B a b c o c k , t h e res i s t ance increases w i th a n increase in 
t h e h u m i d i t y of t h e a i r , b u t n o t so acco rd ing t o W . J a g e r a n d S t . L i n d e c k . T h e 
sub jec t was discussed b y E . E . S m i t h . W . E . Wi l l i ams sa id t h a t t h e r e s i s t ance 
increases w i t h a n increase in p ressu re . A. Michels a n d M. H . Lenssen s t u d i e d t h e 
effect of p re s su re . P . W . B r i d g r n a n found t h a t t h e press , coeff. of t h e res i s t ance 
is p r ac t i c a l l y t h e s a m e a t 0° , 25°, 50°, 75°, a n d 100°, b u t b e t w e e n 25° a n d 50° 
t h e r e w a s a n increase of 0-7 p e r cen t . W h e n t h e wire is sub jec t ed t o a tens i le 
s t ress , t h e obse rved res i s t ance increases a t t h e r a t e of 0-06571 pe r k g r m . p e r sq. 
c m . ; t h e co r re spond ing press , coeff. is 0-05231 ; t h e t ens ion coeff. for t h e sp . 
res i s tance —0-0660. I i . R o l n i c k m e a s u r e d t h e effect of t ens ion on t h e res i s t ance ; 
a n d W. H . S a n d e r s a n d A. P . C a r m a n , t h e effect of a m a g n e t i c field. N . d ' A g o s t i n o 
found t h a t t h e res i s tance increases 0*01 p e r cen t , in a m a g n e t i c field of 6000 gauss . 
Gr. T a m m a n n a n d E . V a d e r s found t h a t t h e e l e c t r o m o t i v e force of t h e cell 
N i I 0-125M-MnCl 2 I M n n N i 1 ^ n h a s a b r e a k w i t h n=^0-5. M. A. H u n t e r a n d 
J . W . B a c o n , E . H . H a l l , a n d N . B . P i l l ing m a d e o b s e r v a t i o n s on t h e sub jec t . 

W . J a g e r a n d H . Diesse lhors t f ound t h a t t h e t h e r m o e l e c t r i c force of m a n g a n i n 
a g a i n s t coppe r is 1-6 mic rovo l t s a t 18° a n d 1-4 m i c r o v o l t s a t 100° ; a g a i n s t b ronze , 
A. Gr. W a r r e n a n d E . M u r p h y found 0-36 t o 0-52 mic rovo l t p e r degree ; J . D e w a r 
a n d J . A. F l e m i n g o b t a i n e d for t h e e.m.f. E c.g.s. u n i t s of t h e a l loy a g a i n s t l ead , 
w i t h t h e cold j u n c t i o n a t 0° , a n d t h e h o t j u n c t i o n : 

1 0 0 1 ° 50-5° 26 -2° 12-6° —12-7° —26-4° —54-1° — 16O 6° — 2 0 3 1 ° 
E . 13,770 6300 3115 2070 —1010 —2510 —4320 —11,040 — 14,13O 

P . W . B r i d g m a n gave for t h e e.m.f. of m a n g a n i n a g a i n s t lead , E X 1 0 6 = 1*366$ 
+O*OOO41402_|_o-OOOO11203 vo l t s . M. Maclean found t h e e.m.f. of a couple 
of m a n g a n i n wires, one of wh ich was p e r m a n e n t l y s t r e t c h e d long i tud ina l ly , 0*0693 
mic rovo l t , a n d t h a t t h e c u r r e n t pas sed f rom t h e s t r e t c h e d t o t h e u n s t r e t c h e d wire . 
H e found for m a n g a n i n , 
T o t a l l oad . . 250 5OO 
T e m p o r a r y e longa­

t i o n . . 0-145 
P e r m a n e n t e longa­

t i o n . . 0-012 
Mic rovo l t s p e r 

deg ree . . 0 O 5 6 6 5 0 0 6 3 7 2 0 0 6 2 7 2 0 0 6 7 7 8 0*06474 0 0 6 4 7 4 0 0 6 5 7 5 

IUUV 

S 995 
c 

tj 990 t 

an* 

— ^ 
Temper •ature i 

I 
inefficient "**-

_ ^ N / — 

7 5 0 

0 - 2 6 0 

0 0 7 2 

IOOO 

0 - 3 2 7 

0 - 1 2 0 

1 2 5 0 

0 - 3 8 2 

0 1 5 1 

150O 

0 - 4 2 7 

0 1 6 6 

1 7 5 0 g r m s . 

0 - 4 8 4 p e r c e n t 

0 1 9 3 
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P . W . B r i d g m a n o b s e r v e d t h a t w i t h a coup le c o m p o s e d of one b r a n c h of u n c o m ­
p re s sed m e t a l , a n d t h e o t h e r compres sed t o a p ress , p k g r m s . pe r sq . cm. , t h e 
j u n c t i o n s be ing a t 0 ° , t h e t h e r m o e l e c t r i c force Ex 10 6 vo l t s : 

P 
I 2 ,000 . 

£Jxl06\ 6,00O . 
I 12,000 . 

10° 
0 0 2 6 

- O - 0 8 1 
— 0 1 5 8 

20° 
0-057 

- O - 1 5 7 
— 0-308 

40° 
O-100 

— 0-300 
— 0-588 

6 0 ° 
0 1 4 6 

— 0-431 
— 0-846 

8 0 ° 
o-190 

— 0-554 
— 1 0 8 7 

100° 
0-211 

— 0-673 
— 1-314 

M. A l i a m e t , a n d F . P e t e r s d i scussed t h e use of t h e coppe r -n i cke l -manganese a l loys 
for t h e m a n u f a c t u r e of t h e r m o c o u p l e s . P . W . B r i d g m a n obse rved t h e P e l t i e r 
effect b e t w e e n u n c o m p r e s s e d a n d c o m p r e s s e d m e t a l exp res sed i n px 10° jou les p e r 
c o u l o m b , t o b e : 

V 
( 2 ,000 . 

Ji X 10«< 6,000 . 
(12,0OO . 

0 ° 
— 0-71 
— 2-27 
— 4-41 

2 0 ° 
— 0-73 
— 2-20 
— 4-28 

4 0 ° 
— 0-74 
— 2-13 
— 4-20 

60° 
— 0-75 
— 2-12 
— 4-15 

80° 
— 0-76 
— 2-14 
— 4 13 

100° 
— 0-77 
— 2 1 4 
— 4 1 4 

T h e Pe l t i e r effect a g a i n s t l e a d is px lO e= ( l - 366+ O - O O 8280 + O-O433602)(0 + 273) 
vo l t s . T h e T h o m s o n effect a g a i n s t l ead i s a X 10«-= (0-00828+0-00006720) (0 + 273) 
vo l t s pe r degree , a n d w i t h c o m p r e s s e d a n d u n c o m p r e s s e d m e t a l , expressed in 
o-X 10 8 j ou les pe r c o u l o m b p e r degree : 

V O0 2 0 ° 4 0 ° 6 0 ° 8 0 ° 100° 
( 2 ,000 . O-14 0-15 0 1 6 0 1 7 0-18 0 1 9 

S X l O 8 J 6,000 . 1-4O 1-08 0-78 0-53 0 28 0 0 0 
(12 ,000 . 2-46 2-01 1-66 1-39 1-17 1 0 1 

J . O b a t a s t u d i e d t h e H a l l effect ; a n d W . F r e y g a v e for t h e H a l l effect, Rx 10 6 , 
of m a n g a n i n , w i t h a field s t r e n g t h of II gaus s ; 

150° 225° 270° 330° 360° 440° 590° 730° 810° 
H . . 4100 415O 417O 435O 454O 479O 4490 474O 492O 
if x IO6 . —569 —554 —522 —473 —455 —432 —437 - 483 — 46O 

J . C o u r n o t s tud ied some n o n - m a g n e t i c a l loys of n icke l a n d m a n g a n e s e ; E . E n g l e r t , 
s o m e m a g n e t i c a l loys . N . d ' A g o s t i n o sa id t h a t t h e e lec t r ica l r e s i s t ance decreases 
w i t h t r a n s v e r s e m a g n e t i z a t i o n . iv . F c u s s n e r a n d S t . JLindeck o b s e r v e d t h a t 
m a n g a n i n acqu i r e s a n o x i d a t i o n film a t 100°, a n d a t a r e d - h e a t , t h e superficial 
m a n g a n e s e is who l ly ox id ized so t h a t t h e r e s i s t ance of t h e wires is a l t e r ed : 
J . W . R i c h a r d s a d d e d a l u m i n i u m t o t h e c o p p e r - n i c k e l - m a n g a n e s e a l loys , a n d 
o b t a i n e d w h a t h e r e g a r d e d a s one of t h e h a r d e s t of t h e l i gh t a l loys . N . B . P i l l ing 
s t u d i e d t h e res i s t ance of t h e s e a l loys ; a n d J . O b a t a , t h e H a l l effect. H . GoId-
s c h m i d t p r e p a r e d a l loys w i t h c h r o m i u m b y t h e t h e r m i t e p rocess . W . Guer t l e r 
a n d T . L i e p u s s t u d i e d t h e cor rod ib i l i ty of t h e n i c k e l - m a n g a n e s e - c o p p e r a l loys ; 
M. S. v a n D u s e n a n d S. M. She l ton , t h e t h e r m a l c o n d u c t i v i t y ; Ju. J . W o o d , 
t h e X - r a y s t r u c t u r e a n d m i c r o s t r u c t u r e ; a n d W . R o s e n h a i n a n d co-workers . 
K . F . B i n g h a m , a n d E . D . Gleason , t h e p r o p e r t i e s of t h e n i c k e l - m a n g a n e s e -

' copper-aluminium alloys. 
A . F . C r o n s t e d t , 2 2 t h e d i scovere r of n icke l , p r e p a r e d some n i cke l - i ron a l loys i n 

1754, a n d h e sa id t h a t " a m o n g s t t h e m e t a l s p r o p e r , i ron h a s t h e g r e a t e s t f r iend­
sh ip for n i c k e l . " T. B e r g m a n , a n d A. a n d C R . Aik in sa id t h a t i ron a n d n ickel 
u n i t e in all p r o p o r t i o n s t o fo rm a l loys as duc t i l e a n d m a g n e t i c a s iron itself. Al loys 
were a lso descr ibed b y W . L . A u s t i n , W . P . B a r b a a n d H . M. H o w e , W . R . B a r c l a y , 
H . Bessemer , G. H . Bi l l ings , F . B o h n y , H . C. H . C a r p e n t e r , G. C h a r p y , J . E s c a r d , 
M. F a r a d a y a n d J . S t o d a r t , R . F l e c h n e r , T . F l e i t m a n n , G. G r a r d , L . Gui l le t , 
W . H e y m , J . B . H o b l y n , A. L . Ho l l ey , J . B . C K e r s h a w , W . A. L a m p a d i u s , 
J . v o n Lieb ig , F . H . Mason , P . D . Mer ica , T . Moore , P . Oberhoffer , F . O s m o n d , 
J . P e r c y , F . P e t e r s , O. J . S t e i n h a r t , F . J . T a y l o r , J . L . F . Vogel , O. Vogel, 
F . B . H . W h i t e , E . H . Wi l l i ams , D . Wi l son , D . N . W i t m a n , T . D . Y e n s e n , e tc . 
S o m e a l loys were m a d e b y M. F a r a d a y a n d J . S t o d a r t , a n d l a t e r e x a m i n e d by 
R . A . Hadf ie ld . Al loys of i r o n a n d n icke l were p a t e n t e d b y T. W . D o d d s , 
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J . W . F u r n e s s , J . F . H a l l , S. S. H ick l ing , A . J a c o b s e n , W . L o n g m a i d , C. M e K n i g h t , 
H . M a r b e a u , J . M a r t i n e a u a n d H . W . S m i t h , A . P a r k e s , M. Poo le , a n d H . Schne ide r . 
T . W . H a r d y a n d H . N . B l e a k n e y desc r ibed t h e d i r e c t p r o d u c t i o n of t h e a l loy f rom 
S u d b u r y ore. J . W h a r t o n o b s e r v e d a n a l loy a c c i d e n t a l l y f o r m e d on t h e h e a r t h 
of a nickel smel t ing fu rnace . P . B e r t h i e r sa id t h a t t h e t w o m e t a l s eas i ly a l loy 
t o g e t h e r in all p r o p o r t i o n s . M. R u b a c h , A. W e i s k e , a n d O. L . E r d m a n n o b s e r v e d 
t h a t w r o u g h t i ron f r e q u e n t l y c o n t a i n s t r a c e s of n icke l . J . R i l e y sa id t h a t a l loys 
c a n be m a d e in a n y good o p e n - h e a r t h fu rnace w o r k i n g a t a fa i r ly good h e a t . N o 
special care is r equ i r ed i n w o r k i n g t h e c h a r g e s s ince t h e c o m p o s i t i o n is eas i ly a n d 
defini tely cont ro l led . N e a r l y al l t h e n icke l will b e found in t h e c h a r g e ; v e r y 
l i t t le is los t in t h e s lag. A n y s c r a p p r o d u c e d i n h a m m e r i n g , rol l ing, shea r ing , e t c . , 
can be r e m e l t e d i n m a k i n g a n o t h e r c h a r g e , w i t h o u t loss of n ickel . F o r a l loys 
w i t h a h i g h p r o p o r t i o n of n icke l , H . W e d d i n g r e c o m m e n d e d t h e a d d i t i o n of 
0-14 p e r cen t , of m a g n e s i u m s h o r t l y before p o u r i n g . F . Cirkel p r e p a r e d n ickel i -
ferous i ron f rom nickel i ferous p y r r h o t i t e ; W . H . G r e e n e a n d W . H . W a h l o b t a i n e d 
a l loys w i t h 50 pe r cen t , of n icke l b y m e l t i n g ferrosi l icon w i t h n icke l o x i d e ; a n d 
M. RudelofT sa id t h a t in p r e p a r i n g i ngo t s , 20 g r m s . of a l u m i n i u m pe r 20 k g r m s . of 
m e t a l shou ld be a d d e d t o a l loys r i ch in i ron , a n d 10 g r m s . of m a g n e s i u m p e r 
20 k g r m s . of m e t a l , t o a l loys r i ch in n ickel . T h e p r e p a r a t i o n of t h e a l loys w a s also 
desc r ibed b y R . A. H a d n e l d , W . V e n a t o r , S. K e r n , A. W . R i c h a r d s , H . D . H i b b a r d , 
e t c . E . Thi lges p r e p a r e d a l loys f rom s u l p h i d e ores . T . F u j i w a r a t r i e d ref ining 
t h e a l loy in t h e ac idic o p e n - h e a r t h fu rnace . D . a n d H . E . H a n s o n m a d e a l loys b y 
m e l t i n g purif ied i ron a n d n icke l in a l u m i n i u m cruc ib les , h e a t e d in a n a t m . of 
n i t rogen . A. N . C a m p b e l l o b t a i n e d a l loys b y t h e e lec t ro lys is of soln. of t h e 
a p p r o p r i a t e s u l p h a t e s ; t h e s u b j e c t w a s i n v e s t i g a t e d b y H . J . Bl iks lager , K . E n g e -
m a n n , T. F u j i w a r a , S. G la s s tone a n d T . E . S y m e s , F . W . Ki i s t e r , B . L e e c h a n d 
F . H a m m o n d , F . M a r s c h a k a n d co-worker s , R . W . W . S a n d e r s o n , E . v o n S j o s t e d t , 
Iu. E . S t o u t a n d J . Carol , a n d G. Topfer . R . K r e m a n n a n d co -worker s d i d n o t 
find a n inc reased p ress , of h y d r o g e n m a d e a n y pe rcep t ib l e difference t o t h e d e p o s i t 
of i ron a n d n ickel o b t a i n e d e lec t ro ly t i ca l ly f rom a m i x e d soln. of fer rous s u l p h a t e 
a lone , t h e r e su l t ing i ron c o n t a i n e d less occ luded h y d r o g e n w i t h h y d r o g e n a t a 
h i g h p ress , t h a n a t a low press . Al loys of i ron a n d n icke l were p r e p a r e d b y 
J . W . A n d r e w s , P . B e n v e n u t i , D . H . B r o w n e , G. B r u n i a n d M. A m a d o r i , J . E s c a r d , 
J . G a m i e r , S. Glass tone a n d co-workers , N . V. H y b i n e t t e , F . K r u p p , H . L a n g e , 
A . L e u c h t e r , C. P . Madsen , R . M. Major , F . H . Mason , O. L . Mills, H . O t t i n g e r , 
M. S t e r n , J . H . W h i t e , D . Wi l son , C. H . W o r s n o p , a n d T . D . Y e n s e n . 
R . W . W . S a n d e r s o n , R . K r e e m a n a n d co -worke r s , E . R a u b a n d E . W a l t e r , 
D . Stepanoff a n d co-workers , a n d JL. E . S t o u t a n d J . Caro l s t u d i e d t h e e lec t ro -
depos i t i on of n ickel - i ron a l loys . 

S o m e occur rences of n a t u r a l n icke l - i ron a l loys h a v e b e e n r e p o r t e d . A smal l 
p r o p o r t i o n of nickel occurs in m a n y s a m p l e s of n a t i v e i r o n (q.v.), a n d s o m e 
m e t e o r i t e s c o n t a i n a h igh p r o p o r t i o n . W . S k e y f o u n d a n ickel i ferous i ron a p p r o x i ­
m a t i n g F e N i 2 in t h e dr i f t of t h e George r ive r e m p t y i n g i n t o A w a r u a B a y , N e w 
Zea land , a n d he cal led i t a w a r u i t e . G. H . F . U l r i ch s u p p o s e d t h a t i t is d e r i v e d 
f rom n e i g h b o u r i n g se rpen t ines or p e r i d o t i t e s . R . A . A . J o h n s t o n o b s e r v e d g ra in s 
of a s imi la r a l loy f rom Y u k o n ; a n d A. Sella, in t h e au r i f e rous s a n d s of t h e E l v o , 
P i e d m o n t . T h e g ra ins r e semble p l a t i n u m ; t h e y a r e ma l l eab le , a n d m a g n e t i c , 
a n d h a v e a sp . gr . of 7-8. W . H . Melvil le o b t a i n e d p e b b l e s of a n a l loy a p p r o x i ­
m a t i n g F e 2 N i 5 i n t h e p lace r g rave l of a s t r e a m in t h e J o s e p h i n e a n d J a c k s o n 
coun t i e s , Oregon ; a n d t h e m i n e r a l w a s cal led j o sephin i te . G. S. J a m i e s o n a lso 
o b t a i n e d jo seph in i t e f rom S m i t h R i v e r , D e l N o r t e Co. , Cal ifornia . G. C. H o f f m a n n 
o b t a i n e d a n a l loy a p p r o x i m a t i n g N i 3 F e f rom t h e aur i fe rous s a n d s of F r a z e r R i v e r , 
B r i t i s h Co lumbia , a n d he cal led i t SOuesite—after F . Soues . T h e so-cal led 
OCtibbehite, F e 2 N i 3 , is a n ickel - i ron a l loy f rom O c t i b b e h a , Missour i , f o u n d b y 
W . J . T a y l o r t o c o n t a i n 36-67 F e , 59-69 N i , 0-40 Co, 0-90 Cu, a n d 0-10 P ; whi le 
S. Meun ie r ca l led t h e a l loy F e 2 N i f rom S a n t a C a t h a r i n a , Braz i l , ca thar in i te . 
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T h e t e r m ferro-nickel is app l i ed t o a l loys of n ickel a n d i ron in c o n t r a s t w i t h 
t h e t e r m n i cke l - s t ee l , wh ich is a n a l loy steel . T h e t e r m s a re s o m e t i m e s confused, 
a n d some prefer t o r e s t r i c t t h e t e r m ferronickel t o a l loys of i ron w i t h over , s ay , 
25 pe r cen t , n ickel . Steels w i t h f rom 1-5 t o 95 p e r cen t , n icke l a re sold in c o m ­
merce , a n d t h e n ickel -s tee ls a r e e m p l o y e d for a g r e a t v a r i e t y of p u r p o s e s — g u n 
t u b e s a n d o t h e r p a r t s of g u n s , p n e u m a t i c h a m m e r s a n d a i r -dr i l l s , t u r b i n e b l ades , 
gas-engine va lves , ign i t ion t u b e s , boi ler t u b e s , s p a r k i n g p lugs , ax les , shaf t s , s t ee r ing 
k n u c k l e s , gea r s , a n d v a r i o u s p a r t s of au tomob i l e s , ae rop lanes , m a c h i n e r y , a n d 
v a r i o u s c o n s t r u c t i o n a l p u r p o s e s w h e n t h e m e t a l is sub jec t t o severe s t resses . T h e 
so-called nickel -s tee l r e s i s t ance wires e m p l o y e d for electr ic h e a t e r s , t o a s t e r s , 
cookers , e tc . , con t a in , s ay , 24 t o 30 p e r cen t , nickel , a n d some h a v e special t r a d e 
t e rms—e .g . , tico, climax, e t c . T h e a l loy indilation h a s 64 pe r cent , of i ron a n d 
36 pe r cen t , of n i c k e l — w i t h i m p u r i t i e s 0-06 C ; 0-68 M n ; a n d 0-09 Si. T h e uses 
of t h e nickel-s teels were d iscussed b y J . Hi ley , B . S i m m e r s b a c h , S. K e r n , 
F . L . S p e r r y , C. E . Gu i l l aume , A. L e d e b u r , R . A. Hadf ie ld . H i g h nickel a l loys 
a r e also sold u n d e r specia l n a m e s , a n d some a re m a d e w i t h a lmos t a n y r equ i r ed 
t h e r m a l expans ion . T h u s , t h e so-cal led i n v a r s tee ls on a c c o u n t of t he i r h a v i n g a 
smal l , i n m a n y cases negl igible , coefT. of t h e r m a l e x p a n s i o n are used in t h e 
m a n u f a c t u r e of m e a s u r i n g a n d o t h e r i n s t r u m e n t s ; for c h r o n o m e t e r s a n d o t h e r 
c lockwork , t a p e s for geode t i c m e a s u r e m e n t s , e t c . T h e t h e r m a l a n d m a g n e t i c 
p rope r t i e s a r e d iscussed in c o n n e c t i o n w i t h t h e genera l sub jec t . A s a m p l e of t h e 
commerc i a l a l loy e l invar h a d 0-84 C ; 1-5 Mn ; 11-1 Cr ; 0 1 4 Si ; 32-7 N i ; 3-9 W ; 
a n d 49-8 F e ; a n d modu lvar , 0-16 C ; 0 1 8 Mn ; 0-12 Cr ; 0-14 Si ; 34-9 N i ; 
a n d 64-5 F e . T h e following desc r ip t ion is f rom t h e c i rcu la r of t h e B u r e a u of 
S t a n d a r d s , Invar and related Nickel Steels ( W a s h i n g t o n , 1916) : 

I n v a r i s a n i c k e l - s t e e l c o n t a i n i n g a b o u t 3 6 p e r c e n t , n i c k e l t o g e t h e r w i t h a b o u t 0-5 p e r 
c e n t , e a c h of c a r b o n , a n d m a n g a n e s e , w i t h m e t a l l u r g i c a l l y n e g l i g i b l e q u a n t i t i e s of s u l p h u r , 
p h o s p h o r u s , a n d . o t h e r e l e m e n t s . I t i s m a d e e i t h e r i n t h e o p e n - h e a r t h f u r n a c e o r b y t h e 
c r u c i b l e m e t h o d . I t m e l t s s h a r p l y a t a b o u t 1 4 2 5 ° . S o m e 2 0 0 ° a b o v e i t s m . p . , i n v a r 
i s s u p p o s e d t o c o n s i s t of a h o m o g e n e o u s s o l i d s o l n . of i r o n , n i c k e l , a n d c a r b o n . B e l o w 
2 0 0 ° , a n d a t a t e m p , d e p e n d e n t o n i t s h i s t o r y a n d e x a c t c o m p o s i t i o n , i t u n d e r g o e s 
a r e v e r s i b l e t r a n s f o r m a t i o n of s u c h a n a t u r e t h a t f o r a n y s a m p l e t h e t r a n s f o r m a t i o n m a y 
b e i n c o m p l e t e . T h i s c o n d i t i o n of t h e r r a o c h o m i c a l i n s t a b i l i t y g i v e s r i s e b o t h t o s l o w l y 
c h a n g i n g a n d q u i c k l y c h a n g i n g v a l u e s f o r i t s p h y s i c a l p r o p e r t i e s c h a n g e s w h i c h a r e 
p a r t i c u l a r l y m a n i f e s t e d i n t h e e x p a n s i o n . T h e a l l o y i n v a r c a n b o f o r g e d , r o l l e d , t u r n e d , 
f i l e d , a n d d r a w n i n t o w i r e s , a n d i t t a k e s a b e a u t i f u l p o l i s h , g i v i n g a n e x c e l l e n t s u r f a c e o n 
w h i c h f i n e l i n e s m a y b e r u l e d . Tn g e n e r a l , i t s h o u l d b e w o r k e d s l o w l y . I t w i l l w i t h s t a n d 
w i t h o u t s p o t t i n g t h e c o r r o s i v e a c t i o n of w a t e r , e v e n w h e n i m m e r s e d fox* s e v e r a l d a y s . 
I t s s p . g r . i s a b o u t 8-O g r m s . p e r c . c . ; i t s e l e c t r i c a l r e s i s t i v i t y i s of t h e o r d e r of 8 0 m i c r o h m s 
p e r c m . c u b e , o r a b o u t 8 t i m e s t h a t of p u r e i r o n ; a n d i t s t e m p , coeff . of e l e c t r i c a l r e s i s t a n c e 
a b o u t OC)Ol2 p e r d e g r e e . T t i s f e r r o m a g n e t i c , b u t b e c o m e s p a r a m a g n e t i c i n t h e n e i g h ­
b o u r h o o d , of 1 6 5 ° . T h e m e a n coeff . of l i n e a r e x p a n s i o n b e t w e e n 0 ° a i*d 4 0 ° i s of t h e o r d e r 
o f o n e - m i l l i o n t h f o r t h e o r d i n a r y i n v a r , a n d s a m p l e s h a v e b e e n p r e p a r e d w i t h oven s m a l l 
n e g a t i v e coeff . ; t h e a m o u n t of c a r b o n a n d m a n g a n e s e p r e s e n t a p p e a r t o e x e r c i s e c o n ­
s i d e r a b l e i n f l u e n c e o n t h e e x p a n s i o n . S m a l l q u a n t i t i e s h a v e b e e n m a n u f a c t u r e d w i t l i a 
coeff . of ( -4 -0 -028 — O - O O 2 3 2 0 ) 1 O - 6 , e q u i v a l e n t t o a c h a n g e i n l e n g t h of 0-4 m m . i n 1 k i l o ­
m e t r e b e t w e e n 0 ° a n d 2 0 ° . T h i s w a s f o r a n a l l o y c o n t a i n i n g 0*006 p e r c e n t , c a r b o n a n d 
0 - 3 9 p e r c e n t , m a n g a n e s e , t h e o t h e r e l e m e n t s b e i n g n e g l i g i b l e . A b o v e 2 0 0 ° , t h e e x p a n ­
s i o n of i n v a r i s n e a r l y t h a t of ! B e s s e m e r ' s t e e l . I n v a r i s s u b j e c t t o c h a n g e s i n l e n g t h d u e 
t o " a f t e r e f f e c t s " f o l l o w i n g c o o l i n g f r o m a h i g h t e m p . , a n d t o c h a n g e s i n l e n g t h f o l l o w i n g 
e v e n s l i g h t a l t e r a t i o n s i n t e m p . F o r e x a m p l e , a t 1 5 ° , t h e e l o n g a t i o n p e r m e t r e i s 0 - 0 7 
t o O-08/Lt p e r d a y a f t e r f o r g i n g a n d O-03/x a f t e r a n n e a l i n g t o 4 0 ° . A f t e r a l o n g r e s t a t r o o m 
t e m p . ( 1 0 ° t o 2 0 ° ) t h e c o n t r a c t i o n s e t t i n g i n a f t e r b r i n g i n g t h e m e t a l t o a h i g h e r t e m p , 
i s c o m p l e t e d i n a b o u t o n e - h a l f - h o u r a t 1 0 0 ° a n d o n l y a f t e r s e v e r a l d a y s a t 4 0 ° . T h e r a n g e 
of t r a n s i t o r y l e n g t h v a r i a t i o n s f o l l o w i n g t e m p , c h a n g e s i s g i v e n a p p r o x i m a t e l y b y t h e 
f o r m u l a 81/1=—0-00325 x 1 0 ~ 8 0 , w h i c h h o l d s f o r t e m p , b e t w e e n 0 ° a n d 1 0 0 ° . I n v a r a l s o 
g r a d u a l l y e l o n g a t e s w i t h t i m e , f o r g e d a n d d r a w n m a t e r i a l b e h a v i n g s o m e w h a t d i f f e r e n t l y 
i n t h i s r e s p e c t , s o t h a t t h e r e i s a d e t e r m i n a b l e , s e a s o n a l c o r r e c t i o n t o b e a p p l i e d t o i t s 
l e n g t h w h e n u s e d a s a s t a n d a r d . T h i s e f f e c t m a y b e r e d u c e d , b u t n o t e n t i r e l y e l i m i n a t e d , 
b y s p e c i a l h e a t t r e a t m e n t s c o n s i s t i n g i n a n a n n e a l i n g p r o c e s s e x t e n d i n g o v e r s e v e r a l 
w e e k s c a r r i e d o u t a t s u c c e s s i v e l y d e c r e a s i n g t e m p e r a t u r e s . I n v a r a l s o s h o w s m a r k e d 
m a g n e t o s t r i c t i o n p h e n o m e n a , o r c h a n g e s of l e n g t h a c c o m p a n y i n g c h a n g e s i n s t r o n g 
m a g n e t i c f i e l d s . T h e i n v a r f r o m a s i n g l e m e l t w i l l n o t , i n g e n e r a l , b e of a b s o l u t e l y u n i f o r m 

V O L . X V . S 



2 5 8 I N O R G A N I C A N B T H E O R E T I C A L C H E M I S T R Y 

7550 

7500 

7450 

7400 

7350 

p r o p e r t i e s t h r o u g h o u t , t h e e x p a n s i o n v a r i a t i o n s n o t b e i n g m o r e t h a n ± 0 - 0 3 X 1O - 6 , so t h a t , 
in d e t e r m i n i n g l e n g t h s t o o n e p a r t in t e n mi l l ion , i t a p p e a r s safe t o u s e t h e s a m e e x p a n s i o n 
f o r m u l a for al l t h e p ieces f rom a g i v e n m e l t . T h e m e c h a n i c a l p r o p e r t i e s a r e a b o u t a s 
follows : Tens i le s t r e n g t h , 35 t o 60 k g r m s . p e r s q . m m . , o r 50,0OO t o 85 ,000 l b s . p e r s q . i n . ; 
e las t ic l imi t , 5 t o 21 k g r m s . p e r s q . m m . , o r 7000 t o 30,0OO l b s . p e r s q . i n . ; e l o n g a t i o n , 
40 t o 50 p e r cen t . ; r e d u c t i o n of a r e a , 40 t o 64 p e r c e n t . ; sc le roscopic h a r d n e s s , 19 ; a n d 
Br ine l l h a r d n e s s , 16O. 

T h e al loy plat inite c o n t a i n s a b o u t 46 p e r cen t , of n icke l a n d 0-15 pe r cen t , of 
c a r b o n ; i t ha s a coeff. of t h e r m a l e x p a n s i o n t h e s a m e as t h a t of p l a t i n u m . 
These a n d s imilar a l loys c a n be u sed in p lace of p l a t i n u m for seal ing i n t o glass 
as t h e leading- in wires of e lectr ic l a m p s , a l t h o u g h a c o m p o u n d wire w i t h a 38 p e r 
cen t , nickel-steel core encased in copper , or c o a t e d w i t h p l a t i n u m , is u sed for t h a t 

p u r p o s e . T h e a l loys a r e also u sed for t h e 
de l ica te m o u n t i n g s of special lenses t o 
a v o i d t h e r i sk of op t i ca l s t r a i n s w i t h 
v a r i a t i o n s of t e m p . T h e so-called p e r m ­
a l loy is a special m a g n e t i c a l loy w i t h 
a b o u t 80 pe r cen t , of nickel , wh ich af te r 
a su i t ab l e h e a t - t r e a t m e n t h a s a m a g n e t i c 
p e r m e a b i l i t y a t a smal l field s t r e n g t h 
which is m a n y t i m e s g r e a t e r t h a n a n y 
h i t h e r t o k n o w n . T h e r e is a r a n g e of t h e s e 
a l l o y s — w i t h ove r 30 p e r cen t , of n i cke l— 
which a re c a p a b l e of a t t a i n i n g a high 
m a g n e t i c p e r m e a b i l i t y . T h e y a re used in 
t h e c o n s t r u c t i o n a n d o p e r a t i o n of s u b ­
m a r i n e cab les , e t c . T h e p r o p e r t i e s were 
d iscussed b y L . Hou l l ev igue , also in 
c o n n e c t i o n w i t h t h e genera l sub jec t . 
Li. W . M c K e e h a n s t u d i e d t h e a t o m 
g r o u p i n g in p e r m a l l o y ; H . D . A r n o l d 
a n d G. W . E l m e n , T. IX Y e n s e n , 
E . M. De lo ra ine , a n d A. E . K e n n e l l y , 
t h e m a g n e t i c p r o p e r t i e s of p e r m a l l o y ; 
Li.. W . M c K e e h a n , t h e m a g n e t o s t r i c t i o n 
of t h e a l loy. 

Accord ing t o F . C. Ke l ley , i ron diffuses i n t o n ickel , b u t n o t nickel i n t o i ron ; 
t h e sub jec t was i n v e s t i g a t e d b y A. F r y , N . Ageeff a n d M. Z a m a t o r i n , P . B a r d e n -
heuer a n d R . Miiller, a n d F . C. T h o m p s o n a n d W . H . D e a r d e n . W . v a n D r u n e n ' s 
r esu l t s for t h e diffusion coeff., Z), of n icke l i n t o i r o n a r e : 

80 e 4O 60 
Per cent, nickel 

P-1IG. 176.-—!equil ibrium D i a g r a m of t h e 
N i c k e l - I r o n Al loys . 

700 

I>epth cm. 
0 - 0 0 3 2 5 
0 - 0 0 8 7 5 
0 -01 » 2 5 

1250° (72 lirs.) 
Nickel per cent. 

4 2 - 8 
2 5 - 7 

9 - 4 

n x i o* 
0 - 5 3 3 
0 - 2 9 9 
0 1 6 9 

!Depth cm. 
0 - 0 0 4 2 5 
0 - 0 1 4 7 5 
0 0 3 2 7 5 

1300° (72 hrs.) 
Nickel per cent. 

4 6 - 2 
2 5 - 8 
3 4 

J>x 104 

1-54O 
0 - 7 8 5 
0 - 5 2 9 

O b s e r v a t i o n s on t h e j o i n t diffusion of n icke l a n d c h r o m i u m were a lso r e c o r d e d ' 
D . H . B r o w n e found a c a v i t y in a copper -n icke l m a t t e l ined w i t h b r i l l i an t , t i n - w h i t e , 
m a g n e t i c c rys ta l s of t h e compos i t i on F e 8 N i 9 . L . Gui l le t f ound t h a t a n ickel 
c o a t i n g on steel is a b s o r b e d a t a b o u t 450° . T . P e c z a l s k y , a n d J . F e t c h e n k o -
T s c h o p i w s k y also s t u d i e d t h e c e m e n t a t i o n of i ron b y n ickel . 

W . Gue r t l e r a n d Gr. T a m m a n n f o u n d t h a t t h e f .p . c u r v e of t h e n ickel - i ron 
a l loys cons is t s of t w o b r a n c h e s , ab, a n d bed, F i g . 176. T h e c u r v e bed, e x t e n d i n g 
f rom 35 t o 100 p e r cen t , of n ickel , h a s a m i n i m u m a t b. R . R u e r a n d Li. Schuz , 
a n d W . F r a e n k e l a n d Q-. T a m m a n n , h o w e v e r , s h o w e d t h a t u n d e r o r d i n a r y con­
d i t i ons t h i s cu rve is c o n t i n u o u s for t h e t w o e l e m e n t s , y - i ron , a n d ^ -n icke l , fo rm a 
c o n t i n u o u s series of solid soln. T h e c u r v e h a s t h e n a sha l low min imum, a n d t h e 
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O 
154/5° 
755° 
750° 

20 
1495° 
590° 
205° 

40 
1489° 
310° 
290° 

6O 
1480° 
566° 
567° 

80 
1468° 
568° 
568° 

IOO per cent. 
1484° 
330° 
325° 

l i qu idus a n d sol idus c u r v e s v i r t u a l l y coincide . T h e c u r v e s h o w i n g t h e d e p e n d e n c e 
of t h e t r a n s f o r m a t i o n t e m p , o n t h e compos i t i on of t h e solid soln. h a s a b r e a k . 
T h e t e m p , of solidif ication, a n d t h e t e m p , of t h e loss a n d r e c o v e r y of m a g n e t i z a b i l i t y 
a r e : 

Nickel . . . . 
Solidification 
Loss of magnetizabil i ty 
Recovery of magnetizabil i ty 

R . R u e r a n d !L. Schuz ag ree g e n e r a l l y w i t h t h e resu l t s of C E . G u i l l a u m e , a n d 
F . O s m o n d on t h e t e m p , of t h e m a g n e t i c t r a n s f o r m a t i o n s , b u t t h e y p lace t h e 
b o u n d a r y b e t w e e n t h e revers ib le a n d non- revers ib le a l loys a t 29 pe r cen t , of 
n icke l ; t h e m a x i m u m of t h e revers ib le t r a n s f o r m a t i o n a t 618°, a n d t h e m i n i m u m 
of t h e f .p. c u r v e a t 1435°. B o t h t h e s e t e m p , lie n e a r t o 70 p e r cen t , of n ickel , 
a n d a r e a s s u m e d t o c o r r e s p o n d w i t h t h e ex i s tence of a n i c k e l hemiferr ide , N i 2 F e . 
T h e r e is a s l ight lag in t h e revers ib le m a g n e t i c t r a n s f o r m a t i o n w i t h h e a t i n g a n d 
cool ing. R . R u e r a n d L». S c h u z ' s o b s e r v a t i o n s on t h e electr ical c o n d u c t i v i t y of 
t h e s e a l loys g ive n o i n d i c a t i o n of t h e p resence of such a c o m p o u n d ; b u t t h o s e 
of M. P e s c h a r d on t h e m a g n e t i c p r o p e r t i e s d o , a n d t h e y also i nd i ca t e t h e ex is tence of 
N i 2 F e 3 , a s well as O f F e 2 N i . S o m e phys ica l p r o p e r t i e s — o b s e r v e d b y L . I i . Ingersol l , 
M. P e s c h a r d , P . C h e v e n a r d , P . Weiss a n d Gr. F o e x , T). H a n s o n a n d J . R . F r e e m a n , 
D . a n d H . E . H a n s o n , K.. H o n d a a n d H . T a k a g i , R . R u e r a n d L . Schuz , T. K a s e , 
W . G u e r t l e r a n d G. T a m m a n n , O. B o u d o u a r d , A. D u m a s , F . O s m o n d , F . O s m o n d 
a n d G. C a r t a u d , A . Schulze , G. Gossels, a n d C. B e n e d i c k s — s h o w cri t ical va lue s a t 
a b o u t 35 pe r cen t , of n icke l , a n d hence t h e a s s u m p t i o n of a n i c k e l diferride, N i F 2 . 

D . H a n s o n a n d J . R . F r e e m a n f o u n d t h a t t h e freezing of t h e a l loys beg ins 
a l o n g ADCD1 F i g . 177 ; a n d t h a t S-iron s e p a r a t e s o u t ove r t h e r a n g e AB. Al loys 

1540 

7520' 

7500° 

7480' 

7460' 

7440' 

74201 

7400* 

LA 
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20 80 40 60 
Per cent, niche I 

Fro . 177.—The Solidification of the 
Nickel-Iron Alloys. 

100 0 20 40 60 
Per cent, nickel 

F I G . 178.—The Equil ibrium Diagram of 
the Solid Iron-Nickel Alloy. 

b e t w e e n B a n d D cons is t , w h e n j u s t solid, of a series of solid soln. , w i th a m i n i m u m 
f.p. a t C, a p p r o x i m a t e l y 65 t o 70 p e r cen t , of n ickel . T h e a l loys r ich in i ron 
u n d e r g o a t r a n s f o r m a t i o n be low t h e l iqu idus , a n d S-iron changes i n t o y - i ron , a n d 
t h e t r a n s f o r m a t i o n is r e p r e s e n t e d b y t h e b r o k e n l ine GEB. T h e p o r t i o n GE c a n 
b e r e g a r d e d a s r e p r e s e n t i n g t h e ra i s ing of t h e S- t o y - t r a n s f o r m a t i o n t e m p , of i ron 
b y n icke l . On ly 3 p e r cen t , of n ickel ra ises t h i s t e m p . 100°. T h e p o i n t E r ep re ­
s e n t s t h e m a x i m u m solubi l i ty of n ickel in S-iron, a n d a long EB, S-iron of t h e 
c o m p o s i t i o n E r e a c t s "with l iquid of t h e c o m p o s i t i o n B t o fo rm y - i ron of t h e corn-
pos i t i on F. N icke l is m o r e soluble in y - i ron t h a n in S-iron. T h e p o i n t F is on ly 
a p p r o x i m a t e . T h e so l idus AEFCD, d o t t e d in t h e d i a g r a m , h a s n o t b e e n de t e r ­
m i n e d . I t is v e r y close t o t h e l i qu idus l ine, especia l ly in t h e region B t o D. T h e 
h a r d n e s s of t h e a l loys shows n o d i s c o n t i n u i t y in t h e reg ion C. T h e al loys w i t h 
5 t o 50 p e r cen t , of n icke l all consis t of a single c o n s t i t u e n t af ter solidification. 
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T h e equ i l i b r i um d i a g r a m was also s t u d i e d b y H . B e n n e c k a n d P . Schafmeis te r , 
W . B r o n i e w s k y a n d J . Smol insky , U . D e h l i n g e r a n d H . B u m m , L . G r e n e t , 
J . F . Ha l l , K . H o n d a a n d S. Miu ra , S. I g u c h i , T . K a s e , S. A . P o g o d i n , F . S a u e r -
wa ld a n d F - Fle ischer , a n d R . Vogel . T . K a s e ' s t h e r m a l d i a g r a m of t h e solid 
region is shown in F ig . 178. T h e c u r v e DE is p l o t t e d f rom t h e o b s e r v e d v a l u e s of 
t h e Ar 3 - a r r e s t s . T. K a s e g a v e for t h e different a r r e s t s : 

ISTi 
A c 2 
A r 2 
A c 3 
A r 3 

Ac 3 , 2 
Ar 3 , a 

0 
800° 
775° 
910° 
890° 

.—-

1 
790° 
770° 
870° 
840° 

.—_ 

8-40 
730° 
570° 
740° 
610° 

— 

1 0 0 
— 
— 

710° 
520° 

— 

21-37 

— 
620° 
200° 

— 
— 

27-8O 
5 0 ° 
4 0 ° 
.— 
-— 

470° 
— 20° 

33-40 
170° 
155° 
— 
— 

370° 
— 130° 

4 0 0 1 
360° 
340° 

— 
.—-
— 
— 

99-63 p e r c e n t 
360° 
345° 

— 

T. K a s e showed t h a t t h e l i qu idus c u r v e is on t h e i r o n side in a g r e e m e n t w i t h D . H a n s o n 
a n d J . R . F r e e m a n , b u t n o t in a g r e e m e n t w i t h R . Vogel ; for t h e pe r i t ec t i c r e a c t i o n 
b e t w e e n t h e solid soln. a n d m e l t occur s in t h e r a n g e of c o m p o s i t i o n f rom a b o u t 
3-5 t o 8 pe r cen t , of n ickel , a n d t h e n t h e l i qu idus c u r v e g r a d u a l l y falls, w h e r e a s 
R . Vogel s t a t e d t h a t t h e pe r i t e c t i c r e a c t i o n occurs in t h e r a n g e b e t w e e n 6 a n d 
35 pe r cen t , of n ickel . E . C. B a i n , a n d M. R . A n d r e w s s t u d i e d t h e X - r a d i o g r a m s , 
a n d t he se i n d i c a t e t h a t n icke l d issolves in ct-iron t o t h e e x t e n t of 25 t o 30 p e r cen t . , 
a n d t h e r e is a region w h e n t h e space - l a t t i ce s of t h e n icke l a n d i ron o v e r l a p . T h i s 
is compl i ca t ed by t h e fac t t h a t w h e n q u e n c h e d , t h e y - i ron l a t t i c e a p p e a r s a n d t h e 
ove r l app ing is shi f ted t o w a r d s t h e i ron e n d of t h e series. H . B e n n e c k a n d 
P . Schafmeis te r d iscussed t h e 8—>ct t r a n s f o r m a t i o n . 

E . H o w a r d d e m o n s t r a t e d i n 1802 t h a t n icke l is a c o n s t a n t c o m p o n e n t of 
me teo r i c i ron . T h e m e t e o r i c n icke l - i ron a l loys c o n t a i n u p t o a b o u t 27 p e r cen t , 
of n ickel , a n d t h u s be long t o t h e g r o u p of solid soln . r a n g i n g u p t o 35 p e r cen t , of 
n ickel a n d occur i n t h e e q u i l i b r i u m d i a g r a m t o t h e left of t h e l ine ae, F i g . 176. 
T h e m e t e o r i c n icke l - i rons of ten show t h e W i d m a n s t a t t e n figures, a n d a lso 
N e u m a n n ' s l ines—vide 1 2 . 66 , 17. C. v o n R e i c h e n b a c h s t u d i e d t h e W i d m a n s t a t t e n 
figures of me t eo r i t e s , a n d ca l led t h e t h r e e k i n d s of n ickel i ferous i ron , recognized 
b y P . P a r t s c h , a trias, a n d d e s i g n a t e d t h e b r o a d lamellae of t h e W i d m a n s t a t t e n 
s t r u c t u r e B a l k a n e i s e n or k a m a c i t e — f r o m K€X[ACL£, a pole or shaf t , in a l lus ion t o t h e 
l a th - l ike or beam- l ike ou t l ine of t h e p l a t e s on sec t ioned surfaces ; a n d F . H e i d e 
a n d co-workers obse rved t h a t t h e c r y s t a l s h a v e a b o d y - c e n t r e d , cub i c l a t t i c e , 
w i t h a = 2-859 A. Th i s c o n s t i t u e n t is d a r k e n e d o n e t c h i n g o r on o x i d a t i o n ; i t 
cons is ts of h e x a h e d r a l c ry s t a l s c o n t a i n i n g a b o u t 6 p e r cen t , of n ickel . T h e t h i n 
lamellae or smal l r o u n d e d par t i c les were ca l led Bandeisen o r t sen i te—from Tdtvioiy 
a b a n d . Th is c rys ta l l ine c o n s t i t u e n t c o n t a i n s a b o u t 3 3 p e r cen t , of n icke l , a n d i t 
is b u t s l ight ly a t t a c k e d o n e t c h i n g . T h e t h i r d c o n s t i t u e n t w a s cal led Fulleiseri or 
pless i te—it t a k e s u p t h e space b e t w e e n t h e k a m a c i t e lamellae, a n d i t is r e g a r d e d 
a s a m o r e or less finely-divided, m e c h a n i c a l m i x t u r e of k a m a c i t e a n d taenite . T h e 
s t r u c t u r e of m e t e o r i c i r o n w a s d i scussed b y N . T . Be la iew, O. B . Boggi ld , 
L . H . B o r g s t r o m , A . B r e z i n a , O. B u c h n e r , K . B u s z , P . Clausen , O. A . D e r b y , 
T . H o d g e - S m i t h , Li. A . K u l i k , A . L a c r o i x , J . L e o n h a r d t , W . J . L u y t e n , Gr. P . Merr i l l , 
I J . F . N a v a r r o , H . H . N i n i n g e r , G. T . P r i o r , L . J . Spence r , P . N . T s c h i r v i n s k y , 
R . Vogel , E . A . Wiilfing, e t c . 

F . B e r w e r t h , a n d E . P f a n n t h u s desc r ibe t h e gene ra l p r o p e r t i e s of t h e s e t h r e e 
c o n s t i t u e n t s . Kamacite c o n t a i n s a b o u t 6*5 p e r cen t , of n icke l ; i t c rys ta l l izes i n 
t h e cub ic s y s t e m . A c c o r d i n g t o J . L e o n h a r d t , t h e X - r a d i o g r a m of k a m a c i t e 
c o r r e s p o n d s w i t h a cub ic , b o d y - c e n t r e d l a t t i c e w i t h t h e p a r a m e t e r a = 2-84 A . 
K a m a c i t e h a s a well-defined cub ic c l eavage , a n d i n a l l i t s f o rms s h o w s p o l y s y n t h e t i c 
t w i n lamellee pa ra l l e l t o t h e faces of a n i c o s a t e t r a h e d r o n . T h e s e t w i n s t r i a t i o n s 
w h i c h a r e s h o w n b y c leavage o r e t c h i n g a r e N e u m a n n ' s l ines—vide i ron . T h e 
fo rms of k a m a c i t e v a r y f rom la rge m a s s e s t o t h e finest g r a i n s in p less i te o r i n 
g r a n u l a r me t eo r i c i ron . I n t h e t r a n s i t i o n s , i t a p p e a r s i n s h o r t t h i c k c o l u m n s , or 
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in p l a t e s acco rd ing t o t h i cknes s , coarse , m e d i u m , or fine lamellae in t h e o c t a h e d r a l 
me teo r i c i rons . T h e o r i e n t a t i o n of k a m a c i t e in me teo r i c i ron was s t u d i e d b y 
J . Y o u n g . Tcenitc is m o r e nickel i ferous t h a n k a m a c i t e , a n d i t c o n t a i n s b e t w e e n 
13 a n d 35 p e r cen t , of n ickel . G. T s c h e r m a k found t h e taenite f rom t h e Ilimee 
m e t e o r i t e t o be a seg rega t ion of n ickel - i ron i n i ron . S. W . J . S m i t h a s s u m e d t h a t 
taenite is a eu t ec t i c of k a m a c i t e in a n ickel - i ron c rys t a l of a different t y p e . Taenite 
is a l m o s t deve loped in t h i n lamellae closely a d h e r i n g t o t h e k a m a c i t e p l a t e s i n 
band - l i ke fringes of yel lowish, b r i g h t , me ta l l i c l ines which a re v e r y p r o m i n e n t o n 
e t c h e d surfaces . I n pless i te , i t is r e d u c e d t o films a n d v e r y smal l g ra ins . Plessite 
is a e u t e c t o i d a l m i x t u r e of k a m a c i t e a n d taenite. I t occupies t h e i n t e r s p a c e s 
b e t w e e n t h e p l a t e s or b a n d s of t h e s t r u c t u r e . P less i te h a s b e e n 17 a n d 18 p e r 
cen t , of n ickel . T h e differences in colour , l u s t r e , a n d b e h a v i o u r on e t ch ing e n a b l e 
t h e different c o n s t i t u e n t s t o be easi ly d i a c u m i n a t e d on a pol ished a n d e t c h e d 
surface . W h e n t h e y occur t o g e t h e r , t h e y m a k e u p t h e c rys ta l l ine p a t t e r n s k n o w n 
as W i d m a n s t a t t e n figures. T h e r e a r e t h u s on ly t w o h o m o g e n e o u s c o n s t i t u e n t s . 
T h e h ighe r t h e n ickel c o n t e n t of t h e m e t e o r i t e , t h e m o r e taenite i t con t a in s , a n d 
if t h e p r o p o r t i o n of n ickel is be low 6 or 7 p e r cen t . , no taenite is p resen t , a n d t h e 
m e t e o r i t e c o n t a i n s on ly k a m a c i t e . W h e n on ly k a m a c i t e is p r e sen t , t h e me teo r i c 
i ron c a n u sua l ly be spl i t r a t h e r eas i ly a long t h e cubica l surfaces , a n d i t is t h e n 
often cal led cubic meteoric iron. W h e n over 7 pe r cen t , of nickel is p r e sen t , k a m a ­
c i te a p p e a r s , i t fo rms lamellae o r i en t ed acco rd ing t o t h e o c t a h e d r a l surfaces , a n d 
t h e W i d m a n s t a t t e n s t r u c t u r e a p p e a r s . T h e me teo r i c i ron is t h e n called octahedral 
meteoric iron. 

F . O s m o n d a n d Gr. C a r t a u d c o n s t r u c t e d a t e n t a t i v e equ i l i b r ium d i a g r a m for 
me t eo r i c i ron . T h e a l loy is a s s u m e d t o h a v e been fo rmed as a h o m o g e n e o u s solid 
soln. of y - i ron , a n d )8-nickel, a n d t h a t on cool ing, k a m a c i t e segrega tes o u t w h e n 
t h e p r o p o r t i o n of n ickel is below 13 p e r cen t . ; taonite w h e n t h e p r o p o r t i o n exceeds 
44 p e r cen t , n ickel ; a n d a m i x t u r e of k a m a c i t e a n d taenite w i t h i n t e r m e d i a t e 
p r o p o r t i o n s of n ickel . A solid soln. w i th 30 pe r cen t , of n ickel furnishes pless i te , 
which c a n be r e g a r d e d as a e u t e c t o i d a l m i x t u r e of k a m a c i t e a n d taenite. F . R i n n e ' s 
modi f ica t ion of t h e e q u i l i b r i u m d i a g r a m of F . O s m o n d a n d G. C a r t a u d is s h o w n 
in F i g . 179. T h e p r o p o s e d a d j u s t m e n t in F i g . 180, by D . a n d H . F . H a n s o n , is 

Per cent, nickel Per cent, nickel 
F i o . 179. E q u i l i b r i u m D i a g r a m of t h e F i o . 18O. E q u i l i b r i u m D i a g r a m of t h o 

I r o n - N i c k e l A l loys . I r o n - N i c k e l A l loys . 

based on t h e i r e x p e r i m e n t a l work . T h e t h i n d o t t e d l ines show t h e t r a n s i t i o n 
p o i n t s o b t a i n e d f rom t h e t h e r m a l cu rves a n d e lec t r ica l c o n d u c t i v i t y m e a s u r e ­
m e n t s ; a n d t h e y i nd i ca t e t h e d e v i a t i o n of t h e t r a n s f o r m a t i o n po in t s f rom t h e i r 
p r o b a b l e equ i l i b r ium t e m p . L . G r e n e t cons idered t h a t t h e s e d i a g r a m s will w a n t 
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cons iderab le modif icat ions in t h e region of t h e solid soln. before t h e y c a n be 
a c c e p t e d a s close a p p r o x i m a t i o n s . H e cons idered t h a t d i a g r a m s re sembl ing 
F ig . 181 or 182 a re more in accord w i t h t h e fac t s . F ig . 181 re l a t e s t o t h e ex i s tence 
of l imi t ing s t a t e s be tween t h e a,- a n d /J-phases. JB co r r e sponds w i t h a cr i t ica l 
t e m p , a n d compos i t ion , ana logous t o t h e l imi t ing s t a t e b e t w e e n t h e l iquid a n d 
v a p o u r phase in a m i x t u r e of t w o l iquids . AQB d e n o t e t h e compos i t i on of t h e 
y -phase s a t u r a t e d w i t h t h e ct-phase ; BSTA7 t h e compos i t i on of t h e ct-phase 
s a t u r a t e d wi th t h e y -phase ; RTU a n d MNQS7 cu rves of t h e m a g n e t i c t r a n s ­
fo rmat ions of t h e a.- a n d y -phases . F ig . 182 is cons idered t o be t h e b e t t e r 

a p p r o x i m a t i o n since i t inc ludes t h e 
dec ided v a r i a t i o n i n t h e d i rec t ion 
of t h e equ i l i b r ium curves of ct a n d y 
co r r e spond ing w i t h t h e v a r i a t i o n 
of m a g n e t i s m in t h e y - p h a s e . 
H e r e , ACB r ep re sen t s t h e region of 
t h e coex is tence i n equ i l i b r ium of 
t h e a,- a n d y -phase s ; RTU, t h e 
c u r v e of m a g n e t i c t r a n s f o r m a t i o n 
of t h e ct-phase ; a n d MNQS, t h e 
c u r v e of t h e m a g n e t i c t r a n s f o r m a t i o n 
of t h e y - p h a s e . A s s u m i n g t h a t t h e 
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S-phase is t h e s ame as t h e ct-phase, t h e t r a n s f o r m a t i o n s on cooling a re t h e S- t o 
t h e a -phase , w i th evo lu t ions of h e a t a t 1400° ; a n d t h e y - t o ct-phase w i t h a n 
evo lu t ion of hea t a t 925°. 

R e t u r n i n g t o t h e d i a g r a m of F . O s m o n d , a n d F . R i n n e , F ig . 179, if t h e cooling 
is slow enough , i t is a s s u m e d t h a t t h e cooling al loy will spl i t u p i n t o d i s t i nc t 
phases ; t h e s luggishness , lag, or hys te res i s of t h e segrega t ion a c c o u n t s for t h e 
failure of A. D a u b r e e , S. Meunier , W . F r a e n k e l a n d G. T a m m a n n , H . C. So rby , 
a n d J . E . S t e a d t o o b t a i n a l loys exh ib i t ing t h e s t r u c t u r e of me teo r i c i ron . 
J . E . S t ead , indeed, was so impressed w i th t h e i m p o r t a n c e of slow cooling t h a t he 
said t h a t several h u n d r e d y e a r s wou ld p r o b a b l y be r equ i r ed for one e x p e r i m e n t ; 
a n d C. Bened icks was ab le t o o b t a i n a segrega t ion of a n a l loy w i t h 12 p e r cen t , 
n ickel i n t o t w o phases w i t h 60 h rs . ' cooling. T h e one c o n s t i t u e n t a p p e a r e d as a 
m a t r i x a n d i t b e h a v e d like k a m a c i t e , a n d t h e o t h e r c o n s t i t u e n t was p r e sen t in a 
smal le r p ropor t i on , i t was m o r e r e s i s t an t t o ac ids , a n d i t b e h a v e d l ike tsonitc. 
T h e t w o c o n s t i t u e n t s were n o t un i formly d i s t r i b u t e d . I n some p a r t s , t h e t w o 
c o n s t i t u e n t s were closely assoc ia ted as in p less i te . T h e k a m a c i t e p l a t e s were 
c lear ly or iented , fo rming in te r sec t ions co r r e spond ing w i t h o c t a h e d r a l surfaces a n d 
i m p a r t i n g t h e W i d m a n s t a t t e n s t r u c t u r e . A n n e a l i n g t h e n ickel - i ron a l loy a t 350° 
p r o d u c e d n o change i n 42 h r s . , b \ i t 3 h r s . a t 490° c a u s e d a r ee rys ta l l i za t ion . 
Hence , t h e line EF, F ig . 179, is p r o b a b l y n e a r t h e t r u t h . A n a l loy of 6-7 pe r cen t , 
of n ickel a n d a b o u t 0-3 p e r cen t , of p h o s p h o r u s t r e a t e d s imi lar ly , furn ished a 
p r o d u c t w i t h k a m a c i t e , a n d i so la ted p a t c h e s of tseni te , so t h a t t h e nickel w a s n o t 
all dissolved. T h e so lubi l i ty l imi t JS, F ig . 179, is poss ib ly a l i t t l e less t h a n 7 pe r 
cen t . T h e f rac tu re w a s ana logous t o t h a t of cubic me teo r i c i ron . C. Bened icks 
said t h a t in some p a r t s of t h e a l loys , t h e r e a r e some spo t s w h e r e t h e segrega t ion 
h a s n o t h a d t i m e t o become discernib le u n d e r t h e microscope , a n d h e a d d e d t h a t 
these spo t s a re ana logous t o t r o o s t i t e — o r cemen t i t e—fe r roso l—repre sen t ing a 
colloidal s t a t e con ta in ing u l t r amic roscop ic pa r t i c l e s . T h e solid colloidal s y s t e m 
m a y t h u s be called twnite-Jerrosol. M. P e s c h a r d sa id t h a t t h e r m a l a n d m a g n e t i c 
o b s e r v a t i o n s ind ica te t h a t me teo r i t e s a r e i n phys i cochemica l equ i l i b r ium, b u t t h a t 
artificial ferronickels a r e m e t a s t a b l e . 

W . F r a e n k e l a n d G. T a m m a n n sub jec ted s a m p l e s of t h e D a m a r a a n d To luca 
m e t e o r i t e t o ex tens ive h e a t - t r e a t m e n t s a n d conc luded t h a t t h e h o m o g e n e o u s soln. 
is t h e s t ab l e form. R . Vogel r ega rded t he se c o n s t i t u e n t s a s u n s t a b l e a t o r d i n a r y 
t e m p . , a n d sa id t h a t b y su i t ab le annea l ing , t h e y a r e c o n v e r t e d i n t o a h o m o g e n e o u s 
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y-solid soln. This , however , does n o t expla in t h e facts . H e also a s s u m e d " tha t 
t h e observed s t r u c t u r e of me teor i t e s does n o t cor respond -with s t a t e s of equil i­
b r i u m for irdische Bedingungen. I t is here a s sumed t h a t t h e homogeneous solid 
soln. is a n uns t ab l e form possessing a t r e m e n d o u s lag or hys teres is , o therwise , i t 
would be necessary t o a s sume , as C. Benedicks laconical ly observed, t h a t t h e laws 
govern ing t h e s t r u c t u r e of m e t a l s are different in different p a r t s of t h e un iverse . 
T h e observa t ions of C. Benedicks , a n d R . R u e r a n d L . Schuz on t h e electr ical 
res is tance of i ron-nickel al loys, s lowly cooled, are in a g r e e m e n t w i th t h e a s s u m p t i o n 
t h a t i ron con ta in ing n o t t o o small a p ropor t i on of nickel , segregates i n t o t w o 
cons t i t uen t s w h e n slowly cooled u n d e r indus t r ia l condi t ions . According t o 
F . O s m o n d a n d G. C a r t a u d , some expe r imen t s b y A. D u m a a ind ica ted t h a t par 
recuit ou ecrouissage, on pourrait, obtenir wn commencement de .segregation qui 
rapprocherait un peu les cdliages induslriels des meteorites. D . a n d I I . E . H a n s o n 
also observed t h a t t h e decompos i t ion of aus t en i t e can t a k e place over a wide 
r ange of compos i t ion i n to a d u p l e x mass , of which t h e t w o cons t i t uen t s a re a s s u m e d 
t o be k a m a c i t e a n d tocnite. This segregat ion, however , d id n o t occur u n d e r t h e 
condi t ions of the i r expe r imen t s , w h e n 35 pe r cent , of nickel was p resen t . Such 
al loys r ema ined homogeneous af ter all t r e a t m e n t s . J . L e o n h a r d t found t h a t t h e 
k a m a c i t e in meteor ic i ron h a s a body -cen t r ed , cubic l a t t i ce w i th a— 2-84 A. 
— J . Y o u n g gave 2-870 A. M. R . A n d r e w s , A. Osawa , A. O. J u n g , and 
I J . W . M c K e e h a n observed t h a t t h e iron-nickel al loys form t w o phases . 
M. R . A n d r e w s showed t h a t t h e X - r a d i o g r a m s ind ica te t h a t t h e space- la t t ice of 
al loys w i th 0 t o 22 pe r cent , of nickel is a body-cen t r ed cube , a n d al loys wi th 30 
t o 100 per cent , of nickel , a face-centred cube , while al loys w i t h 25 t o 27 per cent , 
of nickel h a v e a m i x t u r e of t h e body -cen t r ed and face-centred cubic la t t ices—vide 
infra. J . Y o u n g gave for t h e face-centred cubic la t t i ce of t ami te t h e p a r a m e t e r 
a= 3-590 A. I J . W . M c K e e h a n found t h a t t h e p a r a m e t e r s a x l O 8 cms. for t h e 
body-cen t red a n d face-centred cubic la t t ices , a n d t h e ca lcula ted sp . gr., a re as follow 
( the b r a c k e t e d d a t a are based on a few fa int lines) : 

0 IO 3O 3 5 4 5 5 5 7 5 9 5 100 p o r c e n t . 
2 - 8 7 2 2 - 8 7 3 2 - 8 8 5 -— —- - - -

( 3 - 6 2 9 ) ( 3 - 5 8 6 ) ( 3 - 6 1 8 ) 3 - 5 9 5 3 - 6 0 2 3 -581 3 - 5 6 7 3 -531 3-51O 
7 - 7 7 5 7 - 7 1 8 7 -787 — 

( 7 - 7 1 2 ) ( 8 - 0 3 4 ) ( 7 - 8 9 8 ) 8 - 0 6 9 8 - 0 6 3 8 - 2 4 5 8 -424 8 -774 8 - 8 5 3 

There is a difficulty a b o u t t h e r igh t side of t h e equ i l ib r ium d iag ram, F ig . 179. 
W h e n !F\ Osmond cons t ruc t ed t h e d i a g r a m , i t was general ly a s sumed t h a t t h e 
m a g n e t i c change cor responded with t h e a p p e a r a n c e of a n o t h e r a l lo t ropic phase . 
F. W e v e r , however , showed t h a t no change in t h e space- la t t ice is revealed by t h e 
X - r a d i o g r a m s , a n d P . Chevenard , M. Pescha rd , a n d T. K a s e a s sumed t h a t n o 
change of phase occurred . C. Benedicks po in ted ou t t h a t if no change of phase 
occurs , t h e segregat ions which occur a b o u t 350°, a n d pecul iar i t ies in t h e expans ion 
curves observed b y P . Chevenard , a n d T. Kase , a n d in t h e electrical res i s tance 
cu rve observed b y H . Ie Chatel ier , a re difficult t o expla in . The absence of a change 
in t h e space- la t t ice does n o t exclude t h e exis tence of t w o phases because it. would 
be also necessary t o show t h a t no d iscont inuous change occurs in t h e l a t t i ce 
p a r a m e t e r . T. K a s e ob t a ined a p la in W i d m a n s t a t t e n , or mar t ens i t i c s t r u c t u r e 
after a pro longed hea t i ng of t h e i ron-nickel al loy, a n d also a 0-054 carbon- i ron (no 
nickel) al loy a t 1000°. This t e m p , is t o o h igh for t h e sp l i t t ing u p of a homogeneous 
al loy in to t w o phases . C. Benedicks expla ined t h i s b y a s suming t h a t t h e por t ions 
of t h e a l loy which crystal l ize first a re r icher in nickel , a n d o b t a i n a n o r ien ta t ion 
which is influenced b y t h e y - m a t r i x , a n d t h a t a n exceedingly long t i m e is requi red 
t o p r o d u c e t h e homogene i ty requ i red a t t h a t t e m p , for IT. Osmond ' s equi l ibr ium 
d i a g r a m t o be in accord w i th facts . E v e n w i t h i n v a r al loys w i th 36 pe r cent , of 
nickel t h e t w o phase s t r u c t u r e is shown b y t h e local, deep e tch ing p i t s which form 
t h r o u g h o u t t h e me ta l , a n d which a re often more c o n c e n t r a t e d a t definite places 
where m o r e i ron goes i n to soln. These p i t s a re supposed t o be due t o k a m a c i t e . 
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Carbon 

Iron Nickel 
F i o . 1 8 . 3 . — I s o t h e r m a l L i n e s of 

t h o L i q u i d u s C u r v e i n t h e 
S y s t e m : F e - N i - C . 

Even on an unetclied surface, a darker, finely-divided structure is apparent in red 
light. The micro-etching pits of invar have the same general characteristics as 
those observed in a larger proportion in a 30-5 per cent, alloy, -where a two-phase 
microstructure is known to occur. The subject was discussed by M. von Schwarz, 
E. IJ. Reed, J. A. M. van Liempt, T. Sato, and E. Namba. 

The nickel-carbon system was discussed 
in connection with the carbides—5. 39, 20. 
T. Kase obtained the isothermal curves, 
Fig. 183, for the liquidus curves of the ternary 
system ; AU is the projection of the eutectic 
curve ; and I)E represents the solubility of 
carbon at the eutectic temp. J. H. Andrew 
and D. Rinnie observed that tho nickel-steels 
freeze at a lower temp, than plain carbon steels ; 
the f.p. depends on the nickel content. The 
m.p. or the solidus curve occurs at approxi­
mately the same temp, as plain carbon steels 
containing the same proportions of carbon. 
There is less segregation, or a greater 
homogeneity, with the nickel-steels since, 
firstly, the liquidus and solidus lines come 
nearer to one another with respect to temp, 

than they do with plain carbon steels ; and secondly, the peritectic transformation 
may be obliterated. E. Osmond found that in the presence of 0-16 per cent, of 
carbon, the effect of nickel on the transformation points of iron is as follows : 

N i c k e l . . O 0 -27 0 - 9 4 3 -82 7 -65 p e r c e n t . 
A r 3 - a r r e s t . 8 2 0 ° 7 7 5 ° - 7 € 5 ° 7 5 5 ° - 7 4 5 ° 
A r 2 - a r r e s t . 7 5 0 ° 7 1 5 ° 6 9 5 ° 6 9 5 ° 6 8 5 ° 645°—635° 
A r x - a r r e s t . 6GO° 6 4 5 ° 6 3 5 ° 6 2 5 ° - 6 1 5 ° 5 6 5 0 - 5 5 0 ° 5 1 5 - 5 0 5 ° 

so t h a t w i t h i n c r e a s i n g p r o p o r t i o n s of n i c k e l , t h e t r a n s f o r m a t i o n z o n e s a r e r a p i d l y 
l o w e r e d , a n d c o i n c i d e w h e n a b o u t 4 p e r c e n t , o f n i c k e l h a s b e e n a d d e d . T h e 
effect of n i c k e l o n t h e t r a n s f o r m a t i o n t e m p , i s s h o w n g r a p h i c a l l y i n F i g . 1 8 4 , a n d 

t h e ef fec t of n i c k e l o n t h e m a g n e t i c 
900°\ i 7 T i T 820°{-.-•—| T , r , transformations resemble the 

results given in Fig. 184. The 
transformations on the heating and 
cooling curves are so different with 
steels containing less than 25 per 
cent, of nickel that the alloys are 
called irreversible steels ; steels with 
higher proportions of nickel show 
only a slight lag on the heating 
and cooling curves, and they are 
accordingly called reversible steels. 
A. McWllliam and E. J. Barnes* 

observations on the effect of carbon on the transformation temp, of a 3 per cent, 
nickel alloy are summarized in Fig. 185, where the dotted (smoothed) lines refer 
to the arrests on the heating curves, and the continuous (smoothed) lines refer 
to arrests on the cooling curves. Note the range of temp, between the Ac1- and 
the Ar^arrests—vide supra, Figs. 184 and 185. H. C. H. Carpenter and co-workers 
also found the carbon change or Ax-arrest of steel to be materially affected by 
nickel, and the transition temp, becomes a range of temp, which increases with 
increasing proportions of nickel. The carbon change point is depressed to such 
an extent that with 20 per cent, of nickel it is practically suppressed. This effect 
of nickel is the predominating factor in determining the microstructure, and 
incidentally the mechanical properties of the nickel-carbon alloys. O. Boudouard 
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m e a s u r e d t h e effect of c a r b o n a n d nickel on t h e t r a n s i t i o n t e m p , b y a t h e r m o ­
electr ic process , a n d t h e resu l t s a re s u m m a r i z e d in Tab le X I . H . Meyer found 

T A B L E X I . — T H E T R A N S F O R M A T I O N P O I N T S O F N I C K E L - S T E E L S . 

Percentage 
composit ion 

C 

0 0 7 0 
O-125 
0 1 2 5 
0 1 3 2 
0 1 2 5 
0 - 1 1 0 
0 1 7 6 
0 - 1 6 0 
0 1 2 O 

N i 

2 - 2 3 
5 - 2 3 
7 1 3 

1 0 - 1 0 
1 2 - 0 7 
1 5 1 7 
2 0 - 4 0 
2 5 - 8 5 
30-OO 

Trans i t ion points 

H e a t i n g 

8 6 0 ° , 7 7 5 ° , 7 2 5 ° 
7 7 0 ° - 6 9 5 ° 
6 9 0 ° - 6 6 0 ° 
6 7 5 ° - 6 5 0 ° 
610°~ 6 1 0 ° 

6 2 0 ° 
6 0 0 ° 
5 1 0 ° 
5 1 0 ° 

Cooling 

8 3 0 ° ~ 7 1 0 ° 
7 1 0 ° 
6 5 0 ° 
5 7 5 ° 
4 2 0 ° 
3 6 0 ° 
3 0 0 ° 
1 7 5 ° 
1 7 5 ° 

Percentage 
composit ion 

C 

0 - 8 0 0 
0 - 7 7 6 
0 - 8 1 5 
1 0 5 0 
0 - 7 6 0 
0 - 7 9 6 
0 - 8 0 0 
0 - 7 9 0 
O-810 

N i 

2-2O 
4 - 9 0 
7 0 9 
9 -79 

1 2 - 2 7 
1 5 - 0 4 
2 0 - 0 0 
2 5 0 6 
2 9 - 9 6 

Trans i t ion poin ts 

Hea t ing 

7 0 5 ° 
6 7 5 ° 
6 6 5 ° 
6 2 5 ° 
6 2 5 ° 
5 9 0 ° 
5 6 0 ° 
5 1 5 ° 
5 1 5 ° 

Cooling 

6 9 5 ° 
6 2 5 ° 
5 6 0 ° 
5 6 0 ° 
5 6 0 ° 
5 6 0 ° 
5 6 0 ° 
5 6 0 ° 
5 6 0 ° 

t h e effect of nickel on t h e beg inn ing of t h e s e p a r a t i o n of ferr i te a t t h e Ar 3 -a r res t 
t o be : 

N i c k e l 
L o w e r i n g of A r 3 

. I O 

. 3 2 
2 O 
6 5 

3 0 
1 0 0 

4 - 0 
1 4 0 

5 - 0 
1 8 5 

6-0 p e r c e n t 
2 3 5 

K . H o n d a a n d S. Miura found t h a t t h e difference b e t w e e n t h e beg inn ing a n d 
end of t h e A 3 - t r a n s f o r m a t i o n is rea l , a n d is inc reased b y increas ing p r o p o r t i o n s of 
t h e nickel a s i l l u s t r a t ed b y F ig . 186, w i t h a r m c o i ron, a n d h e a t i n g or cooling a t 
t h e r a t e of 2° pe r m i n u t e , Ac 3 - change begins a t 860° a n d ends a t 905°, whi ls t t h e 
Ar 3 - change begins a t 889° a n d ends a t 850°. H e n c e , t h e y conc lude t h a t t h e 
A 3 - t r a n s f o r m a t i o n w i t h i ron al loys t a k e s p lace t h r o u g h a r a n g e of t e m p , a n d should 
be r ega rded as a po in t . O. L . R o b e r t s a n d W . P . D a v e y found t h a t t h e Ac 3 - t r ans i t ion 
t e m p , of a l loys w i t h 

N i c k e l 
T r . t e m p . . 

O 
9 0 7 ° - 9 1 0 ° 

1-04 
820° -81 f>° 

2 - 7 8 
7 2 0 ° - 7 1 5 ° 

4 - 2 7 
6 6 0 ° - 6 5 5 ° 

1 1 - 7 3 
5 2 5 ° - 5 2 0 ° 

1 3 - 2 1 p e r c e n t 
5 2 0 ° ~ 5 1 5 ° 

T h e Ac 3 - a n d Ar3- a r r e s t s do n o t coincide ; t h e f rac t ional lower ing of t h e Ac 3 -po in t 
is g r e a t e r for t h e first 10 pe r cent , of nickel t h a n i t is for l a rger p ropo r t i ons . iJelow 
t h e Ac 3 -a r res t , t h e a l loys a re all b o d y - c e n t r e d a n d cubic , 
a n d a b o v e t h a t t e m p . , face-cent red a n d cubic . R . R . A b b o t t , 
F . H . All ison, J . A . A n d r e w a n d H . A. Dickie , 
J . W . D o n a l d s o n , W . H a u f e , A. Merz, H . Sco t t , G. J . Sizoo 
a n d C. Zwicker , H . D o p p e r a n d H . J . Wies te r , a n d 
M. J . S t u t z m a n s t u d i e d t h e A c a - r a n g e in these steels . 
T. K a s e r ep re sen t ed t h e effect of nickel on t h e A r ^ a r r e s t 
b y F ig . 187. Th i s t e m p , falls a t first g r adua l ly , a n d t h e n 
r a p i d l y a s t h e p r o p o r t i o n of nickel increases , b u t i t is a lmos t 
i n d e p e n d e n t of t h e c o n t e n t of c a rbon . A. S a u v e u r supposed 
t h a t t h e A r 1 - a r r e s t is lowered b y increas ing p r o p o r t i o n s of 
ca rbon , b u t th i s is sa id t o be on ly a p p a r e n t , since in h igh 
nickel-s teels , t h e p h e n o m e n o n is compl i ca t ed b y a s t e p p e d 
t r a n s f o r m a t i o n caus ing a p p a r e n t l y a t r a n s f o r m a t i o n a t a 
lower t e m p . T h e A 2 - a r r e s t in i ron -ca rbon a l loys is nea r ly 
c o n s t a n t , i r respec t ive of t h e c a r b o n c o n t e n t ; b u t if n ickel 
is a d d e d t o i ron , t h e A 2 (A 1 , A 3 ) -a r res t of t h e a l loys is r a p i d l y lowered wi th 
inc reas ing p ropo r t i ons of nickel . I f t h e p r o p o r t i o n of c a rbon is k e p t c o n s t a n t , t h e 
Ac 2 -po in t for a l loys wi th a c o n s t a n t p r o p o r t i o n of nickel first falls, a n d t h e n r ema ins 
c o n s t a n t as t h e c a r b o n increases as shown in F ig . 188. T h e Ar 2 (Ar 1 , Ar 3 ) -ar res t 
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is also affected by the nickel in a similar w a y , b u t in a more m a r k e d degree, 
a s shown in Fig. 189. W h e n t h e Ar 1 (Ar 2 , Ar 3 ) -point is lowered be tween 500° 
a n d 150°, t h e t ransformat ion occurs in t w o s teps usua l ly deno ted b y Ar ' a n d A r " . 
This phenomenon was discussed b y K . H o n d a a n d T. K i k u t a , K . Sasakawa , 
I J . Guillet a n d co-workers, a n d J . Chal lansonnet—vide n i cke l -vanad ium steels. 

K. Schichtel a n d E , P iwowarsky found t h a t nickel lowers t h e solubil i ty of 
ca rbon in liquid iron. W i t h over 15 pe r cent , nickel , every add i t iona l u n i t of 

nickel decreases t h e 
solubil i ty of ca rbon in 
t h e mol ten m e t a l a t all 
t e m p , b y 0-045 un i t . 
The f.p. of t h e m e t a -
s tab le eutect ic in t h e 
i ron-carbon series rises 
1150° t o 1240° as t h e 
nickel rises from O t o 
32 per cent . , whi ls t 
t h e ca rbon con t en t 
decreases f rom 4-25 t o 
3-10 per cent . The 
add i t ion of silicon t o 
iron-nickel al lqys or of 
nickel t o iron-silicon 
alloys coun te rac t s t o 
some e x t e n t t h e re­
duc t ion of t h e solubi l i ty 
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F i o . 187.—-The Effect 
of Nickel on t h e 
Ar 1 -B 1 ITOSt . 

Per cent, of carbon 

F i o . 188. — T h e 
Effect of Nickel 
o n t h e Ac 2 (Ac 1 , 
Ac 3 ) -a r res t . 

F i o . 189. — T h e 
Effect of Nickel 
o n t h e Ar 1 (Ar 2 , 
Ar 3 ) - a r res t . 

of carbon caused by t h e nickel or t h e silicon originally present ; t h e e x t e n t of 
th is ac t ion varies wi th t h e re la t ive p ropor t ions of t h e al loying e lements a n d wi th 
t h e t e m p e r a t u r e being ve ry sl ight a t h igh t e m p e r a t u r e s w i th alloys conta in ing 
m u c h nickel or silicon. 

According to S. Iguchi , t h e Ac t - a r r e s t in irreversible steels depends on t h e 
con ten t of nickel, b u t no t on t h a t of carbon , a n d t h e Ar 1 - a n d Ar 2 -a r res t s g radua l ly 
decrease as the carbon con ten t increases. T. K a s e found t h a t t h e Ar 1 , 3 -a r res t 
falls g radua l ly as t h e nickel con ten t increases, b u t i t is a lmos t i ndependen t of 
carbon . The solubil i ty of ca rbon in t h e high nickel steels is a lmos t c o n s t a n t — 
0*25 t o 0-30 per cent . I n th is case, t h e A 2 -a r res t is lowered b y 15° t o 20° owing 
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t o t h e dissolved carbon, p rov ided t h e p ropor t ion of nickel is cons t an t . T h e steels 
•with a b o u t 30 per cent , of nickel, when once cooled in l iquid air, showed t h e 
s t epped t rans format ions on hea t ing a n d cooling. T h e y a re t h e Ac 2- , a n d Ac 3 , 2-> 
a n d t h e Ar2- , a n d Ar3 , 2 -points for t h e cons t i tuen t s of al loys hav ing t h e face-
cen t r ed a n d body-cent red cubic la t t ices . T h e p h e n o m e n o n is n o t considered t o 
be due t o a t r ans fo rmat ion of a carbide . L . W . M c K e e h a n followed t h e va r i a t ions 
in t h e space-lat t ice of t h e iron-nickel al loys. 

J . J . A. J o n e s s tud ied t h e range of t h e A r ^ a r r e s t in nickel-steels. T. K a s e 
observed t h a t t he Ar 1 - a n d Ar 2 - t rans format ions of t h e i ron-carbon alloys occur a t 
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a c o n s t a n t t e m p . , i r respect ive of t h e p r o p o r t i o n of con t a ined ca rbon , while t h e 
Ar 3 - a r res t falls r ap id ly w i t h ca rbon , a n d reaches a c o n s t a n t t e m p , a b o v e O 8 5 pe r 
cen t , ca rbon . T. K a s e found t h a t as t h e p r o p o r t i o n of nickel increases , b o t h t h e 
A 3- a n d A 2 - a r re s t s in t h e i ron-nickel al loys fall, a n d coincide a t 5 pe r cent , of 
nickel on cooling, a n d a t 10 per cent , of nickel on hea t ing . If c a rbon is also p resen t , 
t h e A i - a r r e s t is s imilar ly affected b y nickel . T h e resu l t s a re i l l u s t r a t ed b y F ig . 190. 
T h e Ar 3 - a n d Ar i - a r r e s t s coincide a t a concen t ra ­
t i on of a b o u t 2 pe r cent , nickel a n d 0-80 per cent , 
c a r b o n a t 670° ; a b o u t 4 pe r cen t , nickel a n d 
0-76 pe r cen t , c a r b o n a t a b o u t 640° ; a n d a b o u t 
6 p e r cen t , nickel a n d 0-6 p e r cen t , c a r b o n a t 
a b o u t 570°. This m e a n s t h a t t h e c o n c e n t r a t i o n 
of t h e c a r b o n a t which t h e eu tec to ida l t r a n s ­
fo rma t ion occurs g r adua l l y increases w i t h increas ing 
p r o p o r t i o n s of nickel . 

E . S o h n c h e n a n d E . P i w o w a r s k y found t h a t 
nickel displaces t h e solubi l i ty cu rve of c a r b o n 
progress ive ly t o w a r d s t h e i ron-s ide of t h e equil i ­
b r i u m d i a g r a m , t h a t is, nickel reduces t h e solubi l i ty 
of c a r b o n in i ron a lmos t l inear ly . Nicke l also 
depresses t h e eu tec to id t r a n s f o r m a t i o n t e m p . 
Accord ing t o T. K a s e , t h e A0-a<rrest a t 215° on cooling is n o t affected by t h e 
p r o p o r t i o n of nickel , b u t i t s ex is tence is usua l ly l imi ted only t o al loys con ta in ing 
a ce r t a in a m o u n t of t h e m e t a l , for t h e effect of nickel on t h e i ron-ca rbon al loys 
is t o g raph i t i ze t h e cemen t i t e . T h e A 0 -a r res t can be de t ec t ed in steels con ta in ing 
0-1 pe r cen t , of c a rbon . T h e 
q u a n t i t y of ca rbon combined in 
t h e steel d imin ishes as t h e nickel 
c o n t e n t increases , a n d t h e 
a m o u n t of c e m e n t i t e g r a d u a l l y 
decreases , F ig . 192, u p t o a b o u t 
25 p e r cen t , nickel , a t which 
a b o u t 0-6 per cent , of c a r b o n is 
d issolved in t h e solid s t a t e . I n 
s teels con ta in ing m o r e t h a n 10 
pe r cen t , of nickel , t h e lowered, 
s t e p p e d A 1 - t r ans fo rma t ion m a k e s 
t h e A 0 - t r a n s f o r m a t i o n ind i s t inc t 
t h e r m a l l y . T h e equ i l ib r ium dia­
g r a m w a s also s t ud i ed b y 
G. J . Sizoo a n d C. Zwikker , a n d 
P . D . Merica. 

T. K a s e c o n s t r u c t e d a p o r t i o n 
of t h e equ i l ib r ium d i a g r a m for 
t h e t e r n a r y s y s t e m : Fe-IsTi-C, 
F ig . 193. H e found t h a t t h e 
ca rbon-n icke l s y s t e m h a s a 
eu tec t i c a t 1318°, a n d 2-22 pe r 
cen t , of ca rbon ; a n d t h a t t h e 
solubi l i ty of c a r b o n in nickel is 
a b o u t 0-55 pe r cen t , a t t h e 
eu tec t i c t e m p . , a n d 0*25 pe r cen t , a t r o o m t e m p . I n t h e t e r n a r y sys t em : 
N i - F e - C , t he r e is n o t e r n a r y eu tec t ic , b u t t h e r e is a b i n a r y eutec t ic of a solid 
soln. consis t ing of i ron-nickel a n d ca rbon . I n F ig . 193, ABB'A', AA'DD', a n d 
BB'CC r ep re sen t t h e c o n c e n t r a t i o n - t e m p e r a t u r e p lanes for t h e b i n a r y sys t ems 
F e - N i , F e - C , a n d N i - C respect ively . ABFE r ep resen t s t h e l iquidus surface 
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a long which t h e t e r n a r y aus t en i t e , h a v i n g i t s compos i t ion ind ica t ed on t h e 
sol idus ABGH, s epa ra tes ou t , a n d CDEF r ep re sen t s t h e p r i m a r y surface of t h e 
solid soln. of cement i t e a n d n ickel ca rb ide . T h e c u r v e EF, s t a r t i n g a t t h e 
eu tec t ic F of t h e N i -C-sys t em, a t 1318°, a n d end ing a t t h e eu tec t i c E of 
t h e Fe -C- sys t em, a t 1130°, r ep resen t s t h e eu tec t i c line of t h e t e r n a r y s y s t e m a long 
which t h e solid soln. GH, a n d ca rb ide s imu l t aneous ly crystal l ize . T h e eu tec t i c 
surface GFKLEH shows t h e beg inn ing of t h e eu tec t i c c rys ta l l i za t ion ; t h e 
surface represen t ing t h e end ing of t h e s a m e c rys ta l l i za t ion is o b t a i n e d b y 
d rawing a hor izonta l line be tween GH a n d KL. P r i m a r y a u s t e n i t e a n d t h e m e l t 
exis t in t h e zone ABGHEF9 a n d p r i m a r y ca rb ide a n d me l t , in t h e zone CDEFKL. 
T h e surface GHQPR r ep resen t s t h e solubi l i ty of t h e ca rb ide or c a r b o n in a u s t e n i t e ; 
MQPN, t h e p r i m a r y surface of t h e ct-solid soln. a n d t h e in te rsec t ion , QP, of 
these t w o surfaces is t h e eu tec to id or ^ 1 - I iHe of t h e sy s t em. Above t he se surfaces, 
t he re is a homogeneous solid soln., or a u s t e n i t e , a n d below t h e m , a he t e rogeneous 
m i x t u r e consis t ing of t w o or t h r e e of t h e following : a-solid soln., a u s t e n i t e , a n d 
carb ide . T h e presence of nickel in t h e t e r n a r y al loys faci l i ta tes t h e decompos i t ion 
of t h e carb ides , so t h a t as t h e p r o p o r t i o n of nickel increases , free c e m e n t i t e g r a d u a l l y 
decreases , a n d t h e al loys con ta in ing m o r e t h a n 30 p e r cen t , of nickel consis t of a 
m i x t u r e of t h e solid soln. of i ron a n d nickel , a n d g r a p h i t e , p r o v i d e d t h e r a t e of 
cooling is no rma l . The space MSVA' r ep resen t s a homogeneous a.-solid soln. 
consis t ing of i ron, ca rbon , a n d nickel ; whi le MV d eno t e s t h e solubi l i ty cu rve of 
ca rbon in i ron, a n d MS, t h a t of nickel in i ron. 

I n t h e iron—carbon sys t em, t h e A 4 -a r res t , a t a b o u t 1400°, is ra i sed a s t h e 
q u a n t i t y of ca rbon increases , a n d a t 1487° a per i t ec t i c r eac t ion occurs , a long t h e 
line fife. I n t h e iron—nickel s y s t e m a s imi lar r eac t ion occurs a t 1500°, a long t h e 
line bed. I n t h e t e r n a r y s y s t e m t h e cor respond ing r eac t ion occurs a long t h e l ine 
cf T h e reac t ion is u n i v a r i a n t in t h e t e r n a r y s y s t e m , while a s imilar c h a n g e is 
i n v a r i a n t in t h e b i n a r y sys t em. N o m a r k e d change in t h e d i a g r a m for t h e t e r n a r y 
sy s t em occurs excep t a n increase of one degree of f reedom. T h e per i t ec t i c t e m p , 
g r adua l l y falls from c t o f. T h e surface Ade is t h e l iqu idus , a n d Abg, t h e sol idus 
for t h e S-solid soln. Along t h e cu rve cf t h e me l t de r eac t s w i t h t h e S-solid soln. 
bg, forming t h e y - s o l i d soln. cf. T h e S-solid soln. on t h e surface abg is in a s t a t e of 
equ i l ib r ium wi th t h e y - s o l i d soln. on t h e surface acf. T h a t is, t h e me l t a n d S-solid 
soln. coexis t in t h e zone Adegb ; t h e S-solid soln. ex is t s in t h e zone Abga ; t h e S -
a n d y-solid soln. coexis t in t h e zone acfgb ; a n d m e l t a n d y-sol id soln. coexis t i n 
t h e zone BcfEFGH. V. N . Svechnikoff s tud ied t h e y - p h a s e . 

P . D e j e a n found t h a t steels con ta in ing 0 t o 10 pe r cen t , of nickel a re pear l i t ic 
a n d give a n a r res t A, F ig . 194 ; t hose w i t h 10 t o 25 pe r cent , of nickel a re m a r t e n -

sit ic a n d give a n a r r e s t B ; w i t h h igher p r o p o r t i o n s 
of n ickel , t h e s teel is a u s t e n i t e —cf. m a n g a n e s e 
s teels . E . Ger s t en obse rved t h a t t h e mol . h e a t of 
f o rma t ion of m a n g a n e s e ca rb ide , Mn 3 C, is 12-9 
CaIs. ; of i ron ca rb ide , Fe 3 C, —15-6 CaIs. ; a n d of 
n ickel ca rb ide , Ni 3 C, —394-07 CaIs. Th is m e a n s 
t h a t t h e nickel ca rb ide is v e r y u n s t a b l e , a n d in 
a g r e e m e n t w i t h A- C a r n o t a n d E . G o u t a l ' s obse rva ­
t ions , is n o t l ikely t o be found in s teel . G. B . W a t e r -
house r e p o r t e d t h e presence of t h e complex 
ca rb ide FeNi 3 C, b u t t h i s h a s n o t been conf i rmed. 
IA. Guil let obse rved t h a t nickel in ca s t i ron f avoured 
t h e p r e c i p i t a t i o n of g r a p h i t e , a n d i n t h i s m a n n e r 
a c t e d l ike silicon, a n d a l u m i n i u m . T h e pea r l i t e 

also becomes m o r e emulsified, e v e n t u a l l y a s s u m i n g t h e s t a t e of t h e so-called 
t r o o s t o s o r b i t e ; W . H . Hat f ie ld l ikewise obse rved t h a t t h e a d d i t i o n of nickel 
f avoured t h e p r ec ip i t a t i on of free c a r b o n in c a s t i ron , a n d 3 p e r cen t , r e n d e r s 
t h e pea r l i t i c ca rb ide u n s t a b l e . T h e sub jec t was s t u d i e d b y H . M. B o y l s t o n , 
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F i Q . 194. T h e C o n s t i t u t i o n of 
Nicke l -S tee l . 
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S. J . E . Dangerf ie ld a n d co-workers , Gr. D e l b a r t a n d E . Lecoeuvre , A. B . E v e r e s t 
a n d co-workers , J . Ga l ibourg , W . Guer t l e r , D . H a n s o n , D . M. H o u s t o n , A. Merz 
a n d F . F le i scher , S. W . P a r k e r , E . P i w o w a r s k y a n d AV. F r e y t a g , M. J . S t u t z m a n , 
H . T h a l e r , a n d H . W e n t r u p a n d W . S tenger . T h e ene rge t i c a c t i o n of n ickel 
in d i s soc ia t ing t h e ca rb ide w a s e m p h a s i z e d b y A. M c W i l l i a m a n d E . J . B a r n e s , 
a n d t h e y f o u n d t h a t in h y p o e u t e c t o i d a l s teels free c a r b o n is p r e c i p i t a t e d b y 
d r a s t i c a n n e a l i n g . F . Rol l f ound t h a t nickel f avour s t h e decompos i t i on of c a rb ide 
in c a s t i r o n ; a n d V. N . K r i v o b o k , t h a t i t f avours t h e f o r m a t i o n of pea r l i t e . 
K . Sch ich te l a n d E . P i w o w a r s k y obse rved t h a t n ickel r e d u c e d t h e so lven t p o w e r 
of i ron for c a rbon , a n d K . Sch ich te l ' s so lubi l i ty cu rves , SE, a rc i n d i c a t e d in F i g . 193. 
T h e effects of n icke l on t h e p r o p o r t i o n of c a r b o n in t h e eu tec t i c , a n d on t h e eu t ec t i c 
t e m p . , a r e s h o w n in F ig . 196 ; a n d F ig . 197 shows t h e p a r t s of c a r b o n precij>itated 
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for each p a r t of n icke l i n t r o d u c e d a t different t e m p . O b s e r v a t i o n s were also 
m a d e b y T . K a s e , L . T h i e r y , A . L a b o , H . J . S c h u t h , E . P i w o w a r s k y , A . Michel 
a n d P . B e n a z e t , a n d A. B . E v e r e s t . T h e c e m e n t a t i o n of nickel-s teel was s tud ied 
b y F . Giol i t t i a n d F . Carneva l i—v ide 1 2 . 66, 10. T . Ivase ' s o b s e r v a t i o n s on t h e 
effect of n icke l on t h e c o m b i n e d c a r b o n in t h e eu t ec t i c 
a l loy of i r o n a n d 4-3 p e r cen t , c a r b o n a re s u m m a r i z e d in 
F i g . 198 w h e n cooled a t a n o r m a l r a t e . A n a l o g o u s resu l t s 
were o b t a i n e d for a h y p o e u t e c t i c a l loy, a n d for a l loys 
q u e n c h e d f rom t h e m o l t e n s t a t e in a n i ron m o u l d , a n d 
t h e n a n n e a l e d a t a b o u t 1000°. As t h e p r o p o r t i o n of 
n icke l increases , t h e p r o p o r t i o n of c o m b i n e d c a r b o n a t 
first r a p i d l y d imin i shes , a n d t h e n g r a d u a l l y , un t i l , w i th 
30 p e r cen t , n ickel , on ly 0-25 t o 0-30 p e r cen t , of d issolved 
c a r b o n r e m a i n s . The rea f t e r t h e so lubi l i ty of c a r b o n in 
h igh n ickel a l loys is a l m o s t cons tan t—0*25 t o 0-3O p e r 
c e n t . A. B . E v e r e s t a n d co-workers found t h a t n ickel 
a n d sil icon, s e p a r a t e l y or j o in t ly , t e n d t o g r aph i t i z e a b o u t 
40 t o 60 p e r cen t , of c a r b o n in a n i r o n - c a r b o n a l loy. T h e 
g r a p h i t e p r o d u c e d b y n ickel is in genera l finer t h a n t h a t 
p r o d u c e d b y silicon a n d t h e a d d i t i o n of n icke l t o a s i l icon-iron t e n d s t o refine 
t h e g r a p h i t e , as well a s t o p r o d u c e a finer pea r l i t e , r e n d e r i n g i t sorb i t ic . 
J . O. A r n o l d a n d A . A. R e a d o b s e r v e d o n l y i r o n c a r b i d e i n t h e nickel-s teels ; 
t h e y sa id t h a t s tee ls w i t h 13 p e r c e n t , of n icke l c o n t a i n F e 7 N i wh ich t h e y r e g a r d e d 
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as " one of the most remarkable compounds in the metallurgy of i ron." The 
solid soln. of nickel in the iron has a greater solvent power for iron carbide 
than has iron alone, and nickel-martensite is accordingly more stable than iron-
martensite ; and with a high nickel content, the solid soln. forms well-defined 
polyhedral crystals. Structurally, nickel-steel may contain iron carbide as pearlite 
or cementite ; nickel-ferrite ; nickel-martensite ; and nickel polyhedra which 
may show cleavage or gliding planes. On annealing, the martensitic and pearlitic 
structures are formed. According to G. B. Waterhouse, the pearlite of nickel-steel 
has 0-7 per cent, of carbon. F . Osmond observed t ha t nickel-steels containing 

Percentage of carbon 

P e a r l i t e ( a n d fe r r i t e ) 
M a r t e n s i t e ar id a - i ron 
M a r t e n s i t e 
M a r t e n s i t e a n d y - i ron 
P o l y h e d r a of y - i ron 

0 1 2 
0 - 1 0 

. 1 0 - 1 2 

. 12-2O 

. 2 0 - 2 7 

. : > 2 7 

0-25 
O-7 
7 - 1 0 

1 0 - 1 5 
1 5 - 2 0 

> > 2 0 

0-80 per cent, r 
0 - 5 
5 - 7 
7 - 1 0 „ 

1 0 - 1 5 ,, 
> 1 5 ,. 
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9, 
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D. M. Houston found tha t nickel in grey cast-iron is a pearlite builder and it enables 
the proportion of combined carbon to be controlled. The effect of nickel on cast 
iron, etc., was studied by M. Ballay, O. Bauer and K. Sipp, H. Birnbaum, O. Born-
hofen and E. Piwowarsky, H. M. Boylston, F . B. Coyle, S. J . E . Dangerfield and 
co-workers, J . W. Donaldson, A. B . Everest, W. T. Griffiths, D. M. Houston, 
T. Kawai, C. McKnight, P . D. Merica, E. Piwowarsky, R. S. Poister, E. L. Reed, 
W. E. Remmers, A. Rys, M. Schmidt and O. Jungwir th , H. A. Schwartz, 
J . S. Vanick, M. Waehlert, T. H. Wickenden, T. H. Wickenden and J . S. Vanick, 
and J . G. R. Woodvine. 

L. Guillet studied the microstructure of nickel-steel, and he observed t h a t the 
results are summarized by the diagram, Fig. 199. T. Kase gave Fig. 200 for the 
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Per cent, nickel 

F I G S . 199 a n d 2 0 0 . — T h e C o n s t i t u t i o n of N i c k e l - S t e e l s . 

structure of the Fe-Ni-C alloys. There are eight regions : I, with pearlite and 
ferrite ; I I , with pearlite and cementite ; I I I , with ferrite, martensite, and 
troostite ; IV, with martensite and austenite ; V, with martensite, austenite, and 
cementite ; VI, with martensite, austenite, and graphite ; VI I , austenite ; and 
VI I I , with austenite and graphite. W. Giesen also found the three types of 
L. Guillet exemplified by steels with 

C a r b o n . 
P e a r l i t e a n d y - i ron 
M a r t e n s i t e 
y - i r o n 

0 1 5 
0 - 1 3 

1 3 - 3 3 
> 3 3 

0-3 
O-IO 

1 0 - 3 1 
> 3 1 

« '»» /o 
0 - 6 - 5 % 

6 -5 -23 % 
> 2 3 % 

The alterations in structure depend on the proportions of nickel and carbon which 
are present. Annealing for 6 hrs. a t 1000° had no appreciable influence on the 
samples with y-iron and pearlite, though there was in some cases a slight tendency 
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t o fo rm m a r t e n s i t e . L . Gui l le t conc luded t h a t t h e q u e n c h i n g of pear l i t i c n ickel-
s teels p r o d u c e s r e su l t s a n a l o g o u s t o t hose o b t a i n e d w i t h c a r b o n s teels , e x c e p t t h a t 
t h e inc rease in t h e tens i le s t r e n g t h a n d e las t ic l imi t a r e g r e a t e r w i t h nickel-s teels 
t h a n w i t h o r d i n a r y s tee ls . Q u e n c h i n g is p r ac t i ca l l y w i t h o u t effect on m a r t e n s i t i c 
s tee ls , b u t if a l i t t le ferr i te is p re sen t , t h e tens i le s t r e n g t h a n d e longa t ion increase . 
Q u e n c h i n g r educes t h e tens i le s t r e n g t h a n d e longa t ion in t h e case of s teels w i t h a 
l i t t l e y - i ron ; in t h e o r d i n a r y y - i ron s teels , q u e n c h i n g p r o d u c e s a d i s t i nc t sof tening , 
p a r t i c u l a r l y if t h e m e t a l h a s b e e n sub j ec t ed t o s t resses . S tee ls in t h e i m m e d i a t e 
n e i g h b o u r h o o d of t h e m a r t e n s i t i c r a n g e a re t r a n s f o r m e d t o m a r t e n s i t e on q u e n c h ­
ing , a n d in consequence , t h e tens i le s t r e n g t h a n d e las t ic l imi t increase , whi le t h e 
e longa t i on a n d r e s i s t ance t o shock decrease . A n n e a l i n g sof tens al l n ickel -s tee ls 
w i t h t h e e x c e p t i o n of t h o s e c o n t a i n i n g y - i ron w h i c h a re o n t h e border- l ine of t h e 
m a r t e n s i t i c s teels . W h e n a pear l i t i c s teel c o n t a i n i n g 0-12 pe r cent , of c a r b o n a n d 
7 p e r cen t , n ickel is c a se -ha rdened , i t m a y b e c o m e m a r t e n s i t i c a t t h e surface a s 
t h e p r o p o r t i o n of c a r b o n in t h e surface l aye r rises t o 0-80 pe r cen t . A. B . E v e r e s t 
a n d co -worke r s r e p r e s e n t e d t h e s t r u c t u r e of nickel-si l icon cas t i ron b y F i g . 2 0 1 . 
T h e a r e a (1) c o n t a i n s pea r l i t e a n d t h e 
a u s t e n i t e - c e m e n t i t e e u t e c t i c ; (2) pea r l i t e , 
p r o e u t e c t o i d a l c e m e n t i t e , a n d g r a p h i t e ; 
(3) pea r l i t e a n d g r a p h i t e ; (4) so rb i t e 
a n d g r a p h i t e ; (5) m a r t e n s i t e a n d g r a p h i t e ; 
(6) m a r t e n s i t e , a u s t e n i t e , a n d g r a p h i t e ; a n d 
(7) a u s t e n i t e a n d g r a p h i t e . J . O. Arno ld sa id 
t h a t n icke l does n o t fo rm a t r u e steel h a v i n g 
100 p e r cen t , pea r l i t e . T h e c e m e n t a t i o n of 
n ickel -s tee ls was s t u d i e d b y A. S a u v e u r a n d 
Gr. A. R e i n h a r d t , L . Gui l le t , a n d D . H a n s o n 
a n d J . E . H u r s t — v i d e t h e c e m e n t a t i o n of i ron 
a n d s teel . H . S c o t t f ound t h a t n ickel h a s on ly a s l ight effect on t h e t r a n s ­
f o r m a t i o n of m a r t e n s i t e t o t r o o s t i t e ; a n d E . Scheil e x a m i n e d t h e cflect of a 
l o a d on t h e t r a n s f o r m a t i o n of a u s t e n i t e t o m a r t e n s i t e . 

D . H . B r o w n e sa id t h a t t h e co lour of s teel becomes h ighe r w i t h inc reas ing 
p r o p o r t i o n s of n icke l . T h e 3-5 p e r cen t , n ickel -s tee ls d o n o t p e r c e p t i b l y differ in 
a p p e a r a n c e f rom s imple s teels ; w i t h 10 p e r cen t , n ickel , t h e colour of t h e steel is 
n o t i c e a b l y l igh te r ; a n d , a t 18 p e r cen t . , t h e s teel h a s a soft, s i lvery whi t eness . 
W i t h h ighe r p e r c e n t a g e s of n ickel , t h e co lour beg ins t o d a r k e n so t h a t s teels wi th 
25 a n d 30 p e r cen t , of n ickel a re du l le r a n d less l u s t r o u s t h a n those w i t h 18 pe r 
c en t . T h e t exture of t h e 18 pe r cen t , n ickel -s tee ls is s m o o t h e r a n d closer g ra ined 
t h a n a l loys w i t h a h ighe r p r o p o r t i o n of n ickel . J . R i l ey obse rved t h a t m o l t e n 
n icke l -s tee l is m o r e fluid t h a n o r d i n a r y steel , i t is s t e a d y in t h e mou ld , i t se t s m o r e 
r a p i d l y t h a n o r d i n a r y s teel , a n d i t is h o m o g e n e o u s . T h e ingo t s a r e c lean a n d 
s m o o t h o n t h e ou t s ide , b u t t h o s e r i ches t in n ickel a re a l i t t le more p i p e d t h a n 
i n g o t s of o r d i n a r y mi ld s teel . T h e r e is a lso less l i q u a t i o n of t h e me ta l l o id s i n 
i n g o t s of n ickel -s tee l . No special care is needed in r e h e a t i n g ingo ts for h a m m e r i n g 
o r rol l ing e x c e p t w h e n ove r 25 p e r cen t , of nickel is p r e sen t . If t h e s teel h a s b e e n 
p r o p e r l y m a d e , a n d r i g h t l y p r o p o r t i o n e d , i t will h a m m e r a n d roll well. R . A. H a d -
field sa id t h a t t h e a d d i t i o n of nickel does n o t confer soundness , a n d in t h e en t i r e 
a b s e n c e of m a n g a n e s e , i t is n o t e a sy t o p r o d u c e s o u n d a n d read i ly forgeable b a r s . 
T h e i ngo t s a r e inc l ined t o be r ed - sho r t . T h e a d d i t i o n of a l u m i n i u m , silicon, or 
m a g n e s i u m is necessa ry for t h e p r o d u c t i o n of s o u n d cas t ings . T h e al loys a r e n o t 
suscep t ib le t o o r d i n a r y we ld ing . T. F l e i t m a n n o b t a i n e d ev idence of a weld ing 
a c t i o n a t a we ld ing h e a t w h e n p l a t i n g i ron w i t h n icke l b y p res su re b e t w e e n 
rol lers . E . P i w o w a r s k y , J . C h a l l a n s o n n e t t , E . P i w o w a r s k y a n d co-workers , 
A . C a m p i o n , E . Merica , A . B . E v e r e s t a n d co -worker s , C F . Bu rges s a n d J . As ton , 
D . M. H o u s t o n , a n d J . Ga l ibou rg d iscussed t h e w o r k i n g p r o p e r t i e s of t h e i ron-nickel 
a l loys : A . B . E v e r e s t a n d co-workers obse rved t h a t w i t h ca s t i ron , con t a in ing 
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silicon, t h e add i t i on of 5 pe r cent , of n ickel m a d e t h e m e t a l h a r d a n d u n m a c h i n a b l e 
owing t o t h e fo rma t ion of m a r t e n s i t e ; t h i s cond i t ion pers i s ted w i t h u p t o 18 p e r 
cent , of nickel , w h e n t h e al loys b e c a m e aus t en i t i c , soft, a n d n o n - m a g n e t i c . This 
is m o s t m a r k e d w h e n t h e al loy c o n t a i n s 20 pe r cen t , of nickel a n d 1*3 pe r cen t , of 
silicon. B e y o n d 20 pe r cen t , of nickel , t h e al loys r e m a i n e d soft, b u t t h e y b e c a m e 
increas ingly m a g n e t i c . I n t h e presence of h igh silicon, m o r e nickel is r e q u i r e d t o 
change t h e m a t r i x t h r o u g h so rb i t e a n d m a r t e n s i t e t h a n w h e n t h e silicon is low. 
Silicon t h u s m a s k s t h e effect of nickel . A n n e a l i n g a t t h e p r o p e r t e m p e r a t u r e , 
m o s t of t h e u n m a c h i n a b l e a l loys can be m a c h i n e d owing t o t h e t e m p e r i n g of 
t h e m a r t e n s i t e . T h e nickel-si l icon i rons a r e u n s t a b l e on hea t i ng , b u t n o t so m u c h 
as o r d i n a r y silicon i rons . I n h igh nickel a l loys, g r a p h i t e is p r e c i p i t a t e d from 
a u s t e n i t e wh ich t e n d s t o become m a r t e n s i t i c . Accord ing t o R . A. Hadf ie ld , t h e 
fracture of steels h a v i n g jabout 0-16 pe r cen t , of c a r b o n a n d 0-27 pe r cen t , of nickel , 
showed a mi ld , open g ra in l ike w r o u g h t i ron ; w i t h 0-51 pe r cent , of nickel , t h e 
f rac tu re w a s fibrous ; w i t h 1*92 pe r cen t . , t h e f rac tu re w a s mi ld a n d t e a r i n g ; 
w i t h 5 p e r cent . , fine, close, a n d g r a n u l a r ; w i th 11-39 p e r cent . , d r y a n d h a r s h ; 
w i th 24-5 pe r cent . , a close, h a r d gra in , a n d w i t h 29-07 a n d 49-65 pe r cent . , t h e 
f rac tu re was g ranu la r , a n d i t h a d a sl ight yel low t inge . A. Sch rade r a n d E . Weiss 
obse rved no c rys ta l t w i n n i n g in t h e m e t a l . H . Meyer d iscussed t h e colloidal 
s t a t e ; T . F u j i w a r a , t h e segregat ion ; a n d H . B u h l e r a n d E . Scheil , t h e q u e n c h i n g 
s t resses . 

T h e space- la t t ices h a v e been p rev ious ly discussed, a n d F . C. B l a k e a n d 
co-workers , M. R . A n d r e w s , F . K i r c h n e r , A. W e s t g r e n a n d A. E . L i n d h , J . Y o u n g , 
R . F o r s t e r , A . O. J u n g , L . W . M c K e e h a n , R . W . Dr ie r , Z . N i s h i y a m a , K . Iwase 
a n d N . N a s u , W . Borche r s a n d J . Eh le r s , a n d J . H . L o n g a n d co-workers s t u d i e d 
t h e a t o m g roup ing in t h e s e a l loys . A. W e s t g r e n a n d Gr. P h r a g m e n found t h a t t h e 
side of t h e e l e m e n t a r y c u b e of a 25 pe r cen t , nickel-s teel -with 0-24 pe r cen t , of 
c a r b o n was a = 3 - 5 6 A. , w h e n w a t e r - q u e n c h e d f rom 1000° ; whi le a 22-3 pe r cen t , 
nickel-s teel w i t h 1-18 p e r cen t , of c a r b o n h a d « = 3 - 6 4 A. I n a g r e e m e n t w i t h 
ana logous o b s e r v a t i o n s w i t h c a r b o n steels , t h e i n t r o d u c t i o n of c a r b o n increases 
t h e space- la t t i ce . Accord ing t o O. L . R o b e r t s a n d W . P . D a v e y , t h e l a t t i ce 
p a r a m e t e r s , a, a t o r d i n a r y t e m p , of a l loys w i t h 
.Nickel . 0 0-87 1 0 4 2-78 4-27 11-73 13-21 p e r c e n t . 
« . . 2-858 2-864 2-866 2-851 2-849 2-848 2-846 A. 

A. Osawa found t h e X - r a d i o g r a m s of t h e nickel - i ron a l loys show t h a t t h e r e is a 
he t e rogeneous r ange b e t w e e n a l loys w i t h a b o u t 25 a n d 30 pe r cen t , of nickel in 
which b o t h t h e body - a n d face-cent red l a t t i ces a r e p resen t—v ide supra. T h e 
resu l t s showing t h e effect of n ickel on t h e l a t t i ce p a r a m e t e r a or i ron for samples 
I a n n e a l e d a t 1150°, a n d I I i m m e r s e d once in l iqu id air , a re : 

5-21 
2-865 

-—. 
2-865 
.— 

7-8777 
7-8795 
— 
— 

14-41 
2-866 

— 
2-87O 
.— 

7-9062 
7-9001 
3 O 
0 0 

2 9 O 
2-873 
3-600 
2-875 
— 

7-9808 
7-9447 

39-8 
22-2 

32-64 p e r c e n t . 
2-875 
3-597 
2-872 
3-599 
8-1028 
8 0 6 6 2 

1 0 0 0 
81-6 

41-21 63-94 85-58 100 p e r c e n t . 

3-592 3-582 3-549 3-520 

3-593 3-584 3-548 2-523 
8-1445 8-6536 8-6536 8-8989 
8 1 4 8 7 8-3378 8-6587 8-8981 

Simi la r ly , for samples of nickel-s teel , m a d e f rom steel w i t h 0-8 p e r cen t , of c a r b o n 
for which a== 2*863X 10~ 8 cm. for t h e b o d y - c e n t r e d l a t t i c e , a n d 2-865 for t h e face-
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c e n t r e d l a t t i ce , F . W e v e r a n d P . R u t t e n found t h a t t h e l a t t i ce p a r a m e t e r of 
y - i ron w i t h c a r b o n in solid soln. e x p a n d s l inear ly 0-006 t o 0-007 A. p e r a t o m , of 
c a r b o n ; a n d A. O s a w a o b t a i n e d a s imilar resu l t w i t h nickel-s tee ls . Th i s is 
i l l u s t r a t ed b y F ig . 202. H . Pe r l i t z d iscussed t h e d i s t ance a p a r t of t h e a t o m s ; 
a n d Gr. W a s s e r m a n n , t h e o r i e n t a t i o n of t h e c rys ta l s . 

N i c k e l 

ax I O 8 (Hf-
MP. 

B o d y - e o i i t r . 
a c e - c e n t r . 

B o d y - c o n t r . 
F a c e - c o n t r . 

Sp. gr. J 
N i c k e l 

a X 1 0 8 

S p . g r . 

I 
I I 

2-37 
2-764 

2 - 8 6 5 

7 - 8 4 4 
7 - 8 4 3 

4O-2O 

3 - 6 0 8 

3 - 6 0 8 
8 - 0 6 7 
8 - 0 4 0 

1 0 - 7 0 
2 - 8 8 5 
3 - 6 1 0 
2 - 8 8 0 

7 - 8 5 6 
7 - 8 1 7 

6 0 - 9 3 

3 - 5 9 1 

3 - 5 8 8 
8 - 2 1 3 
8 - 2 1 2 

2 0 - 3 0 
2 - 8 7 6 
3 - 6 1 8 
2 - 8 7 5 
3 - 6 1 2 
8 - 0 2 0 
7 - 9 2 5 

8O-56 

3 - 5 5 8 

3 - 5 5 9 
8 - 4 9 6 
8 - 5 2 5 

2 5 - 1 9 p e r c e n t . 

3 - 6 1 0 
2-88O 
3 - 6 1 5 
8 -002 
7 - 9 3 9 

99-6O p e r c e n t . 

3 - 5 2 8 

3-53O 
8-71O 
8 - 7 1 5 

20 

Jr-5 

S 10 

x 
« 05 

2 ^ % C 

F I G . 2 0 2 . — T h e KfTec t of C a r b o n 
o n t h e L a t t i c e P a r a m e t e r of 
N i c k e l - S t e e l s . 

Accord ing t o P . W . B r i d g m a n , t h e e n d - t e r m s of t h e F e - N i a l loys h a v e a different 
s t r u c t u r e a t r o o m t e m p , for t h a t of i ron is a b o d y - c e n t r e d cube , a n d t h a t of nickel , 
a face-cen t red cube . T h e b o d y - c e n t r e d cube pers i s t s u p t o be tween 25 a n d 30 pe r 
cen t , of n ickel , a n d t h e effect of nickel is t o increase 
s l igh t ly t h e side of t h e f u n d a m e n t a l cube , a n d 
s l ight ly decrease t h e dens i t y . T h e effect is n e a r l y 
l inear . B e y o n d 25 or 30 p e r cen t , n ickel , t h e face-
c e n t r e d c u b e a p p e a r s . T h e genera l effect of t h e 
i n t r o d u c t i o n of t h e foreign m e t a l is t o d i s t o r t t h e 
c ry s t a l s t r u c t u r e whi l s t h y d r o s t a t i c p ressu re com­
presses t h e c rys t a l s t r u c t u r e . W i t h m a n y o r d i n a r y 
di l . soln. , t h e effect of a d d i n g a l i t t le so lu te is t o 
compres s t h e vol . so t h a t t h e i n t r o d u c t i o n of a 
foreign s u b s t a n c e a c t s a s a n e x t r a h y d r o s t a t i c 
p res su re , a n d t h e effect m a y be l ikened t o t h a t of a n increase of i n t e r n a l p ressure ; 
w i t h t h e !Fe-Ni a l loys t h e effect is j u s t t h e oppos i t e . T h e sub jec t was discussed 
b y T. D . Yensen , W . G. Burge r s a n d co-workers , a n d F . P a w l e k . 

A. S a u v e u r a n d K. L . R e e d d iscussed d e n d r i t i c seg rega t ion in t h e nickel-s teels . 
L o n g a n n e a l i n g intensifies t h e dendr i t i c p a t t e r n , a n d q u e n c h i n g in br ine does n o t 
r e m o v e i t . T h e axes of t h e d e n d r i t e s a re pear l i t ic a n d t h e fillings a re m a r t e n s i t i c . 
C a r b o n intensifies t h e f o r m a t i o n of dend r i t e s , a n d t h e presence of p h o s p h o r u s is 
n o t necessa ry for t h e i r f o rma t ion . J . Y o u n g found t h a t in t h e W i d m a n s t a t t e n 
s t r u c t u r e of me teo r i c i ron, t h e (HO)-p lanes of t h e k a m a c i t e a re paral le l t o t h e 
( l l l ) - p l a n e s of taenite, a n d t h a t t h e s t r u c t u r e of plessi te is t h e s ame . F o r 
N e u m a n n ' s l ines found in k a m a c i t e , a n d tx-iron w i t h the i r body-cen t r ed l a t t i ces , 
b u t n o t in tsenite, a n d y- i ron wi th t h e i r face-cent red la t t i ces , vide t h e c rys ta l l i za t ion 
of i ron . A. O. J u n g m a d e ana logous obse rva t ions w i t h meteor ic i rons . F o r 
T. K a s e ' s obse rva t ions , vide t h e c rys ta l l i za t ion of i ron . H . C. H . C a r p e n t e r a n d 
S. T a m u r a found t h a t k a m a c i t e shows N e u m a n n ' s b a n d s , a n d infer t h a t t h e y a r e 
d u e t o s t r a i n deve loped b y t h e i m p a c t of t h e m e t e o r i t e on t h e e a r t h ' s surface . 
W h e n s lowly cooled f rom 800°, t h e b a n d s a n d t h e c rys t a l s of cohen i te d i sappea r . 
B o t h tsenite a n d plessi te s h o w a t e n d e n c y t o diffuse i n t o k a m a c i t e , fo rming a 
m a r t e n s i t i c ac icular s t r u c t u r e . 

T h e d e n s i t y d e t e r m i n a t i o n s agree w i t h t h e a s s u m p t i o n t h a t t h e solid soln. 
cons is t s of a s imple s u b s t i t u t i o n of i ron a n d nickel a t o m s in t h e spa re - l a t t i ce . 
W . B r o w n found t h a t w i t h nickel-s teels c o n t a i n i n g 5*04 pe r cent , m a n g a n e s e , 
0*6 p e r cen t , c a rbon , a n d 14-55, 19*00, a n d 25-00 p e r cen t , nickel , t h e specific 
grav i t i e s were 7-8272, 7-8542, a n d 7-9101 respec t ive ly , a n d t h e sp. vols . 0-12776, 

V O L . X V . T 
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0-12732, and 0-12642 respect ively. U p t o 20 per cent , nickel , t h e add i t ion of 
every 1 per cent, of nickel increases t h e sp . vol . b y a b o u t 0-00003 c . c , so t h a t if 
N i denotes the percentage of nickel, t h e sp . vol. of these steels is represen ted b y 
0 1 2 6 9 — 0 0 0 0 0 3 Ni . Observa t ions were m a d e b y T. D . Yensen . C. E . Gui l laume 
found t h e sp. gr. of nickel-iron alloys t o be : 

N i c k e l 
S p . g r . 

5 O 
7-787 

1 9 0 
7 -913 

2 6 - 2 
8 0 9 6 

3 0 - 4 
8 -049 

3 4 - 6 
8 0 6 6 

3 7 - 3 
8 - 0 0 5 

3 9 - 4 
8 0 7 6 

4 4 - 4 
8 1 2 0 

1 0 0 p e r c e n t . 
8 -750 

The sp. gr. of nickel-steel is dependen t on t h e p ropor t ion of con ta ined nickel , a n d 
on the s t ruc tu re of t h e steel. J . H o p k i n s o n po in ted ou t t h a t t h e t r ans fo rma t ions 
of 22 a n d 25 per cent , nickel alloys from t h e non-magne t izab le t o t h e magne t i zab le 
s t a t e by cooling t o —100° is accompanied b y such increases in vol . t h a t t h e sp . gr. 
on r e t u r n t o room t e m p , arc lowered b y a b o u t 2 per cent . Thus , 

25 per cent. Nl 22 per cent. Ni 
A f t e r h e a t i n g ( n o n - m a g n e t i z a b l e ) . . 8 -15 a t 15-1° 8-13 a t 16-5° 
A f t e r c o o l i n g ( m a g n e t i z a b l e ) . . . 7-99 a t 14-5° 7-96 a t 15-6° 
A f t e r r e - h e a t i n g ( n o n - m a g n e t i z a b l e ) 
A f t e r a g a i n c o o l i n g ( m a g n e t i z a b l e ) 

8 1 5 a t 18-0° 
7-97 a t 2 2 - 0 ° 

8-12 a t 18-2° 
7 -95 a t 21 -3° 

Hence , a rod of 30 per cent , nickel-steel becomes longer n o t shor te r when d ipped 
in l iquid air. This corresponds wi th t h e fact t h a t t h e p roduc t ion of m a r t e n s i t e 
is a t t e n d e d by an increase in vol. R . A. Hadfield found : 

C a r b o n 
N i c k e l 
S p . g r . 

0 1 9 
0-27 
7 -601 

O-13 
()-95 
7 - 7 8 5 

O-10 
3 -82 
7 -777 

0 -17 
7-65 
7 - 7 4 3 

0 - 2 3 
1 5 - 4 8 

7 -752 

0 - 1 6 
2 4 - 5 1 

7 - 8 1 0 

0 -14 p e r c e n t . 
2 8 0 7 

8 -054 

2 5 
7 - 9 3 0 
8 -045 

3 0 
7 - 9 1 6 
8 - 0 0 0 

1 0 0 p e r c e n t . 
8 -707 
8-739 

H . Tomlinson observed : 
N i c k e l . . . O 2 2 
^ / H a r d - d r a w n . 7-63O 7 - 7 9 4 

p " g \ A n n e a l e d . 7 -759 7 - 9 1 7 

J . H . Andrew a n d H . A. Dickie, H . C. H . Carpen te r a n d co-workers (Table X I V ) , 
F . Hegg , J . Ri ley, M. RudelofF, B . S immersbach , e tc . , m a d e observa t ions on t h e 
sp. gr. of these alloys. F o r sp. gr. calculated from t h e space- la t t ices , vide supra. 
W . C. Ellis a n d co-workers gave 8-01 for t h e sp. gr. of t h e F e : Ni (70 : 30) al loy ; 
also for t h e F e : Ni : Cr : Mn (68 : 29 : 2 : 1) alloy. Z. N i sh iyama found t h e sp. gr. , 
a n d t h e elastic modulus , E kg rms . per sq. cm. , a t 15-4° t o 3 5-8°, t o be : 

N i 
S p . gr . . 
JE X 1 0 - • 

. 0 
7-8653 

. 2 1 7 8 

1 
7-8640 
2 1 4 7 

2 
7-8640 
2 113 

3 
7-85.58 
2 0 7 9 

4 
7-8604 
2-078 

5 p e r cen t 
7-8674 
2 0 4 9 

900 

"3 

880 

A. Osawa found t h e resul ts ind ica ted above for t h e sp . gr. of samples of i ron-nickel 
alloys annea led a t 1150° for a n hour , a n d also for samples immersed once in l iquid 

air . T h e resul ts for t h e nickel-steels 
a re p l o t t e d in F ig . 203. The d o t t e d 
line in F ig . 203 represen ts t h e a s sumed 
progress of t h e sp . gr. curve if no 
t r ans fo rma t ion of t h e m e t a l occurred ; 
a n d i t r epresen ts t h e resul t if t h e 
sample immersed in l iquid a i r were 
free from cracks . E . H o u d r e m o n t a n d 
E . Burk l in s tud ied t h e vol . changes d u e 
t o cold-work. A. B . Eve re s t a n d co­
workers found t h a t t h e sp . gr. of t h e 
nickel-silicon cas t i rons a re wi th in t h e 
l imi ts no rma l ly given for g rey a n d 
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whi te cas t i rons. The sp . gr. falls fair ly r ap id ly as silicon is increased, whereas 
t h e change caused b y nickel is a t first a smal l decrease in sp . gr . followed 
b y a g radua l increase when t h e proportion of nickel is large. W. Brown 
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detected no marked change in the specific volume of steels with up to 20 per 
cent, of nickel, and with more than this proportion of nickel, the sp. vol. 
increased 0-00033 c.c. for each per cent, of nickel. C. Benedicks and co-workers 
studied the effect of nickel on the sp. vol. of iron—vide supra, Figs. 178, 13. 66 ; and 
the effects at 1500° and 1550° are, in general, additive, but there is a pronounced 
maximum with 34-5 per cent, of nickel, Fe2Ni—invar has 36 per cent. C. Benedicks 
compared the maximum in the sp. vol. curve with the anomaly exhibited by water 
between 0° and 4°, Fig. 204. P. Chevenard observed a maximum on the sp. vol. 
with 35 per cent, of nickel ; and 
G. Phragmen, a maximum with 0-145 T 

38 per cent, of nickel. The 
effect of nickel on cast iron was 
studied by O. Bauer and 
H. Sieglerschmidt, L. Thiery, 
and P. D. Merica. P. Chevenard 
represented the sp. vol. as a 
function of the concentration in 
Fig. 205. He said that the 
curve at 0° is formed of two 
branches : the first branch AB is 

g 0140 

0-135 

g 0-130 

0-125 

Z^fesip-S 
— 

40 60 
Per cent, nickel 

F i O . 2 0 4 . T h e S p e c i f i c V o l u m e C u r v e s of M o l t e n 
N i c k e l - I r o n A l l o y s . 

a straight line and represents stable alloys ; the second branch CDEF commences 
with a marked anomaly corresponding with an abnormal reversible dilation. At 
750°, and near —273° (obtained by extrapolation), the curves do not show this 
anomaly. The breaks in the curves correspond with the compounds Fe2Ni and 
FeNi2. 

T. Kase gave the results in Table XII for the scleroscopic hardness of the 

T A B L E X I I . — T H E H A R D N E S S A N D M I C R O S T R T J C T T T R E O F T H E N I C K E L - I R O N A L L O Y S . 

Nickel (per cent.) 

0 
1 0 - 9 0 
1 5 - 2 0 
1 9 1 0 
2 5 2 2 
26-9O 
3O-00 
32-9O 
3 4 - 8 5 
37-1O 
3 9 - 2 5 
5 0 0 2 
6 0 - 3 4 
6 9 - 3 6 

Microstructures 

Annealed 

F e r r i t e 
M a r t e n s i t e 

y r 
t 

9t 
A u s t o r i i t e 

t9 
ty 
rt 
t 9 
t r 
5 t 
. j 

" 

Quenched in l iquid a i r 

N o t c h a n g e d 
M a r t e n s i t e 

N o t c l e a r 
N o t c h a n g o d 

r9 
y f 
y, 
" 

Scleroscopic hardness 

Annealed 

1 6 - 3 
2 3 0 
2 7 - 7 
3 5 - 2 
2 8 - 2 
2 5 - 1 
1 2 - 8 
13 -1 
13-2 
13-2 
14-7 
12-1 
12-2 
12-1 

Quenched in l iquid 
air 

1 6 - 5 
2 3 - 5 
3 0 - 7 
3 6 - 5 
3 6 - 4 
3 4 - 2 
3 2 - 5 
3 2 - 2 
1 3 - 3 
1 3 - 3 
14-7 
12 1 
1 2 - 3 
1 2 1 

nickel-iron alloys, and the corresponding microstructures. J. Riley found that 
the introduction of nickel increases the hardness of steel, but when 20 per cent, 
has been added, successive additions of nickel tend to make the steel softer and 
more ductile, and even to neutralize the hardening effect of carbon. The results 
of L. Guillet are summarized in Fig. 207. H. C. H. Carpenter and co-workers' 
results are indicated in Table XIV, and W. H. Hatfield's in Table XIX. For 
T. Kawai's observations, see Fig. 206. Observations were also made by 
J. H. Andrew, O. Dahl, H. A. Dickie, S. F. Dorey, O. Forsman, L. E. Gilmore, 
J. N. Greenwood, K. V. GrigorofT, L. Guillet, L. Guillet and M. Ballay, W. J. de Haas 
and R. Hadfield, W. Hanby, D. Hanson, L. Jannini, H. Jungbluth, T. Kase, 
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G-. H . K e u l e g a n a n d M. R . H o u s e m a n , J . B . K o m m e r s , A. K u s s m a n n a n d 
B . Scharnoff, G. V. Luerssen a n d O. V. Greene , T. Mezaki , A. Osawa , C. P f a n n e n -
s c h m i d t , F . R a p a t z a n d H . Po l lack , G. A. R o u s h , K . S a s a k a w a , F . S a u e r w a l d a n d 
K . K n e h a n s , H . S c h o t t k y , G. T a m m a n n a n d V. Cagl iot i , K . Tan iguch i , a n d 
H . Unger . A. B . E v e r e s t a n d co-workers showed t h a t t h e h a r d n e s s cu rves of 
nickel-sil icon cas t i rons co r r e spond w i t h t h e m i c r o s t r u c t u r e s . T h e r e is a sof tening 
t h r o u g h g raph i t i za t ion , a n d a h a r d e n i n g t h r o u g h t h e so rb i t e a n d m a r t e n s i t e r anges , 
a n d finally sof tening t h r o u g h t h e aus t en i t i c cond i t ions . T h u s , chil l ing softens t h e 
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700 

F I G . 2 0 5 
of 

Specific V o l u m e s Fia. 206. Br ine l l ' s H a r d -
Nicke l -Stoe] . nes s of N icke l -S tee l . 

F I G . 2 0 7 . — T h e H a r d n e s s of 
I r o n - N i c k o l A l loys . 

al loys t o w a r d s t h e end of t h e m a r t e n s i t i c r a n g e . L . Gui l le t a n d J . C o u r n o t s t u d i e d 
t h e effect of t e m p , be tween 20° a n d —190° on t h e h a r d n e s s a n d resil ience. F o r 
F . R o b i n ' s obse rva t ions , vide F ig . 206. E . K o t h n y showed t h a t t h e effect of 
annea l ing a t different t e m p , on t h e h a r d n e s s of a s teel w i t h 0-14 pe r cen t , of c a r b o n , 
0-68 pe r cent , of m a n g a n e s e , a n d 4-75 p e r cen t , of n ickel w a s 159-6 w h e n u n a n n e a l e d , 
a n d when annea l ed a t : 

H a r d n e s s 

F . S a u e r w a l d m e a s u r e d t h e h a r d n e s s of t h e a l loys a t different t e m p , in t e r m s of 
t h e d i a m e t e r in m m . of t h e impress ion m a d e b y a ba l l of 1-256 k g r m s . fall ing 
14 c m s . A t 18°, t h e resu l t s a r e c o m p l i c a t e d b y t h e presence of m o r e t h a n o n e 
c o n s t i t u e n t . A. L . K i m b a l l s tud ied t h e i n t e r n a l f r ic t ion of n ickel -s tee ls . 

650° 
1 7 9 1 

680° 
193-5 

710° 
177-9 

720° 
164-8 

740° 
157-5 

780° 
150-5 

830° 
151-7 

850° 
149-9 

10 15 20 
Per cent, of nickel 

15 20 25 30 

F i a s . 208 , 209 , 210 . T h e M e c h a n i c a l P r o p e r t i e s of N icke l S tee l s . 

R . K n i t t e l s tud ied t h e effect of n icke l on t h e wea r ing of i ron . F o r 
T . ELawai's obse rva t ions on t h e effect of co ld-work , see F ig . 216. L . Gui l le t , 
F i g s . 208 t o 210, found t h a t , o t h e r t h i n g s be ing equa l , t h e m e c h a n i c a l 
properties of pear l i t ic nickel-s teels show a h igh e las t ic l imi t t h e h igher t h e p r o ­
p o r t i o n of nickel w i t h o u t t h e va lues exceed ing b y m o r e t h a n 10 t o 20 k g r m s . t h o s e 
o b t a i n e d w i t h o r d i n a r y steels h a v i n g t h e s a m e p e r c e n t a g e of c a rbon . T h e e longa­
t i on , r e d u c t i o n in a rea , a n d res i s tance t o shock a r e i n n o w a y d imin i shed b y t h e 
p resence of nickel . T h e h a r d n e s s is s l ight ly inc reased . T h e m a r t e n s i t i c s tee ls 
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h a v e a h igh tensi le s t r e n g t h , a ve ry h igh elast ic l imit , a n d a low e longa t ion . T h e y 
a r e b r i t t l e , a n d v e r y h a r d . T h e m a x i m u m tens i le s t r e n g t h is o b t a i n e d w i th a 
low p r o p o r t i o n of ca rbon—0-20 t o 0-30 pe r cen t . Th i s is a t t r i b u t e d t o t h e 
r e s t r i c t ed a r ea of m a r t e n s i t e in steels w i t h a h igh p r o p o r t i o n of ca rbon , for in such 
s teels , t h e m a r t e n s i t e is usua l ly plent i ful ly a d m i x e d w i t h y - i ron or ferr i te . W i t h 
ove r 0 5 0 p e r cent , of ca rbon , t h e m a r t e n s i t e usua l ly consis ts of la rge needles 
r ead i ly co loured b y picr ic acid l ike t h e so-called t roos to - so rb i t e . T h e po lyhed ra l 
s teels con t a in ing y- i ron a r e cha rac te r i zed b y a m e d i u m tensi le s t r e n g t h , low elast ic 
l imi t , v e r y h i g h e longa t ion , a n d r e d u c t i o n in a rea . T h e y h a v e a h igh res i s tance 
t o shock a n d m e d i u m h a r d n e s s . 

O b s e r v a t i o n s o n t h e m e c h a n i c a l p r o p e r t i e s w e r e m a d e b y A . A b r a h a m , O . 1 3 a u e r a n d 
K . P i w o w a r s k y , G . 13. B o n g o u g h , H . H r e a r l e y , M . B r o o a r d , C!. K r o d s k y , L>. H . B r o w n e 
a n d H . J . P o r t e r , G . K . B u r g e s s , A . C a m p i o n , H . C a r r i n g t o n , C . C a s p a r , I*. C h e v e n a r d , 
Cl. H . C l a m e r , A . Li. C o l b y , Gr. C o l o n n e t t i , M . C o m b e , E . F . C o n e , F. B . C o y l e , J . A . C o y I e , 
F. D a g n e r , S . J . E . D a n g e r f i e l d a n d c o - w o r k e r s , T . G . D i g g e s , J". D e v i s , E . D i x o n , 
J . W . D o n a l d s o n , V . E h m c k e , F . A . F a h r e n w a l d , H . J . F r e n c h a n d c o - w o r k e r s , T . F u j i w a r a , 
G . G a b r i e l , R . G a i l l a r d , E . H . S . G a l l i k , J . G a m i e r , F . L . G a r r i s o n , N . J . G e b e r t , I i . C. G o o d , 
E . G r e u l i c l i , D . G u i l l e t a n d c o - w o r k e r s , D . H a n s o n , T . H a r r i n g t o n , W . I H a u f e , C . C . H o d g s o n , 
W . A . J o h n s o n , J . J . A . J o n e s , L . K a t o n a , M . I v e r s t e n , G . K l e i n , I v . I i . K o c h a n d C . D a n -
n e c k e r , H . K o p p o n b e r g , V . N . K r i v o b o k , F . K n p e l w i e s e r , W . L i e s t m a n n a n d C . S a k i n a n n , 
C . C . L o n g r i d g e , T . D . L y n < ; h a n d c o - w o r k e r s , F . J . M c G r a i l , H . P . M c i n t o s h , C . M c K r v i g l i t , 
I i . S . M a c P h e r r a n , E . M a r c o t t e , 1». M a r s i c l i , J . A . M a t h e w s , E . M e r c a d i e r , I*. D . M e r i c a 
a n d J i . G . W a l t e n b o r g , L . S . Moisse i f f , F . M o u l a n , K . N a g a s a w a , J . N e g r n , A . L.. N o r b u r y , 
B . P u l m g r o n , S . W . " P a r k e r , N . B . P i l l i n g 
a n d T . E . K i h l g r e n , E . P i w o w a r s k y a n d 
H . N i p p e r , E . P i w o w a r s k y a n d c o - w o r k e r s , 
H . J . F . P o r t e r , A . M . P o r t e v i n , A . M . P o r -
t o v i n a n d P . C h e v e n a r d , F . I i e n a n d , J . . R i l e y , 
F . I i o b i n , W . H o l m , W . R o s e n h a i n a n d c o ­
w o r k e r s , A . Pvys , K . S a s a k a w a , F . S a u e r w a l d 
a n d c o - w o r k e r s , H . S a w a m u r a , A . S c h u l z o , 
F . T . S i s c o , O . S m a l l e y , F. K . S m i t h a n d 
H . C . A u f d e r h a a r , S . C . S p a l d i n g , H . S t e u d e l , 
B . S t o u g h t o n a n d W . E . H a r v e y , Y . T a j i , 
A . N . T a l b o t a n d H . F . M o o r e , K . T a n i g u c h i , 
J . J . T h o m a s a n d J . H . i N e a d , J . T r a n t i m , 
T . T u r n e r , O . V o g e l , S . I . V o I f s o n , 
A . J . W a d d o ] I, AV. H . W a r r e n , G . B . W a t e r -
h o u s e , J . F . W e b b , H . W e d d i n g , T . H . W i c k -
e n d e n a n d J . S . V a n c k , T . J . W o o d , a n d 
A . G . Z i m a . 
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A. L . K i m b a l l a n d D . E . Lovel l gave 
21 X 10 1 1 d y n e s per sq. cm. for t h e elast ic 
m o d u l u s of swaged 3 pe r cen t , n ickel-
s teel ; a n d 1-10 X l O 1 5 for t h e in t e rna l 
fr ict ion. T h e resu l t s of A. D u m a s , 
R . A. Hadf ie ld , M. RudelofT, a n d t h e 
F o n d e r i e s , F o r g e s e t Aciers de S a i n t - E t i e n n e a re s u m m a r i z e d in F ig . 2 1 1 , for 
s teels w i t h a b o u t 0-20 pe r cen t , of ca rbon . E xp r e s s ing t h e resul ts for t h e tensi le 
s t r e n g t h a n d elast ic l imi t in k g r m s . pe r sq. m m . : 

0 10 20 30 4O /, Ni 

F i d . 2 1 1 . - — M e c h a n i c a l P r o p e r t i e s of N i c k e l -
S t e e l (0 -2 p e r c e n t , c a r b o n ) . 

Nickel 
(per cent.) 

2 9 ( L . D u m a s ) 

3 0 ( L . G u i l l e t ) 

3 5 ( W . G i e s e n ) 

Carbon 
(per cent.) 

/ 0 - 1 1 
\0-32 
( 0 1 2 
0 - 2 5 

I 0-80 
( 0 1 5 
0-3O 
0 - 9 5 

Tensile 
s t rength 

5 2 
6 8 
4 5 
5 6 
8 0 
5 0 
8 1 
7 9 

Klastic 
l imi t 

3 4 
4 5 
2 9 
3 3 
4 8 
4 2 
4 8 
6 1 

K Ion gilt ion 
(per cent.) 

34 0 
33 0 
29-5 
3 2 0 
32-5 
35-5 
38-3 
3 9 1 

IU eduction of 
areu (per cent. 

6 4 0 
57-O 
63-9 
71-3 
50 0 
71-8 
78-6 
62-7 

Z. N i s h i y a m a ' s resu l t s for t h e e las t ic m o d u l u s a re i nd i ca t ed above . Whi l e 
Li. Gui l le t said t h a t t h e p rope r t i e s a r e a l m o s t i n d e p e n d e n t of t h e p r o p o r t i o n of 

file:///0-32
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c a r b o n , W . Giesen obse rved t h a t t h i s is n o t a l w a y s t h e case . H i s r e su l t s a r e 
s h o w n in Tab le X I I I . H e conc luded t h a t n ickel -s tee ls w i t h 0 t o 12 p e r cen t , of 

T A B L E X I I I . — M E C H A N I C A L P R O P E R T I E S O F N I C K E L - S T E E L S . 

Nickel 
(per cent.) 

2 5 
5 O 

1 O O 
I S O 
20-O 
2 5 O 
3 0 O 
3 5 0 

Nickel 
(per cent.) 

2 - 5 
5 O 

1 O O 
1 5 O 
2 0 - 0 
2 5 - 0 
30-O 
3 5 - 0 

Tensile strength (IbB. per sq. in.) 

0-15 per 
cent. C 

5 5 , 0 4 2 
7 4 . 8 1 2 
9 9 , 7 0 1 

1 4 4 , 0 7 6 
1 7 5 , 7 9 4 
1 8 6 , 9 7 8 
1 4 6 , 6 4 1 

7 1 , 5 4 0 

0-3 per 
cent. C 

5 0 , 1 6 2 
1 6 3 , 7 0 4 
1 7 8 , 2 1 1 
1 4 6 , 2 1 O 
1 4 2 , 0 8 6 
1 9 8 , 8 3 4 
1 2 2 , 7 4 2 
1 1 5 , 7 7 4 

Elongation (per eei 

0 1 5 per 
cent. C 

2 6 0 
1 2 O 
1OO I 

0 - 9 
1 7 0 
2 1 - 0 

9 - 0 
3 5 - 5 

0-3 per 
cent. C 

2 4 - 0 
8 0 
4 - 6 
9 - 1 

1 1 6 
6 - 7 

3 2 1 
3 8 - 3 

0-95 per 
cent. C 

1 3 0 , 5 6 5 
1 6 5 , 9 9 0 
1 6 8 , 2 5 5 
1 3 4 , 2 6 4 
1 3 0 , 4 2 3 
1 8 7 , 3 1 4 
1 2 5 , 7 3 0 
1 1 2 , 7 8 6 

tit.) 

O-95 per 
cent. O 

2 2 - 0 
8 - 7 
9 1 

1 2 - 3 
1 9 1 

7 - 8 
3 8 - 6 
3 9 - 1 

Elastic l imit (lbs. per sq. in.) 

0 1 5 per 
cent. C 

4 5 , 9 3 9 
6 4 , 8 5 7 
8 5 , 7 6 3 

1 1 4 , 3 5 1 
1 5 3 , 0 2 8 
1 3 9 , 0 9 7 

9 9 , 9 8 5 
5 9 , 1 6 7 

0-3 per 
cent. C 

5 8 , 4 5 6 
1 2 7 , 5 7 8 
1 2 8 , 5 7 4 

I 9 8 , 5 6 3 
1 3 7 , 1 0 8 
1 3 0 , 5 6 5 

7 8 , 6 5 1 
6 8 , 9 8 O 

0-95 per 
cent. C 

6 8 , 6 9 5 
1 4 2 , 7 5 4 
1 0 2 , 1 2 0 
1 2 6 , 1 2 5 
1 2 8 , 4 3 1 
1 4 1 , 8 0 1 

8 9 , 3 1 9 
8 7 , 4 7 O 

Reduction of area (per cent.) 

0 1 5 per 
cent. C 

8 1 - 4 
3 0 - 2 
5 9 - 2 

2 1 
6 - 2 
4 - 3 
5 1 

7 1 - 8 

0 3 per 
cent. C 

7 1 - 3 
2 8 - 7 
3 7 - 6 
4 1 - 3 

9 - 7 
4 - 3 

3 2 - 5 
7 8 - 6 

O-95 per 
cent. C 

6 5 - 2 
2 2 3 
3 1 - 6 
3 8 - 4 
1 1 - 4 

3 - 9 
2 9 - 8 
6 2 - 7 

nickel a n d 0-3 p e r cen t , of c a r b o n , a n d t h o s e w i t h 0 t o 7 p e r cen t , of n ickel a n d 
0-95 p e r cen t , of c a r b o n , w i t h a pea r l i t i c s t r u c t u r e , differ v e r y l i t t le f rom ordinary-
c a r b o n steels w i th t h e s a m e c a r b o n c o n t e n t in r e spec t of tens i le s t r e n g t h , d u c t i l i t y , 
y i e ld -po in t , e longa t ion , h a r d n e s s , a n d b r i t t l enes s . O n t h e o t h e r h a n d , w i t h s teels 
h a v i n g t h e m a r t e n s i t i e s t r u c t u r e , t h e l i m i t s of s t r e t c h i n g a n d b r e a k i n g s t r a i n a r e 
v e r y h igh if, on t h e one h a n d , w i t h 0-3 p e r cen t , c a r b o n , t h e n ickel c o n t e n t does 
n o t exceed 12 t o 30 p e r cen t . , a n d , on t h e o t h e r h a n d , w i t h 0-95 pe r cen t , c a r b o n , 
t h e nickel c o n t e n t lies b e t w e e n 0-6 a n d 18 p e r c e n t . T h e d u c t i l i t y a n d b r i t t l enes s 
a r e he re v e r y low, whi l s t t h e h a r d n e s s is e x t r e m e l y h igh . W i t h t h e y - i r o n s t r u c t u r e , 
t h e d u c t i l i t y is r e m a r k a b l y h igh p r o v i d e d t h e n icke l c o n t e n t , i n t h e p resence of 
0-95 p e r cen t , c a r b o n , exceeds 18 p e r cen t . , t h e s a m e a lso a p p l y i n g t o cases w h e r e , 
w i t h a low c a r b o n c o n t e n t ( a b o u t 0-3 p e r cen t . ) , t h e n icke l c o n t e n t e x c e e d s 30 p e r 
cen t . I n b o t h i n s t a n c e s , h o w e v e r , t h e e las t ic l imi t a n d t h e b r i t t l enes s a r e low, 
a n d t h e b r e a k i n g s t r e n g t h m e d i u m ; whi l s t , i n r e spec t of h a r d n e s s , h i g h l y d i v e r g e n t 
resu l t s were o b t a i n e d , so t h a t i t w a s imposs ib le t o e s t ab l i sh a n y defini te s t a n d a r d s . 
O n e r e m a r k a b l e p o i n t is t h a t t h e m a r t e n s i t i e n ickel -s tee ls of d i v e r g e n t c a r b o n a n d 
n ickel c o n t e n t do n o t a t t a i n t h e i r m a x i m u m b r e a k i n g s t r e n g t h a n d e las t ic l imi t 
w i t h t h e h ighes t c a r b o n c o n t e n t . K . Y u a s a f o u n d t h a t w i t h a v e r y sens i t ive 
a p p a r a t u s , nickel-s teel u n d e r t en s ion a n d to r s ion , b e t w e e n r o o m t e m p , a n d 349° , 
e x h i b i t e d a n u m b e r of s u d d e n y ie ld ings in s t eps a s i t b e g a n t o fail—vzde i ron . 

M. Rudeloff found for v a r i o u s s t resses i n k g r m s . p e r sq . m m . : 
Nickel . . . 
Limit proportionali ty 
Yield-point 
B r e a k i n g s t r e n g t h 
M o d u l u s of e l a s t i c i t y . 
R e s i s t a n c e t o shearing 26*6 

0 0 5 
6 0 

1 4 - 6 
3 2 - 4 
2 2 , 5 2 5 
2 6 - 6 

7 - 8 4 
2 2 - 8 
4 4 - 2 
5 6 - 2 
1 9 , 2 8 0 
4 3 - 5 

1 5 - 5 9 
1 6 0 

— 
4 1 O 
16,2OO 
6 7 - 7 

2 9 - 7 7 
6 - 3 

1 2 - 5 
9 - 9 

1 2 , 3 0 0 
3 5 - 4 

5 9 - 6 
6 0 

1 2 - 5 
3 7 - 8 
1 4 , 4 9 0 
3 7 - 9 

9 8 - 3 9 p e r c e n t . 
3 - 6 
9 1 

3 0 - 5 
1 6 , 8 7 0 
3 4 - 7 
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A . M. P o r t e v i n s t u d i e d t h e res i s t ance t o shea r ing , a n d t h e tens i le s t r e n g t h of 
t h e nickel-s teels . F o r C. L . Cla rk a n d A. E . W h i t e ' s o b s e r v a t i o n s o n t h e p ropo r ­
t i o n a l l imi t of steel w i t h O 1 0 p e r cen t , of c a r b o n , a n d 4-95 of nickel , vide F ig . 276 
i n c o n n e c t i o n w i t h t h e n i c k e l - c h r o m i u m steels . T h e resu l t s of H . C. H . C a r p e n t e r 
a n d co-workers for n ickel -s tee ls w i t h 0-40 t o 0-52 pe r cen t , of c a r b o n a n d *0-75 t o 
1-03 p e r cen t , of m a n g a n e s e , a r e s u m m a r i z e d in T a b l e X l V . T h e steels were 
forged, a n d cooled f rom 800° . O b s e r v a t i o n s were r e p o r t e d b y Tt. B a u m a n n , 

T A B L E X I V . — M E C H A N I C A L P B O P E E T I E S O:F N I C K E L - S T E E L S . 

Nickel 
(per cent.) 

O 
1-20 
2 1 5 
4 - 2 5 
4 - 9 5 
6 -42 
7 - 9 5 

1 2 - 2 2 
1 5 - 9 8 
1 9 - 9 1 

Nickel 
(per cent .) 

0 
1-20 
2 - 1 5 
4 - 2 5 
4 - 9 5 
6 4 2 
7 - 9 5 J 

1 2 - 2 2 ! 
1 5 - 9 8 
1 9 - 9 1 j 

Bending 
t e s t 

1 8 0 ° 
1 8 0 ° 

I 1 8 0 ° 
1 8 0 ° 

3<)° 
1 0 ° 

5 ° 
1 0 ° 
6 0 ° 

1 8 0 ° 

Fal l of 
46-7 lbs. 
h a m m e r 

(in-) 

1 3 - 2 3 
1 3 - 0 5 
1 3 - 6 7 
1 3 - 9 2 
13 -67 
1 3 - 6 7 
1 4 - 1 5 
1 4 - 1 7 
1 3 - 3 3 
1 3 - 7 7 

Yield-
p o i n t 

21-OO 
2 3 - 9 3 
2 3 - 6 7 
2 9 - 1 6 
3 3 - 9 5 
N OTlO 
N o n e 
3 4 - 5 6 
2 8 - 5 3 
1 5 - 3 3 

Shock tes t s 

Energy 
absorbed 

finch-lbs.) 

4 5 1 
4 2 8 
4 5 4 
4 6 O 
2 1 7 
1 0 5 
2 3 0 
4 3 6 
4 3 2 
4 5 2 

Tensile t es t s (tons per sq. in.) 

Max . 
s t ress 

3 8 - 1 9 
4 0 - 9 3 
4 1 - 5 2 
4 7 - 8 6 
6 0 - 0 9 

1 1O-57 
7 7 - 3 8 
8 0 - 2 4 
8O-24 
4 3 - 9 2 

Rending 
angle 

1 8 - 0 ° 
1 7 - 0 ° 
1 6 - 5 ° 
1 5 - 5 ° 

b r o k e n j 
b r o k e n 
b r o k e n 

7-5° 
14 -5° 
2 8 - 0 ° 

Klastie 
r a t io 

O-55 
O-58 
O 5 7 
0 - 6 1 
0 - 5 6 
.—. 

0 - 4 3 
O-35 
O-35 

Kloiigation 
(per cent.) 

2 5 0 
2 I O 
2 4 - 5 
2O-O 

2 - 0 
n i l 
n i l 
1 0 
5 - 5 

55-O 

Reduct ion 
of area 

(per cent.) 

5 1 - 7 3 
42-8O 
5 1 - 8 3 
3 3 -06 

3 - 7 1 
n i l 
n i l 
1-63 
7 - 3 3 

6 3 - 1 1 

"Hardness t e s t s 

Inden ta t i on in O-0O1 in. 

Load 
1 -5 tons 

7 - 2 
6 - 4 
7-O 
0 0 
4-2 I 
2 - 5 
2 - 5 
3 - 2 
5 - 0 

16-O 

Load 
2-5 tons 

15-O 
1 4 - 5 
1 9 - 5 
1 2 - 3 

8 - 7 
5 - 5 
5 - 7 
6 2 

1 0 - 3 
4 0 0 

lHrinell's 
hardness 

2 0 2 
2 0 7 
2 1 2 
2 1 7 
3 2 1 
5 3 2 
5 7 8 
5 5 5 
2 9 3 
1 3 1 

Torsion t es t s 

Twist ing 
moment 

(inch-lbs.) 

4 2 7 7 
5 - 0 7 7 
5 - 6 0 9 

I 5 - 0 7 1 
6 - 4 2 9 
7 - 4 9 7 
7 - 9 3 8 
8 - 6 2 1 
7 - 3 2 9 
5 - 6 6 2 

Sp. gr. a t 
1 7° to 18" 

7 - 8 8 0 
7-89O 
7 - 8 8 4 
7 - 8 6 7 
7 - 8 7 6 
7 - 8 8 5 
7 - 8 8 3 
7 -904 
8 0 2 6 
8 - 1 2 2 

Angle of 
tw i s t a t 
fracture 

4 0 5 ° 
6 2 1 ° 
4 6 8 ° 
1 7 7 ° 
4 2 - 6 ° 
2O-1 ° 
3 1 - 5 ° 

1 1 8 - 5 " 
6 9 0 ° 

Sp. vol. a t 
1 7° to 18" 

O-1269 
0 - 1 2 6 7 
0 1 2 6 8 
O-1271 
O-1270 
0 1 2 6 8 
O-1269 
O-1265 
0 1 2 4 6 
0 1 2 3 1 

W . B e a r d m o r e , P . B l u m , D . H . B r o w n e , M. B r o c a r d , H . H . Campbel l , F . L . Coonan , 
H . A. Dick ie , F . A. F a h r e n w a l d , J . Ga l ibou rg , E . Hel ler , O. v o n Kci l a n d F . E b e r t , 
E . K o t h n y , W . K u r o s e , F . C. L a n g e n b e r g , J . L is t , C. M c K n i g h t , J . V. M u r r a y , 
I . M u s a t t i a n d G. Ca lb ian i , P . OberhofTer a n d E . P i w o w a r s k y , E . P i w o w a r s k y a n d 
co -worke r s , B . S. P o i s t e r , H . J . P o r t e r , E . P r e u s s , F . K e n a u d , M. RudeloiT, 
H . S o u t h e r , G. Su r r , L . T h i e r y , J . J . T h o m a s a n d J . H . N e a d , M. V a s u a r i , 
A . J . W a d d e l l , W . H . W a r r e n a n d S. H . B a r r a c l o u g h , G. W a s s e r m a n n , a n d 
R . H . W a t s o n . H . T o m l i n s o n found for Y o u n g ' s m o d u l u s , a n d t h e r ig id i ty in 
g r a m s p e r sq. cm. X 10 6 , a n d for t h e loga r i thmic d e c r e m e n t (base 10) : 

Nickel . 
Young 's 

modulus 
( Ha rd - d rawn 
\ Annealed 
(Hard-drawn 
\ Annealed 

Logari thmic ( Ha rd -drawn 
decrement ! Annealed 

Rigidi ty 

O 
1 8 6 2 
1 9 8 1 

7 0 4 
7 0 4 

0 0 0 1 2 1 4 
0 0 0 0 9 1 4 

2 2 
1 5 9 0 
1 6 2 6 

5 2 9 
5 9 6 

0 - 0 0 0 8 0 9 
0 0 O 0 4 4 1 

2 5 
1 5 9 0 
1 5 5 5 

5 4 7 
5 4 7 

0 0 0 0 6 7 4 
0 0 0 0 2 1 2 

3 0 
1 4 2 8 
1 3 2 8 

5 2 7 
5 2 7 

O-0OO762 
0 0 0 0 5 9 5 

1 0 0 p o r c e n t -
2 2 7 1 X 1 0 6 

2 1 7 5 x 1 0 6 

7 2 3 X 1 0 ° 
7 2 3 X 1 0 « 

0 - 0 0 2 0 0 5 
0 - 0 0 0 8 5 2 
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R. W . MofEatt found t h a t nickel-steel cas t ings , normal ized a n d r ehea t ed , h a v e a 
high resis tance t o i m p a c t a t a low t e m p . 

T h e t e m p e r br i t t leness of t h e nickel-steels was e x a m i n e d b y F . Roge r s ; a n d 
t h e effect of t he ini t ial t e m p , on t h e phys ica l proper t ies , vide t h e phys ica l p rope r t i e s 
of i ron, 66 . 13, 18. F . R o b i n found t h a t t h e res is tance of pear l i t ic nickel-steels t o 
c rushing is similar t o t h a t of pear l i t ic ca rbon steels (q.v.) ; possibly t h e m a x i m u m 
in t h e curve is s l ight ly deflected t o w a r d s increas ing t e m p . A b o v e 800°, t h e cu rves 
are a lmos t l inear, a n d the i r res is tance increases slowly. T h e res is tance t o c rush ing 
of mar tens i t i c nickel-steels increases r ap id ly w i t h t e m p . Aus ten i t i c nickel-steels , 
and steels wi th a h igh p ropor t ion of nickel, h a v e a res is tance which decreases 
uni formly a n d slowly u p t o 600°, a n d the i r c u r v a t u r e , a t th i s t e m p . , is rect i l inear , 
pa r t i cu la r ly where t h e pe rcen tage of nickel is h igh . F r o m 600° u p w a r d s , t h e 
res is tance d iminishes r ap id ly ; a t 700°, t h e va lue of t h e res is tance t o c rush ing is 
s imilar wi th all t h e steels, a n d t h e curves resemble one ano the r . 

J . H o p k i n s o n found t h a t b y t h e in tense cooling of t h e steel w i th a b o u t 25 pe r 
cent , of nickel t h e tensi le s t r eng th , a t r o o m t e m p . , was ra ised from 50 t o n s pe r 
sq. in. and 32 per cent , e longat ion t o 87 t ons pe r sq. in. a n d 7-5 per cent , e longat ion . 
C E . Gui l laume showed t h a t t h e anomal ies observed in t h e d i la t ion of nickel-steels 
w i th va r i a t ions of t e m p , in t h e zone of t h e t r ans fo rma t ions , a re also shown b y t h e 
coeff. of e last ic i ty . This is i l lus t ra ted by F ig . 212 for revers ible a n d i r revers ible 
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Via. 2 1 2 . — T h e V a r i a t i o n of t h e E l a s t i c 
M o d u l u s of ! R e v e r s i b l e a n d I r r e v e r s i b l e 
N i c k e l - S t e e l s w i t h T e m p e r a t u r e . 

-40 -20 

F i a . 2 1 3 . — T h e V a r i a t i o n of t h e E l a s t i c 
M o d u l u s of N i c k e l - S t e e l s w i t h T e m ­
p e r a t u r e . 

steels . H e also r ep resen ted t h e va r i a t i on of t h e elast ic m o d u l u s w i t h t e m p , for 
steels r ang ing from a non -magne t i c 22 per cent , nickel-steel t o t h e v e r y magne t i c 
36 a n d 44-5 pe r cent , nickel-steels. I n these cases, t h e t e m p , a t which t h e elas t ic i ty 
a t t a i n s a m a x i m u m is 10° below t h e t e m p , a t which t h e fe r romagnet ic p r o p e r t y 
a p p e a r s when t h e steel is cooled. T h e facts a re ut i l ized in t h e cons t ruc t ion of 
precision ch ronome te r s . T h e m o d u l u s of e las t ic i ty , E, in me t r i c t ons pe r sq. m m . , 
were found by C E . Gui l l aume t o be : 

N i 
E 

G O 
2 1 - 7 

IS-O 
19 1 

2 6 - 2 
18-5 

3 1 - 4 
1 5 5 

3 5 - 2 
14-9 

3 7 - 2 
14 6 

3 9 - 4 
1 5-1 

4 4 - 3 
16 -3 

7O-0 
19-8 

1OO p e r c e n t . 
2 1 - 6 

a n d for 

N i 
C r 
E 

12-2 
l-O 

1 9 0 

16-2 
2 -5 

19 -6 

16 -8 
l-O 

1 8 - 3 

3 4 - 8 
1-5 

15 -5 

3 5 7 
1-7 

15-7 

3 6 - 4 p e r c e n t . 
0-9 

15-7 

while he gave for t h e change in t h e elastic m o d u l u s w i t h t e m p . , for a n o n - m a g n e t i c 
a l loy wi th 22-0 p e r c e n t , of nickel a n d 3-0 p e r cen t , of c h r o m i u m , 19-67(1—394 X 10-60) ; 
for, say , a s l ight ly magne t i c a l loy w i t h 26-2 pe r cen t , of nickel , 18-54(1 — (51-60 
-f-9502)io 6} ; for a s l ight ly magne t i c al loy w i t h 27-6 pe r cent , of nickel , 1 8 0 6 -
{1-H1040—1-7202)10-6} ; for a m a g n e t i c a l loy w i th 30-4 p e r cent , of nickel , 
15*96(1-f-389 X 1O_60) ; for a v e r y m a g n e t i c al loy w i t h 35 pe r cen t , of nickel 
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15-04( l - j -464X 10 6O) ; a n d for a v e r y m a g n e t i c a l loy w i t h 44-5 pe r cen t , of nickel , 
16-40{1 —(43-60—0-6202)10-6}. H . F a y a n d J . M. Bierer found t h a t w i t h nickel-
steels a p p r o x i m a t i n g 3-5 pe r cen t , of* nickel , a n d 0-35 p e r cen t , of c a r b o n , oil-
q u e n c h i n g followed b y a 2 h r s . ' t e m p e r i n g gave h ighe r va lues for t h e t e n a c i t y a n d 
d u c t i l i t y t h a n air-cooled or furnace-cooled spec imens . T h e y said t h a t t h e m o s t 
su i t ab l e t e m p , for quench ing nickel-s teels is b e t w e e n 800° a n d 850°, a n d t h a t w i t h 
h ighe r t e m p , t h e s t r u c t u r e becomes coarser . E . H e y n a n d O. B a u e r no t i ced 
t h a t nickel-s teel is a p t t o spl i t w i t h a n excessive forging h e a t , a n d t h a t t h e m o s t 
f a v o u r a b l e t e m p , d e p e n d s on t h e d imens ions of t h e piece, a n d t h e l eng th of 
t h e h e a t i n g per iod . A. McWil l i am a n d E . J . B a r n e s s tud ied t h e h e a t t r e a t m e n t 
of s teels w i t h a b o u t 3 pe r cent , of nickel , a n d 0-06 t o 0-91 per cent , of c a rbon . 
IT. Meyer , a n d E . F . Cone s tud ied t h e effect of h e a t t r e a t m e n t on some nickel-
steels ; E . K o t h n y found t h a t w i t h a s teel con t a in ing 0-14 per cent , c a r b o n , 
0-68 m a n g a n e s e , a n d 4-75 nickel , a n d t h e n a n n e a l e d a t different t e m p , (kg rms . 
p e r sq. m m . ) : 

A n n e a l i n g 
S t r e t c h i n g l i m i t 
T e n s i l e s t r e n g t h 
K l o n g a t i o n 
R e d u c t i o n a r e a 

n o n e 
3 8 - 9 
3 3 - 8 
2 4 - 7 
6 4 - 7 

6 5 0 ° 
3 2 - 7 
6 3 - 3 
16 -9 
5 0 - 6 

6 8 0 ° 
2 8 - 6 
6 6 - 5 
2 0 - 8 
5 5 - 7 

7 1 0 ° 
3 4 - 3 
5 9 - 8 
21-1 
6 6 - 7 

72()° 
3 4 4 
5 7 - 9 
2 5 1 
6 7 - 6 

7 4 0 ° 
3 7 - 2 
5 4 2 
2 4 - 7 
6 6 - 2 

7 8 0 ° 
37-1 
5 2 - 1 
2 6 - 5 
6 5 - 2 

8 3 0 ° 
3 6 - 2 
5 1 - 9 
2 7 - 3 p e r c e n t 
6 5 - 4 

O. L . Cla rk a n d A. E . W h i t e m e a s u r e d t h e tensi le p rope r t i e s of nickel-s teels a t 
e l e v a t e d t e m p . C E . Gu i l l aume found for t h e elast ic m o d u l u s , E, of nickel- i ron 
alloys : 

N i c k e l 
K X 1 0 - 6 

5-0 
2 -17 

19-O 
1-77 

2 6 - 2 
1-85 

2 7 - 9 
1-81 

3O-4 
1-6O 

3 7 - 3 
1-4O 

3 9 - 4 
1-51 

7O-3 
1-98 

1OO p e r c e n t . 
2 1 6 

no 

K . H o n d a a n d T. T e r a d a g a v e for t h e e las t ic i ty , E, of nickel-steels w i th 28-74 per 
cen t , of n ickel , 1-570 X 10 1 2 w i t h a load of 1480 g rms . pe r sq. m m . , a n d 1 -702 X 10*2 
w i t h a load of 9710 g r m s . pe r sq. m m . ; w i t h 50-72 pe r cent , nickel , 1-376 X l O 1 2 

w i t h a load of 1780 g r m s . p e r sq. m m . , a n d 1-619 X l O 1 2 wi th a load of 11,650 lbs . 
p e r sq. in . ; a n d w i t h 70-32 i>er cen t , n ickel , 1-866X 10 1 2 w i t h a load of 1500 g r m s . 
p e r sq. m m . , a n d 1-996 X l O 1 2 w i th a load of 70.30 g r m s . pe r sq. in. T h e coefi. of 
r ig id i ty of s teels w i t h 28-74, 50-72, a n d 70-30 pe r cen t , nickel were respec t ive ly 
0-613X 10~i 2 , 0 - 3 6 5 X 1 0 - 1 2 , a n d 0 - 6 4 0 X 1 0 - 2 . R . A. Hadf ie ld found t h a t nickel 
he lps t o c o u n t e r a c t t h e b r i t t l enes s wh ich i ron deve lops w h e n i t is cooled t o low 
t e m p . , s ay —182° . E . L . H a n c o c k found t h a t w h e n s t ressed t o i ts u l t i m a t e l imit , 
b u t n o t f r ac tu red , nickel-s teel will r ecover so as t o show a h igher u l t i m a t e s t r eng th 
a n d a h ighe r l imi t of e las t ic i ty , a n d t h a t 
c a r b o n s teels recover m o r e qu ick ly t h a n nickel-
s tee ls . F o r T. K a w a i ' s r esu l t s on t h e i m p a c t 
t e s t , vide t h e i m p a c t t e s t for i ron , F ig s . 212 t o 
2 1 4 — 1 3 . 66, 18. T h e effect of n ickel in cas t 
i ron , s t u d i e d by J . S. Van ick , L». Guil le t , 
O. B o r n h o f e n a n d E . P i w o w a r s k y , T. Meier-
l ing, F . Rol l , A. B . E v e r e s t , P . D . Merica, 
e t c . , h a s b e e n d iscussed in connec t ion w i th 
ca s t i ron . 

D . J . M c A d a m , a n d T. S. Fu l l e r obse rved 
t h a t t h e s i m u l t a n e o u s ac t i on of corros ion a n d 
fa t igue—cor ros ion- fa t igue—causes fai lure a t 
s t resses far below t h e o r d i n a r y e n d u r a n c e l imi t—v ide t h e corrosion of i ron. 
A c c o r d i n g t o D . J . M c A d a m , t h e resu l t s of t e s t s of nickel-s teel s imul t aneous ly 
e x p o s e d t o t h e ac t i on of fa t igue a n d corros ion in a i r (fat igue t e s t ) , a n d t o t h e 
a c t i o n of fresh, c a r b o n a t e -water (corrosion-fat igue t e s t ) us ing stresses a l t e r n a t i n g 
1450 r evs , pe r m i n u t e , a re i nd i ca t ed in F ig . 214. T h e g r a p h shows t h e re la t ion 

Co 10 
10 10r 104 W5 W6 

Log. of number of cycles 
F I G . 2 1 4 . — T h e F a t i g u e a n d C o r ­

r o s i o n - F a t i g u e TciBts of N i c k e l -
S t e e l s . 
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Tens i l e s t r e n g t h 
T o t a l e l o n g a t i o n 
R e d u c t i o n of a r e a 
. E n d u r a n c e l imi t 
Cor ros ion- fa t igue 

Annealed 
. 92,5OO 
. 29-9 
. 58-5 

49,0OO 
29 ,000 

Quenched 
124,800 

21-6 
65-8 
69 ,000 
25 ,000 

Annealed 
121,8OO 

1 8 0 
25-8 
55,0OO 
21 ,000 

b e t w e e n t h e s t ress a n d t h e l o g a r i t h m of t h e n u m b e r of cycles for fa i lure . T h e 
s t a t i c , f a t igue , a n d corros ion-fa t igue t e s t s a r e : 

3-47 per cent. Ni 5*37 per cent. Ni 
Quenched 
132,7OO lbs . p e r sq . in . 

18*7 p e r c e n t , i n 2 i n s . 
40-5 p e r c e n t . 
66,0OO l b s . p e r sq . i n . 
19,000 

R. F . Mehl a n d B . J . Mai r g a v e 0 0 6 8 5 for t h e compress ib i l i ty coeff. of i n v a r , 
a n d found t h e r e su l t m u c h h ighe r t h a n t h e v a l u e c a l c u l a t e d b y t h e m i x t u r e ru l e 
for a - i ron , t h e y the re fo re used t h e coeff. for n ickel , a n d ca l cu la t ed t h e v a l u e for 
t h e compress ib i l i ty of y - i ron , wh ich exceeds t h e v a l u e for <x-iron. 

F . R o b i n s t u d i e d t h e a cous t i c propert ies of t h e n icke l - i ron a l loys w i t h a h igh 
p r o p o r t i o n of n ickel , wh ich h a v e r e s o n a n c e c u r v e s pecu l i a r t o t h e m s e l v e s ; t h e 
d u r a t i o n of t h e s o u n d , w i t h v a r i a t i o n s of t e m p . , a f te r h a v i n g g r a d u a l l y inc reased , 
falls v e r y r a p i d l y j u s t before t h e c o m p l e t e d i s a p p e a r a n c e of t h e m a g n e t i s m . T h e 
r e s o n a n c e a t n o r m a l t e m p , falls a n d t h e n rises a g a i n w h e n t h e p e r c e n t a g e of n icke l 
is inc reased , t h e s inuos i ty of t h e c u r v e becomes less, u n t i l i t d i s a p p e a r s w h e n a b o u t 
5*8 pe r cen t , of n ickel is p r e sen t , a n d does n o t r e a p p e a r a g a i n in t h e case of p u r e 
n ickel u n t i l a t e m p , of 300° is a t t a i n e d . 

M. RudelofE found t h a t t h e coefT. of t h e r m a l e x p a n s i o n dec reased a s t h e p r o ­
p o r t i o n of nickel inc reased u p t o 16 p e r cen t . , b u t w a s g r e a t e r w i t h 98 p e r cen t , 
n ickel t h a n w i t h i ron a lone . T h u s , w i t h n o n icke l , t h e e x p a n s i o n for 1° in mic ro -
mi l l ime t res pe r m e t r e w a s 1 1 - 5 6 + 0 0 0 5 6 0 ; w i t h 4 p e r cen t , n icke l , 1 0 - 9 0 + 0 0 0 5 6 0 ; 
a n d w i t h 16 pe r cen t , n ickel , 10-30-f-0-00560. 

C. E . G u i l l a u m e o b s e r v e d t h a t t h e m e a n coeff. of l i n e a r e x p a n s i o n of n i c k e l - i r o n a l l o y s 
b e t w e e n 0° a n d 38°, t a k i n g t h e v a l u e for i r o n a l o n e t o b e 10-354 + 0 - 0 0 0 5 3 0 , w a s for 
5 O p e r c e n t , n i cke l , 10-529 +OOO3620 ; for 26-2 p e r c e n t . , 13-103 + 0-021230 ; for 28-7 p e r 
c e n t . , 10-387 + O-O3OO40 ; for 34-63 p e r c e n t . , 1-373 + 0-00250; for 35-6 p e r c e n t . , 0-877 
+ 0 -001270 ; for 37-3 p e r c e n t . , 3 - 4 5 7 - O O O 6 4 7 0 ; for 43-6 p e r c e n t . , 7-992 —O-OO2730 ; 
for 48-7 p e r c e n t . , 9-901— OOOO670 ; for 50-7 p e r c e n t . , 9-824 + O-OO2430 ; for 70-3 p e r 
c e n t . , 11-89O + O-OO3870 ; a n d for 1OO p e r c e n t . , 12-661 + O-OO55O0. T h e m e a n coeff. for 
12-2 p e r c e n t . N i w i t h 1 p e r c e n t . Cr is r e p r e s e n t e d b y 11-714+O-OO5O80 ; for 16-7 N i , 
a n d 1 Cr, b y 11-436 +O-OO17O0 ; for 16-2 2STi, a n d 2-5 Cr , b y 19-496 + 0 -004320 ; for 21-3 N i , 
a n d 3 Cr, b y 18-180 +OOO4260 ; b y 34-8 N i , a n d 1-5 Cr , b y 3-580 +O O O 1 3 2 0 ; w i t h 35-7 N i , 
a n d 1-7 Cr, b y 3-373 + O-OO1650 ; a n d for 36-4 N i + 0-9 Cr, b y 4-433 — 0-003920. T h e t r u e 
coeff. of l i nea r e x p a n s i o n a X 10«, a t 0° for a 30-4 p e r c e n t . N i a l l oy is 4-570 + 0-0235 (0 — 0) 
b e t w e e n 0° a n d 1 1 0 ° ; 7-15 + 0 1 0 4 (0—110) b e t w e e n 110° a n d 1 6 4 ° ; a n d 12-60 + 0-008 
(0—164) b e t w e e n 164° a n d 220° ; for 31-4 p e r c e n t , n i c k e l a l loy , a X 10« = 3-395 + 0 0 1 5 0 
(0—0) b e t w e e n 0° a n d 1 2 2 ° ; 5-25 + 0 1 2 8 (0—122) b e t w e e n 122° a n d 1 8 2 ° ; 13-00 
+ 0-036 (0—182) b e t w e e n 182° a n d 2 2 0 ° ; for a 34-6 p e r ' c e n t , n i c k e l a l l oy , a X IO6 

= 1-373 + 0-0047 (0 — 0) b e t w e e n 0° a n d 1 4 2 ° ; a n d 2 0 5 + 0-065 (0—142) b e t w e e n 142° 
a n d 220° ; a n d for a 37-3 p e r c e n t , n i c k e l a l loy , a X 10« = 3-457 + 0 0 0 7 2 (0 —O) b e t w e e n 
0° a n d 150° ; a n d 2-37 + O O H (0—150) b e t w e e n 150° a n d 220° . 

G. C h a r p y a n d L . G r e n e t o b t a i n e d t h e v a l u e s i n d i c a t e d in T a b l e X V for t h e 
m e a n coeff. of t h e r m a l e x p a n s i o n , a X 10 6 , for t h e s t ab l e fo rm of nickel-s teels . T h e 
n u m b e r s in b r a c k e t s i n d i c a t e t h e t e m p , a t wh ich a t r a n s f o r m a t i o n beg ins . 
H . C H . C a r p e n t e r a n d co-workers g a v e for t h e coeff. of e x p a n s i o n , <x, of t h e n icke l -
s tee ls i n d i c a t e d in T a b l e X I V : 
N i c k e l . 1-20 2 1 5 4-25 4-95 6-42 7-95 12-22 15-98 19-91 p e r cent* 
a x l 0 « . 11-22 1 1 1 2 11-36 1 2 0 7 12-23 1 2 1 3 13-28 17-54 19-65 

O b s e r v a t i o n s were a lso m a d e b y C. B e n e d i c k s a n d P . S e d e r h o l m , E . A . B l o m q v i s t , 
J . C a m e r a , W . M. Cohn , H . D o n a l d s o n , F . A . F a h r e n w a l d , D . H a n s o n , H . H i e m e n z , 
K . H o n d a a n d co-workers , P . C. J o n e s , H . J u n g b l u t h , G. W . C. K a y e , M. L e m a n 
a n d co-workers , J . M a s c a r t , H . M a s u m o t o a n d S. N a r a , E . M a u r e r a n d 
W . S c h m i d t , A. Merz , W . R o h n , T . F . Russe l l , J . W . S a n d s , K . Scheel , 
A . Schu lze , F . J . Scrase , H . S ieg le r schmid t , W . S o u d e r a n d P . H i d n e r t , T . S u t o k i , 
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T A B L E X V . — T H E C O E F F I C I E N T S OJT T H E R M A L E X P A N S I O N O F N I C K E L - S T E E L S . 

Perce 

N i 

O 
2 0 1 
8-47 

1 0 - 4 0 
21-OO 
26-9O 
29-0O 
3 1 - 3 5 
3 4 - 7 5 
3 6 0 5 
2 2 - 8 
3 2 - 8 
3 5 - 8 
3 7 - 4 
19-9 
2 4 - 6 
2 5 - 0 
2 8 - 8 
3 4 - 3 
3 4 - 8 
2 0 - 7 5 
26-2O 
2 9 - 4 0 
3 4 - 4 5 
3 5 - 3 5 
2 0 - 9 0 
29-9O 
2 1 - 2 5 
2 5 - 4 0 
2 9 - 4 5 
3 4 - 5 0 

ntage composition 
of steel 

C 

0-22 
0 -21 
0 - 2 5 
0 - 2 0 
0 - 3 6 
O-3 5 
0 - 3 5 
0 - 3 6 
0 - 3 6 
0 -39 
O-29 
0 -29 
0 -31 
O-30 
0 - 7 0 
0 - 7 8 
0 - 8 4 
0 - 7 8 
0 - 7 0 
0 - 6 3 
0 -72 
0-71 
0 - 7 3 
0 -77 
0-71 
0 -97 
0 - 8 9 
0 - 9 2 
l - O l 
0 - 9 9 
O-9 7 

M n 

0-48 
0-41 
0-41 
0 -41 
O-36 
.0-36 
0 -34 
0 -37 
O-36 
0 - 3 6 
O-73 
O-66 
0 -69 
O-69 
0 -48 
0 - 4 5 
0 -48 
0 -48 
0 - 4 5 
0 -49 
0 - 8 0 
0-9O 
0 -90 
0 - 9 0 
O-89 
0 - 4 8 
O-43 
0-97 
O-79 
0 -89 
O-84 

Coeff. of expansion a. 

Stable when cold 

0 0 - 2 0 0 ° 

1 2 
1 1 
1 4 
11-5 
I O 

7 - 8 
12-9 
.—. 

8 - 5 

. 

9 
.— 
.— 
_— 
— 

1 3 

.— 

.— 
— 

1 2 

2 0 0 0 - 4 0 0 ° 

1 5 
1 4 I 
1 4 
1 1 
I O 
10-5 
1 1 
_—. 
.— 

9 
.— 

-— 
9 

. 
- . 

1 6 

.— 

1 7 
-— 

.— 

.— 

400°-GOOD 

1 5 
1 5 
I O 
1 2 

( 5 4 5 ° ) 
( 4 9 5 ° ) 

I O 
.— 
.— 
. 

( 5 6 0 ° ) 

.— 

( 5 6 0 ° ) 

.— 

.— 

( 5 5 0 ° ) 
. 

-— 
, 

0 0 - 2 0 0 ° 

" 

16-2 
12-5 

6 - 5 
3 - 5 
l - O 

2 2 
1 1 

2 - 5 
2 - 5 

2 3 
1 6 
1 5 
1O-5 

2 - 5 
2 - 5 

2 2 
1 5 
1 6 

3 
2 3 

1 2 

1 5 
1 1 

3 

x IU6 

Stable when liot 

2 0 0 0 - 4 0 0 ° 

1 7 
2 0 
17-5 
1 5 
13-5 

6 - 2 
2O 
17-5 
12-5 

8 - 5 
2O 
2 0 
1 9 
1 8 
13 5 
I O 
2 O 
2 O 
1 9 
1 5 
1 3 
2 0 
1 9 
1 5 
2O 
1 9 
1 3 

4OO°-GOO° 

1 6 
2 0 
2O 
18-6 
1 9 
1 7 
1 7 
17-5 
1 7 
20-5 
1 8 
1 9 
18-5 
1 9 
2O 
1 9 
1 7 
1 8 
2 O 
2 0 
2() 
1 6 
1 6 
2 7 
1 8 
1 8 
2() 
2O 
1 8 

6 0 0 0 - 9 0 0 ° 

2 3 
2 1 
2 2 5 
2 O 
2 2 - 1 
1 8 - 5 
1 8 3 
1 7 - 5 
1 9 
2O 
2 0 
1 9 
1 7 
2 9 
3 O 
2 8 
2 6 
2 5 
2 3 
2 8 
2 9 
2 7 
2 4 

I 2 4 
2 7 
2 8 
3 2 
3 2 
2 9 
2 5 

« 7-?k-r4 

S. Valen t iner a n d J . Wal lo t , a n d A. W e r n e r . T h e resul ts of K. H o n d a a n d 
co-workers a re represen ted by t h e c o n t i n u o u s line in F ig . 215 ; those of A. Schulze, 
b y t h e b roken line ; a n d those of R . Vogcl, by t h e 
d o t t e d l ine. Observa t ions were also m a d e by 
P . Chevenard , H . Scot t , C. Benedicks a n d 
P . Sederholm, H . Masumoto , a n d P . H i d n e r t a n d 
H . S. Kr ide r . K . H o n d a a n d co-workers found 
t h a t t he r e is a m i n i m u m for a b o u t 18 per cent . 
of nickel ; a n d all found a m i n i m u m . There is a 
m a x i m u m w i t h 25 p e r cen t , of nickel for C L = O - O 5 I O , 
a n d 36*5 pe r cent , of nickel . 

According t o C. E . Gui l laume, when a n irrever­
sible nickel-steel assumes t h e fer romagnet ic s t a t e 
on cooling, i t undergoes a n irreversible change in 
vo lume corresponding closely wi th t h e magne t i c 
anomal ies descr ibed below. The behav iour of a 15 per cent , nickel-steel, cooling 
from a cher ry- red hea t , is i l lus t ra ted by Fig . 216. The vol. con t rac t ion is 
r ep resen ted b y t h e line AB, a t J5, n e a r 130°, a r ap id expans ion occurs which soon 
a t t a i n s 40/x pe r m e t r e per degree. If t h e b a r be t h e n rehea ted , i t does no t con t rac t 
accord ing t o t h e cu rve i t followed on cooling, b u t ^it e x p a n d s along some o ther 
line, say DC. On cooling, t h e b a r r e tu rns t o D, a n d t h e n expands along t h e 

• " ^ - ^ 

• ^ 

A 

W 
'-? 

if 

\h 
"̂ ' 

f 
''<* 

-=r^-\ 

Fe 2O 40 60 80 Ni 
F i o . 2 1 5 . C o e f f i c i e n t s of T h e r ­

m a l E x p a n s i o n of N i c k e l -
I r o n A l l o y s . 
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c u r v e DE. A t a low t e m p . , u n d e r t h e co r rec t cond i t ions , t h e c o n t r a c t i o n a long 
t h e l ine CD m i g h t con t inue , s a y 15°, b e y o n d t h e c u r v e BE3 a n d t h e n t h e 
b a r m a y be sudden ly b r o u g h t t o t h e s a m e l e n g t h i t w o u l d h a v e a t t a i n e d a t 
t h e exis t ing t e m p , if it h a d followed t h e c u r v e BE i m m e d i a t e l y af ter r e a c h i n g D. 
This p h e n o m e n o n is ana logous t o t h e undercoo l ing of a s a t u r a t e d soln. or 
of a m o l t e n solid. B y a p p r o p r i a t e cooling t h e c h a n g e s in l e n g t h w i t h t e m p , 
can be m a d e t o follow a n y such l ine, CD, a n d c o n s e q u e n t l y t h e coeff. of e x p a n s i o n 
which is p r o p o r t i o n a l t o t h e slope of t h e cu rve , m a y a s s u m e wi th t h e self-same 
ba r , a n y des i red v a l u e in accord w i t h t h e l im i t s—10 t o 20 mil l ionths-—allowed b y 

I 70 

6 8 

S 4 
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50 WO 150 200 250 300 350 400 

FiCi. 21 6 .—Changes in L e n g t h w i t h T e m p e r ­
a t u r e of a n I r r e v e r s i b l e N icke l -S tee l . 

Tempera t ur<: 

l?ia. 217. C h a n g e s i n L e n g t h w i t h T e m ­
p e r a t u r e of a R e v e r s i b l e N i c k e l - S t e a l . 

240 

180\4 \ 4 

t h e t r a n s f o r m a t i o n . I n t h e case of 15 pe r cen t , n ickel -s tee l cooling t o —60° is n o t 
sufficient t o c o m p l e t e t h e t r a n s f o r m a t i o n i n t o t h e s t a t e w h i c h is s t ab l e a t v e r y low 
t e m p . These re su l t s ag ree w i t h t h e o b s e r v a t i o n s of G. G h a r p y a n d I J . G r e n e t , 
T a b l e X V . T h e different i r revers ib le steels h a v e t h e s a m e genera l b e h a v i o u r , 
b u t show differences in t h e m a g n i t u d e of t h e changes , a n d i n t h e reg ion of t e m p , 
in w h i c h t h e t r a n s f o r m a t i o n s occur . 

R e v e r s i b l e s teels b e h a v e different ly. C. E . G u i l l a u m e r e p r e s e n t e d t h e 
p h e n o m e n a w i t h revers ib le steels b y F i g . 217. As t h e a l loy cools f rom a h igh 
t e m p . , i t c o n t r a c t s l inear ly a long a s t r a i g h t l ine FE, F i g . 217. T h e slope of t h i s 

l ine co r r e sponds w i t h a coeff. of e x p a n s i o n 
which is g r e a t e r t h a n t h a t of i ron , or of a 
m i x t u r e of i ron a n d nickel a t o r d i n a r y t e m p . , 
a n d i t is r e d u c e d b y inc reas ing t h e p r o p o r t i o n 
of nickel , e x c e p t for t h e smal le r p r o p o r t i o n s of 
n ickel . W i t h i n t h e r a n g e of t e m p , c h a r a c t e r ­
ized b y t h e a p p e a r a n c e of m a g n e t i c p rope r t i e s , 
t h e cooling c u r v e c h a n g e s r a p i d l y a long ED, 
a n d t h i s is followed b y a r egu la r region DC of 
v e r y smal l s lope. A t still lower t e m p . , t h e r e 
is a n o t h e r reg ion of r a p i d change , CB, a n d 
t h i s is followed b y a reg ion of r egu la r c h a n g e , 
BA ; t h e s lope of t h e cu rve t h e n co r r e sponds 
w i t h t h e coeff. of e x p a n s i o n of a m i x t u r e of i ron 
a n d n icke l a t o r d i n a r y t e m p . A t o r d i n a r y 
t e m p . , t h e e x p a n s i o n of a 25 p e r cen t , n icke l 
a l loy would be r e p r e s e n t e d r o u g h l y b y EF ; 
t h a t of a 27 . t o 32 p e r cen t , n icke l a l loy , 

b y DE ; of a 36 t o 37 p e r cen t , n icke l a l loy, b y CD ; of a 37 p e r cen t , a l loy , b y 
BC ; a n d a b o v e t h i s , especial ly a b o v e 60 p e r cen t . , b y AB, o r t h e p o r t i o n be low 
A. A t h igh t e m p . , each region co r r e sponds w i t h a l loys c o n t a i n i n g g r e a t e r p r o ­
p o r t i o n s of n ickel . T h e comple t e c u r v e f rom A t o F g r a d u a l l y de fo rms , a n d 
shif ts as a whole , para l le l t o t h e ax i s of t e m p . Th i s b e h a v i o u r resembles t h a t 
followed b y t h e cu rve of t h e m a g n e t i c t r a n s f o r m a t i o n s of t he se a l loys . 

C. G. F i n k a n d C. M. D e Groly g a v e t h e c u r v e s h o w n in F i g . 218 for t h e coeff. of 
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t h e r m a l e x p a n s i o n of t h e i ron-nickel a l loys b e t w e e n 25° a n d 400°, w h e n t h e 
coefficient of expans ion of p l a t i n u m is 100. 

A. Schulze g a v e t h e resu l t s for t h e coeff. of t h e r m a l e x p a n s i o n of t h e i ron-
nickel a l loys . C. E . Gu i l l aume ' s obse rva t ions , i n d i c a t e d a b o v e , show h o w t h e 
t h e r m a l e x p a n s i o n of t h e al loys changes w i t h compos i t ion . These al loys were 
cooled in a i r af ter a s imple h o t forging, a n d t h e y c o n t a i n t h e u sua l p r o p o r t i o n s of 
m a n g a n e s e , ca rbon , a n d si l icon—in all , a b o u t 1 pe r cent .—v ide infra, F ig . 220. 
C. E . Gu i l l aume said t h a t t h e p resence of a l i t t le m a n g a n e s e is r equ i r ed t o m a k e 
t h e a l loys w o r k a b l e ; b u t , b y keep ing t h e p r o p o r t i o n as smal l as p rac t i cab le , a n d 
e m p l o y i n g su i t ab le t h e r m a l a n d m e c h a n i c a l t r e a t m e n t s , i t is possible t o m a k e t h e 
coefT. of t h e r m a l e x p a n s i o n zero, a n d even nega t i ve . T h e line FN, F ig . 219, 
c o n n e c t s t h e coeff. of e x p a n s i o n of i ron w i t h t h a t of nickel a t 20°, a n d i t r ep resen t s 
t h e r e su l t s wh ich wou ld o b t a i n if t h e l aw of m i x t u r e s was appl icab le . Fig- 220 
shows t h e effects of a d d i t i o n s of 
1 p e r cent , of c h r o m i u m or m a n ­
ganese on t h e t h e r m a l expans ion . 
T h e need for a m i n i m u m p r o p o r t i o n 
of m a n g a n e s e t o r e n d e r t h e a l loy 
w o r k a b l e w a s also n o t e d b y 
A. D u m a s , a n d P . C h e v e n a r d . B y 
t a k i n g t h e necessa ry p r e c a u t i o n s , 
C. E . Gu i l l aume o b t a i n e d a m e a n 
coeff. of l inear expans ion , a , b e t w e e n 
zero a n d 6° w i t h a n e g a t i v e v a l u e 
a X 1 0 « = — 0-552+0-003770 ; a n d 
b y a d j u s t i n g t h e cond i t ions t o secure 
on ly p a r t of t h e possible r e d u c t i o n 
in t h e coeff. of expans ion , a n al loy was o b t a i n e d w i t h c iXlO 6 —0-028—0-002320. 
A k i l o m e t r e wire of t h i s m e t a l — c a l l e d invar—contracts less t h a n 0-4 m m . in pass ing 
f rom 0° t o 20° ; a n d a c o m p a r i s o n of t h e e longa t ion of p l a t i n u m , i nva r , a n d 
0-06 p e r cen t , c a r b o n steel w h e n w a n n e d f rom 0° t o 10° g a v e t h e respec t ive va lues 
88-6yu, 0-05/L/., a n d 121/A ; f rom 0° t o 20°, r e spec t ive ly 177-6/x, —0-36/JL, a n d 242/x ; 
a n d f rom 0° t o 30°, r e spec t ive ly 266-9/x, —1*26/*, a n d 3 6 4 ^ . 

P . C h e v e n a r d s t u d i e d a series of forged nickel a l loys w i th 0 t o 98 per cent , of 
n i c k e l — a n d less t h a n 0-05 pe r cen t , c a r b o n , less t h a n 0-10 per cent , silicon, a n d a 
t o t a l p e r c e n t a g e of foreign e l emen t s n o t exceed ing 0-5 t o 0-7. T h e spec imens were 
cooled sufficiently t o t r a n s f o r m t h e m i n t o t h e s t a t e wh ich is s tab le a t low t e m p . 
S o m e af ter be ing cooled b y l iquid h y d r o g e n a t —253°, were found t o h a v e per­
m a n e n t l y e x p a n d e d : 

Ni . . . 25-9 29-2 30-6 31-9 33-5 341 35-4 por cent . 
Expansion . 7-6 5-5 5-O 1-2 ()-3 imperceptible mm. per motro 

T h e c h a n g e wi th t h e 31-9 pe r cent , a l loy was exac t ly t h e s a m e as if t h e cooling 
h a d been effected a t —195°, so t h a t t h e t r a n s f o r m a t i o n w i th t h i s a l loy, beg inn ing 
a t a b o u t —125° , is c o m p l e t e d a t —195°. This m e a n s t h a t t h e van i sh ing of t h e 
i r revers ib le e longa t ion c a n n o t b e ascr ibed t o t h e failure of t h e cooling t o effect 
c o m p l e t e t r a n s f o r m a t i o n . I n accord w i th t h e conclus ion of P . Weiss a n d 
G. F o e x , P . C h e v e n a r d conc luded t h a t t h e l imit of t h e i r revers ib le a l loys corre­
s p o n d s w i t h t h e c o m p o u n d F e 2 N i wi th i t s 34-45 pe r cen t , of nickel . Th i s con­
c lus ion is sa id t o be in acco rd w i t h t h e cu rves , F igs . 221 a n d 222, for t h e effect of 
c h a n g i n g t h e t e m p , in t h e d i rec t ions of t h e a r rows on t h e e longa t ions on i r revers ible 
s teels . W i t h purif ied i ron , t h e Ac- a n d Ar -a r r e s t s , w h i c h m a r k t h e beg inn ing of 
t h e t r a n s f o r m a t i o n respec t ive ly on h e a t i n g a n d cooling, differ b y b u t a few degrees , 
b u t t h e a d d i t i o n of nickel p roduces a lower ing of t h e A c - t r a n s f o r m a t i o n , a n d a con­
s iderab le increase in t h e difference b e t w e e n t h e Ac- a n d t h e Ar -a r re s t s . The resul t 
for a n y g iven al loy d e p e n d s on t h e cond i t ion of cooling, a n d on t h e r a t e of change 
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of t e m p . R y conduc t ing t h e expe r imen t more 
be tween the Ac- a n d t h e Ar-ar res t s approaches a 

a n d more slowly, t h e difference 
finite l imi t which represen ts t h e 
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Fias . 221 and 222.—Variation in Length with Temperature of Iron, and of Irreversible 
Nickel-Steels up to ITe2NI. 

t r u e thermal hysteresis of the transformation. W h e n t h e p ropor t ion of nickel 
exceeds 25 per cent . , t h e Ar-a r res t falls below o rd ina ry room t e m p . , a s ind ica ted 

in F ig . 223. Consequent ly o rd ina ry 
nickel-steels wi th over 25 per cent , of 
nickel show t h e charac ter i s t ics of t h e 
s t a t e which is s t ab le a t h igh t e m p . , 
a n d b e h a v e qu i t e differently f rom t h e 
steels con ta in ing less nickel which a re 
no rma l ly in t h e s t a t e s tab le a t low-
t e m p . I n t h e alloy wi th 31*9 pe r cent , 
nickel , t h e Ar - t r ans fo rmat ion t e m p , is 
a t —125°. As t h e p ropor t ion of nickel 
approaches t h a t of F e 2 N i , t h e r ange 
of t e m p , accompany ing t h e i r rever­
sible t r ans fo rma t ion diminishes a n d 
approaches zero a s a l imi t ing va lue . 
Alloys wi th be tween 34-45 pe r cen t , 
nickel, F e 2 N i , a n d 67-75 pe r cent . , 
F e N i 2 , a r e reversible , a n d h a v e ex­
pans ion curves like those discussed in 
connec t ion w i t h F ig . 217, a n d i l lus t ra ted 

2oo" 4oo" GOO0 800" b y t h e g roup of curves in F ig . 223. A n 
FiO. 223.—Variation in the Length with Tern- al loy w i t h 35-4 pe r cent , of nickel , a p -

perature of Reversible Nickel-Steels. p r o x i m a t i n g t o inva r , e x p a n d s no rma l ly 
a b o v e 200°. T h e va r i a t ion in t h e t r u e coeff. of expans ion of these al loys, w i t h 
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t e m p . , is shown in F ig . 224, which i l lus t ra tes how t h e a n o m a l y changes progress­
ive ly w i th composi t ion . T h e curves for t h e va r i a t ion in l eng th a n d t h e t r u e 
coeff. of expans ion for a n al loy, v e r y nea r ly F e 2 N i , a re shown in F ig . 225 ; 

O" 200" 4O0" BOO" 800" 

F i a . 224. V a r i a t i o n of t h e T r u e Coefficient 
of E x p a n s i o n w i t h T e m p e r a t u r e . 
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F i o . 225 . Va r i a t i on of L e n g t h a n d 
of t h e T r u e Coefficient of Expan-* 
s ion w i t h T e m p e r a t u r e . 
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F i o . 2 2 6 . — V a r i a t i o n of t h e T r u e Co­
efficient of E x p a n s i o n -with T e m p e r a ­
t u r e for Reve r s ib l e Nickol- S tee ls 
b e t w e e n F e N i 2 a n d N i . 

a n d th i s a l loy is t h e on ly one of t h e g r o u p which does n o t show a bend 
co r re spond ing t o BC of F ig . 217. T h a t is, t h e t r u e coeff. of expans ion a lways 
decreases on cooling d o w n t o a t leas t —125°. T h e b e n d BC a p p e a r s in t h e alloy 
w i t h 35-4 pe r cen t , of nickel , a n d t h e 
cu rve of t h e t r u e coefE. of expans ion h a s 
t h e m i n i m u m charac te r i s t i c of inva r . 
Consequen t ly , t h e revers ible a n o m a l y 
g r a d u a l l y d i s a p p e a r s as t h e al loy a p p r o a c h e s 
t h e compos i t ion of FeNi 2 —67-75 per cen t . 
n ickel . 

A. Li. Colby also observed t h a t a b r u p t 
changes occur in t h e coeff. of expans ion 
as t h e fe r romagne t ic p rope r t i e s d i s appea r 
on hea t ing . P . C h e v e n a r d obse rved t h a t 
t h e i ron-nickel al loys be tween F e N i 2 a n d N i also show expans ion anomal ies 
of a s imilar k ind , t h e y decrease w i t h t h e a d d i t i o n of i ron t o nickel , a n d d i sappea r 
comple te ly w h e n 32-25 pe r cent , of i ron, co r respond ing wi th F e N i 2 , has been a d d e d . 
T h e change of t h e t r u e coeff. of 
t h e r m a l expans ion w i t h t e m p . 
w i t h these al loys c a n be repre ­
s en t ed b y t w o s t r a i g h t lines 
m e e t i n g a t t h e Curie po in t , 
F ig . 226. T h e al loy h a v i n g t h e 
compos i t ion F e N i 2 is t h e on ly 
one which c a n be r ep re sen t ed b y 
a single pa rabo l i c funct ion of t h e 
t e m p , be tween 0° a n d 800°. 
P . OheVenard gave t h e resume in 
F i g . 227 of his obse rva t ions on 
t h e v a r i a t i o n wi th t e m p , of t h e 
t r u e coeff. t h e r m a l expans ion of 
nickel-s teels . T h e al loys con­
t a i n i n g less t h a n 34*45 pe r cent , 
of nickel a r e s tab le a t h igh t e m p , 
in t h e s t a t e which is revers ible . 
T h e c u r v e a t 0° resembles t h a t of C. E . Gruillaume's F ig . 219, t h e cu rve a t 700° 
beg ins a t a p o i n t co r respond ing w i t h 5 pe r cen t , of nickel because a t th i s t e m p , 
a l loys w i t h a less p r o p o r t i o n of nickel d o n o t ex i s t in a s t a t e which is s tab le a t a 

40 GO 
Per cent, nickel 

F i o . 227. V a r i a t i o n s in t h e T r u e Coefficient of 
L i n e a r E x p a n s i o n of Nicke l -S tee ls a t Different 
T e m p e r a t u r e s . 
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h igh t e m p . This c u r v e is a l m o s t a s t r a i g h t l ine, a n d if i t be p ro longed b a c k w a r d s 
i t c u t s t h e o r d i n a t e for p u r e i ron a t t h e s a m e p o i n t a s t h e p r o l o n g a t i o n of t h e 
l ine resu l t ing f rom m e a s u r e m e n t s on nickel-s teels c o n t a i n i n g cons iderab le p r o ­
p o r t i o n s of m a n g a n e s e . P . C h e v e n a r d sa id t h a t t h i s p o i n t r ep re sen t s h y p o t h e t i c a l l y 
t h e t r u e expans ion coeff. of y - i ron a t 700°. 

C. E . Gu i l l aume ' s , a n d P . C h e v e n a r d ' s t h e o r y of t h e p h e n o m e n a s h o w n b y t h e 
i ron-nickel al loys is as follows : T h e i r revers ib le p h e n o m e n a a re assoc ia ted w i t h 
t h e t r a n s f o r m a t i o n of i ron ; t h e revers ib le a n o m a l y , w i t h a modi f ica t ion of n icke l 
diferr ide, F e 2 N i . W h i l e t h e e x t e r n a l m a n i f e s t a t i o n s of t h e s e p h e n o m e n a show 
such c o m m o n fea tu res as r e d u c t i o n of vol . a n d increase of r ig id i ty on w a r m i n g , 
t h e r e is a n essent ia l difference b e t w e e n t h e t w o . T h e i r revers ib le t r a n s f o r m a t i o n 
involves a n inner molecu la r r eac t i on b e t w e e n t h e t w o solid soln. : (0.-Ee-I-Ee2Ni) 
^ ( y - F e - I - F e 2 N i ) , each of w h i c h c a n exis t w i t h i n a c e r t a i n zone of t e m p . T h e 
r i g h t a n d left m e m b e r s of t h e r eac t i on invo lve t w o different phases , a n d t h e 
passage f rom one t o t h e o t h e r is a c c o m p a n i e d b y a c h a n g e in c rys ta l l ine s t r u c t u r e . 
T h e a n o m a l y a t t e n d i n g t h e revers ib le t r a n s f o r m a t i o n invo lves a progress ive a n d 
revers ib le modif ica t ion in t h e p rope r t i e s of t h e a l loys wh ich is s p r e a d ove r a l a rge 
i n t e r v a l of t e m p . , r e ach ing a m a x i m u m in t h e n e i g h b o u r h o o d of t h e c o m p o s i t i o n 
F e 2 N i , a n d g r a d u a l l y d i s a p p e a r i n g on a p p r o a c h i n g F e N i 2 . T h e c o m p o s i t i o n F e N i 2 
fo rms a k i n d of b o u n d a r y b e t w e e n t h e a n o m a l o u s revers ib le al loy, a n d t h o s e 
showing t h e pecul iar i t ies of n ickel . C. Bened i cks a n d N . a n d G. Er icsson e m p l o y e d 
a s imilar hypo thes i s . C. Bened i cks a n d P . Sede rho lm, a n d Kl. H o n d a a n d H . T a k a g i 
a t t r i b u t e t h e non -expans ib i l i t y of i n v a r t o t h e fact t h a t t h e h igh p r o p o r t i o n of 
nickel lowers t h e A 3 - t r a n s f o r m a t i o n t o r o o m t e m p , a n d a t t h e s a m e t i m e m a k e s t h e 
y - t o a - t r a n s f o r m a t i o n a progress ive one . C Bened icks , howeve r , a d d e d t h a t t h e 
pos i t ion of t h e A c 3 - t r a n s f o r m a t i o n for 36 p e r cen t , of n ickel is a b o u t 400°, a n d 
t h a t of t h e A r 3 - t r a n s f o r m a t i o n , a b o u t —100° . H e n c e , e q u i l i b r i u m wou ld be 
imposs ib le a t o r d i n a r y t e m p , a n d i n v a r w o u l d be dec ided ly u n s t a b l e . Th i s is n o t 
in a g r e e m e n t w i t h o b s e r v a t i o n s . T. K a s e , however , showed t h a t i n v a r is n o t a 
c o m p o u n d b u t a y-sol id soln. ; a n d t h a t t h e A 3 - t r a n s f o r m a t i o n t a k e s p lace be low 
t h e t e m p , of l iquid air . K . H o n d a a n d S. Miu ra showed t h a t t h e a b n o r m a l 
p r o p e r t y of i n v a r h a s n o c o n n e c t i o n w i t h t h e A 3 - t r a n s f o r m a t i o n , b u t is ba sed on 
t h e p r o p e r t y of t h e f e r romagne t i c a l loy in t h e y - p h a s e . G. P h r a g m a n infer red t h a t 
t h e a n o m a l o u s expans ion is n o t d u e t o a t w o - p h a s e r e a c t i o n b u t is r a t h e r a p r o p e r t y 
of t h e face-cent red cub ic l a t t i c e of t h e s e a l loys w h e n c o n t a i n i n g a b o u t 38 pe r cen t , 
of nickel . This impl ies t h a t t h e low coeff. of e x p a n s i o n is n o t d u e t o a t w o - p h a s e 
r eac t ion which c o m p e n s a t e s t h e n o r m a l d i l a t i on of t h e t w o p h a s e s , as a s s u m e d b y 
C Bened icks a n d P . Sede rho lm. T h e r e is scarce ly a n y r ea son t o a s s u m e t h e 
presence of a b o d y - c e n t r e d , cub ic p h a s e i n t h e low e x p a n s i o n a l loys . C. B e n e d i c k s 
based a t h e o r y of t h e e x p a n s i o n a n o m a l y on t h e a s s u m p t i o n s t h a t t h e a l loy 
c o n t a i n s t w o defini te p h a s e s vide supra—that, on h e a t i n g , a c e r t a in p r o p o r t i o n of 
one p h a s e changes i n t o t h e o t h e r , a n d t h a t t h i s t r a n s f o r m a t i o n is a c c o m p a n i e d b y 
a c o n t r a c t i o n . T h e o b s e r v e d t h e r m a l e x p a n s i o n is t h e difference b e t w e e n t h e 
n o r m a l t h e r m a l e x p a n s i o n a n d t h e c o n t r a c t i o n d u e t o t h e t r a n s i t i o n f rom one 
p h a s e t o a n o t h e r ; if t h e t w o a re e q u a l in m a g n i t u d e , one c o m p e n s a t e s t h e o t h e r , 
a n d no change in vol . occurs . I t is a s s u m e d t h a t t h e one p h a s e is in a n e x t r e m e l y 
f inely-divided s t a t e so t h a t t h e surface b e t w e e n t h e t w o p h a s e s is a v e r y l a rge 
one ; o therwise a n excess ive t i m e w o u l d be r e q u i r e d t o r e a c h equ i l i b r ium. T h e 
t i m e s r equ i r ed for t h e t w o c h a n g e s t o occur , w h e n t h e t e m p , is ra i sed a b r u p t l y , is 
n o t necessar i ly t h e s a m e . C. B e n e d i c k s s h o w e d t h a t t h e t r u e t h e r m a l e x p a n s i o n 
is v e r y r ap id , while t h e t w o - p h a s e t r a n s f o r m a t i o n is slower, so t h a t w i t h a r a p i d 
h e a t i n g , t h e first e x p a n s i o n wh ich occurs d u r i n g t h e first 3 m i n u t e s is n o r m a l — 
ly ing b e t w e e n t h a t of i ron , 0-O412, a n d t h a t of n ickel , O 0 4 1 3 ; t he r ea f t e r a con­
s ide rab le c o n t r a c t i o n occurs a n d decreases in i n t e n s i t y r e l a t ive ly s lowly, a n d 
ceases o n l y af ter t h e lapse of 12 m i n u t e s . T h e r e s u l t a n t or a p p a r e n t e x p a n s i o n 
w a s t h u s r educed f rom 0-O413 t o t h e n o r m a l v a l u e for i n v a r O 0 6 4 in 12 m i n u t e s . 
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The hysteresis attending the phase transformation shows that the initial expansion 
of invar is a function of time. H. Masumoto noticed that the y-solid soln. has a 
smaller expansibility in the ferromagnetic state than it has if it be in the para­
magnetic state. The ferromagnetic expansion curve at 20° is shown in Fig. 228. 
The saturation value of the iron-nickel alloys has a deep minimum at 30 per 
cent, of nickel, and the critical point of nickel is raised to a maximum with 
35 per cent, of iron and subsequently „ 
decreases down to 30 per cent, of s 4r 
nickel, so also does the magnetization 
increase at first rapidly and then 
slowly as the temp, falls from the 
critical point downwards, and, as the 
critical point rises, so does (i) the 
magnetization at ordinary temp, in­
crease ; and (ii) the magnetization 
increase as the proportion of iron in 
nickel increases. Hence, the maximum 
of the magnetization curve is displaced 
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towards the iron side as compared with the critical point. The ferromagnetic 
expansion, e, is proportional to the saturation magnetization, I0, at room 
temp, for y-solid soln. of varying concentration, so that e—kl0. In Fig. 229, 
RQP is the thermal expansion curve ; OR, the ferromagnetic expansion ; the 
ratio QS : RS denotes the mean coeff. of thermal expansion, <x ; and OA2, the 
critical temp. 0. Then, 

QS QA2-SA2 ^ & JcIa 

RS & 
-tan S-

F i o . 2 2 9 . 

Whether or not a. has a deep minimum depends on the ratio I0 : 0, and this ratio 
can be calculated from the magnetic data. The result furnishes a curve, dotted 
in Fig. 229, which has the characteristics of the thermal expansion curve. The 
small expansibility of the invar alloys can thus be explained from purely magnetic 
data. The subject was discussed by T. F. Russell. 
O. Bauer and H. Sieglerschmidt observed that 0-48 per 
cent, of nickel had no effect on the thermal expansion of 
cast iron, but it reduced the permanent elongation. 

The thermal expansion of the nickel alloys, e.g., invar, 
is very sensitive to the previous history of the alloy, and 
C. E. Guillaume stated that V extreme sensibilite de invar 
aux traitemenls est un, pheriomene curieux en lui-m&me, et 
qui semble a peu pres isole. A thermal after-effect or 
Nachwirhung similar to that observed with glass— 
6. 40, 37—occurs, and the length of a bar of the alloy following a variation of 
temp, depends, at least in the beginning, on the temp, to which it has previously 
been subjected, and on the rapidity with which the final temp, has been attained. 
This is not the same phenomenon as the hysteresis observed by C. Benedicks 
although it supports his hypothesis. Consider a forged bar in a state corre­
sponding with CD, Fig. 217, and suppose that its dimensions are measured from 
time to time while its temp, is maintained constant. If the bar has previously 
been exposed to a higher temp., it will first complete the main contraction accom­
panying the attainment of the temp, equilibrium, and afterwards slowly elongate 
a little with time ; on the other hand, if the bar has been previously treated at a 
lower temp., it will contract. The duration of the recovery is always greater 
when the final temp, is reached by cooling, than when it is attained by heating. 
In either case, the higher the temp, the greater is the speed of the change. In 
illustration, O. E. Guillaume found that a metre wire raised to 100° soon after 
forging elongates at the rate of 0*06/̂  per minute, but if the alloy has been allowed 
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t o season, age , or res t a t r o o m t e m p , for a long t i m e , i t c o n t r a c t s a t t h e r a t e of 
0-8 t o 0*9yu. per min . If i t be h e a t e d t o 15° soon after forging, i t e longa tes a t t h e 

r a t e of 0-07 t o 0-09/u. p e r d a y ; a n d if ra ised t o 15° af ter 
annea l ing a t 40°, i t e longates a t t h e r a t e of 0-03/z pe r d a y . 
Again, af ter a long res t a t r o o m t e m p . , t h e c o n t r a c t i o n a t 
100° is comple t ed in a b o u t half a n hour , b u t i t occupies 
several d a y s a t 40°. These changes recall t h o s e wh ich 
occur wi th chemica l changes where t h e s t a t e of equ i l ib r ium 
d e p e n d s on t h e t e m p . These va r i a t i ons in l e n g t h m a k e 
t h e t h e r m a l expans ion of i n v a r i n d e t e r m i n a t e be tween 
t w o l imi t s , one cor responding t o a r ap id a t t a i n m e n t of 
t h e final t e m p . , a n d one co r respond ing t o a long res t a t 
t h i s t e m p . According t o J . R . Beno i t a n d C E . Gui l l aume , 
for a t e m p . , 0°, be tween 0° a n d 100°, t h e difference 
be tween these t w o l imits is r ep re sen t ed b y t h e empir ica l 

formula Sl/l=—0-08325#2. T h e resu l t is s u m m a r i z e d in F ig . 230, a n d t h e obse rved 
resul ts for 81/Ix 10 6 a re as follow : 

20" 40° 60° 80 100 

F i o . 2 3 O . — T e m p o r a r y 
V a r i a t i o n s in t h e L e n g t h 
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p e r a t u r e . 
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Besides t h e t r a n s i e n t changes j u s t i nd ica t ed , t h e r e a re o t h e r p e r m a n e n t changes 
which con t inue a long t i m e a t a c o n s t a n t t e m p . T h u s a b a r of i n v a r left t o itself 
a t a n y c o n s t a n t t e m p , g radua l ly e longates s l ight ly a t first r ap id ly a n d t h e n m o r e 
a n d more slowly as i t a p p r o a c h e s a s y m p t o t i c a l l y a definite l eng th . T h e r a t e of 
ageing increases w i t h t e m p . O. E . Gui l l aume r educed t h i s change t o a m i n i m u m 
by us ing a n ageing process , or h e a t t r e a t m e n t , or t empe r ing , which he cal led 
etuvage—steaming or s t ewing—in order t o d is t inguish i t f rom o r d i n a r y annea l ing 
—recuit. I n t h e process of t e m p e r i n g , t h e forged ba r s were sub jec ted t o a series 
of slowly decreas ing t e m p , s t a r t i n g a t 100° a n d end ing a t 20° t o 25° af ter a n 
i n t e rva l of 2 or 3 m o n t h s . 

T h e effects of t h e h e a t - t r e a t i n g of forged b a r s a r e i l lus t ra ted b y !Fig. 2 3 1 , 
which represen t s t h e e longat ions observed d u r i n g a per iod of 4500 d a y s w i t h a 
ba r of i n v a r cooled in a i r af ter forging a t a r ed -hea t , a n d t h e n m a i n t a i n e d a lmos t 
c o n s t a n t l y below 20°. T h e lower cu rve r ep resen t s t h e changes w i th a s imilar b a r 

p rev ious ly r e h e a t e d t o 150°, a n d t h e n cooled in 50 d a y s 
t o 40°. The s a m e al loy cooled g r a d u a l l y for several weeks 
more d o w n t o 25°, a f t e rwards e longates in accord w i th t h e 
s a m e cu rve b u t s t a r t i n g from a p o i n t cor responding w i t h 
1OO d a y s a n d 3/u, p e r m e t r e . Similar cu rves h a v e been 
d r a w n for q u e n c h e d or d r a w n ba r s , or wires, k e p t in t h e 
l a b o r a t o r y af ter be ing v e r y slowly cooled f rom 100° t o 

ays 25°. R e s t a t a h igher t e m p , h a s c o n t i n u e d t h e effect of 
s i o n o f l ^ w i t h S S S : P ^ v i o u s bea t ings , a n d acce le ra ted t h e e longat ion . T h e 

t h e r m a l expans ion of i n v a r is increased a l i t t le b y t h e v e r y 
slow cooling of t h e spec imen. Af ter t h e ageing is comple ted , t h e e x p a n s i v i t y 
r emains c o n s t a n t for a long per iod. Quench ing lowers t h e e x p a n s i v i t y of i nva r . 
If Sa deno tes t h e difference be tween each va lue observed a n d t h e n o r m a l va lue , 
a b o u t 1 -2x10 -« , in Vetat naturel, t h e n , C. E . Gu i l l aume found t h a t for a rod 
annea led a t 900° a n d cooled in t h e furnace , Set—0*65 X 10~« ; for a rod annea led 
a t 900° a n d cooled in air , S a = 0 - 2 6 x 10~« ; for t h e s a m e rod r e h e a t e d a n d cooled 
in air , SOL== zero ; a 24 -mm. b a r q u e n c h e d f rom 900°, S a = —0-42 X 10~« ; a 12 -mm. 
b a r q u e n c h e d from 900°, S a = - 0 - 4 6 X 10~« ; a n 8 -mm. r o d q u e n c h e d f rom 900°, 
S a = — 0 * 4 9 X 10~« ; a n d a 1-65-mm. wire q u e n c h e d f rom 900°, S a = - 0 - 5 3 X 10~«. 
D r a w n b a r s b e h a v e a l i t t le differently f rom forged ones . T h e first r e h e a t i n g t o 
100° p r o d u c e d a n e longa t ion for severa l h o u r s followed b y a con t r ac t i on . A t lower 

2000 
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t e m p , t h e y b e h a v e d l ike forged ba r s even if t h e c o n t r a c t i o n a t 100° h a d scarcely 
c o m m e n c e d . A d r a w n b a r k e p t for a long t i m e a t t h e r o o m t e m p . , a n d t h e n 
b r o u g h t t o 100°, s h o r t e n e d for p e r h a p s half a n hour , t h e n l e n g t h e n e d for severa l 
h o u r s , a n d finally sho r t ened aga in for more t h a n 1OO hr s . T h e r e a r e t h u s t h r e e 
d i s t i nc t v a r i a t i o n s in t h e s a m e ba r , a n d these differ in m a g n i t u d e a n d d u r a t i o n , 
t h e first t w o resemble those obse rved w i t h forged ba r s , b u t t h e t h i r d is pecu l ia r 
t o d r a w n b a r s . J . R . Beno i t a n d C. E . Gruillaume found t h a t a d r a w n a n d forged 
b a r g r a d u a l l y cooled from 100° t o 20° in 3 m o n t h s e longated , in Sl m ic rons p e r 
m e t r e , a s follows : 

D a y s 
Sl 

O 
OO 

1OO 
1-5 

5OO 
4 - 4 

10OO 
6-6 

1500 
8-

2 0 0 0 
9 -3 

2 5 0 0 
10-

29OO 
1 0 - 8 M 

A wire t o be used for geode t ic m e a s u r e m e n t s is r a re ly in a su i tab le condi t ion for 
ca l ib ra t ion un t i l 4 or 5 m o n t h s l a te r . Da i ly va r i a t i ons of t e m p , are considered t o 
be a b r u p t , while seasona l v a r i a t i o n s of t e m p , a re cons idered t o be very slow. T h u s , 
if i n v a r were used for geodet ic m e a s u r e m e n t s , t h e m e a n t e m p , of t h e weeks i m m e ­
d i a t e ly p reced ing wou ld be cons idered a s be ing a t t a i n e d slowly, whereas t h e 
e q u a t i o n for t h e r m a l e x p a n s i o n is based on r a p i d changes of t e m p . If, therefore , 
t h e m e a n t e m p , of t h e season were 20°, a n d t h e e q u a t i o n for t h e r m a l expans ion 
h a d been d e t e r m i n e d , af ter a long res t , a t 12°, a cor rec t ion is r equ i red for t h e 
t e m p , of t h e m o m e n t b y t h e expans ion fo rmula o b t a i n e d d u r i n g t h e ca l ib ra t ion , 
a n d also a cor rec t ion b y t h e fo rmula 81/1=—0-00325 X 10—Qd~. 

C. E . Gu i l l aume found t h a t a t a g iven t e m p . , t h e i n s t ab i l i t y of t h e nickel alloy 
is g r e a t e r t h e nea r e r t h i s t e m p , is t o t h a t a t which t h e a l loy loses i t s m a g n e t i c 
qua l i t i es . A t o r d i n a r y t e m p . , t h e s t ab i l i ty w i th respec t t o va r i a t i ons of t i m e a n d 
t e m p , is inc reased by a d d i n g nickel u p t o a m a x i m u m of a b o u t 43 per cen t . ; on 
exceed ing t h i s p ropo r t i on , t h e d i rec t ion of t h e change in l eng th is reversed ; a n d 
t h e c o n t r a c t i o n w i t h t i m e increases s l ight ly on a d d i n g still more nickel . F o r 
e x a m p l e , t h e l eng th of a b a r w i t h 43-6 pe r cen t , nickel was measu red i m m e d i a t e l y 
af ter forging, a n d t h e n g r adua l l y cooled f rom 100° t o 30° for 3 m o n t h s . T h e 
l eng th w a s t h u s r e d u c e d on ly 
0-7/Lt pe r m e t r e ; s imi lar ly , a 
b a r w i t h 44*2 pe r cen t , nickel 
c o n t r a c t e d 2-6)x pe r m e t r e in 
66 h r s . a t 100° i m m e d i a t e l y 
a f te r forging, a n d i t t h e n con­
t r a c t e d 0-4/x more d u r i n g 2000 
d a y s , a n d 1-1/u. du r ing 4000 d a y s 
a t r o o m t e m p . ; while a b a r 
w i t h 56-2 pe r cen t , nickel was 

F i o . 2 3 2 . T h e r m a l 
C o n d u c t i v i t y a n d 
Specifier H o a t of 
I r o n - N i c k e l A l l o y s . 

F i a . 2 3 3 . - - T h e S p e c i f i c H o a t , 
of N i c k e l - I r o n A l l o y s . 

s imi lar ly sho r t ened 8-8/x b y keep ing i t 130 h rs . a t 100°, and subsequen t ly , 2-5/x by 
keep ing i t 2000 d a y s a t r oom t e m p . T h e al loy w i th 46 per cen t , nickel i» preferred 
for m a k i n g s t a n d a r d s of l eng ths because i t h a s a g r ea t e r s tab i l i ty t h a n inva r , it also 
offers a g r e a t e r res i s tance t o ox ida t ion , a n d i t ha s a t h e r m a l expans iv i t y app rec i ab ly 
less t h a n t h a t of p l a t i n u m . A n al loy w i t h 56 pe r cent , nickel ha s a n e x p a n s i v i t y 
a b o u t t h e s a m e as t h a t of s teel , a n d i t is more s tab le , a n d less subjec t t o corrosion. 
I t is there fore used in i ndus t r i a l measu r ing i n s t r u m e n t s to avo id t e m p , cor rec t ions . 

L . K. Ingersol l found t h e thermal conduct iv i ty , k, of t h e i ron-nickel al loys 
b e t w e e n 20° a n d 100°, a n d found, in c.g.s. un i t s , 

N i c k e l 
k 

O 1 0 7 1 0 - 2 0 1 9 - 2 1 2 5 - 2 3 5 - 0 9 4 7 0 8 7 5 0 6 1 0 0 p e r c e n t . 
O-1428 0 1 0 3 5 0 0 6 8 7 0 0 5 0 2 O 0 3 2 0 0 0 2 6 2 0 - 0 3 6 7 O-1181 O-1168 

T h e resu l t s a r e p l o t t e d in F ig . 232. W . C. Ell is a n d co-workers gave 0 0 3 2 9 cal . 
per c m . per sec. p e r degree for t h e t h e r m a l c o n d u c t i v i t y of t h e F e : Ni (70 : 30) 
al loy ; and 0-0324. for t h e F e : N i : Cr : Mn (68 : 29 : 2 : 1) a l loy. K . H o n d a found 
for n ickel-s teel , m a d e from i ron wi th 0-09 pe r cent , of ca rbon , 0-11, Si ; 0-31, Mn ; 
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0-03, P ; 0-026, S ; a n d 0-288, Cu ; 
0 1 5 , Si ; 0-35, M n ; 0 0 1 7 , S ; 4-20, 
a t 30°, of klf for spec imens a n n e a l e d 
cooled in l iquid a i r : 

a n d nickel w i t h 0-29 pe r cen t , c a r b o n , 
Cu ; 1-25, F e ; a n d 0-24, Co, t h e v a l u e s , 
once a t 900°, a n d Jc2, for spec imens once 

Ni . 
Jc1 
k% . 
Ni . 
kx . 
k2 . 

0 
0 0 9 8 0 
0 0 9 8 0 

27-7 
00199 
0-0449 

4-6 
0 0 7 6 4 
0 0 7 2 2 

32-8 
00193 
00193 

9-2 
00616 
00609 

55-4 
0 0 3 6 0 
— 

21-2 
0 0 4 0 9 
0 0 4 5 0 

73-8 
00563 
— 

23-6 per cent 
0 0 3 1 0 
0 0 4 6 0 

92-3 per cent 
0-0833 
— 

T h e resu l t s a r e p l o t t e d a long w i t h t h e e lec t r ica l res i s tances in Fig- 235 . M. J a k o b 
m a d e some o b s e r v a t i o n s on t h e sub jec t . L . R . Ingerso l l m e a s u r e d t h e specific 
h e a t of t h e i ron-n icke l a l loys , in cals . p e r g r a m , b e t w e e n 25° a n d 100°, a n d found : 

Nicke l 
S p . h t . 

1 0 7 
0 1 1 6 2 

10-2O 
0-1168 

19-21 
0 1 1 6 2 

25-20 
0-1181 

3 5 0 9 
0 1 2 2 8 

47-08 
0 1 1 9 6 

7 5 0 6 
0-1181 

100 p e r c e n t . 
0 1 1 6 8 

T h e resu l t s a re p l o t t e d in F i g . 233 . W . C. El l is a n d co-workers gave 0-116 for 
t h e sp . h t . of t h e F e : N i (70 : 30) a l loy ; a n d 0-114 for t h e F e : N i : Cr : M n 
(68 : 29 : 2 : 1) a l loy. M. K a w a k a m i m e a s u r e d t h e sp . h t . of t h e i ron-nickel a l loys , 

a n d his resu l t s a r e s u m -
o-2or—r T - T • -T---T- -. . , 1 T—-, • , m a r i z e d in F ig . 233 , 

w h e r e t h e c o n t i n u o u s 
c u r v e refers t o t h e 
a n n e a l e d a l loy ; t h e 
b r o k e n c u r v e t o t h e 
a l loy cooled in l iqu id 
a i r ; a n d t h e d o t t e d 
l ine t o t h e q u e n c h e d 
a l loy. M. G a r v i n a n d 
A. M. P o r t e v i n s t u d i e d 
t h e cooling cu rves . A c ­
co rd ing t o W . B r o w n , 
t h e sp . h t . of s o m e 
nickel-s teels w i t h 5-04 
p e r cen t , m a n g a n e s e a n d 
0-6 p e r cen t , c a r b o n , a n d 
w i t h 14-35, 19-01, a n d 

25-00 pe r cen t , of n ickel , were r e spec t ive ly 0-1208, 0-1194, a n d 0-1186 A. D u m a s ' 
r e su l t s a r e s u m m a r i z e d in F ig . 234. 

H . R u b e n s a n d E . H a g e n , a n d M. K a h a n o w i c z s t u d i e d t h e changes in t h e 
e m i s s i v e p o w e r w i t h t e m p . J . T . L i t t l e t o n gave for l igh t of w a v e - l e n g t h 5893 A . , 
t h e reflect ing p o w e r R, t h e a b s o r p t i o n coeff. h, a n d t h e i n d e x of ref rac t ion /x, 

100 200 300° 400° 500° 600° 700" 
F i O . 234.-—Specific H e a t s of Al loys of N i c k e l a n d I r o n . 

I r o n 
H 
k 

27-O 55-8 6 7 0 74-2 77-2 8 0 0 2 93-77 98-30 p e r c e n t . 
6 2 0 60-9 6 O l 59-4 58-8 58-8 58-3 58-8 

3-50 3-52 3-35 3 42 3-41 3-40 3-34 3-44 
2 0 1 2 1 6 2-23 2-25 2-30 2-31 2-38 2 44 

S. L o r i a a n d C. Z a k r z e w s k y m e a s u r e d t h e i n d e x of re f rac t ion of i n v a r ; a n d 
S. Lor i a a n d C. Z a k r z e w s k y found t h a t for i n v a r , w i t h l igh t of wave - l eng th A, 

A 
k . 
V- -

P . D . F o o t e s t u d i e d t h e K e r r effect w i t h i n v a r ; S. J . B a r n e t t , t h e g y r o m a g n e t i c 
effect w i t h p e r m a l l o y ; W . K r a e m e r , t h e s p e c t r u m ; a n d KL. H a y a k a w a , t h e 
emiss ion of e l ec t rons . 

4390 
2-43 
1-57 

4475 
2-48 
1-64 

4663 
2-60 
1-72 

5025 
2-74 
1-83 

5513 
2-92 
1-98 

5896 
3 0 8 
2 0 5 

6483 
3-21 
2-25 

7040 
3-42 
2-43 
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P. R. Kosting obtained the results summarized in Fig. 235 for the electrical 
resistance of nickel-iron alloys in microhms per cm. cube at 20°, and for the 
temp, coeff. of the alloys in ohms per ohm per degree X 104. 

C. E. Guillaume gave for the change of electrical resistance of iron-nickel 
alloys between 0° and 0°, for 26-2 per cent, 
nickel, (844+0010) 10"« ; for 28-7 per cent, 
nickel, (700—0-200)10-6 ; for 30-4 per cent, 
nickel, (897—0-430) 10~6 ; for 35-0 per cent, nickel, 
(1561 — 1-690)10-6; for 35-7 per cent, nickel, 
(1161—1-680)10-6; and for 220 per cent, 
nickel with 3 per cent, chromium, (784—O-130)lO-tt. 
He did not find any marked differences in the 
electrical resistances of various nickel-steels ; all 
those studied ranged from 80 to 90 microhms at 
ordinary temp. Nor did he find any anomalies, 
corresponding with anomalies in other physical F l a - 235.—Kloetrioal Resistance 
properties, between 20° and 150°. On the other o f Nickel-Iron Alloys, 
hand, J. Hopkinson, O. Boudouard, and A. P. Schleicher and W. Guertler found 
anomalies in the electrical resistances with changes of temp. The subject was 
studied by E. D. Campbell and H. W. Mohr, P. Chevenard, O. Dahl, H. A. Dickie, 
W. T. Griffiths, W. C. Hirsch, 
M. A. Hunter and co­
workers, J. T. MacGregor-
Morris and K. P. Hunt, 
A. de Negri, W. Phillips, 
F. Ribbeck, R. Sehenck, 
A. P. Schleicher and 
W. Guertler, A. Schulze, 
and G. Tammann and 
V. Caglioti. The results of 
G . G o s s e l s , a n d L . R . I n g e r -
s o l l a r e s u m m a r i z e d i n 
F i g . 2 3 6 . W . C . E l l i s a n d 
c o - w o r k e r s g a v e & X l 0 ~ 5 = 
0 - 1 0 5 2 m h o fo r t h e e l e c - "o 20 40 GO 
trical conductivity of the Per cent- °f nichel 

F e " N i ( 7 0 * 3 0 ) a l l o v • a n d ̂ lG- 2 3 6 . — T h e Kffect of T e m p e r a t u r e on t h e R e s i s t a n c e 
ifc X 1 0 - 5 = 0 - 1 0 7 1 m h o f o r of t h e N i c k e l - I r o n Al loys , 
the Fe : Ni : Cr : Mn (68 : 29 : 2 : 1) alloy. L. R. Ingersoll found the sp. electrical 
resistance of nickel-iron alloys, R microhms per cm. cube, at 20° to be : 

Q3 40 

S3 20 

N i 
It 
a. 

N i 
R 

4 O 
20-9 
O-0020 

3 5 0 9 
92-O 

0 0 0 1 1 

7-O 
25-2 

0 0 0 2 3 

4 0 0 
74 1 

0-0022 

1 3 0 
3 3 0 

0 0 0 1 8 

47-08 
47-5 

0-0036 

2 2 1 1 
4OO 

0 0 0 1 8 

9O-O p e r c e n t . 
15-5 

0 0 0 3 4 

26-40 p e r c e n t . 
35-9 

0-0016 

The temp, coeff. a, between 0° and 100°, are also indicated. The results for temp, 
up to 700° are summarized in Fig. 237. For nickel-iron alloys the resistances, 
R9 in microhms per cm. cube, observed by C. F. Burgess and J. Aston, were : 

N i 
Ii 

0 
1 2 1 

0-27 
1 3 1 

7 0 5 
26-9 

10-20 
28-6 

22 11 
38-7 

25-20 
63-2 

28-42 
8 2 O 

3 5 0 9 
81-1 

7 5 0 6 
2 2 1 

100 p e r cen t . 
12 4 

There is a maximum corresponding with Fe2Ni. J. Hopkinson's observations on 
the variation of the resistance of an irreversible nickel-steel with 25 per cent, 
nickel are summarized in Fig. 238. F. Ribbeck studied the effect of composition. 
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t e m p . , a n d h e a t t r e a t m e n t on t h e e lect r ical r es i s t ance of n ickel-s teel . G. J . Sizoo 
a n d C. Zwikker obse rved t h a t t h e c o n d u c t i v i t y c u r v e — m h o s p e r c m . c u b e — w i t h 
single c rys ta l s of nickel- i ron al loys h a s il l-defined m a x i m a a t F e 3 N i a n d F e N i 2 , 
a n d m i n i m a a t F e 2 N i , a n d a t 90 p e r cen t , n ickel . T h e t e m p . coeff. oc b e t w e e n 
0° a n d 100° has m a x i m a a n d m i n i m a a t t h e s a m e p o i n t s . 

Nicke l 
M h o X 10-« . 
oc x 105 

O 1 O l 
9-75 3-68 

58O 225 

20-4 
3-61 

2 6 0 

33-6 40-8 
1-31 1-79 

126 306 

7OO 79-8 90-9 IOO p e r c e n t . 
7-30 7-46 8-26 13-8 

592 560 454 617 

H . Toml inson gave for t h e sp . e lec t r ica l r e s i s t ance , R, a t 20° , in c.g.s. u n i t s for 
h a r d - d r a w n a n d a n n e a l e d i ron-n icke l wires , a s well a s for t h e a l t e r a t i o n in sp . 
res i s tance , ST?, p roduced b y a l ong i tud ina l t r a c t i o n of a g r a m pe r sq. cm. , a n d t h e 
a l t e r a t i on , SR, p r o d u c e d b y a l ong i tud ina l m a g n e t i c force of a c.g.s. u n i t : 

0 
12,090 
10,740 

+ 13-23 
-f-23-35 

2 2 
47,98O 
75,08O 
-f-7-53 
+ 3-06 

2 5 
60,944 
78,723 
+ 6-64 
+ 1-48 

3 0 
55,080 
72 ,913 
— 1-34 
+ 4-56 

1OO p e r cen t 
17,57O 
17,36O 

— 40-80 
+ 80-70 

Nicke l 
„ | H a r d - d r a w n 

1 A n n e a l e d 
SR X 10 1 0 b y t r a c t i o n . 
8R X l O 6 b y a m a g n e t i c field 

One of I J . A n a s t a s i a d i s a n d W . Gue r t l e r ' s cu rves is s h o w n in F ig . 239. T h e r e su l t s 
w i th t h e h e a t i n g a n d cooling a r e n o t revers ib le . P . W . B r i d g m a n found t h a t 
t h e effect of p ressure on t h e sp . r e s i s t ance , R3 of t h e n ickel - i ron a l loys c a n be 

1320 

1280 \-

1240 

1200 

1160 

1120 

0 20 40 60 80 % Ni 
F i a . 2 3 7 . — T h e E l e c t r i c a l R e s i s t ­

a n c e of N i c k e l - I r o n Al loys . 

120 

100 

_; 

M ^ 

/<£ J 

40 
-200" 0° 200" 400" 600" 800" 

F i o . 2 3 8 . — T h e E l e c t r i c a l Res i s t ­
a n c e of Nicke l -S tee l a t Di f fe ren t 
T e m p e r a t u r e s . 

1080 

fctA 

J 

0 ° 800 200 400° 600 
F I G . 239 . T h e E l e c t r i c a l R e s i s t a n c e of a n 

I r o n - N i c k e l A l loy o n R i s i n g a n d F a l l i n g 
T e m p e r a t u r e s . 

r e p r e s e n t e d b y 8R/R0=ap-±-bp2, w h e r e a a n d b a r e 
va lue s for t h e t e m p , coefx., a , b e t w e e n 0° a n d 100° : 

Ni 
O A O / C X 1 0 « . J U U x i o n 

c o n s t a n t s , a n d h e a lso g a v e 

7 „ / a x 10« . 
7 5 \bx 1 0 " 
R (30°) 
a X 1 0 s 

N i 
a x 10« 
6 X 10 1 1 

a x 10« . 
6 X 1O1I 

R (30°) 
a X 103 

30°{ 

75°{ 

0 
— 2-427 

1 1 4 
— 2-45O 

1 0 0 
10-5 

6-21 

60 
3 002 
2-29 
2-886 
1-70 

30-7 
4-74 

10 
0-036 

— 8 O 
— 0 0 9 1 
— 3 0 0 

3 O l 
2-31 

75 
0-456 

0-394 

18-9 
6*28 

25 
2 822 

— 0-92 
2-315 

— 0-92 
32-4 

2-62 

78-5 
— 0 1 2 9 

— 0 1 8 1 

18-2 
4-62 

30 
8-7 

7-7 

51-4 
5-89 

81 
— 0-389 

— 0-461 

1 7 1 
4-46 

40 
91OO 

— 6-06 
6-910 

— 7-08 
65-6 

2-87 

50 p e r c e n t . 
5-904 
5-62 
5-422 
3-68 

41-9 
4-43 

100 p e r c e n t . 
— 1-905 

0-5O 
— 1-925 

0-56 
7-0 
6 34 
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75 

The results are plotted in Fig. 240. There are breaks in the curves as the alloys 
with over 25 per cent, of nickel change from the body-centred to the face-centred 
cube. J. Hopkinson found 
that by the intense cooling of 7 15.0r<—BodlJ-
steel with about 25 per cent. \centred 
nickel, the electrical resistance 
at room temp, was changed 
from 72 to 52 microhms. 
T. D. Yensen obtained a 
curve showing a maximum 
with about 30 per cent, nickel. 
K. Honda compared the elec­
trical and thermal conduc­
tivities of the nickel-steels 
made from the metals indi­
cated above in connection with 
the thermal conductivities. 
The electrical conductivities 
K1 mho refer to specimens annealed once at 900°, and K2 mho refer to specimens 
cooled once in liquid air. The ratios of the two conductivities Ic1]Kx and &2/A"2 are 
also indicated : 

^ 2 

5-0 

2-5 

-25 

F i o . 240. T h e Effect of P r e s s u r e on t h e E lec t r i ca l 
!Resistance of t h e N i - E e Al lovs . 

N i . O 
K1 . 0-504 
TsT3 . 0-504 
ICiIKx 1-94 
Az/Kz 1-94 

T h e r e s u l t s 

4 0 
0-362 
0-364 
2 11 
1-98 

a r e t 

9-2 
0-281 
0-276 
2-19 
2-20 

s l o t t e d 

21-2 
0-201 
0-220 
2-04 
2-03 

i n F i i 

23 6 
0-182 
0-233 
1-7O 
2 O l 

e. 2 4 1 . 

27-7 
o-107 
0-240 
1-86 
1-87 

T h e 

32-8 
0 1 01 
0-101 
1 91 
1-91 

m i n i m a 

55-8 73-8 92-3 p e r c e n t . 
0-256 0-365 O 500 

.— 
1-41 1 54 1-64 

.— 
fo r the1, t w o e l e c t r i c a l c o n -

ductivities lie at concentrations 
approximating 30 per cent, of 
nickel. There are small minima 
and maxima, respectively at 21 
and 27 per cent, of nickel, for the 
specimens cooled once in liquid 
air. The ratio of the thermal 
and electrical conductivities is 
never a constant for all nickel-
steels, but the deviation is not 
large when the variations of the 
conductivities amongst themselves 
are considered. It is more 
correct to say that the ratio has 
nearly a constant value for alloys 
either above or below 31 per 
cent, of nickel—the mean values 
being respectively 1-98 Xl O-6 

and 1-68 X10-6. H. C. H. Car­
penter and co-workers found for 
nickel-steels with about 0-45 per 
cent, of carbon and 0-9 per cent, of manganese, the following values, R microhms, 
at 17° : 

20 80 100 

E i o . 

40 60 
Per cent nickel 

2 4 1 . — T h e r m a l a n d E l e c t r i c a l C o n d u c t i v i t i e s 
of Nicke l -S tee l s . 

N i 
R 

0 
20 3 

1-20 
22 6 

2 1 5 
24-8 

4-25 
2 9 1 

4-95 
39 3 

6 92 
42-8 

7-95 
43-9 

12-22 
50-5 

15-98 
63-3 

19-98 p e r c e n t . 
75-4 

There is an abrupt change in the resistance of the alloys with from 4-95 
to 7-95 per cent, nickel ; the other values lie on a linear curve. Measure­
ments were also made by H. Ie Chatelier, E. Sedstrom, G. A. Roush, 

file:///centred


2 9 6 I N O R G A N I C ANI> T H E O R E T I C A L , C H E M I S T R Y 

C. Bened icks , A. Schulze , R . A . Hadf ie ld , W- F . B a r r e t t a n d co-workers , 
J . A . F l e m i n g a n d J . D e w a r , J . A. F l e m i n g , H . C. H . C a r p e n t e r a n d co-workers , 
A. P . Schleicher a n d W . Gruertler, R . R u e r a n d L . Schiiz, S. F . S c h e m t s c h u s c h n y 
a n d co-workers , H . N e u m a n n , D . a n d H . E . H a n s o n , W . Bein , T . D . Y e n s e n , 
F . R i b b e c k , C. F - Burgess a n d J . A s t o n , Gr. Gossels, e t c . A. M. P o r t e v i n found a n 
increase in t h e res i s tance of i ron of 1-51 m i c r o h m s ; a n d K . H o n d a , 1-5 m i c r o h m s 
pe r c m . cube on a d d i n g 1 p e r cen t , of n ickel . O. B o u d o u a r d gave for t h e res i s tance 
R m i c r o h m s : 

* ^ , (Ni 2-23 0-1 pe r c e n t . C-J R 15.8 

O-8 p e r c e n t . C< ,» 2O-1 

5-23 
22 1 
4-90 
26-2 

10-10 
27-8 
9-79 
40-6 

15-17 
31 1 
15-04 
47-8 

20-4O 
33-7 
20-Ol 
60-9 

25-85 p e r coxit. 
39-8 
29-96 p e r c e n t . 
8 7 1 

0 20 

K i a . 242. 
80 % Ni 

A. M. P o r t e v i n sa id t h a t t h e influence of nickel revea l s itself b y a n increase in t h e 
sp . e lectr ical res i s tance w h i c h va r ies w i t h t h e p e r c e n t a g e of c a r b o n a n d t h e mic ro -
s t r u c t u r e of t h e s teel . H i g h va lues a r e a t t a i n e d on ly b y t h e po lyhed ra l s teels . 
H a r d e n i n g p r o d u c e s a n increased res i s tance on ly in s teels wh ich in t h e n o r m a l 

s t a t e a r e pear l i t i c , a n d in t hose m a r t e n s i t i c steels c o n t a i n i n g 
0-8 pe r cen t , of c a rbon . Genera l ly speak ing , t h e pas sage 
from one s t r u c t u r e t o a n o t h e r is inc reased b y a change? in 
t h e d i rec t ion of t h e c u r v e which r ep re sen t s t h e v a r i a t i o n s 
of sp . res i s tance as a func t ion of t h e p e r c e n t a g e of n ickel . 
C. B e n e d i c k s ' fo rmula is n o t app l i cab le for s teels con­
t a i n i n g ove r 2 p e r cen t , of n ickel . C. E . G u y e a n d 
A. Schidloff found t h a t t h e influence of a m a g n e t i c field on , 
t h e electr ical res i s tance is g r ea t e r w i th nickel-s teel t h a n i t is 
w i t h i ron a lone . M. Medici , W . E . Wi l l i ams , D . H . A r n o l d 
a n d Li. W . M c K e e h a n , L . W . M c K e e h a n , a n d D . S. S te in­
be rg a n d F . D . Mi roschn i t schenko s t u d i e d t h e effects of 

t ens ion a n d m a g n e t i z a t i o n on t h e electr ical res i s tance of pe rma l loy . F o r 
G. W . E l m e n ' s obse rva t i ons , vide infra, F igs . 243 t o 245 . 

- C. G. F i n k a n d C. M. de Croly found t h e e lectrode potent ia ls of nickel- i ron 
a l loys aga ins t su lphur ic acid of t h e p e r c e n t a g e compos i t ion : 
H 2 S O 4 . . . 0-45 24-15 5 3 0 0 106-5 

/- 98-3 p e r c e n t . Ni —0-420 —0-598 —0-587 —9-548 
V 78-5 p e r c e n t . N i — 0-638 — 0-660 —0-687 — 0-626 

-£7 -J 5 2 1 p e r c e n t . N i —0-710 — 0-698 — 0-688 —0-660 
/ 37-6 p e r c e n t . N i —0-720 —0-705 — 0-706 —0-690 
V I r o n . . —0-941 —0-916 —0-928 —0-905 

T h e T h e r m o ­
e lec t r ic F o r c e of N icke l -
I r o n Al loys a g a i n s t 
C o p p e r . 

197-6 
— 0-446 
— 0-574 
— 0-623 
— 0-660 

395-9 
— 0-471 
— 0-536 
— O-580 
— 0-609 

— 0-872 —0-827 

791-6 per cent. 
— 0-480 
— 0-512 
— O 571 
— 0-578 
— 0-715 

H . Toml inson found t h e e.m.f. in c.g.s. u n i t s of a cell w i t h 22 , 25 , a n d 30 pe r cen t , 
n ickel- i ron al loys aga in s t i ron wire , in w a t e r a t 20°, t o be respec t ive ly —98 X l O 5 , 
—149 X l O 5 , a n d —155 X l O 5 . O. B a u e r found t h e p o t e n t i a l of a 25 p e r cen t , 
n ickel-s teel in a 1 pe r cen t . soln. of s o d i u m ch lor ide aga in s t a n o r m a l ca lomel 
e lec t rode t o be —0-0320 v o l t a t t h e s t a r t ; —0-397 v o l t af ter 1 h r . ; a n d —0-581 
vo l t af ter 120 h r s . M. de K . T h o m p s o n a n d A. Li. K a y e s t u d i e d t h e o x y g e n a n d 
h y d r o g e n ove r -vo l t ages of t h e n ickel - i ron a l loys , a n d also t h e i r pass iv i ty . 

L . R . Ingersol l m e a s u r e d t h e thermoelectr ic force , E m ic rovo l t s pe r degree , 
of coppe r a g a i n s t a l loys of i ron a n d nickel b e t w e e n 0° a n d 96°, a n d t h e r e su l t s a r e 
s u m m a r i z e d in F ig . 242. P . R . !Costing's va lues a r e s u m m a r i z e d in F i g . 235 a long 
w i t h t h e res i s tance c u r v e ; t h e t he rmoe lec t r i c force is expressed in mic rovo l t s p e r 
degree . E . S t e i m a n n obse rved t h a t t h e t he rmoe lec t r i c force of a couple of l ead 
a n d nickel-s teel w i t h 36-1 pe r cent , of nickel is —2461 mic rovo l t s b e t w e e n 0° a n d 
100° ; ar id w i t h s tee l c o n t a i n i n g 28 pe r cen t , of n ickel , t h e e.m.f. b e t w e e n 20° 
a n d 260° is 385 t o 386 mic rovo l t s . N o s imple ru le w a s no t i c ed t o c o n n e c t t h e 
e.m.f. w i t h t h e compos i t ion . G. Bel loc o b t a i n e d ana logous resu l t s . W . F . B a r r e t t , 
a n d W . R o h n s t u d i e d t h e t he rmoe lec t r i c force of t h e a l loys a g a i n s t p l a t i n u m ; a n d 
A. P e p e , a g a i n s t i ron . O. B o u d o u a r d e m p l o y e d t h e t h e r m o e l e c t r i c force a s a 
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m e a n s of fixing t h e t r a n s i t i o n p o i n t s a n d o b t a i n e d t h e r e su l t s i n d i c a t e d in 
T a b l e X V I . E . L. D u p u y a n d A. M. P o r t e v i n g a v e t h e r e su l t s s u m m a r i z e d in 

T A B L E X V I . — T H E T H E R M O E L E C T R I C I 

P e r c e n t a g e 
c o m p o s i t i o n 

C (circa) N i 

r 2 2 3 
7 1 3 

0 - 1 0 < 1 2 0 7 
2 O 4 O 

I 3O-OO 
f 1 - 9 7 

7 - 5 9 
0 - 2 0 < 1 2 - 2 9 

2 0 - 0 1 
I 2 7 - 8 7 
C 2 - 2 0 

7 0 9 
0 - 8 0 < 1 2 - 2 7 

2 0 - 0 1 
I 2 9 - 9 6 

" U n t r e a t e d 

- 8 0 ° 

-t- 8 - 8 
- 4 - 8 

— 1 8 1 
2 7 3 
1 5 2 

4 - 8 - 1 
— 4 - 3 
— 1 3 4 
— 2 2 0 
— 4 1 
- h 5 - 7 
— 3 - 9 

1 O-1 
— 6 - 8 
- 2 - 9 

100° 

4 - 6 - 5 
- 7 - 6 

1 7 - 4 
— 3 O O 
— 1 5 
I- 6 - 3 

— 6 - 8 
— 1 6 - 4 
— 2 1 - 5 
— 1-9 
4 - 4 - 6 

5 - 9 
— 1 0 - 4 
— 3 - 5 
— 1 9 

" O R C E O F N I C K E L - S T E E L A O A l N S T < 

A n n e a l e d 

— 8 0 ° 

+ 8 - 9 
— 4 - 8 

1 4 - 3 
- 2 8 - 4 
— 1 4 8 
+ 8 - 5 

4 1 
— 1 3 0 
— 2 1 4 
— 7 - 9 
- h 6 4 
— 5 0 
— 7 - 8 
- 1 2 - 3 
— Ct 6 

IOO" 

4 - 6 3 
— 7 - 8 
— 1 6 - 9 
— 3 0 - 4 
— 6 - 9 
•{• 7 -O 
— 7 - 3 
— 1 5 - 3 
— 3 O - 6 
— 2 - 3 
•4- 4 - 7 
— 6 - 9 
— 9 - 4 
— 6 - 6 
- 1 -8 

J o r i ' E B . 

H a r d e n e d 

— 8 0 ° 

M 0 - 7 
4 - 9 

1 4 - 5 
— 3 2 - 6 

1 4 - 7 
-V- 7 - 9 
— 3 - 2 
— 1 1 - 7 
— 2 2 - O 
— 9 - 2 
4 - 5 - 8 
— 4 - 1 
— 8 - 7 
— 5 O 
— 3 - 3 

JOO° 

+ 6 - 2 
— 7 - 6 

1 7 O 
3 1 3 

— 1 0 
- h 5 - 0 
— 6-O 
- 1 5 7 
- 2 3 - 7 
— O-9 
4 4 - 6 
— 5 - 9 
— 9 - 8 
— 5-O 
— 2 - O 

T a b l e X V l for t h e t h e r m o e l e c t r i c force of n icke l a g a i n s t coppe r b e t w e e n —80° 
a n d 0° , a n d b e t w e e n 0° a n d 100°. T h e a n n e a l e d s teel w a s h e a t e d 3 h r s . a t 900° 
a n d cooled for 7 h r s . in t h e fu rnace , a n d t h e s teel w a s h a r d e n e d b y h e a t i n g i t t o 
950° for 13 m i n u t e s a n d q u e n c h i n g i t in w a t e r a t 18°. T h e steels c o n t a i n e d OO1 
t o 0-10 pe r cen t , silicon ; 0-01 t o 0-12 pe r cen t , m a n g a n e s e ; a n d 0*001 t o 0-3 p e r 
cen t , of s u l p h u r . All t h e cu rves r e p r e s e n t i n g t h e t he rmoe lec t r i c force in t e r m s of 
p e r c e n t a g e of n ickel show a r a p i d decrease w i t h a c lear ly m a r k e d m i n i m u m . This 
m i n i m u m co r r e sponds w i t h t h e l imi t b e t w e e n aus t en i t i c a n d m a r t e n s i t i c s teels . 
T h e a s c e n d i n g b r a n c h h a s the re fo re a n affinity w i t h t h e solid soln. of n icke l , c a rbon , 
a n d y - i ron . S imi la r r e su l t s were o b t a i n e d b y A. M. P o r t e v i n w i t h t h e e lectr ical 
r e s i s t ance of t he se s teels . F o r O. Li. K o w a l k e ' s o b s e r v a t i o n s on t h e t h e r m o e l e c t r i c 
force of t h e coba l t a n d n icke l - i ron couple , vide supra, coba l t . A Schulze , S. H i l p c r t 
a n d F . H e r r m a n n , J . Ga l ibourg , A. A b t , G. Belloc, a n d P . C h e v e n a r d s tud ied t h e 
sub j ec t . T . S. F u l l e r g a v e for t h e t h e r m o e l e c t r i c force, E mi l l ivol ts , aga in s t 
coppe r , b e t w e e n 0° a n d 100°, for a n a l loy of i ron w i t h : 

N i c k e l 
JS 

0 
0 86 

17 
- 0 - 6 4 

20 
— O-

3O 
— O-52 

81 2 
— 2-45 

93 
— 1-90 

1OO p e r cen t . 
— 2-38 

H . T o m l i n s o n m e a s u r e d t h e t he rmoe lec t r i c force, E, in c g . s . u n i t s a t 20°, t h e 
a l t e r a t i o n , SE, i n t h e t h e r m o e l e c t r i c force p r o d u c e d b y a long i tud ina l t r a c t i o n of 
a g r a m p e r sq . cm. , a n d b y a long i tud ina l m a g n e t i z i n g force of a c g . s . u n i t : 

IOO p e r c e n t . N i c k e l . . . . 

t A n n e a l e d . . . 
8JUx 1 0 1 0 b y t r a c t i o n 
8JSx 1 0 6 b y a m a g n e t i c f o r c e 

O 

— 
— 1 8 6 2 

-h22 
+ 6 8 - 6 

2 2 
— 1 9 3 1 
— 1 0 1 1 

— 2 7 
— 3 8 - 9 

2 4 
— 1 4 5 1 

— 7 3 1 
— 2 1 
3 8 - 3 

3 O 
— 4 3 4 
— 3 8 O 

— 3 O 
— 1 5 5 - 0 

— 2200 
N e g a t i v e 
N e g a t i v e 

A. W . S m i t h a n d J . Di l l inger , a n d A. W . S m i t h o b s e r v e d t h a t a l o n g i t u d i n a l 
m a g n e t i c field decreased t h e t h e r m o e l e c t r i c force of p e r m a l l o y ; annea l i ng a t 1000° 
i ne rea sed t h e c h a n g e . Tens ion decreased t h e t h e r m o e l e c t r i c force of a n a l loy 
w i t h 78 p e r cen t , n ickel ; a n a l loy w i t h 81 p e r cen t , n icke l w a s insens i t ive t o t ens ion ; 
a n d w i t h a n a l loy w i t h 84 pe r cen t , nickel t ens ion decreased t h e the rmoe lec t r i c 
force a t fields below 10 gauss , b u t for g r e a t e r fields, a n increase occur red ; t h e y 
f o u n d t h a t t h e effect rises t o a m a x i m u m a n d t h e n decreases t o nega t ive va lues w i t h 
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increas ing m a g n e t i c i n d u c t i o n s . Th i s m a y m e a n t h a t t h e H a l l e.m.f., e, i n t h e 
r e l a t ion €=RQH-\-HtI—vide i r on—is d e p e n d e n t on a pos i t ive v a l u e of JfJ1 a n d a 
n e g a t i v e v a l u e for R0 -when -R1 a n d -R0 a r e t h e s a m e o rde r of m a g n i t u d e ; o r i t 
m a y m e a n t h a t in t h e a n n e a l i n g of t h e a l loys , t w o m a g n e t i c a l l y different c o m ­
p o n e n t s a r e p r o d u c e d w i t h JR1 a n d JR1 of oppos i t e s i g n s — t h e i r o n of p e r m a l l o y h a s 
a pos i t ive coeff. a n d n icke l a n e g a t i v e one . T h e sub j ec t w a s s t u d i e d b y E . M. P u g h . 
W i t h all t h e al loys, dE/E w a s insens i t ive t o t e n s i o n ove r 10 k g r m s . p e r sq . m m . 
E . D . Campbe l l a n d H . W . M o h r s t u d i e d t h e t h e r m o e l e c t r i c p o t e n t i a l of t h e a l loys . 
U. Sa le rno found t h a t t h e Hal l -e f fect is e x h i b i t e d b y t h e nickel-s teel a l loys a n d 
h a s t h e s a m e cha rac t e r i s t i c s a s i t h a s w i t h o r d i n a r y f e r rome ta l s . I n v a r , for i n s t a n c e , 
shows a m o d e r a t e l y h igh coeff. of r o t a t i o n . A s y m m e t r y o b s e r v e d in all t h e a l loys 
e x a m i n e d is specia l ly m a r k e d in t h e a l loy w i t h 22 p e r cen t , n icke l— i . e . t h e leas t 
m a g n e t i c a l l o y — b u t is a l m o s t a b s e n t f rom t h e h igh ly m a g n e t i c a l loy w i t h 49 p e r 
cen t , n ickel . T h e p resence of 80 p e r c e n t , n ickel is neces sa ry t o reverse t h e s ign 
of t h e effect. A. W . S m i t h a n d R . W . Sea r s a lso i n v e s t i g a t e d t h e H a l l effect in 
t h e p e r m a l l o y s . 

J . H o p k i n s o n s t u d i e d t h e m a g n e t i c propert ies of n ickel-s teels ; he obse rved 
t h a t a 25 pe r cen t , n ickel -s tee l is p r ac t i ca l l y n o n - m a g n e t i z a b l e a t o r d i n a r y t e m p , 
w h e n t h e p e r m e a b i l i t y is on ly 1*4, a n d t h e i n d u c t i o n , 3, is p r o p o r t i o n a l t o t h e 
m a g n e t i z i n g force. Th i s steel r e t a i n e d i t s n o n - m a g n e t i c cond i t i on w h e n h e a t e d 
u p t o 700° or 800°, a n d i t d id n o t recalesce w h e n cooled. T h e steel b e c a m e ferro­
m a g n e t i c w h e n i t w a s cooled a l i t t l e be low 0° , a n d t h e m a g n e t i z a t i o n w a s s t r o n g l y 
intensified b y fu r the r cool ing. W h e n t h e n ickel -s tee l w a s cooled t o —50° , a n d 
r e t u r n e d t o 13°, i t h a d c h a n g e d f rom a n o n - m a g n e t i z a b l e t o a m a g n e t i z a b l e s u b ­
s t a n c e , a n d i t r e m a i n e d m a g n e t i z a b l e e v e n u p t o 580° ; b u t if i t b e k e p t in t h e 
p r o x i m i t y of th i s t e m p . , 580°, i t a g a i n b e c o m e s n o n - m a g n e t i z a b l e , a n d r e m a i n s so 
w h e n cooled t o t h e t e m p , of t h e r o o m . All t h i s shows t h a t t h e 25 p e r cen t , n ickel -
steel c a n ex i s t in t w o q u i t e different s t a t e s b o t h of w h i c h a r e s t ab l e . A t h ighe r 
t e m p , o r d i n a r y s teels e x h i b i t s imi la r p h e n o m e n a , b u t t o a less degree . T h e h e a t 
t r e a t m e n t wh ich causes t h e s e r e m a r k a b l e c h a n g e s i n t h e m a g n e t i c p e r m e a b i l i t y 
p r o d u c e s co r r e spond ing c h a n g e s in o t h e r phys i ca l p r o p e r t i e s — s p . gr . , t ens i l e 
s t r e n g t h , e lect r ical r e s i s t ance , e t c . T h e r e l a t i ons b e t w e e n t h e m a g n e t i c i n d u c t i o n , 
JB, a n d m a g n e t i z i n g force a t 13°, for a l loys w h i c h h a d b e e n r e n d e r e d f e r r o m a g n e t i c 
b y cool ing t o a b o u t —50° , a r e s h o w n in F i g . 243 ; a n d t h e v a r i a t i o n s of i n d u c t i o n 
w i t h t e m p , w i t h m a g n e t i z i n g forces, H, r e spec t ive ly 6-7 a n d 64 gausses , in F ig s . 244 
a n d 245 . T h e r e a r e m a r k e d differences in t h e t w o a l loys . T h e a d d i t i o n of smal l 
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a m o u n t s of n ickel t o i ron increases t h e m a g n i t u d e of t h e i r revers ib le a n o m a l y u n t i 1 
a m a x i m u m is r e a c h e d w i t h a b o u t 25 p e r cen t , of n icke l . F u r t h e r a d d i t i o n s of 
n icke l g r e a t l y r e d u c e t h e a n o m a l y b y lower ing t h e t e m p , a t w h i c h t h e ferro-
m a g n e t i s m d i s a p p e a r s on h e a t i n g , a n d ra i s ing t h e t e m p , a t wh ich i t a p p e a r s on 
cooling, u n t i l b o t h closely a p p r o a c h one a n o t h e r a t a b o u t 200°. As s h o w n in 
F ig . 246, t h e 33 p e r cen t , a l loy is p r ac t i c a l l y revers ib le w h e n t h e m a g n e t i z i n g 
force is r a i s ed t o 30-3 gausses . W i t h a 73 p e r cen t , n icke l -s tee l , n o m a t e r i a l 
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difference was observed between the critical temp, for heating and cooling. Hence, 
added J. Hopkinson, it is curious to remark that the magnetic induction for con­
siderable forces is greater than in steel with 33 per cent, 
nickel, and that it is greater than for an equivalent 
mixture of iron and nickel, however the particles might 
be arranged in relation to each other. Observations 
were also made by N. S. AkulofF, A. M. Armour, 
O. von Auwers and co-workers, S. J. Barnett, D. Binnie, 
O. E. Buckley, E. C. Bullard, 1\ P. Cioffi, E. Czerlinsky, 
O. Dahl and J. PfafFenberger, E. M. Deloraine, TT. A. Dickie, 
M. Fischel, D. C. Gall, ' F. L. Garrison, P. Gocrcns, 
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V. Ttetzow, J. L. Snoek, T. Spooner, E. Stablein, Steel with Magnetizing 
R. L. Steinbcrger, K. Takahashi, E. M. Terry, H. Tom- F o r c O B o f 1 0 a n d 3 ° 3 

linson, L. Tonks and K. J. Sixtus, H. Tscherning, g»»ss°s-
F. Tyler, P. Weiss, L,. W. Wild, J. Wiirschmidt, and T. IX Yensen. 11. Gans 
found permalloy can be diamagnetic in fields of 8000 gauss. CJ. Bieler-Butticaz 
studied the effect of cold-work on the magnetic properties of invar. 

H. Masumoto measured the 
intensity of magnetization of the FM A 
iron-nickel alloys, and the results 200° 
are summarized in Fig. 247, 
where F denotes ferrite ; M, mar-
tensitc ; and A, austenite. The 
magnetization curve of the rever­
sible alloys has a form similar to 
that of iron or nickel, but the 
irreversible alloys are less magne­
tizable. There is a marked mini­
mum in the curve at 30 per cent, 
nickel, and maxima at 5 and 45 
per cent, nickel. The subject was 
discussed by T. Ease, K. Honda, 
G. W. Elmen, W. T. Griffiths, 
F. Hegg, A. Schulze, E. Gumlich 
and co-workers, H. Kuhlewein, 
and K. E. Reinhart. C F . Burgess 
and J. Aston measured the magnetization curves of a series of iron-nickel 
alloys with magnetizing forces between H=IO and 100. The extremes are 
indicated in Table XVII. The hysteresis curves of electrolytic iron (dotted) 
and of a 47-08 per cent, nickel alloy (continuous) are given in Fig. 249. 
The coercive force (for //max.=200) and retentivity (for / / m a x . - 200) are given in 
Table XVIII. H. D. Arnold and G. W. Elmen's values for the initial.permeability, 
B/H, of iron-nickel alloys—cooled slowly from about 900°, reheated to 600°, and 
then quickly cooled by removal from the furnace and laid on a copper plate at 
room temp.—are shown in Fig. 248. The maximum occurs with the alloy con­
taining 78-5 per cent, of nickel, the so-called permalloy. K. M. Bozorth value for 
the hysteresis loop of hard-drawn permalloy (Ni : Fe=81 : 19) is shown by the 
continuous curve, Fig. 250, and of the annealed by the dotted curve, Fig. 250. 
The corresponding Barkhausen effects, dBjdH, for the hard-drawn wire and the 
annealed wire are shown in Fig. 251 ; dH/dt=0-Q±7 gauss per second. The effect 
was studied by H. Barkhausen, B. van der Pol, W. Gerlach, W. Gerlach and 
P. Lertes, K. Zschiesche, P. Weiss and G. Ribaud, G. J. Sizoo, S. R. Williams, 
J. F. Dillinger, E. P. T. Tyndall, E. P. T. Tyndall and J. M. B. Kellogg, S. Procopm, 

- T h e I n t e n s i t y of M a g n e t i z a t i o n of t h e 
N i c k e l - I r o n Al loys . 
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T ABLK X V I I . M A O N B T I C I N O T J C T I O N O F i B O N - N i e K E L A L L O Y S . 

Nickel 
(per cent.) 

0 -27 
<>-56 
J-07 
1-93 
7 0 5 
8 1 7 

1 0 - 2 0 
1 1 - 2 9 
12-07 
1 3 - 1 1 
1 9 - 2 1 
2 2 - 1 1 
25-2O 
2 6 - 4 0 
2 8 - 4 2 
3 5 0 9 
4 7 - 0 8 
7 5 0 6 

Not, 
annealed 

2 , 6 0 0 
5,9OO 
3,5OO 
4 , 8 5 O 
4 , 8 5 0 
2 ,60O 

5 0 
1 5 O 
3 5 O 
1OO 
4OO 
1OO 

O 
0 
O 

4 ,85O 
7 ,85O 
8 , 3 0 0 

H = 

Annealed 
at 675° 

6 ,00O 
5 , IOO 
5,1OO 
6 ,60O 

1 0 , 0 0 0 
5,1OO 
1,45O 
2 ,80O 

7 5 O 
4 5 O 
4OO 
1OO 

O 
O 
O 

6,40O 
1 0 , 6 0 0 

7 , 2 0 0 

= i o 

Annealed 
at 1000° 

9 , 1 0 0 
1 1 , 9 5 0 
1 1 , 5 0 0 
1 0 , 6 0 0 

9 , 5 0 0 
8 , 0 0 0 
5 , 3 0 0 
4,1OO 
2 , 7 0 0 

7 0 O 
6 5 0 
4 0 0 

5 O 
3 0 0 

O 
8,8OO 

13 ,65O 
8 , 4 5 0 

Quenched 
at 9O0° 

1 0 , 4 5 0 I 
1 2 , 0 0 0 

7,6OO 
9,7OO 
9 , 3 0 0 
8 , 3 5 0 
7 , 9 5 0 
5 ,60O 
4,6OO 
2 ,45O 
2,2OO 

3 0 O 
5 0 

O 
O 

6 , 5 0 0 
1 0 , 3 0 0 

8 , 7 0 0 

N o t 
annealed 

1 7 , 9 0 0 
18,2OO 
17,8OO 
18,3OO 
1 7 , 2 5 0 
1 7 , 2 5 0 
1 3 , 8 0 0 
1 3 , 9 5 0 
1 3 , 4 5 0 
12,6OO 
1 2 , 0 5 0 

6 , 8 0 0 
O 
0 
O 

1 1 , 8 5 O 
1 6 , 0 0 0 
1 1 , 8 0 0 

H=* 

Annealed 
at 075° 

1 8 , 4 0 0 
18,5OO 
1 8 , 2 5 0 
1 8 , 5 5 0 
1 9 , 2 5 0 
1 7 , 3 5 0 
1 2 , 8 5 0 
1 6 , 0 0 0 
1 2 , 2 0 O 

6 ,65O 
1 0 , 3 5 0 

4 , 5 0 0 
IOO 

O 
1OO 

1 1 , 7 0 0 
16 ,20O 
11 ,95O 

1OO 

Annealed 
at 1000° 

18,3OO 
18,4OO 
18,4OO 
18,4OO 
18 ,75O 
18,3OO 
1 8 , 3 5 0 
1 5 , 4 0 0 
1 3 , 8 5 0 
11 ,55O 
1 2 , 0 5 0 

8 ,50O 
1 , 0 5 0 
1 , 2 0 0 

IOO 
1 2 , 3 0 0 
16 ,50O 
1 2 , 3 0 0 

Quenched 
at 900° 

1 8 , 1 0 0 
18,4OO 
18,4OO 
18,4OO 
18 ,50O 
18,5OO 
18,6OO 
1 8 , 0 5 0 
1 7 , 7 0 0 
16 ,65O 
17 ,20O 

8 , 0 5 0 
8 5 0 
8 5 O 
1OO 

11 ,80O 
1 6 , 0 0 0 
12,1OO 

T A B L E X V I I I . — T H E C O E R C I V E F O R C E A N D R R T E N T I V I T Y o r I R O N - N I C K E L A L L O Y S . 

Nickel 
(per cent.) 

0 2 7 
O-56 
1-07 
1-93 
7 0 5 
8 1 7 

1O-20 
1 1 - 2 9 
1 2 0 7 
1 3 - 1 1 
1 9 - 2 1 
2 2 - 1 1 
25-2O 
26-4O 
2 8 - 4 2 
3 5 - 0 9 
47-OS 
7 5 - 0 6 

N o t 
annealed 

1 3 - 4 
l l - O 
1 1 - 4 
10 -2 
H O 
1 2 - 5 
4 4 0 
3 2 - 5 
3 5 O 
3 4 - 8 
3 8 - 5 
4 4 - 5 
N o n . 
N o n . 
N o n . 

7 - 9 
6 - 7 
3 1 

Coercive force 

Annealed 
at 675° 

9 - 0 
9 1 
9 - 3 
9 0 
7 - 5 

1 O O 
1 8 - 0 
1 3 - 5 
3 5 - 5 
3 2 - 5 
4 0 - 5 
5 1 - 8 

2OO -J-
2 0 0 + 
2OO-f-

6 - 5 
5 - 5 
3 - 5 

Annealed 
at 1000° 

6 - 0 
4 -O 
4 - 9 
5 -O 
5 - 8 
6 - 3 
8 - 7 
9 - 2 

10-7 
3 1 - 5 
3 4 - 2 
3 7 0 
5 0 - 3 
4 5 - 5 

2 0 0 H-
1 - 9 
1 - 6 
1 - 9 

Quenched 
at 900° 

4 -3 
4 - 2 
6 0 
6 - 0 
5-5 I 
6 0 
7 - 2 
8 - 8 
9 - 5 

1 4 - 9 
1 5 - 5 
4 2 - 7 
6 4 - 5 
6 6 - 3 

2 0 0 H-
2 - 7 
1 - 9 
1 - 5 

N o t 
annealed 

1 2 , 4 0 0 
11,4OO 
1 2 , 6 0 0 
12,8OO 

9 , 1 0 0 
8 , 0 0 0 
8,7OO 
9 , 2 0 0 
8 , 8 0 0 
8,5OO 
8 ,40O 
5 , 0 0 0 

N o n . 
N o n . 
N o n . 
4,8OO 
7,7OO 
6 , 0 0 0 

Retentivity 

Annealed 
at 675° 

1 2 , 5 0 0 
12,3OO 
1 2 , 8 0 0 
1 4 , 0 0 0 
1 4 , 2 0 0 
1 2 , 5 0 O 

9 , 5 0 0 
1 1 , 8 0 0 

9 ,80O 
4,5OO 
8 , 3 0 0 
3 , 9 0 0 

2OO 
2 0 0 

2 , 0 0 0 
6 , 2 0 0 
9 , 0 0 0 
4 , 6 0 0 

Annealed 
at 1000° 

10 ,60O 
10,1OO 
1 1 , 3 0 0 
11,3OO 
10,1OO 

9,6OO 
8 , 6 0 0 
7 , 0 0 0 
5,9OO 
7 , 7 0 0 
8 ,50O 
6 , 3 0 0 
1 , 0 0 0 
1 , 1 0 0 

4 0 0 
4 , 0 0 0 
8,7OO 
3,6OO 

Quenched 
at 900° 

1 0 , 9 0 0 
1 0 , 7 0 0 

8 , 9 0 0 
1 1 , 7 0 0 
1 0 , 7 0 0 

9 ,50O 
1 0 , 3 0 0 

9 , 5 0 0 
9 ,50O 

1 1 , 9 0 0 
9 ,30O 
6 , 1 0 0 
1,0OO 

9 0 0 
4OO 

4 , 5 0 0 
5 , 2 0 0 
4 , 2 0 0 

and L. PfafTenberger—vide iron. W. Neumann, E . P . Harrison and co-workers, 
and E. M. Guyer studied the effect of high-frequency electromagnetic fields on 
the permeability ; R. Goldschmidt, the relation between permeability and 
hysteresis ; O. Dahl and J . Pfaffenberger, the anisotropic effect ; D. S. Steinberg, 
the reversal wave of magnet izat ion; and H. Kiihlewein, the magnetic after­
effect. 

A. E . Kennelly discussed the magnetic reluctivity, i.e. t he ' i nve r se of the 
magnetic permeability,/x - 1 , of permalloy. S. W. J . Smith observed the changes 
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in the magnet ic permeabi l i ty wi th t emp, between 0° and 850°, and a t t e m p t e d t o 
explain the results in t e rms of t he theory of solid soln., and the const i tut ion of 
meteor i tes . For G. W . E lmen ' s observations, vide supra, Figs. 243 to 245. Alloys 
with permeabilities higher t h a n iron were also studied by J . Wiirschmidt , F . Hegg, 
K. Honda, A. M. Por tev in and co-workers, and K. Zschiesche. T. D . Yensen 
found for purified iron, and 50 and 78 per cent, nickel alloys, t he respective values : 
Initial permeabi l i ty 700, 3000, and 5850 ; m a x i m u m permeabil i ty, 26,000, 70,000, 
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a n d 74,000 ; sa tu ra t ion value, 22,600, 15,500, and 10,500 ; hysteresis loss, 600, 
220, a n d 200 ergs per c.c. per cycle for £ = 1 0 , 0 0 0 ; reluctivi ty, 8600, 7300, and 
5500 gausses ; coercive force, 0-20, 0*05, and 0-05 gilberts per cm. ; electrical 
resistance, 10, 46, and 21 microhms a t 20° ; and sp. gr., 7-9, 8-3, and 8-6. The 
re luc t iv i ty curve of permal loy was measured by A. E . Kcnnelly and found to have 
two branches , (9-5 —225//)10~5 , and (0-5+9-8/Z)IO-5, with a min imum reluctivity 
of 1-15 X10 — 5 oersted-cm., for / /^=0-06 gilberts per sq. cm. The magnetic 
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proper t ies of iron-nickel alloys were discussed by W. E . Williams, E . Colver-
Glauert and S. Hilpert, K. J. S ixtus a n d L. Tonks , E . Gerold, S. S. Sidhu, 
W. F. Barrett, C. E. Guil laume, R. Paillot, M. Peschard , H . Neumann , F . Preisach, 
J. Trowbridge and S. Sheldon, K. H o n d a and K. K ido , K. H o n d a and S. Shimizu, 
A. Schulze, H. D . Arnold and G. W. E lmen, L. W. McKeehan, D . Binnie, 
M. Peschard, D . Foster, R. Glocker and co-workers, F . Polzguter, O. Veletztaja, 
and F . Sauerwald. W. Kohl found for t he sa tura t ion values, 477-7, of steel with 

5C 

F i o . 24 {).—Hysteresis Curves of I ron and of an 
Iron-Nickel Alloy. 
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20 p e r cen t , nickel in m a g n e t i c fields o f H c.g.s. u n i t s h e a t e d t o 1300°, q u e n c h e d , 
a n d t h e n h e a t e d 3 t o 5 h r s . t o #° , and then q u e n c h e d . 

H 

4TTI{ 

1300° a n d q u e n c h e d 
Cooled 30 m i n . in l i qu id a i r 

350° a n d q u e n c h e d 
500° a n d q u e n c h e d 
600° a n d q u e n c h e d 
700° a n d q u e n c h e d 
800° a n d q u e n c h e d 
900° a n d q u e n c h e d 

1000° a n d q u e n c h e d 
1150° a n d q u e n c h e d 

\1250° a n d q u e n c h e d 

50 
6 ,640 
6 ,245 
9,83O 
4,28O 
4 ,385 
4 ,715 
5,180 
5,315 
5 ,845 
6,370 
6,640 

1OO 
11,29O 
11,03O 
14,61O 
16,470 
10,230 
10,290 
10,360 
10,160 
10,83O 
10,96O 
11,230 

2OO 
15,140 
15,010 
17,740 
17,930 
14,550 
14,48O 
14,680 
14,35O 
14,820 
15,140 
15,280 

4OO 
18,20O 
18,0OO 
19,40O 
18,660 
17,000 
17,070 
17,200 
17,14O 
17,910 
18,27O 
18,830 

800 
19 ,730 
19,26O 
19,86O 
19,260 
18,33O 
18,13O 
18,40O 
18,270 
19,070 
19,13O 
19,26O 

C. E . Gu i l l aume s h o w e d t h a t t h e t e m p . , d°, a t which t h e f e r r o m a g n e t i s m d is ­
a p p e a r s — t h e so-called Curie po in t , or cr i t ica l p o i n t — i n revers ib le s teels c o n t a i n i n g 
28 t o 40 per cen t , of n ickel can be a p p r o x i m a t e l y r e p r e s e n t e d b y # = 3 4 - l ( N i — 26-7) 
—0-80(Ni — 26-7)2 , w h e r e Ni d e n o t e s t h e p e r c e n t a g e of n ickel . T h e sub jec t w a s 
discussed b y M. X)eprez, P . Weiss , J . Gr. G r a y , E . Co lve r -Glaue r t a n d S. H i l p e r t , 
a n d H . K . O n n e s a n d co-workers . E . D u m o n t obse rved t h a t b e t w e e n —80° a n d 
250°, a n d w i t h H v a r y i n g f rom 14 t o 50 gauss , a n n e a l e d a l loys w i t h 30 u p t o a t 
l eas t 44 p e r cen t , n ickel h a v e i n d u c t i o n - t e m p , c u r v e s r e sembl ing t h a t of F ig . 56 
for / / — 3 0 - 3 ; t h e y g r a d u a l l y lose t h e i r m a g n e t i z a t i o n on h e a t i n g , a n d a t t h e s a m e 
n u m b e r of degrees of t e m p , below t h e cr i t ica l t e m p . , all revers ib le a l loys h a v e t h e 
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F i o s . 253 a n d 254 . V a r i a t i o n of t h e M a g n e t i c M o m e n t p e r U n i t M a s s w i t h t h e 
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IOOO 

s a m e p e r m e a b i l i t y . T h e p e r m e a b i l i t y a t a n y g i v e n t e m p , i n c r e a s e s w i t h t h e 
p r o p o r t i o n o f n i c k e l ; b u t t h e p e r m e a b i l i t y o f u n a n n e a l e d r e v e r s i b l e a l l o y s 
c o n t a i n i n g 39*4 t o 4 4 p e r c e n t , o f n i c k e l , r e m a i n s c o n s t a n t b e t w e e n 2 0 ° a n d 2 5 0 ° . 

I t m a y b e o b s e r v e d t h a t t h e m a g n e t i c i n d u c t i o n , 13, or i n t e n s i t y of m a g n e t i z a t i o n , / , is 
r e g a r d e d a s b e i n g p r o d u c e d b y a m a g n e t i z i n g force , H. T h e m a g n e t i c m o m e n t p e r u n i t 
vo l . vz is / = SW/t>, b u t 2?. "Weiss c o n s i d e r e d i t m o r e c o n v e n i e n t t o u s e t h e m a g n e t i c m o m e n t 
p e r u n i t m a s s , rny o r <r = 2W/m. If t h e d e n s i t y is U, t h e n o~lJD, a n d J3 —H+ 477-crJD, 
N . J . Q e b e r t f o u n d t h a t w i t h n i cke l - s t ee l s , q u e n c h e d a n d t e m p e r e d a t v a r i o u s t e m p , 
fol lowed b y a i r -coo l ing , t h e r e s i d u a l m a g n e t i c i n d u c t i o n in b o t h s t e e l s i n c r e a s e d 
c o n s i d e r a b l y a f t e r t e m p e r i n g a t 425° a n d o v e r . R . L . D o w d e l l o b s e r v e d a s i m i l a r 
r i se in t h e r e s i d u a l i n d u c t i o n a f t e r t e m p e r i n g t o 400° o r 500° i n s tee ls n o t s u b j e c t t o 
t e m p e r b r i t t l e n e s s . O b s e r v a t i o n s w e r e a l so m a d e b y C. W . B u r r o w s a n d F . P . F a h y , 
C. N u s b a u m , a n d K . C o l v e r - G l a u e r t a n d S. H i l p e r t . F o r p a r a m a g n e t i c b o d i e s , t h e 
s u s c e p t i b i l i t y p e r u n i t m a s s , x> is f ° r m a n y s u b s t a n c e s a p p r o x i m a t e l y p r o p o r t i o n a l t o t h e 
a b s o l u t e t e m p . , I, o v e r w i d e i n t e r v a l s of t e m p . T h e c o n s t a n t CT = ^2 7 is k n o w n a s Curie1 s 
constant. I f K—l/H-IBlIvH is t h e s u s c e p t i b i l i t y in t e r m s of t h e m a g n e t i c m o m e n t p e r 
u n i t vo l . , t h e n x — o/H—K/D. 

F. Hegg m e a s u r e d t h e m a g n e t i c properties of small ellipsoids of iron-nickel 
al loys u s ing m a g n e t i z i n g forces u p t o and beyond 10,000 gauss. The curves, 
F igs . 253 t o 255, were obtained wi th 10,000 gauss , and t h e y represent t h e 
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magnet ic m o m e n t per unit m a s s as a func t ion of t h e a b s o l u t e t e m p . ; a n d F i g . 254, 
for a 5O p e r cen t , n ickel a l loy, shows h o w t h e i n t e n s i t y of m a g n e t i z a t i o n changes 
with the m a g n e t i z i n g force a t a n u m b e r of different t e m p . F ig s . 253 t o 255 
expla in t h e m s e l v e s . For t h e i r revers ib le a l loys , F i g . 255 , t h e c o p p e r c u r v e s 
At JB9 C s h o w t h e success ive va lues of t h e m a g n e t i z a t i o n on w a r m i n g , a n d t h e y a re 
a n a l o g o u s t o t h e c u r v e s for i ron a n d t h e revers ib le a l loys in t h a t t h e d i s a p p e a r a n c e 
of m a g n e t i s m occurs g r a d u a l l y , a n d a p p e a r s t o be i n d e p e n d e n t of t i m e . N e a r C 
t h e c u r v e s c o m m e n c e t o d r o p r a p i d l y , t h e revers ib i l i ty d i s a p p e a r s , a n d t h e s t a t e 
of the al loy is a func t ion n o t on ly of t h e t e m p . , a n d of t h e m a g n e t i z i n g force, but 
also of t ime which p l a y s a p r e p o n d e r a t i n g role. If t h e h e a t i n g be c o n t i n u e d , t h e 
m a t e r i a l loses i t s l a s t t r a c e s of f e r ro rnagne t i sm a t t h e t r a n s f o r m a t i o n p o i n t on 
h e a t i n g , 0C. D u r i n g cooling, t h e m a t e r i a l r e t a i n s i t s p a r a m a g n e t i c p r o p e r t i e s 
unti l t h e t r a n s f o r m a t i o n p o i n t on cooling, 6j, is passed , af ter which fe r ro rnagne t i sm 
a p p e a r s w i t h g r e a t r a p i d i t y . If t h e t e m p , be low e n o u g h for t h e r e t u r n of t h e 
i n t e n s i t y of m a g n e t i z a t i o n t o t h e v a l u e i t h a d before h e a t i n g , t h e cycle will be 

Absolute temperatures 

KiG. 2 5 5 . V a r i a t i o n of t h e M a g n e t i c M o m e n t p e r U n i t M a s s w i t h t h e A b s o l u t e 
T e m p e r a t u r e of I r o n - N i c k e l A l loys . 

closed. T h e t r e a t m e n t c a n be r e p e a t e d a s des i red . Whi l e t h e first po r t i ons , 
A, B, C, of t h e h e a t i n g c u r v e s a r e v e r y l i t t le influenced b y t i m e , a n d can be 
r e g a r d e d a s revers ib le d u r i n g a series of e x p e r i m e n t s , t h e r ap id ly descend ing 
p o r t i o n s of t h e c u r v e s t o t h e r i g h t of t h e l ines MN, F ig . 255, can be p e r c e p t i b l y 
modif ied b y inc reas ing t h e r a p i d i t y of t h e v a r i a t i o n of t e m p . T h e n e a r e r t h e 
t e m p , is t o 0C, a n d t h e longer i t is he ld t h u s , t h e m o r e a d v a n c e d is t h e t r a n s f o r m a t i o n . 
The return of t h e f e r ro rnagne t i sm on cooling is cha rac t e r i zed b y a still g r e a t e r 
i n s t a b i l i t y . T h e cu rves , E3 F, G, a r e n o t revers ib le , a n d i t is difficult t o o b t a i n t h e 
s a m e v a l u e s a second t i m e . I f on r each ing a n y po in t , E, F, G, t h e h e a t i n g is 
resumed, the alloy will p a s s t h r o u g h a new cycle, s imi la r t o t h e one j u s t descr ibed 
i n all r e spec t s e x c e p t i n g size. T h e nea r e r t o Bc, t h e p o i n t a t wh ich r e h e a t i n g 
begins, t h e smaller will i t be . A m o n g s t t h e p r o p e r t i e s c o m m o n t o all t h e cu rves , 
A, B, Cy A', B'', C1 e tc . , t h e m o s t i m p o r t a n t is t h e n a l m o s t c o m p l e t e revers ib i l i ty 
u p t o the region bounded by MN. The m o r e r a p i d l y t h e e x p e r i m e n t s a r e m a d e , 
the less d o these curves differ from t hose for revers ib le al loys. In t h e d i a g r a m , t h e 
reversible portions are drawn wi th cont inuous lines, and t h e i r revers ib le po r t i ons 
with d o t t e d lines ; the arrows show the directions the different cu rves a re t r a v e r s e d . 
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F . H e g g also observed t h a t if lines co r re spond ing w i th a n y t w o t e m p , a re d r a w n 
para l le l t o t h e axis of t h e m a g n e t i c m o m e n t across t h e revers ib le cu rves , t h e 
o r d i n a t e s for a given al loy c u t off b y the se cu rves a re n e a r l y p r o p o r t i o n a l . H e n c e 
i t is supposed t h a t a p a r t of t h e m a t e r i a l is in t h e p a r a m a g n e t i c s t a t e , a n d u p t o 
a ce r t a in t e m p . , MN, offers such a s t ab i l i t y t h a t t h e revers ib i l i ty is n o t a l t e r ed . 
I t is on ly in t h e region be tween MN a n d t h e p o i n t dc t h a t t h e f e r romagne t i c 
mate r i a l n o t y e t t r ans fo rmed will u n d e r g o , a t c o n s t a n t t e m p . , p a r t i a l or c o m p l e t e 
t r ans fo rma t ion t o a n y g r ea t e x t e n t . If, however , t h e al loy is m a i n t a i n e d a t a 
sufficiently low t e m p . , t h e excess of p a r a m a g n e t i c m a t e r i a l will v e r y g r a d u a l l y be 

t r a n s f o r m e d i n t o t h e f e r romagne t i c s t a t e . T h u s , t h e 
al loy wi th 30 pe r cent , nickel , a f te r be ing h e a t e d b e y o n d 
the t r a n s f o r m a t i o n po in t , was m e a s u r e d a t r o o m t e m p . ; 
a n d in t h r e e weeks la te r , t h e p e r m e a b i l i t y h a d increased 
5 per cen t . ; a n d t h e ageing of nickel- i ron al loy a t a 
low t e m p , increases i t s f e r romagne t i c qual i t ies , while 
annea l ing a t a t e m p , n e a r t h e t r a n s f o r m a t i o n po in t 
decreases t h e m . R . F o r r e r , a n d Y . D o r f m a n s tud i ed 
t h e m a g n e t i c m o m e n t of t h e al loys ; T. N i sh ina , t h e 
d e m a g n e t i z a t i o n of nickel ; a n d P . Weiss , t h e res idua l 
m a g n e t i s m . 

T h e m a g n e t i c t r a n s f o r m a t i o n t e m p . S, or Curie po in t s , 
for t h e i ron-nickel a l loys were obse rved b y F . O s m o n d , 
a n d L . D u m a s magne t i ca l l y , b y W . Guer t l e r a n d 
Gr. T a m m a n n w i t h t i m e - t e m p e r a t u r e cu rves , b y 
O. B o u d o u a r d the rmoelec t r i ca l ly , a n d b y R . R u e r a n d 
E . Sehuz t h e r m a l l y . F . H e g g ' s r esu l t s a r e s h o w n in 
F ig . 256. T h e t r a n s f o r m a t i o n po in t s 0C a n d Oj for 
i r revers ible a l loys lie on t w o s t r a igh t l ines which , if 

p roduced , in te r sec t on t h e line co r respond ing w i t h p u r e i ron , where # c—#/—820° C. 
or 1093 K . — a c t u a l l y , for purified i ron, t h e obse rved t e m p , is 758° C. or 
1031° K . Some discrepancies a r e d u e t o t h e effects of t r ace s of i m p u r i t y 
— c a r b o n , m a n g a n e s e , e t c . — o n t h e cri t ical po in t s . P . Weiss , work ing w i t h 
F . H e g g ' s al loys, found t h a t t h e t w o m a g n e t i c c o n s t a n t s which a re cha rac t e r i s t i c 
for homogeneous solid soln. of fe r romagne t ic bodies a re o-0, t h e s a t u r a t i o n v a l u e 

of t h e m a g n e t i c m o m e n t pe r u n i t m a s s 
a t t h e a b s o l u t e zero of t e m p . , a n d 
O, Cur ie ' s c o n s t a n t (vide supra). 
P . Weiss d e d u c e d t h e r e l a t ion 
C~x(T—0)» where 6 he re d e n o t e s t h e 
Curie t r a n s f o r m a t i o n po in t , a n d T9 
t h e t e m p , of obse rva t ion . H e r e C 
is t h e Curie c o n s t a n t wh ich t h e s u b ­
s t a n c e wou ld h a v e if i t were t o 
become p a r a m a g n e t i c b y t h e sup­
press ion of in t e rmolecu la r r eac t ions . 
I n m a n y cases , t h e l inear v a r i a t i o n 
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Per cent, niche/ 
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F I Q S . 257 a n d 258 . R e c i p r o c a l s of t h e 
M a g n e t i c Suscep t ib i l i t i e s p e r U n i t Mass 
a s F u n c t i o n s o n t h e T e m p e r a t u r e of 
I r o n - N i c k e l Al loys . 

of t h e reciprocal of t h e m a g n e t i c suscept ib i l i ty , x " 1 ' "with t e m p . , h a s been 
observed , a n d P . Weiss h a s also s h o w n t h a t in t h e case of homogeneous solid 
soln. , b o t h crQ a n d C v a r y a s l inear func t ions of t h e compos i t ion . Curie ' s law, 
however , is n o t genera l ly t r u e , a n d neve r e x a c t l y t r u e . F igs . 257 a n d 258 b y 
P . Weiss a n d Gr. F o e x show t h e va lues of x~x a s func t ions of t h e t e m p . E a c h 
a l loy w i t h over 40 pe r cen t , of n ickel furnished a s t r a i g h t l ine f rom which b o t h 6 
a n d C could be d e t e r m i n e d b y m e a n s of t h e re la t ion ^ - I = ( T — O ) J C . O n cooling 
t h e 40 p e r cen t , n ickel a l loy f rom a h igh t e m p . , x~x a t first followed a s t r a i g h t 
line w i t h a Curie c o n s t a n t of 0*0256, a n d o t h e r m e a s u r e m e n t s w i t h increas ing 
t e m p . , e x c e p t for a smal l a n d c o n s t a n t dev i a t i on , d u e t o a n e r ror of obse rva t ion , 
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followed t h e same line, so t h a t t h e first por t ion of t h e curve is reversible. T h e 
Curie po in t corresponding wi th th i s is near ly 0 = 4 2 3 ° or 696° K. , a n d 0 = 0 - 0 2 5 1 . 
On cooling from 790° t o 730°, a t r ans fo rmat ion occurs, which follows ano the r 
s t r a igh t l ine for which 0 = 3 3 5 ° or 608° K . The p h e n o m e n o n is i r reversible below 
730°. On hea t ing , t h e po in t s fall below those ob ta ined on cooling, a n d t h e hea t ing 
cu rve approaches t h e cooling cu rve as 730° is approached . T h e p h e n o m e n o n is 
compl ica ted by i t s depend­
ence on t ime in t h e i r rever­
sible region. The alloy is 
still reversible in t h e t r a n s ­
format ion region. A t h i r d 
line was observed, no t 
represen ted in t h e d i ag ram, 
for which 0 = 3 0 0 ° or 573° 
K. , a n d C = 0 - 0 9 1 . T h e 
alloys wi th 10, 20, a n d 30 per 
cent , nickel resembled in 
m a n y respects t h e 40 per 
cent , al loy. AU showed t h e 
same irreversibil i t ies a n d t h e same t y p e of t r ans fo rma t ion a t abou t 790°, a n d all 
gave several Curie t e m p e r a t u r e s , a n d Curie cons t an t s corresponding wi th res t r ic ted 
t e m p , in te rva l s . The lower d o t t e d line in F ig . 259 represents t h e Curie cons tan t s , C9 
ob ta ined by P . Weiss a n d G. FoSx. T h e u p p e r curve gives F . Hegg ' s values 
of o-0, t h e magnet ic m o m e n t per u n i t mass a t s a tu ra t ion , ob ta ined b y ex t rapo la t ion 
t o absolu te zero. The resul ts for C a n d cr0 agree 
wi th t h e existence of a c o m p o u n d F e 2 N i . 
P . Weiss a n d G. F o e x said : T h e iron-nickel 
al loys form t w o u n i n t e r r u p t e d series of solid 
soln., t h e first be tween F e a n d F e 2 N i , a n d t h e 
second be tween F e 2 N i a n d Ni . T h e locat ion 
of F e 2 N i is also associated wi th t h e t r ans i t ion 
region from irreversible t o reversible nickel-iron 
alloys as shown in F ig . 176. L . H . A d a m s a n d 
J . W . Green observed t h a t pressure has no effect 
on t h e cri t ical t e m p . A. Schulze gave t h e resul ts 
in F ig . 260 for t h e s a tu ra t ion values , 47Tl00, 
of t h e iron-nickel alloys. 

H . N a g a o k a a n d K . H o n d a , K . H o n d a a n d 
K. Kido , a n d K. H o n d a a n d S. Shimizu s tud ied 
t h e magnetostr ict ion effect in steels w i th 24 t o 
70 pe r cent , of nickel . F o r 28-74 per cen t , 
nickel steel, t h e change in l eng th Bl/l X 1 0 6 is 
—0-01 for # = 0 - 2 , a n d 4-67 for # = 4 0 4 w i t h a 
load in tens ion of 1427 g rms . per sq. m m . , a n d 
—0-02 for # = 0 - 5 , a n d 3-92 for H= 405 for a 
load of 4856 grms. per sq. m m . W i t h 50*72 per 
cent , nickel-steel, 81/1X 10« is —0-09 for H=0-2, 
a n d 14-20 for # = 3 9 0 for a load of 890 grms . 
per sq. m m . , a n d —0-01 for # = 0 - 2 , a n d —1-14 
for # = 3 8 8 w h e n t h e load is 6652 grms . per 
sq. m m . W i t h 70*32 per cent , nickel-steel, 
o 7 / J x l 0 « is —0-18 for # = 0 * 3 a n d 8*35 for H 
806 grms . per sq. m m . , a n d 
load is 5686 grms . per sq. m m . 

700 150 200 250 300 350 400 
Magnetic field H gauss 

F i a . 261 .—The Effect of t h e Magne t i c 
Field, on Magne to s t r i c t i on . 

= 391 w h e n t h e tens ion load is 
— 0 0 1 for # = 0 - 2 a n d 1-24 for # = 3 9 1 when t h e 

^ A. Schulze 's resu l t s for t h e effect of t h e field 
s t r eng th on t h e magne tos t r ic t ion a re p lo t t ed in F ig . 261 . Observa t ions on t h e 
magne tos t r i c t ion were also m a d e by L.. W . M c K e e h a n a n d co-workers , F . D . Smi th , 

VOL. x v . x 
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Y . M a s i y a m a , O. v o n Auwer s , H . M a s u m o t o a n d S. N a r a , E . G u m l i c h a n d co­
worke r s , a n d W . S t e i n h a u s . B y t h e c o m b i n e d effect of m a g n e t i c a n d t h e r m a l 
t r e a t m e n t be tween —75° a n d 300°, A . W . G r a y a n d co -worker s o b t a i n e d a 
p e r m a n e n t increase in 35*25 p e r cen t , n ickel -s tee l of 55 m i c r o n s p e r m e t r e a t r o o m 
t e m p . J . S. R a n k i n s t u d i e d t h e effect of o v e r s t r a i n o n m a g n e t o s t r i c t i o n . 

K . H o n d a a n d co-workers f o u n d t h a t i n al l cases , l o n g i t u d i n a l m a g n e t i z a t i o n 
p r o d u c e d a n increase i n l e n g t h — J o u l e effect ; a n d rec ip roca l ly , m e c h a n i c a l e longa­
t i on p r o d u c e d a n increase of m a g n e t i z a t i o n . T h e e l o n g a t i o n w a s g r e a t e r "with a 
spec imen af ter a n n e a l i n g t h a n w h e n i n t h e h a r d - d r a w n s t a t e . T h e e longa t i on 
p r o d u c e d b y m a g n e t i z a t i o n u n d e r t e n s i o n w a s r e d u c e d , a n d in some cases e v e n 
c h a n g e d t o a c o n t r a c t i o n b y inc reas ing t h e load . T h e effect of cool ing o n t h e 
m a g n e t i c e longa t ion w a s s imi la r t o i t s effect on t h e i n t e n s i t y of m a g n e t i z a t i o n . 
W i t h s tee l s c o n t a i n i n g ove r 28-7 p e r cen t , of n icke l , a n d cooled i n l iqu id ai r , t h e 
e longa t ion w a s d imin i shed in w e a k m a g n e t i c fields a n d inc reased in s t r o n g fields ; 
w i t h s teels c o n t a i n i n g less n ickel , t h e in i t ia l e longa t ion v a n i s h e d . T h e r a t i o of 
t h e e longa t i on i n l iqu id a i r t o t h a t a t o r d i n a r y t e m p , inc reased in s t r o n g fields 
w i t h a dec rease i n t h e c o n t e n t of n ickel . W i t h a m a g n e t i z i n g force of 500 gaus s , 
t h e r a t i o a m o u n t e d t o 1*6 w i t h 86 p e r cen t , of n i c k e l ; 3*7 w i t h 28 p e r c e n t . ; a n d 
100 w i t h 24 pe r c en t . T h e e longa t ions before a n d a f te r cool ing revers ib le n icke l -
s teels we re t h e s a m e , b u t t h e e longa t ions of revers ib le s teels were a l w a y s g r e a t e r 
a f te r cooling. A 25 p e r cen t , n ickel-s teel d id n o t e longa te a p p r e c i a b l y a t o r d i n a r y 
t e m p , or a t t h e t e m p , of l iqu id a i r . T h e c h a n g e s i n l e n g t h b y fields a s w e a k a s 
t h a t of t h e e a r t h were gene ra l ly sma l l e r t h a n 1 0 - 7 . T h e increases in vo l . of 
m a g n e t i z e d ell ipsoids a r e p rac t i ca l ly p r o p o r t i o n a l t o t h e m a g n e t i z i n g forces. T h e 
effect w i t h a l loys of smal l t h e r m a l e x p a n s i v i t y is g r e a t e r t h a n t h a t occur r ing w i t h 
a n y o t h e r k n o w n f e r romagne t i c s u b s t a n c e . T h e to r s ion p r o d u c e d in n ickel -s tee ls 
b y t h e c o m b i n e d a c t i o n of l o n g i t u d i n a l a n d c i rcu la r m a g n e t i c fields—the Wiede­
mann effect—is smal le r t h a n t h a t obse rved in t h e case of i ron . Xi. W . M c K e e h a n 
t h o u g h t t h a t t h e pecu l ia r m a g n e t i c p r o p e r t i e s of p e r m a l l o y m i g h t b e d u e t o t h e 
n e a r l y per fec t c o m p e n s a t i o n in a g r o u p c o n t a i n i n g one i ron a t o m a n d four n ickel 
a t o m s of t h e m a g n e t o s t r i c t i o n s cha rac t e r i s t i c of t h e p u r e m e t a l s . 

K . H o n d a a n d T . T a n a k a m e a s u r e d t h e effect of m a g n e t i z a t i o n on t h e e las t ic 
m o d u l u s , E3 a n d t h e coeff. of r ig id i ty , K3 of t h e i ron-n icke l a l loys . T h e r e su l t s 
a r e s u m m a r i z e d in F ig s . 262 a n d 263 . T h e e las t ic c o n s t a n t s a re in al l cases 

40 60 
Per cent, nickel 

100 40 60 
Per cent, nickel 

700 

Fia . 262.—The Effect of Magnetization 
on the Elastic Modulus of Iron-Nickel 
Alloys. 

F I G . 263.—The Effect of Magnetization 
on the Rigidity of Iron-Nickel 
Alloys. 

inc reased b y m a g n e t i z a t i o n for all fields e x c e p t w i t h t h e so-cal led i r revers ib le 
s teels in wh ich a smal l decrease occurs . T h e c h a n g e in t h e m o d u l u s of r ig id i ty is 
a b o u t t h r e e t i m e s g r e a t e r in t h e case of c a r b o n s teels , coba l t - i ron , a n d n icke l -
i r o n al loys. K . H o n d a a n d T . T e r a d a s t a t e d t h a t t h e c h a n g e i n coeff. of e las t i c i ty 
w i t h c h a n g e of m a g n e t i z a t i o n is gene ra l ly smal l . W i t h 28-74 p e r cen t , n i cke l , 
t h e c h a n g e in e l a s t i c i ty SEJE X l O ^ is 0-07 for H=41, a n d 0-48 for H=391 for a 
l o a d of 1247 g r m s . p e r sq . m m . , a n d 0-03 for H=Q-2 a n d 0 for # = 4 1 8 w i t h a l o a d 
of 4-70 g r m s . p e r sq . m m . W i t h 50-72 p e r cen t , n ickel -s tee l , t h e c h a n g e is 0-09 
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for / / = 0 - 8 , a n d 8*65 for / / = 3 8 8 w h e n t h e l o a d is 890 g r m s . p e r sq. m m . , a n d 0 
for / 7 = 1 - 8 , a n d 1-13 for / / = 3 8 7 w h e n t h e load is 5003 g r m s . p e r sq . m m . W i t h 
70-32 per cen t , n ickel -s tee l , SE/ExlO2 is —0-14 w h e n H=O 7, a n d 4-92 w h e n 
/ 7 = 3 8 6 for a load of 806 g r m s . p e r sq. m m . , a n d —0-01 for H=0-6 a n d 0-70 for 
H= 393 w h e n t h e load is 4882 g r m s . pe r sq. m m . T h e c h a n g e in t h e coeff. of 
r ig id i ty SK/KxlO* for 28-74 p e r cen t , n ickel-s teel is 0-29 for # = 1 2 - 2 , a n d 0*48 
for # = 409 w i t h a load of 928 g r m s . p e r sq. m m . , a n d 0 0 6 for / / = 6 - 2 a n d 0-38 
for H= 403 for a load of 4096 g r m s . p e r sq. m m . W i t h 50-72 p e r cen t , n icke l , 
SK/Kx 102 i s —0-60 w h e n / / = 4-0, a n d 7-16 w h e n / / = 3 8 7 for a load of 1114 g r m s . 
p e r sq. m m . , a n d —0-22 for / / = 3 - 8 , a n d 3-60 for / / = 3 9 4 w h e n t h e load is 8725 g r m s . 
p e r sq. m m . W i t h 70-32 p e r cen t , n icke l , 8KfKxIO2 is —1-18 w h e n / / = 3 - 3 , a n d 
6-55 w h e n # = 3 9 4 foi* a load of 1086 g r m s . p e r sq. m m . , a n d —0-60 w h e n # = 2 - 3 
a n d 2-08 for / / = 4 1 4 w h e n t h e l o a d is 8510 g r m s . p e r sq. m m . T h e c h a n g e w i t h 
Po i s son ' s r a t i o Scr/crX 10 2 is —1-0 for ZZ= 20, a n d — 1 1 for / / = 3 0 0 for a load of 
1770 g r m s . p e r sq . m m . w i t h 28-74 p e r cen t , n ickel-s teel ; —0-3 for / / = 1 0 a n d 
—11-1 for Z / = 3 5 0 for a l oad of 3350 g r m s . p e r sq. m m . for 50-72 pe r cen t , n ickel ; 
a n d —1-6 for / / = 1 0 , a n d —13-8 for # = 3 0 0 for a load of 3280 g r m s . p e r sq. m m . 
on 70-32 p e r cen t , n ickel -s tee l . O b s e r v a t i o n s w e r e m a d e b y H . T o m l i n s o n , 
T. A i z a w a a n d Gr. W a c h i , K . N a k a m u r a , a n d H . N a g a o k a a n d K . H o n d a o n t h e 
effect of s t ress on t h e m a g n e t i z a t i o n of n icke l -s tee ls . K . H o n d a a n d T. T e r a d a 
found t h a t t h e c h a n g e of m a g n e t i z a t i o n SZ^ w i t h in i t i a l l oad ing , a n d S / c w i t h cyclic 
l oad ing for loads in t ens ion , / g r m s . pe r sq. m m . , for s teel w i t h 28-74 p e r cen t , of 
n ickel , is : 

H = 0-45 

£7 = 374-3 

/ 

a n d w i t h 50-72 pe r cen t , of n icke l 

TiT= O-29 

/ / = 3 6 0 

T 

)8/i 

137O 
2 O l 
26-4 
1-4 
1-3 

ickel : 

1645 
103-3 
911 
O 
O 

2706 
62-4 
57-5 

3249 
322-6 
138-8 

O 
0 

4077 
97-2 
77-6 
4 0 
3-9 

4894 
277-8 
153-2 

O 
O 

6818 
13O-3 
94-1 
6-6 
6-6 

6540 
300-3 
155-1 

0 
O 

8185 
3111 
J 53-7 

O 
O 

T h e changes of m a g n e t i z a t i o n u n d e r c o n s t a n t t e n s i o n b y tw i s t , a n d by t h e com­
b ined effect of t ens ion a n d twi s t , were also e x a m i n e d . I n all cases t h e rec iproca l 
n a t u r e of t h e c h a n g e s of s t r a i n s b y m a g n e t i z a t i o n a n d of t h e changes of m a g n e t i z a ­
t i o n b y s t r a i n were e s t ab l i shed . F o r i n s t a n c e , m a g n e t i c e longa t ion u n d e r c o n s t a n t 
t e n s i o n a n d of m a g n e t i z a t i o n u n d e r c o n s t a n t t en s ion ; of e longa t ion b y t e n s i o n 
u n d e r a c o n s t a n t field, a n d t h e c h a n g e of m a g n e t i z a t i o n b y t ens ion u n d e r a c o n s t a n t 
field ; of m a g n e t i c t w i s t i n g u n d e r a c o n s t a n t couple , a n d m a g n e t i z a t i o n u n d e r a 
c o n s t a n t t w i s t ; a n d of t h e c h a n g e of r i g id i ty u n d e r a c o n s t a n t field, a n d t h e 
c h a n g e of m a g n e t i z a t i o n b y t w i s t u n d e r a c o n s t a n t field. K . H o n d a a n d T . T a n a k a 
o b s e r v e d t h a t t h e e las t ic c o n s t a n t s of t h e n ickel - i ron a l loys a r e i nc r ea sed in a 
m a g n e t i c field ; a n d S. R . Wi l l i ams , W . del R e g n o , a n d Gr. Guzzon i a n d D . F u g g i a n i , 
t h e r e l a t i on b e t w e e n t h e m a g n e t i c a n d m e c h a n i c a l p rope r t i e s . A . W . S m i t h a n d 
J . Di l l inger obse rved t h a t in p e r m a l l o y w i t h less t h a n 81 p e r cen t , n icke l , a tens i le 
s t ress inc reases t h e i n t e n s i t y of m a g n e t i z a t i o n for low m a g n e t i c fields, b u t decreases 
t h e m a g n e t o s t r i c t i v e e x p a n s i o n a n d t h e c h a n g e i n t h e t h e r m o e l e c t r i c force ; b u t 
w i t h ove r 81 pe r cen t , of n ickel , t ens ion decreases t h e i n t e n s i t y of m a g n e t i z a t i o n 
for low m a g n e t i c fields, b u t increases t h e m a g n e t o s t r i c t i v e c o n t r a c t i o n a n d c h a n g e 
of t he rmoe lec t r i c force. F . D . S m i t h s t u d i e d t h e effect for a l t e r n a t i n g c u r r e n t 
w i t h 4O p e r cen t , n ickel a l loys ; a n d S. J . B a r n e t t , t h e g y r o m a g n e t i c r o t a t i o n of 
permalloy. 
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Gr. Bel loc s t ud i ed t h e a b s o r p t i o n of fu rnace gases b y nickel-s tee l . W i t h 
50 g r m s . of wire e x t r a c t e d a t different t e m p . , t h e vol . v c . c , a n d t h e p e r c e n t a g e 
compos i t i on of t h e gas b y vol. , w a s : 

Total vol . , v . 
Carbon dioxide 
Carbon monox ide 
H y d r o g e n 
Ni trogen 

350° 
O-95 

3 7 
4O 
2 3 

O 

440° 
1-38 

1 4 
2 6 
6 0 

0 

610° 
3-70 
8 

4 9 
3 9 

4 

640° 
2 1 4 
O 

5O 
4 4 

6 

740° 
2-70 
O 

4 9 
4 7 

4 

820° 
2-35 
0 

5 6 
4O-8 

2-2 

950° 
11-20 

O 
6 7 
28-5 

4-5 

H . C. IT. C a r p e n t e r a t t r i b u t e d t h e b r i t t l enes s of n icke l wi res u sed a s r e s i s t ance 
wires in electr ic fu rnaces t o t h e r ec rys t a l l i z a t i on of t h e m e t a l , a n d t o t h e pene­
t r a t i o n of gases . T h e sub j ec t w a s d i scussed b y W . F r oh l i ch . H . R e m y a n d 
H . G o n n i n g e n s t u d i e d t h e ca t a ly s i s of t h e 2 H 2 - I - O 2 r e a c t i o n b y t h e a l loy . I n 
1807, A . a n d C. R . A ik in o b s e r v e d t h a t m e t e o r i c i ron is " sca rce ly a t a l l o x y d a b l e 
by exposu re t o t h e w e a t h e r , " a n d a d d e d t h a t " i t is h igh ly p r o b a b l e the re fo re t h a t 
nickel m a y become a m e t a l of v a s t i m p o r t a n c e if i t s p o w e r of p r o t e c t i n g i r o n f rom 
r u s t be fully e s t a b l i s h e d . " T . F l e i t m a n n n o t i c e d t h a t t h e n ickel - i ron a l loys offer 
a m u c h g r e a t e r r es i s t ance t o t h e c o r r o d i n g influence of t h e a t m o s p h e r e t h a n does 
i ron a lone . T h e sub jec t w a s s t u d i e d b y F . A . F a h r e n w a l d , L . L o s a n a a n d 
G. R e g g i a n i , B . Bog i t ch , H . T. K a l m u s a n d K . B . B l a k e , H . G. H a a s e , W . H . Creu tz -
feldt , H . J . F r e n c h a n d co-workers , W . A c k e r m a n n , R . Mal le t , a n d R . W . Ba i l ey 
a n d A. M. R o b e r t s . L . B . Pfeil obse rved t h a t a t h r e e - l a y e r scale is f o r m e d w h e n 
nickel- i ron, or nickel-s teel is h e a t e d a t 1000° in a i r for severa l h o u r s . W i t h n ickel -
i ron , v e r y l i t t le n ickel occu r r ed in t h e o u t e r l ayer , b u t a r e m a r k a b l e e n r i c h m e n t 
of n ickel as m e t a l w a s f o u n d o n t h e i n n e r m o s t l aye r , a n d n o n icke l w a s f o u n d in 
t h e o u t e r l aye r of n ickel -s tee l w h e r e t h e o u t e r l a y e r f o r m e d o n e - s e v e n t h of t h e 
whole scale. T h e m i d d l e l aye r—one-ha l f t h e whole s c a l e — w i t h nickel -s tee l con­
t a i n e d o n l y t r a c e s of n ickel ; whi l s t t h e i n n e r m o s t l a y e r c o n t a i n e d 2-5 t i m e s as 
m u c h nickel a s t h e or iginal s teel . L . B . Pfeil sa id : U n d e r t h e mic roscope , t h e 
cross-sect ion of t h e scale showed i m p o r t a n t differences f rom t h e scale de r ived 
f rom p l a in i ron or i r on -ca rbon s teels : (i) T h e i n n e r l a y e r c o n t a i n e d m i n u t e , 
meta l l i c par t ic les e m b e d d e d in ox ide ; (ii) i n t e r c rys t a l l i ne p e n e t r a t i o n in t h e core 
was m o r e p r o n o u n c e d ; (iii) b e y o n d t h e r a n g e of i n t e r c rys t a l l i ne o x i d a t i o n of t h e 
core , a n a l t e red zone is p r e s e n t in t h e m e t a l . I n t h i s zone , t h e r e a r e p r e s e n t a n 
e n o r m o u s n u m b e r of e x t r e m e l y m i n u t e specks , p r o b a b l y i ron ox ide . G. T a m m a n n 
a n d G. Siebel s t ud i ed t h e t e m p e r colours of t h e i ron-n icke l a l loys . J . R i l e y sa id 
t h a t a l loys w i t h ove r 25 p e r cen t , of n ickel a r e p r ac t i ca l l y free f rom r u s t i n g , a n d 
t h a t while 5 pe r cen t , of n ickel r e d u c e s t h e cor ros ion of i r o n in ac id i n t h e r a t i o 
100 : 8 3 , 25 pe r cen t , of n ickel r educes t h e cor ros ion i n t h e r a t i o 100 : 1-15. 
R . A. Hadf ie ld f o u n d t h a t t h e p e r c e n t a g e loss b y t h e cor ros ion of forged s tee l 
c o n t a i n i n g 0*13 p e r cen t , of c a r b o n a n d 

Nickel . . 0-93 3-82 7-62 11-39 2 9 0 7 per cent . 
Loss . . . 3-23 2-95 2-77 2-60 1-34 

a n d H . C. H . C a r p e n t e r a n d co -worke r s o b s e r v e d t h a t w i t h s tee l c o n t a i n i n g 0-40 
t o 0-52 pe r cen t , of c a r b o n , a n d 0*75 t o 1-03 p e r cen t , of m a n g a n e s e , t h e losses b y 
corrosion af ter 32 d a y s ' e x p o s u r e i n w a t e r ; a f te r 3 3 d a y s i n s ea -wa te r ; a n d af te r 
17 d a y s in 50 pe r cen t , su lphur i c ac id , we re : 

Nickel . O 1-20 2-15 4-25 6-42 12-22 15-98 19-91 per cent . 
(Water . O-15 0 1 1 0-10 O i l O-12 0-10 O 0 9 0 0 9 

Loss \ Sea -water . — 0-23 0-26 0-26 0-23 0-23 O-18 O-14 
(Acid 0-8O 1-10 0-72 0-71 0-58 0-44 0-28 0-28 

C F . Burgess a n d J . A s t o n e x p o s e d p l a t e s of n icke l - i ron a l loys t o t h e w e a t h e r for 
162 d a y s f rom J u l y t o F e b r u a r y , a n d o b s e r v e d t h e loss e s t i m a t e d i n k g r m s . p e r 
sq . m e t r e pe r y e a r ; a n d a lso t o t h e a c t i o n of 20 p e r cen t , su lphu r i c ac id for a n 
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hour , a n d e s t i m a t e d t h e loss in grma. per sq. d m . pe r hour , 
select ion f rom the i r resu l t s : 

T h e following is a 

Ni 
Air 
Acid 

. 0-270 

. 0-6330 

. 0-288 

1070 
0-5070 
0-283 

10-200 
0-0910 
0 1 3 2 

19-210 
00720 
0-088 

25-200 
O 0540 
O l 12 

35 090 
0-1830 
0-088 

47080 
0160O 
0 0 6 2 

75-660 por cent 
0049O 
00215 

.^ 0-020 

t 
0 075 

J . G. E a t o n s t a t e d t h a t u p t o 2 pe r cen t , of nickel exe r t ed no p ro t ec t ive a c t i o n 
on s teel , 3 t o 4 pe r cen t , r e d u c e d t h e corros ion in t h e r a t io 100 : 95 ; E . Crowe 
found t h a t 2*6 t o 2-9 pe r cent , of nickel r educed t h e corrosion ra t io f rom 100 t o 
98 ; H . A. Wiggin obse rved t h a t t h e i n t r o d u c t i o n 
of a b o u t 3 p e r cent , of n ickel r educes t h e cor rodi -
b i l i ty of s teel by sa l t -wa te r , a n d b y s t e a m nea r ly 
one-half. J . D a v i s also n o t e d t h a t nickel in­
creases t h e res i s tance of s teel wires t o corros ion. 
H . M. H o w e found t h a t 3-03 pe r cen t , of n ickel 
r educed t h e corros ion in n e u t r a l or fa in t ly ac id 
soln. in t h e r a t io 100 : 77, a n d 26 p e r cen t , of 
nickel in t h e r a t i o 100 : 31 ; whi ls t H . Wigg in 
found t h a t 3-03 p e r cen t , of nickel r e d u c e d 
corrosion in t h e r a t i o 100 : 64. G. T a m m a n n 
found t h a t 10 pe r cent , of c h r o m i u m or 0-11 
molecule suffices t o m a k e t h e nickel a l loy p a s s i v e — 
vide i r o n - c h r o m i u m al loys. C. Diegel found t h a t 
t h e corrosion b y sea -wa te r was r educed in t h e 
r a t i o 100 : 65 b y 6-14 pe r cen t , n icke l , a n d 100 : 26 

0-010 

I 0-005 

0-10 

0-08: 

004 . 

IO 20 30 
Per cent, nickel 

of Fia. 264 . T h e Corros ion 
Nickel -Stools b y Ac ids . 

b y 29-7 pe r cent , nickel . 
J . A. N . F r i e n d a n d co-workers found t h a t b y t a k i n g t h e corros ion fac tor wi th a 
steel con t a in ing 0-29 pe r cen t , c a r b o n a n d 0-39 pe r cen t , m a n g a n e s e t o be 100, 
in all cases, t h e corrosion w i t h s teels con ta in ing : 
Ni 
Cr 
T a p - w a t e r 
S e a - w a t e r 
A l t e r n a t e w e t a n d d r y 
0 0 5 p e r c e n t . H 2 S O 4 
O-5 p e r c e n t . H 2 S O 4 

T. S. Fu l l e r s tud ied t h e effect of s t e a m on t h e e n d u r a n c e t e s t s for nickel-s teel . 
Y . XJtida a n d M. Sa i t o observed t h e weigh t of oxygen , in g r a m s pe r sq. cm., t a k e n 
u p in o x i d a t i o n w h e n t h e m e t a l is h e a t e d for a n h o u r a t 1100° ; a n d also t h e 
loss in we igh t in g r a m s pe r sq. cm. in 24 h r s . , a n d w i th samples of steel w i th 
0-05 t o 0-18 pe r cen t , of ca rbon , i m m e r s e d in 10 pe r cen t . soln. of t h e different 
acids , t h e y found : 

3-72 
.— 

. 83 

. 77 

. 43 
85 
55 

6-

69 
79 
36 
82 
63 

14 26-24 
— 

51 
45 
8 

54 
8 

3-4 
l-O 

77 
82 
47 
87 

132 

3-5 per cent 
1 1 2 

9() 
9O 
52 
93 

413 

Nickel 
A t 1100° in air 
H N O 3 . 
H C l 
H 8 S O 4 

0 
0-0212 
0-9380 
00712 
O-099O 

8-2 
0-0369 
0-5090 
0-0602 
00112 

23 57 
0-0227 
0-4087 
0-0342 
00037 

42-99 
00160 
0-3125 
00028 
00003 

60 09 
O-0O77 
01050 
0-0012 
0-0006 

8106 
0-0046 
0-0275 
0-0009 
0 0005 

98-98 per cent. 
0-0030 
0-0221 
0-0015 
0-0006 

S. E n d o ' s resu l t s , p l o t t e d in F ig . 264, r ep re sen t t h e losses, in g r a m s pe r sq. cm. , 
suffered in 5 h r s . b y al loys w i t h 0-45 t o 0-54 pe r cent , of ca rbon , a n d t h e p r o ­
p o r t i o n s of nickel i nd i ca t ed in t h e d i a g r a m . H . K i r s c h t s tud ied t h e effect of 
n ickel on t h e ox ida t ion of i ron ; M. S a u v a g e o t , t h e ac t ion of s t e a m ; R . Miiller 
a n d co-workers , t h e ac t ion of m o l t e n fluorides. R . Schanzer found t h a t cubes of 
0*6 p e r cen t , carbon-s tee l 140 g rms . in weight , a f te r 15 h r s . ' exposure los t in weight , 

Stee l a l one 
S tee l w i t h 1-2 p e r c e n t . N i 

HCl (sp. gr. 1-2) 
1-001 
0-279 

HNO8 (sp. gr. 12) 
1 0 1 6 
0-847 

H 2 S O 4 ( s p . gr. 1-6) 
4-17 g r m s . 
2-39 

A. M. Fa i r l i e found t h a t a 5 p e r cen t , nickel a l loy res is ts su lphur ic acid ve ry well, 
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a n d fused h y d r o s u l p h a t e s , b u t i t is a t t a c k e d b y n i t r i c ac id . W . H . Ha t f i e ld ' s 
r esu l t s for i ron-nickel -carbon a l loys for t h e loss i n w e i g h t i n g r a m s p e r sq . c m . i n 
24 h r s . a t 15° a r e i nd i ca t ed i n T a b l e X I X . T h e i n t r o d u c t i o n of n icke l t o s teel 

T A B L E X I X . — T H E : A C T I O N OV A C I D S O N N I C K E L - S T E E L S . 

C 

O 2 6 
0 1 6 
O-3O 
O-23 
O-32 
0 - 2 6 
O-31 
0 1 8 
0 - 1 8 
O-23 
0 - 2 9 

Composition 

M n 

0-41 
O-33 
0 -31 
O-18 
0 - 2 8 
0 - 3 1 
0 - 9 8 
1 0 0 
1-07 
0 - 3 5 
0 -57 

Ni 

4 - 8 2 
6 -05 
9 0 2 

1 2 - 2 3 
14-9O 
2 0 - 0 8 
2 4 - 2 1 
2 6 1 
2 9 - 3 
3 6 - 5 0 
4 4 - 7 5 

Cr 

N i l 

N i l 

Si 

0 1 6 
0 -41 
0 1 3 
O i l 
O-12 
0 1 2 
0 - 3 4 

0 - 2 5 
0 1 2 
0 - 2 2 

Condition 

A s r o l l e d 

Q u e n c h e d 1 0 0 0 ° 

Brinell's> 
hard­
ness 

1 8 7 
1 5 7 
2 7 6 
3 4 5 
3 3 0 
1 9 8 
1 6 8 
1 7 5 
1 8 6 
1 5 7 
1 1 7 

HCl 
(sp. gr. 
1180 ) 

0 1 1 4 2 
0 0 8 7 2 
0 - 1 5 9 3 
0 1 9 3 9 
0 0 8 1 6 
0 - 0 8 3 8 
0 - 0 5 6 8 
0 - 0 6 7 8 
0 0 2 9 0 
O 0 2 3 7 
0 0 3 2 9 

H N O 3 
(sp. gr. 

1-20) 

0 - 7 3 8 8 
0 - 4 4 7 5 
0 - 6 4 9 4 
0 - 7 1 2 3 
0 - 7 0 2 6 
0 - 6 8 8 7 
0 - 7 5 3 2 
0 - 5 9 1 4 
0 - 7 7 4 5 
0 - 5 7 3 0 
0 - 5 6 8 4 

H 3 SO 4 
(IO per 

cent.) 

0 - 0 2 2 1 
0 0 0 7 2 
0 0 1 0 2 
0 0 0 7 4 
0 0 0 2 8 
OOOIO 
0 0 0 0 8 
0 - 0 0 0 6 
0-O005 
0 0 0 0 3 
0 - 0 0 0 4 

increases i ts res i s tance t o 10 p e r cen t , su lphu r i c ac id . P . K o t z s c h k e a n d E . P i w o -
w a r s k y obse rved t h a t whi l s t u p t o 6 p e r cen t , of nickel increases t h e r e s i s t ance of 
ca s t iron to a lka l ine lye, i t does n o t i m p r o v e t h e ac id- res is t ing n a t u r e of t h e m e t a l . 
A. B . !Everest a n d co-workers obse rved t h a t t h e nickel-si l icon cas t i rons w h i c h 
h a d a pear l i t i c , sorb i t ic , or m a r t e n s i t i c g r o u n d - m a s s genera l ly offered a r e s i s t ance 
t o a t t a c k b y su lphur ic ac id inferior t o t h a t of a n o r d i n a r y g rey ca s t i ron . T h e 
a u s t e n i t i c s amples showed a m a r k e d res i s t ance , a n d , w i t h 20 t o 40 p e r cen t , of 
n ickel , t h e r e was p rac t i ca l ly n o a t t a c k w i t h 0-5 t o 2O p e r cen t , su lphur i c ac id . 

C. G. F i n k a n d C. M. de Croly found t h a t w i t h all t h e i ron-nickel a l loys t h e y 
e x a m i n e d , t h e r a t e of corros ion in su lphur i c ac id soln. a t first i nc reased r a p i d l y 
w i t h increas ing ac id c o n c e n t r a t i o n , b u t a f te r r each ing a m a x i m u m dec reased m o r e 
or less r a p i d l y aga in . T h e resu l t s w i th su lphur i c ac id showing t h e co r rod ib i l i ty , 
expressed as a loss in mi l l ig rams pe r sq. d m . p e r 24 h r s . , a re : 
Per cent. H 2 SO 4 . 

f 98-3 per cent. Ni 
J 78-5 per cent. Ni 

Loss < 47-9 per cent. Ni 
I 37-6 per cent. Ni 
I. Iron . 

B . C. Baner j i a n d N . R . D h a r obse rved t h a t w i t h t h e 50 : 50-al loy a n d 20 pe r c e n t , 
n i t r i c acid, t h e r e a c t i o n w a s acce le ra t ed b y t h e p resence of ferrous s u l p h a t e a n d 
ferric n i t r a t e , b u t n o t b y ferr ic ch lor ide . T h e r e a c t i o n w a s per iod ic , t h e pe r iods 
in m i n u t e s be ing w i t h t h e ac id a lone , 18, 8, 3 , a n d 1 ; w i t h fer rous s u l p h a t e 
add i t i on , 13 , 5 , 4, a n d 2 ; a n d w i t h ferric n i t r a t e a d d i t i o n , 12, 7, 5 , 3 , a n d 1. T h e 
per iodic a c t i o n also occu r r ed w i t h 5 , 10, 15, a n d 17 p e r c e n t . ac id . T h e per iod ic 
a c t i o n w a s n o t so m a r k e d w i t h t h e 17 p e r cen t , ac id a s w i t h t h e 20 p e r c e n t . ac id . 
F ina l ly , for m o s t of t h e a l loys t h e r e w a s a second inc rease in r a t e of cor ros ion in 
v e r y cone. soln. I n a g iven soln. of s u l p h u r i c ac id c o n t e n t be low 25 p e r cen t , 
t h e r a t e of corros ion of v a r i o u s a l loys inc reased c o n t i n u o u s l y w i t h inc reas ing i ron 
c o n t e n t of t h e al loy, b u t in a m o r e cone , ac id soln. , t h e a l loy c o n t a i n i n g 27-9 p e r 
cen t , of nickel a lways showed t h e m i n i m u m r a t e of cor ros ion . A t t h e h ighes t ac id 
concen t r a t i ons , al l t h e a l loys were less r ead i ly a t t a c k e d t h a n w a s e i t he r purif ied 
nickel or purified i ron . T h e a d d i t i o n of c h l o r a t e or c h r o m a t e t o t h e s u l p h u r i c 
ac id did n o t p r o d u c e a n y p a s s i v a t i o n , b u t a c t u a l l y a c c e l e r a t e d t h e cor ros ion . 
T h e a d d i t i o n of less t h a n 4 p e r cen t , of c h r o m i u m t o t h e a l loy d id n o t i m p r o v e t h e 

5 
2 5 0 
3 5 0 

1 0 0 0 
1 , 6 3 0 

1 3 , 3 0 0 

1 0 
3OO 
6 8 0 

1 , 3 8 0 
1 , 7 1 0 
4 , 0 2 0 

2 5 
2 9 0 

1,05O 
9 K ) 
9 5 0 

1 5 , 2 0 0 

5 0 
4 5 0 
5 4 O 
2 5 0 
5 2 0 

2 , 3 0 0 

7 5 
6 3 5 
1 6 0 
1 0 0 
1 8 0 
3 5 0 

9 6 
4 9 5 
3 6 6 

5 4 
3 0 9 

1 , 1 2 0 
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res i s t ance t o corros ion , b u t w i th n i ch rome , c o n t a i n i n g 12-5 p e r cen t , of c h r o m i u m , 
t h e r e is a m u c h lower r a t e of corros ion, especial ly in soln. of low ac id c o n c e n t r a t i o n . 
Corros ion b y soln. of s o d i u m chlor ide , a n d t h e effect of v a r y i n g t h e t e m p , were 
s t ud i ed . T h e r e su l t s w i t h s o d i u m chlor ide a r e n e a r t h o s e o b t a i n e d b y H . S. R a w d o n 
a n d E . C. Groesbeck . W i t h 5 pe r cen t , soln. , w i t h e lec t ro ly t ic i ron , t h e loss w a s 
460*8 m g r m s . p e r sq . c m . p e r 24 h r s . ; w i t h t h e 37-6 p e r cen t , n ickel a l loy, 28-50 ; 
w i t h 47-8 p e r cen t , n ickel , i napp rec i ab l e ; w i t h 78-5 pe r cen t , nickel , 2-46 ; a n d 
w i t h 98-3 p e r cen t , n ickel , 5-18. T h e effect w i t h su lphur ic ac id in t h e p resence of 
p o t a s s i u m ch lo ra t e , a n d a lso c h r o m i c ac id were e x a m i n e d . I t is i ndeed poss ible 
t o m a k e t h e ferro-nickel a l loys pass ive in n e u t r a l or s l ight ly acidic soln. b y a d d i n g 
c h l o r a t e or c h r o m a t e ions t o t h e soln. O. B . J . F r a z e r a n d co-workers found t h a t 
t h e m a x i m u m in t h e H" ion c o n c e n t r a t i o n of t h e su lphur ic ac id is below t h e 
m a x i m u m r a t e of cor ros ion . T h e single p o t e n t i a l s of i ron-nickel al loys aga ins t 
s u l p h u r i c ac id soln. of v a r i o u s c o n c e n t r a t i o n s showed t h a t in a g iven soln. , 
i nc reas ing i ron c o n t e n t of t h e a l loy m a k e s i t c o n t i n u o u s l y baser , a n d for a g iven 
a l loy t h e p o t e n t i a l a s s u m e s inc reas ing ly ba se va lues w i t h a decrease in t h e ac id 
c o n c e n t r a t i o n . W i t h p u r e n ickel , howeve r , a n a n o m a l o u s resu l t w a s o b t a i n e d . 
W . G u e r t l e r a n d T . L i e p u s , W . G u e r t l e r a n d W . A c k e r m a n n , A. F . Y a r r o w , 
A. M. P o r t e v i n , J . S t r a u s s , M. S a u v a g e o t a n d L . L a u p r e t e , O. B e h r e n s , E . W e l l m a n , 
M. J . P r u c h a , O. Fcippl a n d co-workers , H . A . Hadf ie ld , W . H . H a t f i e l d , L.. Ai tch ison , 
J . A. N . F r i e n d , S. Crosdale , A. M. P o r t e v i n , T. S. Fu l l e r , M. Ba l l ay , E . B lau , 
D . H . B r o w n e , H . M. H o w e , H . Diegel , J . E . S t e a d , 

T. K a I m u s a n d K . B . B l a k e , O. 
P i w o w a r s k y , W . ID. Wi l l i ams , P . 
B . E v e r e s t a n d co-workers , P . 

B a u e r a n d 
C h e v e n a r d , 

I ) . Mer ica , 

12 

E 08 

E 0-2 

0 5 10 15 20 25% Ni 

F i o . 2 6 5 . — A c t i o n of Ac ids on 
N i c k e l - I r o n Al loys . 

H . 
E . 
A. 
P . K o e t z s c h k e , C. G. F i n k a n d C. M. de Croly, 
W. K o h n , J . A. M a t h e w s , E . M a a s s a n d W . W i e d e r -
ho l t , F . F . H e n g s t e n b e r g , A. B r u n n e r , A. M a t a g r i n , 
a n d K. J . M c K a y s t u d i e d t h e cor rod ib i l i ty of t h e 
i ron-n icke l a l loys . P . K o t z s c h k e a n d E . P i w o w a r s k y 
found t h a t t h e a d d i t i o n of u p t o 6 pe r cen t , of n ickel 
in g r e y c a s t i ron h a s v e r y l i t t le inf luence in p r e ­
v e n t i n g corros ion b y ac ids a n d sa l t soln. P . K o t z s c h k e 
found t h a t w i th hydroch lo r i c ac id , cas t i ron w i t h u p 
t o 6 p e r cen t , of n ickel h a s t h e cor ros ion r e d u c e d b y 20 t o 25 p e r cen t . ; a n d w i t h 
ace t i c ac id t h e cor rod ib i l i ty first increases a n d t h e n decreases w h e n increas ing 
p r o p o r t i o n s of nickel a r e a d d e d t o cas t i ron . D . Sa i to a n d H . O k a w a , H . J . F r e n c h 
a n d V. O. H o m e r b e r g , a n d B . J o n e s s t u d i e d t h e n i t r i d i za t i on of t h e nickel-s teels ; 
R . Vogel , t h e a c t i o n of p h o s p h o r u s ; a n d P . R . K o s t i n g a n d C H e i n s , t h e a c t i o n 
of p h o s p h o r i c ac id on t h e a l loys . G. Belloc e x a m i n e d t h e occlusion of gas b y 
n ickel -s tee l . N . H u d s o n f o u n d t h a t c a r b o n m o n o x i d e will c o m b i n e -with nickel 
t o f o r m t h e vo la t i l e c a r b o n y l e v e n in s teels w i t h a smal l p r o p o r t i o n of n ickel 
p r e s e n t . F . H . R h o d e s a n d co -worker s s t u d i e d t h e a c t i o n of pheno l ; a n d 
J . Gr. T h o m p s o n a n d co-worker s , t h e a c t i o n of soln. of u r e a a n d of a m m o n i u m 
c a r b o n a t e , a n d M. P . Balfe a n d H . Ph i l l ips , t a n l iquors . W . E . D e n n i s o n obse rved 
t h e effect of coal gas c o n d e n s a t e o n t h e cor ros ion of mone l m e t a l . E . H . Schulz 
a n d W . J e n g e found steel w i t h 19-5 pe r cen t , of n ickel w a s a t t a c k e d m o r e t h a n cas t 
i ron b y 1 p e r cen t , n i t r i c ac id ; a n d J . G. T h o m p s o n found t h a t nickel r educes t h e 
r e s i s t ance of i r o n - c h r o m i u m steels t o n i t r i c ac id . W . G u e r t l e r a n d W . A c k e r m a n n ' s 
r e su l t s w i t h n i t r i c ac id (sp. gr. 1-005 a n d 1-12), a n d w i t h su lphur i c ac id (sp. gr. 
1-005) a r e s u m m a r i z e d i n F ig . 265 . P . K o t z s c h k e found t h a t nickel decreases t h e 
co r rod ib i l i ty b y cone, a lka l i - lye 88 pe r c en t . A c c o r d i n g t o C. Du i sbe rg , i ron w i t h 
5 p e r cen t , n ickel is v e r y r e s i s t a n t t o w a r d s soln. of s o d i u m h y d r o x i d e ; a n d , 
a cco rd ing t o W . F roh l i ch , h igh nickel-s teel is less affected b y c o n t a c t w i t h h y d r o g e n 
a n d n i t r o g e n t h a n is t h e case w i t h o r d i n a r y steel . T h e sub j ec t was s t ud i ed b y 
J . L . E v e r h a s t , a n d H . E . Sear le a n d R . W o r t h i n g t o n . J . S. Van ick i n v e s t i g a t e d 
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a t t a c k b y h o t gaseous a m m o n i a . D . J . M c A d a m discussed t h e corrosion of nickel -
steels while u n d e r t h e influence of cyclic s t ress ; a n d T. S. Fu l l e r , t h e a c t i o n of s t e a m 
on t h e endurance t es t s . R . Vogel a n d H . B a u e r s t u d i e d t h e i ron-nickel p h o s p h o r u s 
sys t em ; a n d M. V. RuisakofT a n d I . N . B u s c h m a k i n , t h e ac t ion of p h o s p h o r u s 
a n d of phosphor ic acid. H . M. D u n c a n s tud i ed t h e ac t ion of m o l t e n b ra s s on nickel-
steel ; a n d H . Grub i t sch , t h e ac t ion of z inc. 

Le Societe A n o n y m e Ie Fer ron icke l 2^ p r e p a r e d a copper-n icke l - i ron a l loy 
with 55 : 2 : 25 ; R . Wal t e r , H . F . P o r t e r , W . P . D i g b y , J . J . Olsen, R . W . L e o n a r d , 
and G. M. Colvocoresses descr ibed t h e m a n u f a c t u r e of copper-n ickel -s tee l—cal led 
nicu-—from t h e S u d b u r y n ickel -copper ores ; T. Moore also p r e p a r e d a n al loy ; 

a n d L . E . S t o u t a n d C. L . F a u s t , a n d H . P a w e e k 
a n d co-workers , t h e e lec t rodepos i t ion of t h e 
a l loys. R . Vogel s tud ied t h e t e r n a r y s y s t e m , 
a n d t h e resu l t s a r e s u m m a r i z e d in F ig . 266. 
T h e l imi t s of s a t u r a t i o n of t h e t e r n a r y solid 
soln. is a c u r v e which s t a r t s from 96*5 p e r cen t , 
of i ron a n d 3-5 p e r cen t , of copper , c u t t i n g 
t h r o u g h t h e nickel d iagona l a t 40 p e r cen t , of 
nickel , a n d ends a t 2-75 pe r cent , of i ron a n d 
97-25 pe r cen t , of copper . All a l loys falling 
outs ide t h i s cu rve a re homogeneous if sufficiently 
annea led . T h e al loy w i t h F e , 72 ; Ni , 24 ; a n d 
Cu, 4, h a s a s t r u c t u r e resembl ing m a r t e n s i t e 
when i t is e t ched w i t h n i t r i c acid. T h e u n s a t -

F m . 266.—The^Temary Sys tem: u r a t e d s o ] n . o f m e d i u m compos i t ion a r e t o u g h , 
a n d t h e c rys ta l s c a n suffer m u c h de fo rma t ion 

w i t h o u t r u p t u r e . All t h e a l loys are m a g n e t i c a t o r d i n a r y t e m p . T h e sub jec t w a s 
s tud ied b y M. Tasak i , F . Rol l , W . K d s t e r a n d W . D a n n o h l , a n d J . A s a t o . 
A. Ie Chate l ier observed t h a t w i th a n a l loy of Cu, 63 ; Ni , 34 ; F e , 3 , t h e tensi le 
s t r e n g t h a n d e longat ion were : 

15° 100° 1B0° 200° 250° 300° 350° 400° 460° 
Tens i le s t r e n g t h . 42-4 42-2 41-5 40-6 39-2 37 28 18 2 18 g r in s . 
E l o n g a t i o n . 4O 31 31 34 30 23 20 15 3 p e r c e n t . 

O b s e r v a t i o n s w e r e m a d e b y G. H . C l a m e r , J . A . M a t h e w s , C. F . B u r g e s s a n d 
J . A s t o n , G . A . R o u s h , G . M . C o l v o c o r e s s e s , J . C. K o l b e , O . D a h l a n d c o - w o r k e r s , 
a n d W . C. C h a s e . P . C h e v e n a r d s t u d i e d t h e e f fec t of c o p p e r o n t h e d i l a t i o n of 
f e r r o n i c k e l s . H e a l s o o b s e r v e d t h a t t w o m u t u a l l y s o l u b l e p h a s e s a r e f o r m e d . 
H . Ie C h a t e l i e r a l s o f o u n d t h a t t h e C u , 7 0 ; N i , 18 ; F e , 11 a l l o y h a d a t r a n s f o r m a ­
t i o n t e m p , of 6 9 0 ° , a n d t h a t t h e e l e c t r i c a l r e s i s t a n c e f r o m t h a t p o i n t r i s e s m o r e 
r a p i d l y t h a n b e f o r e . G . A . R o u s h m e a s u r e d t h e h a r d n e s s of t h e a l l o y s . 
P . R . K o s t i n g f o u n d t h a t t h e a d d i t i o n of c o p p e r t o i n v a r — 3 6 N i , 6 4 F e — g a v e 
t h e f o l l o w i n g v a l u e s f o r t h e t h e r m a l e x p a n s i o n coeff. f r o m r o o m t e m p , t o 1 5 0 ° i n 
c m . p e r c m . p e r d e g r e e : 

Copper O 7 15 38 48 60 p e r c e n t . 
a X l O - 8 . . 1-9 3-2 5-4 9-9 11-3 2 2 O 

T h e r e s u l t s fo r t h e e l e c t r i c a l r e s i s t a n c e i n m i c r o h m s p e r c m . c u b e a t 2 0 ° a r e s u m ­
m a r i z e d i n F i g . 2 6 7 ; a n d t h o s e f o r t h e t e m p , coeff. of t h e r e s i s t a n c e i n o h m s p e r 
o h m p e r d e g r e e x 1 0 4 , i n F i g . 2 6 8 . W . C. E l l i s a n d c o - w o r k e r s f o u n d t h e s p . h t . 
o f t h e N i - C u - F e , 7 0 : 2 8 : 2 a l l o y t o b e 0 1 3 2 ; t h e s p . g r . , 8 -94 ; t h e t h e r m a l 
c o n d u c t i v i t y , 0 - 0 8 3 2 ; a n d t h e e l e c t r i c a l c o n d u c t i v i t y , 2 -306 X 1 0 4 m h o . A d d i t i o n s 
o f u p t o 1 5 p e r c e n t , of i r o n d e c r e a s e t h e s p . r e s i s t a n c e a n d t h e t h e r m o e l e c t r i c f o r c e 
a g a i n s t c o p p e r , b u t i n c r e a s e t h e t e m p . coeff. o f t h e r e s i s t a n c e . T h e a d d i t i o n o f 
u p t o 2 2 p e r c e n t , o f c o p p e r t o i n v a r d e c r e a s e s t h e r e s i s t a n c e , b u t i n c r e a s e s t h e 
t e m p , coeff. o f t h e r e s i s t a n c e , t h e t h e r m o e l e c t r i c f o r c e , t h e coeff. of e x p a n s i o n , a n d 
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t h e t e m p , a t which t h e e x p a n s i o n s u d d e n l y ceases . O b s e r v a t i o n s were m a d e b y 
R . R u e r a n d C. F i c k , S. W . B o o t h , N . B . Pi l l ing, T. Chu , F . R i b b e c k , L,. R . Inge r -
soll, K . F e u s s n e r a n d S. L indeck , a n d W . B . E a r n s h a w . P . R . !Costing's va lues 

(Resistance) Cu 
F I G . 2 6 7 . T h e S p e c i f i c R e s i s t a n c e of t h e 

C o p p e r - N i c k e l - I r o n A l l o y s . 
K i O . 2 6 8 . T h e T e m p e r a t u r e C o e f f i c i e n t 

o f t h e R e s i s t a n c e of t h e C o p p e r -
N i c k e l - I r o n A l l o y s . 

for t h e t h e r m o e l e c t r i c force in mic rovo l t s p e r degree a r e s h o w n in F ig . 269. Smal l 
a d d i t i o n s of i ron t o n o n - m a g n e t i c copper -n icke l a l loys m a k e t h e m m a g n e t i c . 
E . H . a n d A. H . Cowles a n d C. F . M a b e r y f o u n d t h a t t h e add i t i on of a l u m i n i u m 
m a k e s t h e al loy ma l l eab l e . These q u a t e r n a r y C u - N i - F e - A l a l loys were discussed 
b y W . R u e b e l , a n d A. J a c o b s e n . T h e a l loy w i t h 2 g r a m - a t o m s each of copper a n d 
i ron a n d 1 g r a m - a t o m each of n icke l a n d a l u m i n i u m resis ts a t t a c k b y mois t air , 
w a t e r , s ea -wa te r , a n d m a n y ac ids . T h e q u a t e r ­
n a r y C u - N i - F e - M n a l loys were e x a m i n e d b y 
E . Li. Nicho l s w h o f o u n d t h e t e m p , coeff. of t h e 
e lect r ical r e s i s t ance of a n a l loy w i t h copper , 
78-28 ; f e r r o m a n g a n e s e , 14-07 ; a n d n ickel , 7-65, 
is smal le r t h a n t h a t of c o p p e r - i r o n - m a n g a n e s e , 
be ing —0-O4I l for t h e h a r d a l loy, a n d 0-047 for 
t h e a n n e a l e d a l l o y ; whi ls t for t h e a l loy w i t h 
copper , 52-51 ; f e r romanganese , 31-27 ; a n d 
nickel , 12-22, t h e t e m p . coefE. of t h e h a r d a l loy 
w a s —0-0439 a n d of t h e a n n e a l e d al loy —0-0432. 
A. P e p e s t u d i e d t h e t h e r m o e l e c t r i c p rope r t i e s . 
D . F . M c F a r l a n d a n d O. E . H a r d e r , V. F i scher , 
a n d E . W e s t o n m a d e o b s e r v a t i o n s on t h e 
sub jec t . M. K e r s t e n , a n d A. K u s s m a n n a n d 
B . Scharnoff s t u d i e d t h e m a g n e t i c p rope r t i e s . 
J . A. J o n e s o b s e r v e d t h a t t h e i n t r o d u c t i o n of 
c o p p e r t o n ickel -s tee l d id n o t increase t h e res i s t ance t o corrosion, b u t t h e copper 
w a s n o t d e t r i m e n t a l t o t h e m e c h a n i c a l p rope r t i e s . O b s e r v a t i o n s on t h e effect of 
s e a - w a t e r were m a d e b y J . A . N". F r i e n d a n d W . W e s t . 

M. E . B a r k e r s t u d i e d t h e i ron-n icke l - s i l ver a l loys ; a n d B . J o n e s , J . H . S. D icken ­
son a n d W . H . Hat f ie ld , a n d W . Kro l l , t h e i ron-n icke l -bery l l ium a l loys . 
O. L . E r d m a n n e x a m i n e d t h e q u a t e r n a r y C u - N i - F e - Z n a l loys , a n d found t h a t 
i r o n does n o t r ead i ly a l loy w i t h nickel-s i lver . K . F e u s s n e r a n d S. L i n d e c k found 
t h a t t h e sp . res i s tance of rheotan—Cu, 53-28 ; N i , 25-31 ; Zn , 16-89 ; F e , 4-46 ; 
Mn , 0-37—is 52-5 m i c r o h m s p e r c m . c u b e , a n d t h e t e m p , coeff. is 0-00041. 
G. Niccola i obse rved t h a t t h e e lect r ica l r es i s tance , R c.g.s. u n i t s , is : 

(Thermoelectric force) 

K i o . 2 6 9 . - — T h e T h e r m o e l e c t r i c 
F o r c e of t h e C o p p e r - N i c k e l -
I r o n A l l o y s . 

R 
400° 

48,2OO 
8OO ° 

48 ,090 
200° 

47 ,195 
100° 

45,91O 
0 ° 

44,645 
-~ioo° 

43,373 
— 189" 
42,198 
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H . B r i o n s tud ied t h e B a r k h a u s e n effect. T h e q u i n a r y Cu-Ni -Zn-Fe -Al a l l oys 
e x a m i n e d b y A. J a c o b s e n , a n d W . R u e b e l h a v e t h e h a r d n e s s , t ens i le s t r e n g t h , a n d 
w o r k i n g p rope r t i e s of b ronze , a n d t h e y res i s t a t t a c k b y c h e m i c a l r e a g e n t s v e r y 
well . T h e q u i n a r y Cu-Ni -Zn-Fe -Mn a l loys were e x a m i n e d b y A. J a c o b s e n , a n d 
E . P r iwozn ik . G. T o u c a s f o u n d t h a t t h e q u i n a r y C u - N i - F e - P b - S n a l loy 
(5 : 4 : 1 : 1 : 1) is s i lver -whi te , h a r d , a n d ma l l eab l e . T h e t r a d e - n a m e aphtit refers 
t o a n a l loy F e , 66 ; N i , 23 ; Cu, 5 ; W , 4 . 

N . Tsch i schewsky a n d S. M i k h a i l o w s k y 2 4 s t u d i e d s o m e i r o n - n i c k e l - b o r o n 
a l loys . L . Guil le t x>repared n i c k e l - a l u m i n i u m s tee l s w i t h a b o u t 0-18 a n d 0-40 p e r 
cent , of c a rbon , a n d f o u n d t h a t w h e n forged i n t h e u s u a l w a y , t h e s t r u c t u r e is 
pear l i t i c , n o t m a r t e n s i t i c . A l u m i n i u m t h u s r e t a r d s t h e f o r m a t i o n of m a r t e n s i t e 
by ra is ing t h e t r a n s f o r m a t i o n t e m p , w h i c h a r e lowered b y n icke l a lone . T h e 
pea r l i t e closes u p o n itself, b e c o m i n g g r a n u l a r , a n d m o r e a n d m o r e c o m p a c t l ike 
sorb i te or t r o o s t i t e . T h e s teels a r e m a r t e n s i t i c a f te r q u e n c h i n g f rom 850° w h e n 
t h e p r o p o r t i o n of a l u m i n i u m does n o t exceed 1 p e r cen t . ; w i t h m o r e a l u m i n i u m , 
t h e conve r s ion t o m a r t e n s i t e is p a r t i a l ; a n d w i th ove r 5 p e r cen t , of a l u m i n i u m , n o 
m a r t e n s i t e is fo rmed . T h e h ighe r t h e p r o p o r t i o n of a l u m i n i u m , t h e less is t h e 
influence of a n n e a l i n g on t h e pea r l i t e . T h e m e c h a n i c a l p r o p e r t i e s show t h a t t h e 
tens i le s t r e n g t h a n d e las t ic l imi t a re h igh , a n d t h e e longa t ions a r e low, p a r t i c u l a r l y 
w h e n t h e pea r l i t e becomes g r a n u l a r . T h e re s i s t ance t o shock is low. T h e p re sence 
of a l u m i n i u m h inde r s c e m e n t a t i o n t o a m a r k e d degree . I n n o i n s t a n c e w a s t h e 
m a r t e n s i t e s t r u c t u r e deve loped in c a s e - h a r d e n i n g , b u t t h e s teels c o n t a i n e d a 
confused m a s s of pea r l i t e m i x e d w i t h m o r e or less c e m e n t i t e . T h e a l loys d o n o t 
p romise t o be of i n d u s t r i a l v a l u e . P . C h e v e n a r d o b s e r v e d t h e f o r m a t i o n of t w o 
m u t u a l l y soluble phase s . E . V a d e r s s t u d i e d t h e age h a r d e n i n g of t h e a l loys ; 
W . K o s t e r , V. S. Messkin , B . E . S o m i n , a n d J . H . R a b b i t a n d T . F u j i w a r a , 
t h e m a g n e t i z a t i o n ; E . V a d e r s , T . H . Ch i l ton a n d W . R . H u e y , F . K r u p p , 
T. S a t o , a n d V. F u s s , t h e p rope r t i e s of some of t h e s e a l loys ; J . S. V a n i c k , t h e 
a c t i o n of h o t , gaseous a m m o n i a ; G. R . B r o p h y desc r ibed t h e m a n u f a c t u r e a n d 
p r o p e r t i e s of calite, t h e t r a d e - n a m e for a n a l loy of i ron , n ickel , a n d a l u m i n i u m ; 
a n d V. P e r c h k e , a n d E . V a d e r s s t u d i e d t h e i r o n - n i c k e l - a l u m i n i u m - c o p p e r 
alloys ; G.Guzzoni, the nickel-aluminium-magnesium alloys ; and I. TscherkesofT, 
the iron-nickel-tin-copper alloys. 

L. Gui l le t p r e p a r e d n i c k e l - s i l i c o n s tee l s w i t h a b o u t 0-2, 0-4, a n d 0-9 p e r cen t , 
of c a r b o n . S t r u c t u r a l l y , t h e s e s teels c a n be r a n g e d in s even classes : (i) pea r l i t i c 
s teels ; (ii) s teels w i t h pea r l i t e a n d g r a p h i t e ; (iii) s tee ls w i t h all t h e c a r b o n a s 
g r a p h i t e ; (iv) m a r t e n s i t i c s teels ; (v) s teels w i t h m a r t e n s i t e , g r a p h i t e , a n d 
poss ib ly a lso ferr i te ; (vi) s teels c o n t a i n i n g p o l y h e d r a of y - i ron ; a n d (vii) s tee ls 
w i t h p o l y h e d r a of y - i ron , g r a p h i t e , a n d poss ib ly also fer r i te a n d m a r t e n s i t e . T h e 
s teels w i t h y - i ron show also w h i t e specks t h o u g h t t o be a silicide. T h e si l icon 
ra ises t h e t r a n s f o r m a t i o n p o i n t s of n ickel s teels , a n d t h u s a l t e r s t h e p e r c e n t a g e of 
n ickel c o r r e s p o n d i n g t o w h i c h t r a n s f o r m a t i o n , f rom one s t r u c t u r e t o a n o t h e r , 
occurs . Si l icon t h u s fac i l i t a tes t h e t r a n s f o r m a t i o n of y - i ron-n icke l - s tee l i n t o a s tee l 
c o n t a i n i n g m a r t e n s i t e , y e t a t t h e s a m e t i m e , i t r e t a r d s t h e f o r m a t i o n of m a r t e n s i t e . 
Nickel i m p e d e s t h e p r e c i p i t a t i o n of c a r b o n a s g r a p h i t e , p a r t i c u l a r l y in pea r l i t i c 
a n d m a r t e n s i t i c s tee ls . T h e p resence of g r a p h i t e in a nickel-s i l icon s tee l d e p e n d s 
on t h e p e r c e n t a g e of sil icon a n d also of c a r b o n . F o r c o n s t a n t p r o p o r t i o n of n icke l , 
less silicon is n e e d e d t o p r o d u c e g r a p h i t e t h e h i g h e r is t h e p r o p o r t i o n of c a r b o n 
p r e s e n t . Silicon in n ickel -s tee l a l lows of a g r e a t e r effect be ing o b t a i n e d on 
q u e n c h i n g , b u t t h i s is a t t h e e x p e n s e of t h e r e s i s t ance t o shock p a r t i c u l a r l y a t 
r i g h t angles t o t h e p l a n e of rol l ing. P r o l o n g e d a n n e a l i n g a t 900° does n o t a l t e r 
t h e cond i t i on of t h e c a r b o n in t h e nickel-s i l icon s tee ls u s e d for t h e e x p e r i m e n t s . 
T h i s is t h e oppos i t e t o w h a t o b t a i n s w i t h sil icon s teels . T h e m e c h a n i c a l t e s t s 
show t h a t t h e pear l i t i c s teels h a v e a tens i le s t r e n g t h a n d e las t ic l imi t h ighe r t h a n 
is t h e case w i t h s teels c o n t a i n i n g n ickel on ly , b u t t h e e l o n g a t i o n a n d r e s i s t ance t o 
shock a re lower. T h e m a r t e n s i t i c s teels h a v e a g r e a t tens i le s t r e n g t h , b u t a r e v e r y 
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b r i t t l e , p a r t i c u l a r l y in a d i rec t ion a t r i gh t angles t o t h e p l a n e of rol l ing. Steels 
w i t h y - i ron a r e if a n y t h i n g i m p r o v e d b y silicon w h i c h ra ises t h e i r tens i le s t r e n g t h . 
Q u e n c h i n g f rom 800° i n w a t e r a t 20° h a s a m a r k e d effect on t h e pear l i t i c s teels , 
for i t ra ises v e r y m u c h t h e tens i le s t r e n g t h a n d e las t ic l imi t , b u t r e d u c e s t h e 
e l o n g a t i o n so t h a t t h e s tee ls b e c o m e r a t h e r b r i t t l e . The i r s teels offer a fair res is t ­
a n c e t o shock e v e n w h e n t h e e longa t ion is zero ; a n d t h e res i s t ance t o shock in a 
d i r ec t ion p e r p e n d i c u l a r t o t h e p l a n e of rol l ing is also zero. Quench ing h a s t h e 
s a m e effect on m a r t e n s i t i c s teels , a n d o n t h o s e con ta in ing y- i ron , as i t h a s on s teels 
w i t h n icke l on ly . Once a m a r t e n s i t i c or y - i ron nickel-sil icon steel h a s g raph i t i zed , 
i t c a n n o longer be forged ; t h i s is n o t t h e case w i th t h e pear l i t ic s teels . T h e 
a d d i t i o n of silicon t o n ickel -s tee ls is n o t t o be r e c o m m e n d e d . H . H a r r i s o n , a n d 
A. B . E v e r e s t a n d co -worke r s d i scussed t h e i r mechan ica l p roper t i e s ; S. Guggen­
h e i m , a n d H . Ki ih lewein , t h e m a g n e t i c p r o p e r t i e s ; a n d W . B . E a r n s h a w , t h e i r 
r e s i s t ance t o chemica l cor ros ive a g e n t s . 

M. A . H u n t e r a n d J . W . B a c o n s t u d i e d t h e m a g n e t i c p roper t i e s of t h e n i c k e l -
i r o n - t i t a n i u m a l loys . E . W . v o n S iemens a n d J . G. H a l s k e p r e p a r e d n i cke l - i ron -
t a n t a l u m a l loys b y a d d i n g a n i c k e l - t a n t a l u m al loy t o m o l t e n i ron or steel . T h e 
t a n t a l u m oxid ized less r ead i ly w h e n i t is a d d e d t o t h e a l loy w i t h nickel t h a n when 
i t is a d d e d a lone t o t h e i ron or s teel , a n d t h e a m o u n t m a y be m o r e a c c u r a t e l y 
r e g u l a t e d . A n a l loy, w i t h T a , IO ; N i , 10 ; a n d F e , or s teel , 80, is excep t iona l ly 
t o u g h , e las t ic , a n d h a r d . I t is s u i t a b l e for t h e m a n u f a c t u r e of i m p l e m e n t s , and 
tools . 

L . Gui l le t p r e p a r e d n i c k e l - i r o n - v a n a d i u m a l loys wi th t h e c a r b o n r ang ing 
f rom 0-140 t o 1-251 p e r cen t . T h e y can be r a n g e d in six classes accord ing t o t h e i r 
m i c r o s t r u c t u r e : (i) pea r l i t i c s teels ; (ii) s teels w i t h pea r l i t e a n d ca rb ide ; 
(iii) m a r t e n s i t i c s teels ; (iv) s teels w i t h m a r t e n s i t e a n d c a r b i d e ; (v) steels wi th 
p o l y h e d r a of y - i ron ; a n d (vi) s teels w i t h p o l y h e d r a of y - i ron a n d ca rb ide . Tf t h e 
p r o p o r t i o n of v a n a d i u m is h igh e n o u g h , all t h e c a r b o n will b e p r e c i p i t a t e d as 
ca rb ide . I t w a s t h o u g h t t h a t if e n o u g h v a n a d i u m be a d d e d t o a nickel-steel 
c o n t a i n i n g y- i ron , t h e p e r c e n t a g e of c a r b o n wou ld be r e d u c e d b y t h e fo rma t ion of 
v a n a d i u m ca rb ide , a n d if t h e p e r c e n t a g e of n ickel were su i t ab l e , t h e steel would 
become m a r t e n s i t i c . Th i s w a s n o t t h e case . A s t a t e of equ i l i b r ium is a t t a i n e d 
wh ich is n o t d e s t r o y e d b y t h e v a n a d i u m . I n n o r m a l s teels w i t h r a t h e r less t h a n 
0-19 p e r cen t , of c a r b o n , a n d 6 p e r cen t , of n ickel , t h e a d d i t i o n of u p t o 0-68 pe r 
cen t , of v a n a d i u m m a k e s t h e s teels r a t h e r m o r e inc l ined t o b e c o m e m a r t e n s i t i c , 
w h i c h is m o r e p r o n o u n c e d t h e h ighe r is t h e p r o p o r t i o n of v a n a d i u m . Steels wi th 
a b o u t 0-4 p e r cen t , of c a r b o n , 3 pe r cen t , of n ickel , a n d u p t o 0-68 pe r cent , of 
v a n a d i u m a r e pear l i t i c , a n d where t h e v a n a d i u m is h ighes t , t h e r e is a feeble 
t e n d e n c y t o fo rm m a r t e n s i t e . All s amp le s q u e n c h e d f rom 850° were m a r t e n s i t i c . 
A n n e a l i n g d id n o t affect t h e s teels b e y o n d coarsen ing t h e grain-size of t h e pear l i te 
a n d m a r t e n s i t e . T h e m e c h a n i c a l t e s t s show t h a t v a n a d i u m d i s t inc t ly ra ises t h e 
tens i le s t r e n g t h a n d e las t ic l imi t of pear l i t i c s teels m o r e r ap id ly t h a n a n y e l e m e n t 
o t h e r t h a n c a r b o n ; a n d a t t h e s a m e t i m e , i t s l ight ly lowers t h e e longa t ion a n d 
r e d u c t i o n of a r ea , a l t h o u g h m u c h less so, o t h e r t h i n g s be ing equa l , t h a n o t h e r 
e l emen t s . T h e m a x i m u m effect is o b t a i n e d wi th 0-7 t o 1-0 pe r cent , of v a n a d i u m , 
a n d i t d imin i shes a s t h e c a r b o n passes i n t o ca rb ide . V a n a d i u m ac t s s imi la r ly o n 
m a r t e n s i t i c steels, b u t t h e effect is less m a r k e d ; a n d w i t h y - i ron steels , i t s l ight ly 
ra ises t h e elast ic l imi t , b u t a t t h e s a m e t i m e d i s t i nc t ly lowers t h e e longa t ion a n d 
i n d u c e s b r i t t l eness . T h e resu l t s w i t h q u e n c h e d s teels show t h a t t h e m e c h a n i c a l 
p r o p e r t i e s a r e g r e a t l y inf luenced b y v a n a d i u m , a n d t h a t t h e bes t r e su l t s a r e 
o b t a i n e d w h e n t h e p r o p o r t i o n of c a r b o n is low, since o the rwise t h e high tens i le 
s t r e n g t h a n d elast ic l imi t a r e c o u n t e r b a l a n c e d b y a dec reased e longa t ion a n d 
r e s i s t ance t o shock . T h e mechan ica l p r o p e r t i e s of t h e a n n e a l e d steel a r e b u t l i t t le 
affected b y v a n a d i u m . C o n s e q u e n t l y t h e be s t r e su l t s of al l a re o b t a i n e d wi th t h e 
pear l i t i c s teels ; a n d w i t h q u e n c h e d pea r l i t i c s teels c o n t a i n i n g a smal l p r o p o r t i o n 
of v a n a d i u m , t h e tens i le s t r e n g t h is m a r k e d l y inc reased , while t h e e longa t ions a r e 
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fair, a n d t h e res i s tance t o shock is good. I n ca se -ha rden ing , smal l zones of 
m a r t e n s i t e a n d of y- i ron a re formed, b u t t h e m a i n s t r u c t u r e is pea r l i t e o r t r o o s t i t e 
w i t h needles of cemen t i t e . L . Gui l le t cons iders t h a t t h e s e s tee ls shou ld be i n d u s ­
t r i a l ly i m p o r t a n t ; a n d t h e y were s t u d i e d b y J . Cha l l ansonne t , H . Ki ih lewein , a n d 
J . S t r auss . I I . Ki ih lewein s t u d i e d t h e t e r n a r y s y s t e m . R . W . Moffat t f o u n d t h a t 
t h e res is tance t o i m p a c t a t a low t e m p , is h igh . H . J . F r e n c h m a d e s o m e tens i le 
s t r eng th a n d creep t e s t s . J . C h a l l a n s o n n e t found t h a t c a s t i ron w i t h a n d w i t h o u t 
nickel shows eu tec t i c c e m e n t i t e a n d d e n d r i t e s of pea r l i t e ; b u t c a s t i ron, c o n t a i n i n g 
v a n a d i u m , shows c e m e n t i t e on ly . T h e a d d i t i o n of 1 t o 2 p e r cen t , of n icke l h a d 
n o influence on t h e Curie p o i n t of c e m e n t i t e , b u t t h e a d d i t i o n of 0 2 5 a n d 0-50 
pe r cent , of v a n a d i u m lowered t h e Curie p o i n t b y 160° a n d 130° respec t ive ly . 
Nickel does n o t modi fy t h i s effect of v a n a d i u m a n d c e m e n t i t e , b u t n icke l lowers 
t h e Ac- a n d t h e Ar -po in t s . V a n a d i u m a lone h a s no effect on t h e s e p o i n t s , b u t if 
t h e y h a v e been lowered b y nickel , i t ra ises t h e m . Nicke l lowers t h e t e m p , of 
g r a p h i t i z a t i o n , b u t v a n a d i u m p r e v e n t s t h e g r a p h i t i z a t i o n of i ron w i t h 3-75 p e r 
cent , c a r b o n a t t e m p , u p t o 1800° ; i t t h u s increases t h e t e m p , of g r a p h i t i z a t i o n 
in oppos i t ion t o t h e g raph i t i z ing effect of nickel . One p a r t of v a n a d i u m a n n u l s 
t h e effect of four p a r t s of nickel . O b s e r v a t i o n s were also m a d e b y J . C h a l l a n s o n n e t , 
a n d H . L a n g e a n d F . W e v e r . 

W . R i t t e r p r e p a r e d t h e n i c k e l - c h r o n i i u m - i r o n a l loys i n h y d r o g e n gas . 
I J . Gui l le t i nves t iga t ed t h e n i cke l - ch romium steels c o n t a i n i n g 0*20 a n d 0-80 pe r 
cent , of ca rbon . T h e m i c r o s t r u c t u r e s wh ich h e o b s e r v e d were (i) pea r l i t e ; 
(ii) pear l i t e wi th ca rb ide ; (iii) m a r t e n s i t e ; (iv) m a r t e n s i t e wi th ca rb ide ; 
(v) p o l y h e d r a of y - i ron ; a n d (vi) p o l y h e d r a of y - i ron w i t h ca rb ide . Pea r l i t e w a s 
neve r obse rved in t h e h y p o e u t e c t o i d a l s teels . T h e t r a n s f o r m a t i o n f rom pea r l i t e 
t o m a r t e n s i t e d e p e n d s on t h e s u m of t h e e l e m e n t s a d d e d t o i ron , n a m e l y , c a r b o n , 
nickel , a n d c h r o m i u m . T h e a d d i t i o n of c h r o m i u m t o a n ickel m a r t e n s i t i c s teel 
p roduces a ca rb ide in q u a n t i t i e s d e p e n d i n g o n t h e p r o p o r t i o n of c a r b o n in t h e 
steel ; a n d wi th l a rger p r o p o r t i o n s , t h e c h r o m i u m a d d s i t s effect t o t h a t of n ickel 
p r o d u c i n g p o l y h e d r a of y - i ron ; l ikewise also w i t h t h e s teels c o n t a i n i n g y - i ron . 
T h e ca rb ide s epa ra t e s w h e n a ce r t a in p e r c e n t a g e of c h r o m i u m is r e a c h e d ; t h e 
a c t u a l a m o u n t d e p e n d s on t h e p e r c e n t a g e of c a r b o n in t h e m e t a l . T h e p e r c e n t a g e 
of c a r b o n in a n i cke l - ch romium steel is a l w a y s d i s t i nc t l y lower t h a n t h a t of a n 
ana logous steel free f rom nickel . N i c k e l - c h r o m i u m steels w i t h a h igh p r o p o r t i o n 
of c a rbon , a n d enclosing ca rb ide , d o n o t show af ter e t ch ing w i t h p icr ic ac id t h e 
b lack b a c k g r o u n d , r e sembl ing t r oos t i t e , obse rved in t h e case of c h r o m i u m steels . 
N o r does t h i s c o n s t i t u e n t ever occur w i t h t h e m a r t e n s i t i c n i c k e l - c h r o m i u m steels . 
W h e n t h e pear l i t ic s teels a r e q u e n c h e d f rom 860°, t h e pea r l i t e is t r a n s f o r m e d i n t o 
m a r t e n s i t e which is coarser g ra ined , t h e l a rge r t h e s u m of t h e nickel , c h r o m i u m , 
a n d ca rbon . T h e q u e n c h i n g of m a r t e n s i t i c s teels w h i c h d o n o t u n d e r g o t r a n s ­
fo rma t ion h a s a t e n d e n c y t o fo rm p o l y h e d r a of y - i ron , or of smal l wh i t i sh a r e a s . 
Steels w i t h m a r t e n s i t e a n d ca rb ide a r e n o t t r a n s f o r m e d o n q u e n c h i n g f rom 850°, 
b u t t h e ca rb ide d i s a p p e a r s w i t h t h e p r o d u c t i o n of y - i ron once t h e q u e n c h i n g t e m p , 
reaches 1200°. Stee ls w i t h p o l y h e d r a of y - i ron a r e n o t a l t e r e d b y q u e n c h i n g , b u t 
if ca rb ide is p r e sen t , a n d t h e q u e n c h i n g t e m p , a t t a i n s 1200°, a t r a n s f o r m a t i o n 
occurs . Annea l ing , sufficiently p ro longed , a n d a t a h igh e n o u g h t e m p . , d i s s e m i n a t e s 
t h e g ra ins of ca rb ide m o r e un i fo rmly , a n d i t a lso intensifies t h e p o l y h e d r a l s t r u c t u r e , 
a n d causes t h e ca rb ide g ra ins t o a r r a n g e t h e m s e l v e s m o r e r egu la r ly a n d u n i f o r m l y 
r o u n d t h e edges of t h e p o l y h e d r a . Accord ing t o R . H . Russe l l , s teels w i t h u p t o 
8 p e r cen t , of c h r o m i u m a n d nickel a r e pea r l i t i c ; w i t h b e t w e e n 8 a n d 20 pe r cen t . , 
m a r t e n s i t i c ; a n d w i t h u p t o 25 p e r cen t . , a u s t e n i t i c . F . L e i t n e r d i scussed t h e 
f o r m a t i o n of p r i m a r y c rys ta l l i t e s in t h e solidif ication of t h e m o l t e n m e t a l ; 
O. Smal l ey , t h e influence of t h e d e n d r i t i c s t r u c t u r e o n t h e phys i ca l p r o p e r t i e s ; 
P . B a r d e n h a u e r , flakes in t h e s teels ; C. F . B r u s h , t h e s p o n t a n e o u s d e v e l o p m e n t 
of h e a t in a r e c e n t l y - h a r d e n e d a l loy ; a n d A. N . Masloff, t h e t r a n s f o r m a t i o n p o i n t s 
of n i cke l - ch romium steel . T h e sub j ec t w a s s t u d i e d b y J . H . A n d r e w a n d 
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H . A. Dick ie , J . H . A n d r e w a n d H . H y m a n , G. d ' A r d i g n y , A. L . Babosh in , 
E . C. B a i n a n d W . E . Griffiths, K . BischofE, H . M. Boy l s ton , E . B r e m e r , 
H . C. H . C a r p e n t e r , P . C h e v e n a r d , F . B . Coyle, L . Ie Coz, A . P . D a v i s , J . S. E w i n g , 
L . Gui l le t a n d A. M. P o r t e v i n , L . Gui l le t a n d co-workers , R . A. Hadf ie ld , E . H o u d r e -
m o n t , E . H o u d r e m o n t a n d H . Ka l l en , J . H . H r u s k a , N . V. H y b i n e t t e , V . KoselefE 
a n d F . Pobor i l , E . K o t h n y , E . C. K r e u t z b e r g , V. N . K r i v o b o k , F . K r u p p , 
R . M. Major , J . A. M a t h e w s , P . D . Merica a n d co-workers , G. Nesse l sh t r aus s , 
A. L . N o r b u r y a n d E . Morgan , B . P a l m g r e n , H . D . Phi l l ips , N . B . Pi l l ing, J . P o m e y 
a n d P . Vou le t (Fig. 270), W . R a e d e k e r , W . R o h n , F . Saue rwa ld a n d co-workers , 
W . S. S m i t h a n d co -worker s , R . I J . Sp i tz ley a n d 
A. M. T h o m p s o n , B . S t r a u s s a n d co-workers , 
M. T a s a k i , J . S. V a n i c k , W . V e n a t o r , M. W a h l e r t , 
R . W i j k a n d e r , a n d W . H . Wil ls a n d J . K . F i n d -
ley. J . P o m e y a n d P . V o u l e t ' s t e r n a r y d i a g r a m 
is s h o w n in F ig . 270, whe re t h e region (1) r ep re ­
sen t s a solid soln. of ct-ferrite, s t ab l e a t all t e m p , 
a n d i s o m o r p h o u s w i th a - i ron a n d c h r o m i u m ; 
(2) a - p h a s e of ferr i te or m a r t e n s i t e t r a n s f o r m a b l e 
en t i r e ly i n t o a u s t e n i t e a t t e m p , exceed ing A 3 
(pear l i t ic a n d m a r t e n s i t i c steels) ; (3) a - p h a s e 
of ferr i te or m a r t e n s i t e t r a n s f o r m a b l e en t i r e ly 
i n t o a u s t e n i t e a t t e m p , a b o v e A 3 , a n d , a t l eas t 
pa r t i a l l y , i n t o S-iron b y h e a t i n g a b o v e A 4 
(pear l i t ic a n d m a r t e n s i t i c steels) ; (4) cc-phasc 
p a r t i a l l y t r a n s f o r m a b l e i n t o a u s t e n i t e a t a h igh 
t e m p . ; (5) solid soln. of y - i ron s t ab le a t all t e m p , i s o m o r p h o u s w i th nickel , a n d 
fo rming t h e revers ib le ch romium- i ron -n i cke l a l loys ; (6) y - p h a s e m e t a s t a b l e a t 
o r d i n a r y t e m p . , t r a n s f o r m a b l e i n t o t h e ct-phase b y cold w o r k or b y cooling t o a 
low t e m p . , a n d fo rming i r revers ib le ch romium- i ron -n i cke l a l loys ; (7) m e t a s t a b l e 
y - p h a s e l ike t h e p reced ing , b u t i t c a n be t r a n s f o r m e d i n t o t h e 8-phase a t a h igh 
t e m p . ; (8) a m i x t u r e of m e t a s t a b l e a- a n d y -phases , t h e p r o p o r t i o n v a r y i n g 
•with t h e t e m p , of t e m p e r i n g ; a n d (9) a m i x t u r e of t h e t w o phase s (1) a n d 

Nicke l S tee l s . S y s t e m : F e - C r - N i - C Al loys . 

( 5 ) , i s o m o r p h o u s w i t h c h r o m i u m a n d n i c k e l . B . S t r a u s s a n d E . M a u r e r r e p r e s e n t e d 
t h e s t r u c t u r e of c h r o m i u m - n i c k e l s t e e l s c o n t a i n i n g a s m a l l p r o p o r t i o n of c a r b o n 
b y a d i a g r a m w h i c h c o r r e s p o n d s w i t h t h a t of E . H . S c h u l z a n d W . J e n g e , 
F i g s . 2 7 1 a n d 2 7 2 . J . H . A n d r e w a n d D . B i n n i e o b t a i n e d s i m i l a r r e s u l t s w i t h 
n i c k e l - c h r o m i u m s t e e l s a s t h e y d i d w i t h n i c k e l - s t e e l s (q.v.). 

A . D u m a s o b s e r v e d t h a t c h r o m i u m a c t s o n t h e i r r e v e r s i b l e n i c k e l - s t e e l s — w i t h 
u p t o 2 5 p e r c e n t , o f n i c k e l — b y l o w e r i n g t h e t r a n s f o r m a t i o n t e m p . , b u t w i t h t h e 

Fe Ni 
F i o . 270. T h e E q u i l i b r i u m D i a g r a m 

of t h e S y s t e m : F o - C r NL. 
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Vxa. 273 . P h a s e s in t h e T e r n a r y 
S y s t e m : F o - C r - N i . 

revers ib le nickel-s teels i t ra ises t h i s t e m p . I J . Gui l le t found t h a t t h e a c t i o n of 
c h r o m i u m is no t p r o p o r t i o n a l t o t h e a m o u n t a d d e d , a n d w i t h s teels c o n t a i n i n g 
3 t o 5 pe r cent , of n ickel , t h e inf luence is v e r y s l ight , b u t i t is g r e a t e r w h e n t h e 
p r o p o r t i o n of nickel is ra i sed . T h e n i c k e l - c h r o m i u m steels fo rm t h r e e classes : 

(i) t h o s e in wh ich t h e t r a n s f o r m a t i o n p o i n t s o n 
h e a t i n g a n d cooling a r e n e a r l y t h e s a m e — 
e.g., t h e pear l i t i c s teels ; (ii) t hose in w h i c h t h i s 
difference increases u p t o 500° p r o p o r t i o n a l l y 
w i t h t h e c h r o m i u m con ten t—e .g . , t h e m a r t e n -
sit ic s teels ; a n d (iii) t h o s e wh ich sti l l show a 
difference b u t t h e influence is v e r y s l i gh t— 
e.g., s teels c o n t a i n i n g ca rb ide , a n d in w h i c h t h e 
c h r o m i u m is n o t all in soln. T h e m a r t e n s i t e 
s t r u c t u r e c o m m e n c e s w h e n t h e t r a n s f o r m a t i o n 
p o i n t o n cooling is a b o u t 350°. T h e s teels i n 
F ig . 272 h a d 0-3 t o 0-6 pe r cen t , of c a r b o n . 
!F. W e v e r a n d W . J e l l i n g h a u s r e p r e s e n t e d t h e 
phases in t h e t e r n a r y s y s t e m a t r o o m t e m p . , 
b y F ig . 273 . T h e effect of nickel a n d c h r o m i u m 
on t h e t r a n s i t i o n po in t s h a s been d iscussed b y 

W . T. Griffiths, B . E g e b e r g , V. N . K r i v o b o k a n d co-workers , a n d o the rs—v ide 
supra, t h e c o n s t i t u e n t s of t h e i ron -ca rbon a l loys ; t h e effect of c a rbon , b y T. M u r a ­
k a m i a n d M. Mikami ; t h e effect of deoxid iz ing a g e n t s , b y W . Oer t e l a n d 
L . A. R i c h t e r ; a n d t h e effects of be ry l l ium, b o r o n , a n d t i t a n i u m , b y H . B e n n e k , 
a n d P . Schafmeis ter . 

T h e so-called enduro is a t r a d e - n a m e for a ch romium-n icke l - i ron al loy—e.g. , 
e n d u r o h a s C, < 0 - 1 2 ; Mn, < 0 5 0 ; S, < 0 - 0 3 ; P < 0 - 0 3 ; Si, < 0 - 5 0 ; Cr, 17 t o 
19 ; a n d Ni , 8 t o 9 p e r cen t . W . C. El l is a n d co-workers g a v e 8*40 for t h e sp . gr . 
of t h e F e : N i : Cr (26 : 62 : 12) a l loy. T h e m e c h a n i c a l p rope r t i e s were s t u d i e d b y 
Li. Guil let , w h o f o u n d t h a t in pear l i t i c s teels , w i t h u p t o 5 p e r cen t , n ickel , t h e 
influence of c h r o m i u m reinforces t h a t of n ickel . C o m p a r i n g t h e resu l t s w i t h 
nickel-s teels possessing t h e s a m e s t r u c t u r e , t h e c h r o m i u m raises t h e tens i le s t r e n g t h , 
e las t ic l imi t , a n d h a r d n e s s w i t h o u t a p p r e c i a b l y lower ing t h e e longa t ion a n d res is t ­
a n c e t o shock. T h e c h r o m i u m does n o t affect t h e m a r t e n s i t i c s teels (12 p e r cen t , 
nickel) so m u c h . W i t h s teels c o n t a i n i n g y- i ron , c h r o m i u m raises t h e tens i le 
s t r e n g t h a n d elast ic l imi t , s l ight ly lowers t h e e longa t ion , b u t still l eaves t h e 
r e d u c t i o n of a rea , a n d res i s tance t o shock h igh . Steels c o n t a i n i n g ca rb ide , w h e t h e r 
t h e y a re m a r t e n s i t e or c o n t a i n y- i ron , b e c o m e b r i t t l e even t h o u g h t h e i r e l o n g a t i o n 
a n d r e d u c t i o n of a r ea is fair ly h igh . W h e n q u e n c h e d f rom 860°, t h e tens i le s t r e n g t h , 
e las t ic l imi t , a n d h a r d n e s s of t h e m a r t e n s i t i c s teels a r e inc reased b y c h r o m i u m , 
w h e r e a s t h e e longa t ion , a n d r e d u c t i o n of a r e a fall s l ight ly . T h e increase i n t h e 
tens i le s t r e n g t h of t h e m a r t e n s i t i c steels b y q u e n c h i n g is a t t r i b u t e d t o t h e q u e n c h i n g 
process m a k i n g t h e solid soln. h o m o g e n e o u s . Q u e n c h i n g if a n y t h i n g , sof tens 
m a r t e n s i t i c steels c o n t a i n i n g ca rb ide , b u t w i t h o u t c h a n g i n g t h e i r s t r u c t u r e v e r y 
m u c h . T h e h a r d n e s s is a u g m e n t e d . Steels c o n t a i n i n g p o l y h e d r a of y - i ron a r e 
s l ight ly sof tened b y q u e n c h i n g . A n n e a l i n g for 4 h r s . a t 900° sof tens al l t h e 
ch romium-n icke l s teels , b u t m a k e s itself felt p r inc ipa l ly w i t h steels c o n t a i n i n g 
y - i ron ; w i t h t h e o t h e r steels , a n n e a l i n g d imin i shes t h e tens i le s t r e n g t h , b u t affects 
t h e e las t ic l imi t on ly s l ight ly ; t h e e longa t ion , a n d r e d u c t i o n of a r ea a r e s l igh t ly 
r e d u c e d . Cooling t h e steels t o a low t e m p , does n o t p r o d u c e effects r e sembl ing 
t h o s e wh ich occur w i t h nickel-s teels of ana logous compos i t ion , so t h a t c h r o m i u m 
h i n d e r s t h e s e t r a n s f o r m a t i o n s , a n d re f r igera t ion h a s less influence on n ickel -
c h r o m i u m steels t h a n i t h a s on t h e nickel-s teels . Case -ha rdened s teels 
c o n t a i n i n g m a r t e n s i t e show in t h e ca se -ha rdened p o r t i o n : g ra ins of c a rb ide , 
needles of t r oos to so rb i t e a n d p o l y h e d r a of y - i ron . I n t h e ca se -ha rden ing of s tee ls 
con ta in ing y- i ron , t h e p o l y h e d r a b e c o m e la rge a n d a r e edged w i t h c a r b i d e . 
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T o w a r d s t h e e x t e r i o r o f t h e m a r t e n s i t e , t h i s c a r b i d e s p r e a d s i n t o t h e i n t e r i o r o f 
t h e p o l y h e d r a , a n d b e c o m e s s o a b u n d a n t t h a t i t m a y m a s k t h e p o l y h e d r a . T h e 
p o l y h e d r a m a y e x h i b i t t w i n n i n g . T h e c a s e - h a r d e n i n g o f p e a r l i t i c s t e e l s f u r n i s h e s 
a c o r e o f p e a r l i t e , t h e n f o l l o w s a t r a n s i t i o n z o n e of p e a r l i t e , a n d m a r t e n s i t e ; t h e n 
c o a r s e - g r a i n e d m a r t e n s i t e ; t h e n a z o n e of m a r t e n s i t e a n d y - i r o n ; a n d f i n a l l y a 
z o n e of p e a r l i t e m i n g l e d w i t h c e m e n t i t e . T h e s u b j e c t w a s s t u d i e d b y E . G r e u l i c h 
a n d G . B e d e s c h i , K . S a s a k a w a , a n d B . S t r a u s s a n d c o - w o r k e r s . T h e r a n g e of t h e 
A c j - a r r e s t i n t h e n i c k e l - c h r o m i u m s t e e l s w a s d i s c u s s e d b y M . S . A r a n o v i c h a n d 
c o - w o r k e r s , R . H . G r e a v e s , J . J . A . J o n e s , I I . L U p f e r t , H . B r e a r l e y , E . M a u r e r 
a n d c o - w o r k e r s , A . M e r z , H . E . P o t t s , A . B e g g i o r i , A . E . W . S m i t h , I . N . Go l iko f f , 
a n d M . T a m a k i ; t h e g r a i n - g r o w t h , b y E . G r e u l i c h a n d G . B e d e s c h i ; a n d t h e 
d e c a r b o n i z a t i o n , b y B, . W . D a y t o n . 

W . A . D e a n s t u d i e d t h e n i c k e l - c h r o m i u m s y s t e m a n d f o u n d t h a t t h e X - r a d i o -
g r a m s i n d i c a t e d t h e p r e s e n c e o f t h r e e g r o u p s o f c r y s t a l s — b o d y - c e n t r e d , f a c e -
c e n t r e d , a n d a m i x t u r e o f t h e t w o . T h e s e z o n e s a r e i n d i c a t e d i n F i g . 2 7 4 , w h e r e 

Ni Cr Ni Cr 
F1IG. 274. T h e L a t t i c e s a n d L a t t i c e F I G . 275 . T h e H a r d n e s s of t h e Nicke l -

P a r a m e t e r s of t h e N i c k e l - I r o n - I r o n - C h r o m i u m Al loys . 
C h r o m i u m Al loys . 

t h e f ace -cen t red l a t t i c e of n icke l d o m i n a t e s t h e s y s t e m . T h e d imens ions of t h e 
l a t t i c e p a r a m e t e r in A - u n i t s a r e also i n d i c a t e d i n t h e d i a g r a m . H . Pc r l i t z , 
M. Vial le a n d A. v a n d e n Bosch , J . H . Vilella, a n d J . Spl ichal a n d F . Cab ica r 
s t u d i e d t h e X - r a d i o g r a m s ; a n d H . Ksser a n d co -worke r s , t h e effect of flecks. 
T h e v a l u e s for t h e R o c k w e l l h a r d n e s s of t h e a l loys a r e i n d i c a t e d in F ig . 275 . 
T. M u r a k a m i a n d M. M i k a m i s t u d i e d t h e effect of c a r b o n on t h e h a r d n e s s . Obser­
v a t i o n s on t h e h a r d n e s s a n d o t h e r m e c h a n i c a l p r o p e r t i e s h a v e b e e n m a d e b y t h e 
following : 

A . A b r a h a m , L . A i s e n s t e i n a n d E . Decher f , L . A i t c h i s o n , J . H . A n d r e w a n d c o - w o r k e r s , 
M . S. A r a n o v i c h a n d c o - w o r k e r s , H . B r e a r l e y , M. B r e s , C. B . Ca l lomon , H . C h a s e , 
M . C h a u s s a i n , P . C h 6 v e n a r d a n d c o - w o r k e r s , E . W . Colbeck a n d co -worke r s , J . C o u r n o t 
a n d c o - w o r k e r s , C. A . C r a w f o r d a n d R . W o r t h i n g t o n , U . C. Cross , W . A . D e a n , 
J . H . S. D i c k e n s o n , H . A . D i c k i e , T . G . D i g g e s , J . W . D o n a l d s o n , S. F . D o r e y , H . E d o r t , 
N . E l f s t r o m a n d P . E . L a g e r h j e l m , O . W . E l l i s , P . E y e r m a n n , U . J . F r e n c h , H . J . F r e n c h 
a n d c o - w o r k e r s , J . G a l i b o u r g , H . L . Geiger , P . G o e r e n s , P . H . G r e a v e s a n d c o - w o r k e r s , 
L . G r e n e t , E . Greu l i ch a n d G. B e d e s c h i , W . T . Griffi ths, M. A . G r o s s m a n n , L . G u i l l e t 
a n d c o - w o r k e r s , H . H a n e m a n n a n d P . H i n z m a n n , D . H a n s o n , W . H . H a t f i e l d , H . K . H e r s c h -
m a n , H . D . H i b b a r d , C. C. H o d g s o n , K . H o n d a , E . H o u d r e m o n t a n d c o - w o r k e r s , 
J . V . H o w a r d a n d S. L . S m i t h , F . A . H u t t e , A . H u l t g r e n , J . E . H u r s t , 1ST. N . Inshakof f , 
C. M . J o h n s o n , J . J . A . J o n e s , L . J o r d a n , H . J u n g b l u t h a n d A . P o m p , W . KLahlbaum 
a n d L . J o r d a n , H . K a l p e r s , O . v o n K e i l a n d O . J u n g w i r t h , G. H . K e u l e g a n a n d 
M . P . H o u s e m a n , C. L . KLinney, G. K l e i n , E . K o t h n y , W . K u r o s e , E . F . L a k e , 
F . C. L a n g e n b e r g , F . C. L e a , F . L e i t n e r , G. V . L u e r s s e n a n d O. V . G r e e n e , P . L u d w i k , 
Y . M a t s u n a g a , E . M a u r e r a n d "NV. S c h m i d t , C. M c K n i g h t , P . D . Mer i ca , A . Miche l a n d 
P . B e n a z e t , R . M o l d e n k e , P . R . M o o r e a n d E . V . S c h a a l , K . H . Mii l ler a n d E . P i w o w a r s k y , 
J . N e g r u , H . D . Newe l l , J . OhIy , B . P a l m g r e n , O . K . P a r m i t e r , J . W . P e r c y , C. "SV. P f a n n e n -
s c h m i d t , E . W . P i e r c e , N . B . P i l l i n g a n d c o - w o r k e r s , E . I ' i w o w a r s k y , R . P l a n k , 
A . M . P o r t e v i n , V . P r e v e r a n d C. A . M a r esc a, W . B . P r i c e , H . B . P u l s i f e r a n d O . V . G r e e n e , 
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W . Riede , F . Rogers , A . R y s , P . J . Sa ldau a n d V . N . Semenoff, K . Sasakawa, B . J . Say les , 
P . Schafmeister and A. Oot ta , H . Schallforoch, A . Schleicher, M. S c h m i d t and O. J u n g w i r t h , 
W . Schneider and E . Houdreraont , O. Schwarz, R . Sergeson, B . F . Shepherd, E . K . S m i t h 
and C. H . Anfderhaar, K . F . Staroduboff, B . S t o u g h t o n a n d "W. E . H a r v e y , B . Strauss 
a n d E . Maurer, L.. Thiery, AV. A . Tucker a n d S. E . Sinclair, T . H . Turner, H . V o s s , 
HL W e n t r u p and W . Stenger, T. H . W i c k e n d e n a n d J . S. Vanick , W . H . Wil l s a n d 
J . K . Findley , T. .T. W o o d , A . O. Zima, a n d V . Zsak. 

The sp. gr. and sp. vol. of the alloys were studied by J. H. Andrew and co-workers, 
H. A. Dickie, and R. H. Greaves and J. J. A. Jones. C. L. Clark and A. E. White 
studied the effect of temp, on the tensile strength ; A. Grunert, the effect of ageing ; 
F. Robin, the resistance to crushing ; H. H. Lester, the brittle range of the 8 to 
18 per cent, chromium-nickel irons ; H. J. French and co-workers, and H. J. Tapsell 

and J. Remfry, the creep strength ; H. F. Moore and 
T. Ver, the slip-lines and strain-lines ; B. Strauss 
and co-workers, the carbide precipitation in cold-
working ; E. Brusewitz, the case-hardening of 
chromium-nickel steel ; and P. L. Irwin, H. J. Gough 
and D. G. Sopwith, and N. P. Inglis and G. F. Lake, 
the corrosion-fatigue in river water, etc. The brittle-
ness of alloys with less than 0-1 per cent, of carbon 
was studied by H. H. Lester. L. Aitchison and 
L. W. Johnson compared the strength of bars taken 
longitudinally and transversely to the direction of 
rolling or forging. For T. Kawai's observations on 
the impact test of these steels, vide the impact test 
of iron. J. Cournot and K. Sasagawa studied the 

' o° 200° 400° 600° 800° viscosity of the alloys; J. H. S. Dickenson, 
FIG. 276.—The Proportional H. C. Loudenbeck, and H. F. Moore and A. G. Gehrig, 

StSeIs8 °f C a r b o n A 1 1 ° y t h e ef fec t o f h e a t t r e a t m e n t o n t h e p r o p e r t i e s o f t h e 
a l l o y s . F o r t h e t e m p e r - b r i t t l e n e s s o f t h e s e s t e e l s , vide 

t e m p e r i n g . F . R o g e r s o b s e r v e d t h a t 0 - 3 8 p e r c e n t , o f v a n a d i u m m a d e n o d i f f e r e n c e 
t o t h e t e m p e r - b r i t t l e n e s s . F o r J . H . A n d r e w a n d c o - w o r k e r s ' o b s e r v a t i o n s o n t h e 
e f fec t o f t h e t e m p , o n t h e p h y s i c a l p r o p e r t i e s , vide t h e p h y s i c a l p r o p e r t i e s o f i r o n , 
1 3 . 6 6 , 18 ; A . S . P r e d v o d i t e l e e f s t u d i e d t h e h e a t c o n d u c t i v i t y ; H . M i y a b e , t h e 
t h e r m a l e m i s s i o n of p o s i t i v e i o n s ; a n d C. L . C l a r k a n d A . E . W h i t e , t h e p r o p o r t i o n a l 
l i m i t s o f d i f f e r e n t c a r b o n a l l o y s t e e l s , a n d t h e r e s u l t s a r e s u m m a r i z e d i n F i g . 2 7 6 . 

Ni Cr Ni Cr 
F i a . 277 .—The Coefficient of Thermal E x p a n - F i a . 2 7 8 . — T h e r m a l E x p a n s i o n of t h e 

s ion of the Nickel -Iron-Chromium Al loys . Nicke l - Iron-Chromium Al loys a t 1000°. 

L. Aitchison and G. R. Woodvine, A. Michel and P. Benazet, and E. Houdre-
mont and E. Burklin discussed the changes in vol. during the heat treatment of 
the alloys ; and P. Chevenard, the dilatometric anomalies at 550°. J. A. Mathews 
studied the thermal expansion, and W. A. Dean gave the results indicated in 
Fig. 277 for the coeff. of thermal expansion, S XlO6 per degree between 20° and 
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100° , a n d in F i g . 278 for t h e expans ion a t 1000° expressed as ( S ^ ) X l O 3 . 
H . J . F r e n c h , V. N . K r i v o b o k a n d S. M. Gensamer , P . H i d n e r t , J . B . A u s t i n a n d 
R . H . H . P ie rce , a n d W . H . Soude r a n d P . H i d n e r t also measu red t h e t h e r m a l 
e x p a n s i o n of t h e s e a l loys . T. J . W o o d s tud ied t h e g r o w t h of n icke l -chromium-
iron a l loys . W . C. El l is a n d co-workers gave 
for t h e F e : N i : Cr (26 : 62 : 12) al loy, t h e sp . h t . 
0-107 ; a n d t h e t h e r m a l conduc t i v i t y , 0*0325. 
S. M. She l ton , a n d M. S. v a n D u s e n a n d 
S. M. She l ton s t u d i e d t h e sub jec t . F . W e v e r 
a n d W . J e l l i nghaus found t h e i s o t h e r m s of t h e 
l iqu idus cu rves of t h e a l loys s h o w n in F ig . 279 ; 
a n d t h e t h i c k e n e d l ine in t h e s a m e d i a g r a m 
r ep re sen t s t h e m . p . c u r v e of t h e a l loys. T h e 
s h a d e d p o r t i o n r ep re sen t s t h e region of t h e ct-
a n d y -phase s . 

W . C. El l is a n d co-workers found t h e electr i ­
cal c o n d u c t i v i t y t o be kx 10—6 =0*0911 m h o . 
T h e electr ic , t he rmoe lec t r i c , a n d m a g n e t i c 
p rope r t i e s of t h e a l loys were s t ud i ed b y A. A b t , 
H . Brea r l ey , C. W . B u r r o w s a n d F . P . F a h y , 
E . D . Campbel l a n d H . W . Mohr , P . Chevena rd , E . Colver -Glauer t a n d S. H i lpe r t , 
H . A. Dickie , R . L . Dowdel l , E . D u m o n t , N . J . Geber t , R . H . Greaves a n d 
J . J . A. J o n e s , L . Grene t , W . C. H i r sch , K . H o n d a a n d R . Y a m a d a , Z. Jeffries a n d 
R . S. Archer , J . F . K a y s e r , A. M. KorolkofF, E . Marco t t e , R . Miiller a n d co-workers , 
E . F . N o r t h r u p , W . R o h n , M. S a u v a g e o t a n d L.. L a u p r e t e , C. J . Smi the l l s , 
W . H . S t a n n a r d , T. H . Tu rne r , F . Wever a n d H . L a n g e , a n d T. D . Yen sen. 
W . A. D e a n ' s resu l t s for t h e electr ical res is tance of t h e al loys in mic rohms per cm. 
cube , a t 20°, a re s u m m a r i z e d in F ig . 280, a n d for t h e t e m p . coefE. of t h e res i s tance , 
a X l O 4 , p e r degree b e t w e e n 20° a n d 100° in F ig . 2 8 1 . A. Schulze. M. A. H u n t e r 

Cr 
F1IG. 2 7 9 . — I s o t h e r m s of t h e L i q u i d u s 

Sur faces of t h e T e r n a r y Al loys . 

Ni 
K i o . 280. T h e E l e c t r i c a l R e s i s t a n c e of 

t h e Nicke l - I ron -Chro rn iu rn Al loys . 

Ni Cr 
FiQ. 281 . T h e T e m p e r a t u r e Coefficient 

of t h e R e s i s t a n c e of t h e N icke l - I ron -
C h r o m i u m Al loys . 

a n d A. J o n e s , L . O. H a r t , a n d W . A. G a t w a r d m a d e obse rva t ions on t h e electr ical 
res i s tance . M. A. H u n t e r a n d A. J o n e s found t h e res is tance , R, of a l loys w i t h 
Ni : F e : C r - 5 3 - 5 8 : 13-7 : 31-35 a n d 27-62 : 48-45 : 21-10, t o be respec t ive ly : 

R •{ 
2 0 ° 

1 O O 
1 0 0 

300° 
1 0 4 8 
1 1 2 0 

400° 
1-061 
1-154 

500° 
1 0 7 5 
1 1 8 2 

600° 
1 0 7 6 
1-208 

700° 
1-079 
1-227 

80O° 
1-084 
1-247 

900° 
109O 
1-266 

1000° 
1 0 9 8 
1-284 

P . W . B r i d g m a n found for t h e so-called comet alloy—Cr, 1-75 ; Ni, 31 t o 32 ; 
C, 0-20 t o 0-25 ; Si, 0-20 t o 0-25 ; Mn, 1-8 t o 2-0 ; t r aces of P a n d S ; a n d t h e 
r ema in ing pe rcen t age , i r o n — t h e res i s tance u n i t y a t 0° is 1-04644 a,t 50°, a n d 
1-09061 a t 100°. T h e press , coeff. a t 0 a n d 12,000 k g r m s . pe r sq. m m . a re respec­
t ive ly —0-05263 a n d —0-05222 a t 0° ; —0-05224 a n d — 0 0 5 2 0 6 a t 50° ; a n d 

VOL.. X V . Y 
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— O 0 5 2 0 3 a n d —0-05194 a t 100°. F o r t h e a l loy w i t h E e , 68 ; N i , 30 ; Cr, 2, h e 
found a t 94*2°, t h e a v e r a g e p ress , coeir. of t h e e lec t r ica l r e s i s t ance f rom 0 t o 
12,0OO k g r m s . pe r sq. cm. , —0*051790 ; a n d t h e t e m p , coefr. of t h e r e s i s t ance 
b e t w e e n 0° a n d 94° is 0 0 0 6 6 8 4 . L . O. H a r t , a n d P . N i c o l a u s t u d i e d t h e t h e r m o ­
electr ic force. T h e m e a s u r e m e n t s of M. A . H u n t e r a n d A. J o n e s o n t h e t h e r m o ­
electr ic force of t h e a l loys a g a i n s t c o p p e r a r e s u m m a r i z e d in E ig . 49 . E . L ieb re i ch 
found t h e p o t e n t i a l of n i c k e l - c h r o m i u m steels i n JV-FeSO^ t o b e —0*31 t o 
-J-0*48 vo l t . A c a r b o n c o n t e n t of 0-4 p e r cen t , a l m o s t e l imina t e s t h e p a s s i v i t y of 
13 pe r cent , c h r o m i u m steels , a n d t h e p resence of o x y g e n in t h e e l ec t ro ly te r e d u c e s 
t h e p e r c e n t a g e of c h r o m i u m neces sa ry for p a s s i v a t i o n ; i n h y d r o g e n , p a s s i v a t i o n 
does n o t occur w i t h h i g h e r p r o p o r t i o n s of c h r o m i u m . T h e c h r o m i u m - n i c k e l s tee ls 
resemble pass ive c h r o m i u m r a t h e r t h a n i ron or a c t i v e c h r o m i u m . B . S t r a u s s 
obse rved t h a t t h e p o t e n t i a l of s teels w i t h 20 pe r cen t , of c h r o m i u m a n d 7 p e r c e n t , 
of n ickel in TV-EeSO4 a g a i n s t a O-liV-calomel e lec t rode , 0-2 v o l t w a s o b t a i n e d w h e n 
u p t o 1 p e r cen t , of c a r b o n w a s p r e s e n t , a n d —0-6 v o l t w i t h over 2 p e r cen t , of 
c a r b o n . O. v o n A u w e r s , P . C h e v e n a r d , J . M. I d e , P . K a p i t z a , T . M a t s u s h i t a a n d 
K . N a g a s a w a , V. S. Mesk in a n d E . S. T o v p e n e t z , C. S a d r o n , J . Saf raneck , J . Seigle, 
a n d E . W e v e r a n d W . J e l l i n g h a u s s t u d i e d t h e m a g n e t i c p r o p e r t i e s ; a n d 
V. S. Messkin a n d co-workers , t h e m a g n e t s teels . W . A. D e a n ' s r e su l t s for t h e 
m a g n e t o s t r i c t i o n a re s u m m a r i z e d in E ig . 282. T h e p h e n o m e n o n is confined t o t h e 

F i o . 2 8 2 . — T h e M a g n e t o s t r i c t i o n of t h e F J o . 2 8 3 . — T h e H e a t R e s i s t a n c e of t h e 
N i c k e l - I r o n - C h r o m i u i n A l l o y s . N i c k e l - I r o n - C h r o m i u m A l l o y s . 

i r o n - c h r o m i u m a n d i ron-n icke l a l loys a n d t o t h e a d j a c e n t t e r n a r y a l loys w i t h n o t 
ove r 10 p e r cen t , of t h e t h i r d c o m p o n e n t . 

S o m e o b s e r v a t i o n s on t h e a c t i o n of chemica l a g e n t s on t h e n i c k e l - c h r o m i u m 
steels , a n d t h e p a s s i v i t y of t h e s e a l loys , h a v e b e e n d i scussed in connec t i on w i t h 
s ta in less s teels , a n d in c o n n e c t i o n w i t h cor ros ion . L . J a c q u e s t u d i e d t h e a c t i o n 
of h y d r o g e n ; a n d M. S. K i c e , cor ros ive gases . W . A . D e a n sa id t h a t a l loys w i t h 
20 t o 40 p e r cen t , of c h r o m i u m a n d u p t o 55 p e r cen t , of n ickel res is t o x i d a t i o n 
a t 1000° a s well a s m o r e e x p e n s i v e a l loys . The , a l loys t o t h e r i g h t of t h e d o t t e d 
l ine .4JE?, F i g . 283 , res is t o x i d a t i o n a t 1000° c o m p a r a b l y w i t h t h e s t a n d a r d h e a t -
res i s t ing a l loys o n t h e m a r k e t ; a n d t h e d o t t e d line CD r e p r e s e n t s t h o s e a l loys 
wh ich cou ld be cold-rol led so t h a t t h e a r e a ABCD r e p r e s e n t s hea t - r e s i s t i ng a l loys 
wh ich c a n be rol led a n d forged. T h e s t i pp l ed a r e a s i n t h e d i a g r a m r e p r e s e n t 
a r e a s w h i c h inc lude t h i r t y c o m m e r c i a l hea t - r e s i s t i ng a l loys . Li. B . Pfei l o b s e r v e d 
t h a t a t h r ee - l aye r scale is f o rmed w h e n n i c k e l - c h r o m i u m steel is h e a t e d a t 1000° 
for severa l h o u r s in air . T h e t w o o u t e r l aye r s c o n t a i n e d less t h a n o n e - t e n t h of 
t h e nickel a n d c h r o m i u m p r e s e n t i n t h e i n n e r m o s t l aye r , whi l s t t h e l a t t e r con­
t a i n e d , r e l a t i ve t o t h e i ron, t h r e e t i m e s a s m u c h n icke l a n d c h r o m i u m as t h e 
or ig ina l s tee l . W . H e s s e n b r u c h a n d E . H o r s t s t u d i e d t h e i n t e r c ry s t a l l i ne co r ro ­
sion. J . E . S t e a d also n o t e d t h e a c c u m u l a t i o n of n icke l i n t h e o u t e r l a y e r s a t 
800° t o 1000°. Y . U t i d a a n d M. Sa i t o s t u d i e d t h e t e n d e n c y t o o x i d a t i o n w h e n 
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t h e a l loys a r e h e a t e d for a n h o u r a t 1100° in a i r . H . I p a v i c s t u d i e d t h e r e s i s t ance 
t o w a r d s h y d r o g e n su lph ide . Y . U t i d a a n d M. S a i t o m a d e o b s e r v a t i o n s w i t h 
10 p e r c en t . soln. of n i t r i c , hyd roch lo r i c , a n d su lphur i c ac id , a t r o o m t e m p . , a n d 
e x p r e s s e d t h e r e su l t s a s loss in we igh t in g r a m s p e r sq . c m . in 24 h r s . T h e r e su l t s 
a r e co l lec ted in T a b l e X X . These a l loys c o n t a i n e d a p p r o x i m a t e l y 0-1 p e r cen t . 

T A B L E X X . — T H E A C T I O N O F A C I D S A N D A I R oisr N I C K E L - C H R O M I U M : S T E E L S . 
( A P P R O X I M A T E L Y 0-1 P E R C E N T , O P C A R B O N . ) 

A p p r o x i m a t e 
percen tage 

n ickel 

r 

4 0 •< 

I 
I f 

G O < 

^ 
f 

1 0 0 < 

^ 
f 

Hi-C) < 

* • 

Chromium 
(per cent .) 

8 - 9 
1 1 - 2 0 
1 3 - 6 6 
1 5 - 3 6 
1 8 - 1 2 
2 2 - 8 0 
2 8 - 3 6 

9 - 5 8 
1 1 - 6 8 
1 3 - 8 3 
1 7 - 7 8 
2 0 - 5 5 
2 6 0 1 
3 2 - 0 4 
1 0 - 1 8 
1 2 - 6 0 
1 5 - 8 3 
1 8 - 6 7 
2 1 - 9 5 
2 5 - 3 2 
2 7 - 9 8 

9 0 4 
I 1 2 - 5 1 

1 4 - 9 5 
1 8 - 7 2 
2 1 - 8 0 
2 5 - 5 9 
28-1O 

Grains loss per sq. cm. per 24 h rs . 

H N O 3 

0 0 0 4 5 
0 - 0 0 0 7 
OOOOO 
OOOOO 
O-OOOO 
OOOOO 
O-OOOO 
0 - 0 0 5 5 
0 - 0 0 0 6 
O-OOOO 
O-OOOO 
0 0 0 0 0 
O-OOOO 
0 0 0 0 0 
0 - 0 0 8 7 
0 0 0 0 4 
OOOOO 
O-OOOO 
OOOOO 
O-OOOO 
OOOOO 
O - 0 0 4 6 
0 0 0 0 2 
O-OOOO 
O - 0 0 0 0 
O-OOOO 
OOOOO 
0 0 0 0 0 

H C l 

0 - 0 4 1 2 
0 - 0 4 6 0 
O-057O 
0 0 6 8 2 
0 - 0 8 7 O 
0 - 0 4 3 0 
0 - 0 4 5 5 
0 0 3 6 6 
0 - 0 2 3 3 
0 - 0 2 2 9 
0 - 0 2 5 8 
0 0 3 4 2 
0 - 0 3 7 8 
0 0 6 4 8 
0 - 0 1 8 2 
0 - 0 0 9 2 
0 - 0 0 6 O 
0 0 0 5 3 
0 - 0 0 5 8 
0 -0O66 
0 - 0 0 7 6 
0 - 0 0 3 5 
0 - 0 0 3 3 

I 0 - 0 0 3 7 
0 0 0 4 2 
0 0 0 4 8 
0 - 0 0 8 6 
0 - 0 0 9 4 

I H 2 S O 4 

0 - 0 4 7 0 
0 0 5 6 9 
0 0 4 4 0 
0 - 0 3 7 2 
0 - 0 3 6 8 
0 - 0 3 2 3 
0 - 0 0 5 4 
0 - 0 4 3 5 
0 0 2 9 6 

! 0 - 0 2 0 6 
0 - 0 1 0 5 
0 - 0 0 5 0 
0 0 0 4 2 
0 0 0 3 8 
0 0 0 4 7 
0 0 0 3 4 
0 0 0 3 1 
O 0 0 3 1 
0 - 0 0 3 7 
0 - 0 0 4 8 
0 - 0 0 3 9 
0 - 0 0 1 7 
0 - 0 0 1 9 
0 0 0 2 2 
0 - 0 0 2 3 
0 0 0 2 4 
0 0 0 2 3 
0 0 0 3 2 

C r a m s gain pe r 
I SQ. cm. per hour 

a t 1100° 

0 - 0 4 5 0 
0 - 0 4 5 1 
0 - 0 3 7 7 
0 - 0 1 1 8 
O O 0 1 4 
0 - 0 0 0 7 
O 0 0 0 5 
0 - 0 4 7 6 
0 - 0 4 0 7 
0 - 0 2 9 4 

O-OOIO 
0 - 0 0 0 7 
0 - 0 0 0 9 
0 - 0 2 7 5 
0 - 0 2 2 0 
0 - 0 0 9 8 
0 0 0 1 2 
0 - 0 0 1 0 
O-OO J O 
O-0008 
0 - 0 3 3 4 
0 - 0 1 9 0 
0 - 0 0 2 6 
O O O l l 
0 0 0 0 6 
O-0O06 
0 - 0 0 0 6 

T A B L E X X T . — T H E A C T I O N O P R E A G E N T S O N N I C K E L - C H R O M I U M S T E E L S . 

I l eagen t 

C o n d u c t i v i t y w a t e r 
S e a - w a t e r 
S e a - w a t e r 
H N O 3 ( 1 : 1 ) 
H N O 8 ( c o n e . ) 
H 3 S O 3 
H 8 S O 4 ( 1 : 10 ) 
H 8 S O 4 ( c o n e . ) 
H C l ( 1 : 10 ) . . I 
H C l ( c o n e . ) . 
A c e t i c a c i d ( 8 0 p e r c e n t . ) 
C i t r i c a c i d ( 1 : 2 ) . 
N H 4 O H ( c o n e . ) 
I C O H ( 1 : 2 ) 
A q u a r e g i a . 

Hours 
ex­

posure 

1 8 O 
1 8 O 
9 0 O 
1 8 0 
1 8 0 
1 8 0 
1 8 0 
1 8 0 
1 8 O 
1 8 O 
1 8 O 
1 8 0 
1 8 O 
1 8 0 
1 8 0 

C : Ni : Cr (per cent . ) 

0-14 : 0 - 4 2 
: 14-51 

O-OOO 
0 - 0 7 1 
0 - 1 6 9 
0 - 0 0 0 
0 - 0 0 0 
0 - 1 2 4 

3 8 - 5 0 0 
0 0 0 3 
8 - 5 2 5 

2 4 - 0 0 0 
0 - 0 0 2 
O-143 
O-OOO 
O-OOO 

5 6 - 5 5 0 

0-47 : 5-34 
: 18 -54 

O-OOO 
0 - 0 0 7 
0 - 0 3 6 
O-OOO 
O-OOO 
O-OOO 

4 6 - 5 9 0 
O-OOO 
1-592 

5 8 - 7 8 0 
1 0 0 0 
O-OOO 
0 0 0 0 
O-OOO 

1 0 0 0OO 

0-07 : 10 -71 
: 11 -63 

O O 1 4 
1 0 0 2 2 

0 0 7 4 
0 0 0 6 
O-OOO 
1-898 
0 - 2 2 3 
0 - 1 6 5 
0 - 2 8 4 

15-86O 
1-898 
0 - 0 6 6 
0 0 0 9 
O-OOO 

100-C ) 0 0 

0 - 4 8 : 3 0 1 3 
I : 8-28 

0 - 0 0 0 
0 - 0 1 2 
0 - 0 2 5 
0 - 0 1 1 
O-OOO 
0 1 6 4 
0 - 1 8 9 
0 - 0 0 2 
0 - 1 4 1 
1-93O 
0 - 6 9 6 
0 - 0 3 5 
O-OOO 
O-OOO 

100-0OO 

0-2O : 5 4 - 3 8 
: 12-44 

O-OOO 
O-008 
O-017 
0 - 0 1 4 
O OOO 
O-404 
0 1 9 3 
0 - 0 0 3 
0 - 2 1 7 
5 0 5 0 
0 - 6 2 8 
0 0 2 9 
O-OOO 
O-OOO 

1OO 0 0 0 

0 1 5 : 6 2 - 2 
: 12-4O 

O-OOO 
0 - 0 0 9 
0 0 1 4 
0 - 1 0 7 
0-0O6 
0 - 0 7 6 
0 - 1 6 5 
0 0 0 1 
0 - 2 1 0 

1 3 - 5 6 0 
0 - 5 7 3 
0 - 0 2 6 
O-157 
O-OOO 

IOOOOO 
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of ca rbon . T h e resu l t s c a n be r eca s t t o show c h r o m i u m c o n s t a n t a n d n icke l 
va r i ab l e . .T. A. N . F r i e n d a n d co -worker s found t h a t t h e r e l a t i ve cor rodib i l i t i es 
of steels w i t h 3-4 pe r cen t , n ickel a n d 1 -OO p e r cen t , c h r o m i u m , a n d w i t h 3-5 p e r 
cen t , nickel a n d 1*12 p e r cen t , c h r o m i u m , were w i t h i ron 100, w i t h 6 m o n t h s ' 
exposu re t o t a p - w a t e r , 101 a n d 108 re spec t ive ly ; 6 m o n t h s ' e x p o s u r e t o sea-
wa te r , 107 a n d 108 ; 6 m o n t h s ' a l t e r n a t e w e t a n d d r y , 60 a n d 68 ; 35 d a y s ' 
exposu re t o h o t w a t e r , 116 a n d 117 ; a n d 6 m o n t h s ' e x p o s u r e t o 0-05 p e r cen t , 
su lphur i c acid, 102 a n d 112. F o r t h e o b s e r v a t i o n s of H . O. F o r r e s t a n d co -worker s , 
vide t h e corros ion of i r o n — 1 3 . 66, 403 . P . K o e t z s c h k e f o u n d t h a t a d d i t i o n s of 
c h r o m i u m t o n ickel c a s t i ron d o n o t m a t e r i a l l y a id r e s i s t ance t o cor ros ion in ace t i c 
acid because of t h e u n f a v o u r a b l e effect of nickel. H . I p a v i c s t u d i e d t h e a c t i o n 
of h y d r o g e n su lph ide ; G. H . McGregor a n d J . W . S t e v e n s , s u l p h u r d iox ide ; 
S. M. N o r w o o d , t h e effect of n i t r i d i za t i on ; a n d F . H . R h o d e s a n d co -worker s , 
t h e cor ros ive a c t i o n of pheno l s . F o r O. K . P a r m i t e r ' s o b s e r v a t i o n s , vide supra, 
c h r o m i u m - i r o n a l loys . S o m e o b s e r v a t i o n s were m a d e b y W . A c k e r m a n n , 
J . A r n o t t , C. B . Bell is , E . B l a u , P . B re s , A. B r u n n e r , F . F . C h a p m a n , D . G. Clark , 
J . C o u r n o t a n d H . F o u r n i e r , C. D u i s b e r g , G. M. E n o s , J . L . E v e r h a r t , O. F o p p l 
a n d co-workers , H . J . F r e n c h a n d W . A. T u c k e r , J . A. N . F r i e n d a n d co-worker s , 
Y . S. G i n t z b u r g a n d co-workers , R . H a n e l , W . H . Hat f ie ld , F . F . H e n g s t e n b e r g , 
W . H e r r m a n n , W . H e s s e n b r u c h a n d E . H o r s t , W . H e s s e n b r u c h a n d W . R o h n , 
I J . W . H o s t e t t l e r , E . H o u d r e m o n t a n d P . Schafmeis te r , W . R . H u e y , F . H . H u r r e n , 
C. H . M. J e n k i n s a n d co-workers , C. M. J o h n s o n , J . F . K a y s e r , F . F . K h i m u s h i n 
a n d M. F . DenisofT, P . K o t z s c h k e a n d E . P i w o w a r s k y , A. L issner , E . Maass a n d 
W . Wiede rho l t , R . J . M c K a y , R . S. M a c P h e r r a n , C. E . MacQuigg , L . M a r t i , 
A. M a t a g r i n , J . A. M a t h e w s , P . S. M e n o u g h , J . D . Miller, J . L . Miller, 
W . M. Mitchel l , J . H . G. M o n y p e n n y , H . Miiller, H . N a k a m u r a , F . O r m e , 
A. R . P a g e a n d J . H . P a r t r i d g e , J . A. P a r s o n s a n d E . R y d e r , P . P a y s o n , 
J . E . Po l lock a n d co -worke r s , V. a n d G. P r e v e r , S. H . R e e s , J . R i s t a n d co-workers , 
F . R i t t e r s h a u s e n , W . R o s e n h a i n a n d C. H . M. J e n k i n s , A. Sanfourche a n d 
A. M. P o r t e v i n , M. S a u v a g e o t a n d L». L.auprete , P . Schufmeis te r a n d F . K . N a u -
m a n n , C A. Scha r schu , F . S c h m i t z , E . I I . Schulz a n d W . J e n g e , H . E . Sear le a n d 
R . W o r t h i n g t o n , M. H . S o m m e r , I J . J . S t a n b e r y , B . S t r a u s s a n d co -worke r s , 
J . S t r a u s s , R . S t u m p e r , R . S u t t o n , Y . Taj i , J . G. T h o m p s o n , A . T h u m , W . W . Tr iggs , 
a n d E . W e l l m a n n . F o r t h e o b s e r v a t i o n s of J . F . K a y s e r , W . G u e r t l e r a n d 
W . A c k e r m a n n , N . B . Pi l l ing a n d D . E . A c k e r m a n , W . R o h n , J . A. M a t h e w s , a n d 
M. B a l l a y , vide c h r o m i u m steels . W . H . Hat f ie ld o b t a i n e d t h e r e su l t s i n d i c a t e d 
in T a b l e X I X ; t h e y show t h e pe rcen t age compos i t i on of t h e m e t a l a n d t h e n u m b e r 
of g r a m s dissolved b y t h e ac id in 24 h r s . , a t a b o u t 15°. B . J o n e s , a n d R . F r a n k s 
s t u d i e d t h e effect of n i t r i d i z a t i o n ; A. F r y a n d P . Schafmei s t e r , i n t e r c rys t a l l i ne 
corros ion ; J . A r e n d a n d M. L o b e , a n d J . A. M a t h e w s , t h e effect of t i t a n i u m . T h e 
a d d i t i o n of a 5 p e r cen t , n icke l t o 5 pe r cen t , c h r o m i u m - s t e e l p r o d u c e s a n a l loy 
w h i c h is a l m o s t whol ly r e s i s t a n t t o n i t r i c ac id ; t h e a d d i t i o n of n ickel also m a t e r i a l l y 
increases i t s r es i s t ance t o hyd roch lo r i c ac id ; a n d t h e g r a d u a l increase in t h e p r o ­
p o r t i o n of nickel a lso p r o d u c e s a m e t a l wh ich is a t t a c k e d on ly s l ight ly b y t h e ac id . 

E . H . Schu lz a n d W . J e n g e f o u n d t h a t a s tee l c o n t a i n i n g 0*25 p e r c e n t , of c a r b o n , 
7-0 p e r c e n t , of n icke l , a n d 20 p e r c e n t , of c h r o m i u m , is n o t s t a b l e in c o n t a c t w i t h chlorine, 
bromine, or iodine, a n d w i t h bo i l ing O-5 p e r c e n t , hydrochloric acid, t h e loss i n w e i g h t i n 
g r a m s p e r sq . m e t r e p e r h o u r w a s 1-79 ; a n d ni l -with a c i d 1 : 10. E . D e u s s e n f o u n d t h a t t h e 
F e - C r - N i a l loy (70 : 23 : 7) is r a p i d l y a t t a c k e d b y 20 p e r c e n t , hyd ro f luo r i c ac id , a n d 
s lowly a t t a c k e d b y t h e 5 p e r c e n t , a c id a t r o o m t e m p . E . W e l l m a n n o b s e r v e d t h a t t h e 
a l l oys a r e n o t a t t a c k e d b y hypochlorites if o v e r | t h m o l . p r o p o r t i o n of c h r o m i u m is p r e s e n t . 
T h e a t t a c k p re fe ren t i a l l y f a v o u r s s p o t s w h e r e t h e r e a r e s l ag inc lus ions . H . G r u b e r 
s t u d i e d t h e a c t i o n of h y d r o g e n s u l p h i d e b e t w e e n 700° a n d 1000°. 

W . R o h n found t h e cor rod ib i l i ty of some i ron -n i cke l - ch romium al loys exp re s sed a s 
loss in g r a m s p e r sq . d m . w i t h N , n o t a n n e a l e d , a n d A , a n n e a l e d a l loys , using 
10 p e r cen t , ac ids . T h e first t h r e e a l loys h a d also a b o u t Mn , 0-4 ; Si , 0-3 ; a n d 
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C, 0-2 ; t h e alloys wi th 9 to 2O per cent , of i ron h a d 1 per cent , of manganese , 
a n d t h e alloy wi th 20 : 63 : 15 had Mn, 1, and C, 0-9 : 

F e : NI : C r 

8 2 : 0 - 7 : 1 5 

8 2 : 2 : 1 5 

7 1 : 8 : 2 0 

5 5 : 2 O : 2 5 

5 0 : 3 5 : 1 5 

2 0 : 6 4 : 1 5 

2 0 : 6 3 : 1 5 

2 O : 65 : 1 5 

16 : 50 : 3 3 

1 0 : 6 9 : 2 0 

9 : 6 5 : 2 5 

F e : N i : Cr 

8 2 : O-7 : 15 

8 2 : 2 : 1 5 

7 1 : 8 : 2 0 

5 5 : 2 0 : 2 5 

5O : 3 5 : 1 5 

2 0 : 6 4 : 1 5 

2 0 : 6 3 : 1 5 

2 0 : 6 5 : 1 5 

1 6 : 5 0 : 3 3 

1 0 : 6 9 : 2 O 

9 : 6 5 : 2 5 

H N O 3 H 2 S O 4 H C l 

/ 2 4 h r s . c o l d 
\ 1 h r . h o t . 
/ 2 4 h r s . c o l d 
\ 1 H r . h o t . 
/ 2 4 h r s . c o l d 
11 h r . h o t . 
/ 2 4 h r s . c o l d 
\ 1 h r . h o t . 
I 2 4 h r s . c o l d 
\ 1 h r . h o t . 
3 2 4 h r s . c o l d 
I I h r . h o t . 
/ 2 4 h r s . c o l d 
\ 1 h r . h o t . 
/ 2 4 h r s . c o l d 
t l hr. hot . 
/ 2 4 h r s . 0 0 W 
t 1 hr. hot . 
/ 2 4 h r s . c o l d 
V 1 h r . h o t . 
/ 2 4 h r s . c o l d 
\ 1 h r . h o t . 

J 2 4 h r s . c o l d 
I 1 h r . h o t . 
J 2 4 h r s . c o l d 
i 1 h r . h o t . 
/ 2 4 h r s . c o l d 
\ 1 h r . h o t . 
/ 2 4 h r s . c o l d 
\ 1 h r . h o t . 
/ 2 4 h r s . c o l d 
\1 h r . h o t . 
1 2 4 h r s . c o l t l 
\ 1 h r . h o t . 
( 2 4 l i r a , c o l d 
\ 1 h r . h o t . 
/ 2 4 h r s . c o l d 
\ 1 h r . h o t . 
/ 2 4 h r s . c o l d 
\ 1 h r . h o t . 
/ 2 4 h r s . c o l d 
I 1 h r . h o t . 

/ 2 4 h r s . c o l d 
t l hr. hot . 

N 
0 
0 - 0 0 7 
O 
O- 0 0 3 
0 0 0 1 
O O O l 
O 
O 
0 0 5 
0 - 0 3 
0 - 6 
0 - 0 2 

4 9 - 2 

0 - 0 6 5 
O - 0 0 2 5 
0 

O - 0 2 
O - 0 1 
0 
O-00 

A 
0 
O - 0 1 
0 
0 - 4 0 3 
O - 0 O l 
O O O l 
O 
O 
1-5 
2 - 8 
0 1 9 

4 9 - 2 

0 - 0 4 O 
0 - 0 0 2 5 
O 

0 - 2 6 
O - 2 8 
O-Ol 
O - 0 2 

C H 1 C O O U 

N 
O 
0 - 0 0 3 
0 
0 - 0 0 3 
0 
0 - 0 0 2 
0 
0 - 0 0 5 
0 - 0 0 8 
O- 0 3 5 
0 0 1 2 
0 0 2 

O 
0 
0 - 0 0 5 
0 - 0 0 5 
O 
O - 0 0 8 

A 
O 
0 - 0 1 8 
0 
O - 0 0 3 
0 
0 - 0 0 5 
O 
O O 1 
0 - 0 1 2 
0 - 0 2 6 
0 - 0 1 6 
O - 0 1 

O 
O 
0 - 0 0 5 
0 0 0 5 
O 
O 

N 
4 - 4 

1 9 - 5 
4 - 7 

1 5 - 6 
0 - 0 0 7 
2 - 6 2 
0 1 2 
1-8 
0 - 1 5 
0 - 0 8 
0 - 1 
0 - 4 9 
0 1 
0 - 4 9 
0 0 0 2 
0 0 2 0 
0 0 3 
0 - 3 1 
O - 1 4 
0 - 0 9 
0 0 3 
0 - 1 2 

A 
5 - 4 

2 4 
4 - 3 

1 4 - 4 
0 0 0 3 
2 - 5 3 
0 1 2 
1-7 
O l 4 
0 - 1 5 
0 0 0 2 
O 0 2 0 

0 0 0 6 
O O 1 5 
O - 0 2 
0 - 0 1 
O 0 2 
O - 0 6 
O - 0 2 
0 0 6 

H 3 P O 4 

N 
O 
0 0 0 3 
O 
O-OO 3 
O 
0 - 0 0 3 
O 
O - 0 0 5 
0 - 0 0 6 
O l 
0 - 0 0 2 
0 - 0 5 6 

O 
O-6 
O O 1 
O i l 
0 - O 0 2 
0 - 0 8 

A 
O 
O - 0 0 3 
0 - 0 0 3 
0 - 0 0 6 
O 
0 0 0 3 
O 
O - 0 1 5 
O O I 6 
O - 2 9 
0 - 0 0 8 
0 - 0 6 2 

O 
O - O l l 
0 0 4 5 
0 - 0 5 
O 
O - 1 6 

N 
0 - 7 8 

1 6 - 3 
O - 1 9 
4 - 5 
0 - 2 7 
1 - 3 4 
1 0 

1 9 0 
0 - 2 6 
0 - 9 6 
0 1 2 
3 - 2 4 
0 - 3 
O 2 6 
0 0 2 0 
0 - 2 6 
0 - 3 6 
4 - 2 
1 - 4 4 
1 - 6 6 
0 4 2 
3 - 8 4 

A 
0 - 7 8 

2 5 - 5 
0 - 3 0 

1 0 - 8 
0 - 2 5 
1 - 5 5 
0 1 2 
3 - 4 
0 - 3 2 
0 - 3 O 
O - 1 4 
1 - 9 7 

O - 0 2 5 
O-1 8 
O - 0 9 
3 - 5 1 
0 - 0 8 
1 - 7 2 
O 1 3 
2 - 6 5 

A n o t h e r al loy wi th 2 per cent , manganese , a n d 5 per cent , of a luminium, gave : 
( 2 4 h r s . c o l d 0 - 2 8 0 - 2 6 0 0 7 0 - 0 5 0 - 2 7 0 - 2 6 0 - 0 0 4 O O 1 4 0 - 0 6 0 0 6 8 

1 7 : 6 1 : 1 5 If h r . h o t O 0 34 0-22 6-7 0-004 
0 - 0 1 4 
O 0 - 0 2 4 O-Ol 6 

W . Guer t ler a n d W. A c k e r m a n n examined t h e dissolut ion of homogeneous solid 
soln. of ch romium, nickel, and iron in 1 a n d 20 per cent , ni t r ic acid, a n d in 1 per 
cent , sulphur ic acid. The resul ts are roughly in accord wi th G-. T a m m a n n ' s one-
e ighth rule. Thus , t h e r a t e of dissolut ion of nickel-iron alloys in n i t r ic acid 
increases suddenly wi th 12-5 a t . per cent . Ni , a n d decreases again suddenly a t 
25 a t . per cent . Ni ; a n d chromium- i ron alloys become pass ive when t h e chromium 
con ten t exceeds 12*5 a t . per cent . I n t h e t e r n a r y al loys pass iv i ty t o w a r d s ni t r ic 
acid is afforded b y a similar p ropor t ion of ch romium, var ia t ions in the nickel and 
i ron con ten t hav ing n o effect on t h e behav iour of t h e alloys. Iron-nickel alloys 
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T A B L K X X I J . — T H E ] 

C 

0-36 
O-36 
0-35 
O-30 
0-36 
0-29 
0-31 
O-56 
0-51 
1 0 7 
1 1 6 
1 0 7 
0-49 
0-52 
O-44 
1 0 4 
1 0 9 
1-01 

M u 

0-18 
0-13 
0-16 
0 1 4 
0-20 
0-22 
0-36 
0-21 
0 1 7 
0-44 
0-39 
0-32 
0-21 
0-31 
0-31 
0-21 
0-19 
0 1 7 

N i 

O I O 
5-42 

10-39 
15-27 
2O-02 

0 0 9 
4-88 
O I O 
5-23 
0 13 
5-33 

10-33 
0-14 
5-40 

15-15 
0-22 
5-44 

14-90 

E F F E C T O F 

C r 

5 0 6 
5-06 
5 1 3 
4-90 
5-05 I 

10-06 
9-84 

12-47 
11-81 
12-26 
12-84 
1 2 0 4 
19-66 
18-45 
1 9 1 6 
2 0 0 8 

I 19-48 
19-21 

A o m s O N 

Si 

0-05 
0 05 
0-03 
0 0 7 
0-16 
0-14 

O-12 
O-12 
0-09 
0-14 
0-24 
0-29 
0-29 
O-33 
0 1 4 
0-28 
0-28 

N I C K E L - C H R O M I U M S T E E L S . 

HCl ] 

(sp. gr. 1-18) 

0-3075 
0 1 7 6 3 
0 1 8 9 7 
0 0 9 6 3 
0 0 3 6 7 
0 1 4 9 2 
0-1732 
O-1845 
0-1479 
O-1869 
O-1747 
O-1843 
0 1 7 0 9 
0 1 6 6 4 
0 0 9 6 8 

! 0-2615 
0-2862 
0 0 9 0 4 

H N O , 
(sp. gr. 1 20) 

O-8989 
0-0003 
0 0 0 5 9 
OOOOl 
0 0 0 0 2 
0-0001 
OOOOl 

n i l 
n i l 

0-0004 
OOOOl 
0 0 0 0 2 

n i l 
n i l 
n i l 

0 0 0 0 1 
I n i l 

n i l 

H 2 S O 4 
(sp . gr . 1 1 1 8 ) 

0-2198 
0-0720 
0-1329 
0 0 0 1 5 
0 0 0 0 8 
0-2143 
0 0 6 8 9 
0-2496 
0 1 3 2 1 
0-3565 
0-2288 
0-1444 
O-3530 
0-2825 
0 0 0 1 5 
0-2904 
0 1 3 1 1 
0 0 0 1 6 

h a v e a h igher res i s tance t o cor ros ion b y su lphu r i c ac id w h e n t h e n icke l exceeds 
12*5 a t . pe r cent . , w h e r e a s c h r o m i u m - i r o n a l loys dissolve m o r e r a p i d l y w h e n t h e 
c h r o m i u m exceeds 12-5 a t . p e r cen t . , a n d m o s t r a p i d l y w h e n i t exceeds 25 a t . p e r 
cen t . I n t h e t e r n a r y a l loys t h e mo lecu l a r l imi t 2/8(Cr-J-Ni) seems t o b e of 
i m p o r t a n c e especial ly w h e n t h e c h r o m i u m c o n t e n t is h igh , e.g., 17—18 p e r cen t . Cr 
a n d 6 pe r cen t . N i ; t h i s a l loy is fa i r ly r e s i s t a n t t o a t t a c k b y 1 p e r cen t , s u l p h u r i c 
acid, w h e r e a s a l loys c o n t a i n i n g m o r e t h a n 75 a t . p e r c en t . E e a r e m o r e r e a d i l y 
dissolved t h a n is i ron itself. T o w a r d s ace t i c ac id a n d m i x t u r e s of h y d r o c h l o r i c 
ac id a n d h y d r o g e n pe rox ide excess of c h r o m i u m a b o v e 12*5 a t . p e r cen t , i n d u c e s 
pass iv i ty . T h e a b o v e resu l t s i n d i c a t e t h a t c h r o m i u m a lone h a s a p r o t e c t i v e 
a c t i o n w h e n a n oxidiz ing a g e n t is p r e s e n t a n d n ickel a lone in t h e absence of a n 
oxidiz ing agen t . 

E . H . Schu lz a n d W . J e n g e f o u n d t h a t w i t h c o n e , nitric acid a t 20° ; a n d w i t h t h e 
bo i l ing 1 : 1 a n d c o n e , a c i d s , t h e losses w e r e r e s p e c t i v e l y 0-04 a n d 0-02 ; -with bo i l ing , 
c o n e , n i t r i c ac id a n d 5 j>er c e n t , s u l p h u r i c ac id , t h e loss w a s 0-59. W i t h IO, 3O, 66, a n d 
98 p e r c e n t , sulphuric acid a t 20°, t h e losses wore r e s p e c t i v e l y 0-07, O-16, O-OOl, ar id 0-012 ; 
-with bo i l ing 20 p e r c e n t , a c id , 36-0 ; w i t h 98 p e r c e n t , a c i d a t 100°, 4-68 ; w i t h 58 per­
c e n t , s u l p h u r i c ac id , 40 p e r c e n t , n i t r i c ac id , a n d 2 p e r c e n t , w a t e r a t 20° , 60° , 100°, a n d 
110°, t h e losses w e r e r e s p e c t i v e l y 0-00, 0-05, 0-7, a n d 7-6 ; w i t h IO p e r c e n t , s u l p h u r i c 
a c i d s a t . w i t h c o p p e r s u l p h a t e , a t 20°, n i l ; -with sulphurous acid s a t . a t 20 a t m . p r e s s . , 
a t 180°, H O ; w i t h s u l p h u r o u s ac id a n d 1-0 p e r c e n t , s u l p h u r i c a c i d a t 10°, 0-05 ; E . WeI l -
m a n i i f o u n d t h a t hydrogen sulphide a t t a c k s t h e c h r o m i u m - n i c k e l s t ee l s a t 300° , a t l ower 
t e m p , t h e r e is a co r ros ive a c t i o n , b u t n o s u l p h i d e is f o r m e d ; a n d sulphur dioxide a t t a c k s 
t h e m e t a l o v e r a b o u t 400° . A i r a n d w a t e r f a v o u r t h e a t t a c k a t l ower t e m p . I . M u s a t t i a n d 
A . Pveggiori s t u d i e d t h e s u b j e c t . J . D . Mil ler f o u n d t h e t e r n a r y a l l oy o n e of t h e b e s t m e t a l s t o 
res i s t a t t a c k b y sulphite l i q u o r s . A c c o r d i n g t o E . H . S c h u l z a n d W . J e n g e , t h e losses i n w e i g h t 
in g r a m s p e r sq . m e t r e p e r h o u r w i t h 1 : 1 a n d bo i l ing , c o n e , acetic acid, a r e r e s p e c t i v e l y 0-03, 
a n d 0-60 ; w i t h 1 : 10 a n d 1 : 1 boiling formic acid, r e s p e c t i v e l y 2-48, a n d 9-3 ; w i t h bo i l ing 
IO a n d 45 p e r c e n t , phosphoric acid, r e s p e c t i v e l y 0-01 a n d 0-04 ; a n d w i t h 80 p e r c e n t , 
p h o s p h o r i c ac id , a t H O ° a n d 115°, r e s p e c t i v e l y 31-3 a n d 1 3 4 - 3 ; A . M. P o r t e v i n a n d 
A . S a n f o u r c h e , F . A . R o h r m a n , a n d P . H. K o s t i n g a n d C. H e i n s s t u d i e d t h e a c t i o n of 
p h o s p h o r i c ac id . E . H . Schu lz a n d W . J e n g e f o u n d t h a t t h e loss i n g r a m s p e r sq . m e t r e 
p e r h o u r w i t h a s a t . so ln . of boric a c i d , a t 100° is n i l ; t h e losses w i t h a s a t . so ln . of oxa l i c 
a c i d a t 20° , 40° , a n d boi l ing , a r e r e s p e c t i v e l y O-OO, O O l , a n d 16-5 ; w i t h a s a t . lactic acid 
a t 20°, n i l ; s a t . butyric acid, a t 20° a n d 130°, r e s p e c t i v e l y n i l a n d 0-03 ; sebacic acid a t 
150°, O-03 ; s a t . tartaric acid, bo i l ing , 7-8 ; b o i l i n g , s a t . gallic acid, n i l ; linseed oil a n d 
3 p e r c e n t , s u l p h u r i c a c id a t 200°, 0-05 ; r a w carbolic acid, a t 90° , 0-05 ; 5 p e r c e n t , a n d 
Bat. citric acid, bo i l ing , r e s p e c t i v e l y n i l , a n d 2-19. E . W e l l m a n n f o u n d t h a t a l loys w i t h 
less t h a n | t h m o l . p r o p o r t i o n of c h r o m i u m a r e a t t a c k e d b y so ln . of t a r t a r i c and. n i t r i c 
a c i d , b u t n o t if m o r e c h r o m i u m is p r e s e n t . T h e a l loys a r e n o t a t t a c k e d b y a q . so ln . of 
phenol. H . A . T r e b l o r a n d co -worke r s , a n d W . A . W e s l e y a n d c o - w o r k e r s s t u d i e d t h e 
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action, of m i l k . J". G-. T h o m p s o n and. c o - w o r k e r s s t u d i e d t h e a c t i o n of so ln . of urea, a n d 
of ammonium, carbamate. A c c o r d i n g t o 3d. Schu lz a n d W . J o n g e , w i t h a bo i l ing IO a n d 
25 p e r c e n t , a n d a s a t . so ln . of sodium chloride, t h e losses in g r a m s p e r sq . m e t r e p e r h o u r 
w e r e r e s p e c t i v e l y n i l , 0-03, a n d 0-10 ; a 1 : 1 so ln . of sodium sulphide, a t 90° , 0-02 ; a 
bo i l ing , s a t . so ln . of potassium chlorate, n i l ; potassium hypochlorite a t 20° a n d 105°, 
r e s p e c t i v e l y 0-01 a n d 0-53 ; a bo i l ing , s a t . so ln . of potassium, hydrotartrate, 0-09 ; ammonium 
nitrate a t 107°, 0-02 ; bo i l ing 1 : 1 copper nitrate, n i l ; bo i l ing 1 : 1 copper sulphate, n i l ; 
bo i l ing 1 : 1 copper chloride, 464 ; 1 : 1 iron chloride a t 50° . 101 ; tin chloride of s p . g r . 
2-13 ; a t 35° , 0 0 4 ; a n a q . so ln . of t i n ch lo r i de , a t 20°, 2 - 2 8 ; zinc chloride a t 50° , 0 0 7 ; 
ammonium chlorostannate a t 20° , 0-052 ; O-7 p e r c e n t , mercuric chloride a t 20° , a n d bo i l ing , 
r e s p e c t i v e l y 0-88 a n d 3-60 ; bo i l ing a q . ammonia, n i l ; so ln . of calcium, chloride a t 100°, 
n i l ; bo i l ing ammonium chloride, n i l ; 20 p e r c e n t , sodium hydroxide a t 110°, 0-02, 34 p e r 
c e n t , a t 100°, ni l , a n d sodium, hydroxide a t 318° , 0-22, bo i l ing 27 a n d 5 p e r c e n t , potassium 
hydroxide, r e s p e c t i v e l y n i l a n d 0-40 ; a n d potassium hydroxide a t 360° a n d 600° r e s p e c t i v e l y , 
3-5 a n d 37-9. J . L . E v e r h a r t n o t e d t h e a l loys g a v e a g o o d r e s i s t a n c e t o a m m o n i u m 
c h l o r i d e . M. Ir*. 13alfe a n d H . Ph i l l i p s , a n d A . G a n s s e r n o t e d t h e r e s i s t ance of t h e a l l oys 
t o t a n n i n g l i quo r s ; a n d W . A . W e s l e y a n d co -w o rk o r s , t o m i l k . P . W . B r i d g m a n 
n o t e d t h e c o n d i t i o n s u n d e r w h i c h mercury a m a l g a m a t e s w i t h f reshly f r a c t u r e d sur faces of 
n icke l - s t ee l . 

D . J . M c A d a m obse rved t h a t t h e s i m u l t a n e o u s a c t i o n of corros ion a n d f a t i g u e — 
cor ros ion- fa t igue—causes fa i lure a t s t resses far be low t h e o r d i n a r y e n d u r a n c e l imi t 
—vide t h e cor ros ion of i ron . T h e resu l t s of t e s t s 
w i t h ch romium-n i cke l s teels w i t h 17-71 a n d 5-42 p e r 
cen t , of n ickel a r e s u m m a r i z e d i n F i g . 284. T h e 
t e s t s in a i r ( fat igue t e s t ) , a n d t h e t e s t whi le t h e 
s teel w a s exposed t o t h e cor ros ive a c t i o n of fresh, 
c a r b o n a t e w a t e r (corros ion-fa t igue t e s t ) were m a d e 
w i t h s t resses a l t e r n a t i n g 145O revs , p e r m i n u t e . 
T h e g r a p h shows t h e r e l a t i on b e t w e e n t h e s t ress a t 
fai lure a n d t h e l o g a r i t h m of t h e n u m b e r of cycles 
for fa i lure . T h e s t a t i c , f a t igue , a n d corros ion-
fa t igue t e s t s a re as follow (for t h e corros ion, a 
fresh, c a r b o n a t e w a t e r , a n d a sa l t , r i v e r - w a t e r w i t h a b o u t one - th i rd t h e sal ine 
c o n t e n t s of s ea -wa te r were used) : 

C h r o m i u m 
!Nickel . 
Tens i l e s t r e n g t h 
T o t a l e l o n g a t i o n 
R e d u c t i o n of a r e a 
E n d u r a n c e l im i t 
Fat igue-corros ioi i< ^ ,^ 

. 70,000 

X60,000\ 

W8 

F i a . 2 8 4 . — T h e F a t i g u e a n d 
C o r r o s i o n - F a t i g u e T e s t s of 
!Nickel -Chromium S tee l s . 

5-42 
22-9O 
93,000 
32-3 
58-6 
50,000 
32,00O 

10-89 
34-7O 

112,300 
28-8 
46-6 
57,000 
41,00O 

17-32 
8 1 9 

125,300 
45-5 
53-2 
50,000 
50,000 

17-71 
25-27 

115,200 
22-5 
34-9 
54,0OO 
45,00O 

20-48 
0-25 

110,900 lbs. per sq. in. 
22-6 per cent, in 2 ins 
42*5 per cent. 
——• lbs. per sq. in. 

48,000 lbs. per sq. in. 
22 ,000 25 ,000 34 ,000 

J . H . S. D i c k e n s o n a n d W . H . Ha t f i e ld s t ud i ed t h e n i c k e l - c h r o m i u m - b e r y l l i u m -
iron a l loys ; M. Wi ih le r t a n d H . O s t e r m a n n , a n d Gr. d ' A r d i g n y discussed t h e 
h a r d n e s s , a n d res i s t ance t o cor ros ion of nimol, t h e t r a d e - n a m e of a copper-
Chromium-n icke l - i ron a l l o y ; a n d J . S. V a n i c k a n d P . D . Merica, t h e cor ros ion 
a n d hea t - r e s i s t ing qua l i t i e s of t h e a l loys . W . K r o l l i n v e s t i g a t e d t h e p r o p e r t i e s of 
some n i c k e l - b e r y l l i u m - c h r o m i u m s tee l s , a n d found for t hose wi th a b o u t 1 p e r 
cen t , of b e r y l l i u m a n d 20 p e r cen t , of c h r o m i u m , t h e !BrineH's h a r d n e s s , w i t h a 
1000 k g r m . IO m m . sphe re a c t i n g for 1 min . : 

Nickel 
(Quenched 950° 

Hardness < Aged 500° 
(Annealed 950° 

C h r o m i u m 
( Q u e n c h e d 950° 

H a r d n e s s \ A g e d 500° 
A n n e a l e d 950° 

0 4-13 5-40 6-25 
227 279 264 270 
238 588 494 511 
220 — 

6-25 per cent, of nickel, and 

0 0 9-45 12-69 
380 373 391 
622 663 687 
25O 373 350 

7-33 8-80 
286 245 
512 367 

1-05 per cent. 

16-49 
282 
477 
279 

9-20 per cent. 
207 
257 

of beryllium, 

20-90 per cent. 
27O 
511 
264 
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T h e mechan ica l p roper t i e s of t h e a l loys w i t h t h e tens i le s t r e n g t h exp re s sed i n 
kgrniH. pe r sq. m m . , a n d Br ine lFs h a r d n e s s w i t h a 3000 k g r m . 10 m m . s p h e r e 
a c t i n g for 1 min. , 

Cr : Ni : Be 1 2 : 5 : 1 20 : 7 : 1 20 : 9 : 1 20 : 8 : 1 
/ " v , « ^ , "• S , ^ " •> 

Quenched Annealed Quenched Annealed Quenched Annealed Quenched Annealed 
T e n s i l e s t r e n g t h 13O 1 0 2 8 2 9 7 8 0 1 2 4 
! E l o n g a t i o n . 7 1 11 1 3O 2 0 2 8 5 p e r c e n t . 
R e d u c t i o n a r e a 4 7 - 2 0 7-0 0 6 6 0 3 1 - 0 6 8 - 0 8 -0 
H a r d n e s s . 3 5 0 6 7 0 2 7 5 4 8 0 2 0 7 2 5 7 
S c l o r o s c o p e . — 1 0 2 9 1 5 4 
T h e decreases in we igh t in g r a m s p e r sq. cm. in 24 h r s . of a l loys i m m e r s e d i n 
different ac ids were : 
Cr : Nl 

12 : 5 
20 : 7 
2O : 7 
1 2 : 5 
14 : 0 
2O : 7 

• B e 

1 : 
1 : 
I : 
1 : 
0 : 
O : 

: C 

O 
0 
0-2 
0-2 
0-2 
()-2 

H N O , (24-3 
per cent.) 
0 - 0 4 2 6 
0 O 4 1 6 3 
0O4OOO 
0 0 4 6 0 0 
0 - 0 4 1 1 7 
0 0 . 0 7 1 

HCl (5-36 
per cent.) 
0 - 1 4 6 3 
0 0 1 4 2 
0 1 1 1 7 
0 - 3 6 8 9 
0 - 2 4 2 4 
0 0 7 6 0 

H 2 SO 4 (9-48 
per cent.) 
O-1634 
0 - 0 3 5 6 
O-1366 
0 - 3 7 6 2 
0 1 6 2 6 
0 0 0 5 6 

CH3 COOH (8O 
per cent.) 

0 O 3 3 0 1 2 
0 0 4 2 8 6 
O O s 2 8 8 4 
0 0 2 1 6 3 7 4 
0 0 8 3 5 6 6 
O O f i 4 2 6 

V. O. H o m c r b e r g e r a n d I . N . Z a v a r i n e i n v e s t i g a t e d some n i c k e l - c h r o m i u m -
a lumin iun i - i ron a l loys ; J . A. M a t h e w s , A. L . N o r b u r y a n d E . Morgan , a n d 
J . S. Vanick, nickel-chromium-silicon-iron alloys ; E . C. Bain and co-workers, 
chromium-nickel-iron-titanium alloys ; and H. Eder t , and J . A. Mathews, the 
mechanical properties of nickel-chromium-vanadium-iron alloys. 

L. Gui l le t p r e p a r e d some n i c k e l - m o l y b d e n u m stee ls w i t h u p t o 0-54 p e r cen t , 
of c a rbon , 2-96 t o 6-40 pe r cen t , of n ickel , a n d 0-51 t o 5-13 p e r cen t , of m o l y b d e n u m . 
T h e y were all t oo h a r d t o c u t w i t h a saw. T h e n o r m a l s teels h a d t h e m a r t e n s i t i c 
s t r u c t u r e , a n d only t h o s e w i t h high p r o p o r t i o n s of m o l y b d e n u m c o n t a i n e d ca rb ide . 
H e n c e m o l y b d e n u m favour s m a r t e n s i t e , a n d i t s effect is s u p e r a d d e d t o t h a t of 
nickel . M o l y b d e n u m , indeed , a c t s m o r e i n t ense ly t h a n t u n g s t e n . Q u e n c h i n g a t 
850° p roduces n o a l t e r a t i on , e x c e p t t h a t ferr i te , w h e n p r e s e n t , d i s a p p e a r s ; t h e 
ca rb ide , if p resen t , still r e m a i n s . T h e m a r t e n s i t e h a s a finer s t r u c t u r e a f te r 
quench ing . T h e f ine-grained m a r t e n s i t e is difficult t o co lour on e t ch ing ; a p r o ­
longed e t ch ing wi th picric ac id colours a p a r t m o r e read i ly t h a n t h e r e m a i n d e r ; 
t h i s is t h e p o r t i o n in t h e i m m e d i a t e v ic in i ty of p re -ex i s t ing g ra ins of ca rb ide , a n d 
is p r o b a b l y d u e t o t h e p resence of t r o o s t o s o r b i t e or some c o n s t i t u e n t i n t e r m e d i a t e 
b e t w e e n m a r t e n s i t e a n d pea r l i t e . If t h e q u e n c h i n g be ca r r i ed o u t a t a h igh e n o u g h 
t e m p , for all t h e ca rb ide t o dissolve, t h e differences of co lour u sua l ly d i s a p p e a r 
showing t h a t a h o m o g e n e o u s solid soln. is fo rmed . !Four h o u r s ' annea l i ng b e t w e e n 
900° a n d 1200° does n o t affect n o r m a l s teels . T h e m a r t e n s i t e m a y b e c o m e m o r e 
p r o n o u n c e d a n d coarser , a n d t h e g ra in s of ca rb ide b e t t e r defined, b u t o the rwi se 
no m a r k e d change occurs . I f t h e a n n e a l e d s a m p l e be cooled in l iquid ai r , i n s t e a d 
of be ing cooled s lowly, s teels c o n t a i n i n g ferr i te a n d m a r t e n s i t e b e c o m e who l ly 
m a r t ens i t i c , artd a p p e a r a s if q u e n c h e d in l iqu id air . Af ter c a s e - h a r d e n i n g a 
f e r r i t e -mar tens i t e s teel , t h e r e r e m a i n s a n u n c h a n g e d core , t h e n a l aye r of m a r t e n ­
si te , a n d finally an e x t e r n a l l aye r of t r o o s t i t e . T h e m e c h a n i c a l t e s t s ShO1W t h a t 
t h e n o r m a l steels h a v e a h igh tens i le s t r e n g t h a n d e las t ic l imi t , b u t t h e m a x i m a 
a re n o t a t t a i n e d so long as a n y ferr i te is p r e s e n t . If c a r b i d e is p r e sen t , t h e tens i le 
s t r e n g t h a n d elast ic l imi t a r e lower . -The r e d u c t i o n of a r e a a n d e longa t ion a r e 
m e d i u m . T h e res is tance t o shock is h igh , p a r t i c u l a r l y w i t h m a r t e n s i t i c s tee ls 
c o n t a i n i n g a low p r o p o r t i o n of ca rb ide . T h e h a r d n e s s a t t a i n s a m a x i m u m w i t h 
t h e m a r t e n s i t i c s teels ; a s soon as c a r b i d e a p p e a r s , t h e h a r d n e s s is r e d u c e d , o t h e r ­
wise t h e p r o p o r t i o n of c a r b o n w i t h i n t h e a b o v e l imi t s h a s b u t a s l ight effect on 
t h e h a r d n e s s . T h e tensi le s t r e n g t h a n d e las t ic l imi t a r e r a i sed b y q u e n c h i n g ; 
t h e e longa t ion a n d r e d u c t i o n of a r e a a r e r e d u c e d , b u t t h e fo rmer r e m a i n s fa i r ly 
h igh p r o v i d e d ca rb ide is n o t p r e s e n t . C a r b o n is p re jud ic ia l t o t h e q u a l i t y of 
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q u e n c h e d steel ; a l t h o u g h i t confers g r ea t h a r d n e s s , i t m a k e s t h e steel b r i t t l e . 
Annea l i ng s l ight ly r educes t h e e longa t ion , r e d u c t i o n of a r ea , a n d res i s tance t o 
shock . W . KLoster obse rved t h a t in t h e t e r n a r y s y s t e m , F e M o 2 a n d NiMo form a 
c o n t i n u o u s series of 0-solid soln. T h e equ i l i b r ium of t h e eu tec t i c m e l t s , t h e 
b o u n d a r y s y s t e m s F e - M o , a n d N i - M o , a n d t h a t of t h e s y s t e m F e - N i , c o m b i n e t o 
fo rm a four -phase equ i l ib r ium : Melt-f-<x-solid s o l n . = y - s o l i d s o l n . + ^ solid soln. ; 
t h e t h r e e - p h a s e a r ea of t h e a.-, y - , a n d #-solid soln. e x t e n d s from t h e four -phase 
s t a g e t o o r d i n a r y t e m p . T h e m a g n e t i c t r a n s f o r m a t i o n s were also inves t iga t ed . 
R . M. Greaves a n d J . J . A. J o n e s found t h a t t h e t e m p e r b r i t t l eness of 
n i cke l - ch romium steels w a s r educed cons iderab ly b y t h e i n t roduc t i on of m o l y b ­
d e n u m . These s teels were s tud ied b y K . S a s a k a w a , B . E . Fie ld , C. M c K n i g h t , 
J . Cha l l ansonne t , W . K a h l b a u m a n d co-workers , F . M. Becke t , a n d A. M. P o r t c v i n 
a n d co-workers . T. S. F u l l e r found t h a t t h e the rmoe lec t r i c force, E mil l ivol ts , 
aga in s t copper b e t w e e n 0° a n d 100° is : 

Ni 
Cr . 
K 

B . E . F ie ld s t ud i ed t h e res i s tance of t h e a l loys t o corros ion. P . Chevena rd found 
t h a t n icke l -chroni iuni -a luni in iu i l l s teel h a d a n imper fec t revers ible t r a n s ­
f o r m a t i o n b e t w e e n 450° a n d 800°. C. M. J o h n s o n discussed t h e n i c k e l - c h r o m i u m -
s i l i con s tee ls ; a n d F . M. B e c k e t a n d R. F r a n k s , t h e n i c k e l - c o l u m b i u m - c h r o m i u m 
s tee l s . J . J . A. J o n e s , M. R . Chase, Gr. M a h o u x , L . Guil le t , J . I J . E v c r h a r t , 
Gr. L . Sakharofl ' a n d co-workers , J . H . A n d r e w s , a n d M. S. F i s h e r a n d J . M. R o b e r t s o n 
s t u d i e d t h e t h e r m a l a n d mechan ica l p rope r t i e s of t h e n i c k e l - c h r o m i u m - m o l y b -
d e n u m stee ls . J . H . B i n n e e s t u d i e d t h e sol idus a n d l iqu idus curves of n ickel -
c h r o m i u m - m o l y b d e n u m steels ; a n d N . P . Ingl is a n d W . A n d r e w s , t h e effect of 
h y d r o g e n . M. S a u v a g e o t s t u d i e d t h e corros ive a c t i o n of s t e a m ; a n d A. M. P o r t e ­
v i n a n d co-workers , t h a t of hydroch lo r i c ac id . W . R o h n found t h e cor rod ib i l i ty 
of t h e F e : N i : Cr : Mo a l loys expressed in g r a m s pe r sq. d m . , for N , n o t annea l ed , 
a n d A, annea led , w i t h 10 p e r cen t , ac ids . T h e a l loys also h a d a 2 pe r cen t , 
m a n g a n e s e , a n d t h e 18 : 60-4 : 15 : 4-al loy h a d 0-57 p e r cen t , of ca rbon . 
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O 
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O 
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0-008 
0 0 0 4 
0 0 0 8 
0-004 

A 
O - 0 0 8 
O 
0 - 0 0 8 
0 - 0 0 2 

0-002 
0 0 0 6 
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0 0 0 6 
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O O 1 6 
O 
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0 - 0 0 2 
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These steels were s tud ied by I . Musa t t i a n d A. Reggior i , A. Oding , K . S a s a k a w a , 
W . X.iestmann a n d C. Sa lzmann , M. S a u v a g e o t a n d L . L a u p r e t e , J . J . A. J o n e s , 
M. R . Chase, F . F . K h i m u s h i n a n d M. F . Denisoff, G. A. B a k e r , P . H . Cla rk a n d 
E . L.. Robinson , C. C. Hodgson , a n d H . K o r s c h a n s tud i ed t h e m o l y b d e n u m -
c h r o m i u m - n i c k e l s tee l s . 

L. Guillet p r epa red n i cke l - tungs ten s tee ls w i t h 0-15 t o 0-45 pe r cen t , of c a rbon , 
0-288 to 6-08 per cent , of nickel , a n d 0-27 t o 4-96 pe r cen t , of t u n g s t e n . T h e 
steels rolled well, b u t t hose w i t h t h e h igher p ropo r t i on of c a r b o n were difficult t o 
machine . The alloys w i th t h e smal ler p r o p o r t i o n s of c a r b o n a n d t u n g s t e n con­
ta ined pear l i te , ferri te , a n d a l i t t le m a r t e n s i t e ; t h e p r o p o r t i o n of m a r t e n s i t e 
increased wi th t h e h igher p r o p o r t i o n s of t u n g s t e n . T h e t u n g s t e n , indeed , dissolves 
in t h e i ron a id ing t h e fo rma t ion of m a r t e n s i t e , lower ing i t s t r a n s f o r m a t i o n p o i n t , 
and when t h e soln. is s a t u r a t e d , t h e t u n g s t e n s e p a r a t e s a s ca rb ide . Af ter be ing 
quenched from 850°, all t h e steels gave a v e r y m i n u t e , a l m o s t invis ible , m a r t e n s i t e 
s t r uc tu r e . The ca rb ide of t u n g s t e n s teels d i s appea r s af ter su i t ab le q u e n c h i n g 
from 850°. Annea l ing a t 900° h a s n o apprec i ab le effect on t h e s t r u c t u r e . Af ter 
case-hardening, t h e r e is a core of ferr i te a n d m a r t e n s i t e , t h e n f rom t h e cen t r e ou t ­
wa rds t he r e is a zone of m a r t e n s i t e , a zone of t roos toso rb i t e , a n d finally a zone 
with po lyhedra of y- i ron. If t h e case -ha rden ing b e p ro longed , t u n g s t e n ca rb ide 
m a y be formed. T h e mechan ica l t e s t s on t h e n o r m a l steel show t h a t t h e tens i le 
s t r eng th increases slowly w i t h increas ing p r o p o r t i o n s of t u n g s t e n ; t h e e las t ic 
l imit is n o t affected v e r y m u c h ; t h e e longa t ion a n d r e d u c t i o n in a rea v a r y b u t 
l i t t le , a n d t h e y a re r a t h e r smal ler t h a n w i t h nickel-s teels ; s imi lar ly w i t h t h e 
res is tance t o shock. T h e h a r d n e s s increases slowly w i t h increas ing p r o p o r t i o n s of 
t u n g s t e n . After quench ing , m a n y of t h e tes t -p ieces were c racked . T h e effect of 
quench ing from 850° is cons ide rab ly t o ra ise t h e tensi le s t r e n g t h a n d e las t ic l imi t , 
a n d pa r t i cu la r ly so w i th steels h a v i n g a smal l p r o p o r t i o n of t u n g s t e n . T h e 
e longat ion r ema ins fairly h igh, a n d t h e r educ t ion in a rea a n d res i s tance t o shock 
a re good w i t h steels con ta in ing a low p e r c e n t a g e of ca rbon . T h e h a r d n e s s is h igh . 
Annea l ing sl ightly softens t he se steels . K . W i n k l e r a n d R . Vogel s tud ied t h e 
t e r n a r y sys tem. O. Rumscho l le l said t h a t t u n g s t e n s epa ra t e s o u t in t h e freezing 
of a n alloy m a d e b y a d d i n g i r o n - t u n g s t e n al loy t o copper-z inc al loy. T h e effect of 
nickel on high-speed steels was s t ud i ed b y V. E h m k e . A. M. P o r t e v i n a n d 
co-workers s tud ied t h e corrosive ac t ion of hydroch lo r i c ac id . M. S a u v a g e o t , 
a n d F . F . K h i m u s h i n a n d M. F . Denisoff s t u d i e d t h e a c t i o n of s t e a m , a n d ac ids 
on n i c k e l - c h r o m i u m - m o l y b d e n u m - i r o n - c o p p e r a l loys . F . A. R o h r m a n s tud i ed 
t h e ac t ion of hydrochlor ic acid on t h e m o l y b d e n u m - m a n g a n e s e - i r o n - n i c k e l 
a l loys ; a n d R . I r m a n n e x a m i n e d t h e ac t i on of su lphur ic acid on COppe r - tungs t en -
i r o n - n i c k e l a l loys ; and he s tud ied t h e i r m a g n e t i c a n d electr ical p rope r t i e s . 
J . J . A. J o n e s , A. M. P o r t e v i n a n d co-workers , W . H . Hatf ie ld , V. E h m k e , W. H a u f e , 
H . J . F r e n c h a n d T. G. Digges , L . Guil let , a n d W . R o s e n h a i n a n d C. H . M. J e n k i n s 
s tud ied t h e n i c k e l - c h r o m i u m - t u n g s t e n stee ls ; a n d O. F o p p l a n d co-workers , t h e 
corrosion of these steels . 

N . P a r r a v a n o , L . Guil let , J . H . Ha l l , J . J . A. J o n e s , R . D e l b a r t a n d 
E . ! .ecceuvre, F . F . K h i m u s h i n a n d M. F . Denisoff, a n d M. M. Romanoff , s t u d i e d 
t h e t e r n a r y n i c k e l - i r o n - m a n g a n e s e a l loys , a n d N . P a r r a v a n o s resu l t s a r e s u m ­
mar ized in F ig . 285. Solid soln. a re fo rmed in all p r o p o r t i o n s . T h e l iqu idus 
curves a re con t inuous , a n d t h e sol idus cu rves a r e d o t t e d in t h e d i a g r a m . H . W e d ­
ding , T. S. Ful ler , R . R . A b b o t t , J . H . H a l l , P . De jean , H . C. H . C a r p e n t e r a n d 
co-workers , a n d J . H . Ha l l s t ud i ed t h e i ron-n icke l -manganese steels . A. Schulze 
inves t iga t ed t h e c o n d u c t i v i t y ; a n d G. W a t a n a b e , H . N a k a m u r a , a n d H . K . O n n e s 
a n d co-workers , t he i r m a g n e t i c p rope r t i e s a t a low t e m p . Y . S. G i n t z b u r g a n d 
co-workers , a n d F . F . K h i m u s h i n a n d M. F . Denisoff s t ud i ed t h e corrosion of 
m a n g a n e s e - c h r o m i u m - n i c k e l - i r o n a l loys . V. F i scher , a n d N . P a r r a v a n o also stu d ied 
t h e q u a t e r n a r y n i cke l - i ron-manganese -copper a l loys . R . A. Hadfield, L . D u m a s , 
a n d H . C. H . Ca rpen te r a n d co-workers e x a m i n e d some n icke l -manganese s tee ls . 
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F i a . 285 . TIi e T e r n a r y S y s t e m : 

JAs-Ni -Mn. 

L . Gui l le t e x a m i n e d t w o scries of these s teels respec t ive ly w i t h O-15 a n d O*75 p e r 
cen t , of c a r b o n , a n d each w i t h 2, 12, a n d 30 p e r cent , of n ickel , a n d 2, 7, a n d 15 p e r 
c e n t , of m a n g a n e s e . H e found t h a t t h e c o n s t i t u e n t s of t h e n o r m a l n i c k e l - m a n g a n e s e 
s teels c a n be r e p r e s e n t e d b y F i g . 286. T h e e q u a t i o n of t h e P - p l a n e , r e p r e s e n t i n g 
t h e p e r c e n t a g e s of t h e different e l emen t s b y t he i r chemica l symbol s , is ^3Ni-fgMn 
-J-J-^C= 1 ; a n d t h a t of t h e P ' - p l a n e , b y i N i - f - ^ M n + j i O = ! . T h e solid ang le 
m a d e b y t h e jP-plane a n d O co r r e sponds w i t n t h e pear l i t ic steels ; t h e space 
b e t w e e n t h e P- a n d P'-planes, t h e m a r t e n s i t i c steels ; a n d t h e space in f ron t of 
t h e P' p l a n e , w i t h p o l y h e d r a of y - i ron . If p d eno t e s t h e first t e r m of t h e first 
e q u a t i o n , a n d pf t h e first t e r m in t h e second 
e q u a t i o n , t h e n for a pear l i t i c s teel , p<zO ; for 
a m a r t e n s i t i c s teel , j)Z>C) a n d p'<ZO; while a 
s teel w i t h p o l y h e d r a of y - i ron h a s p'^>0. T h u s , 
w i t h C = 0-2, N i = - 2 , a n d M n = 5 , p>0, a n d 
p'<C.O, so t h a t t h e s teel is m a r t e n s i t i c w i t h 
C—0-2, N i = 3 0 , a n d M n = I S , p'>>0, a n d t h e 
s teel cons is t s of p o l y h e d r a of y - i ron . Steels 
w i t h va lues of p a n d p' a p p r o a c h i n g zero a r e 
n e a r t h e p l ane s e p a r a t i n g t w o zones, a n d m a y 
c o n t a i n t w o k inds of c o n s t i t u e n t s . A steel con­
t a i n i n g y- i ron , even w h e n bo rde r ing closely on 
t h e m a r t e n s i t i c g r o u p , m a y h a v e in t h e in te r io r 
p o l y h e d r a of y- i ron , a n d t h e ex te r io r surfaces 
m a y be all m a r t e n s i t i c . A pear l i t i c n i cke l -man­
ganese steel unde rgoes t h e s a m e t r a n s f o r m a t i o n s 
a s a n o r d i n a r y steel , b u t t h e t e m p , a t wh ich t h e s e t r a n s f o r m a t i o n s occur fall 
a s t h e s u m of t h e n ickel , m a n g a n e s e , a n d c a r b o n rises. O n quench ing , t h e 
m a r t e n s i t i c s teels u sua l ly r e m a i n m a r t e n s i t i c , a n d t hose a p p r o a c h i n g t h e y - i ron 
series h a v e a t e n d e n c y t o deve lop t h e p o l y h e d r a l s t r u c t u r e . T h e y - i ron s teels 
u n d e r g o no genera l a l t e r a t i o n on q u e n c h i n g , b u t t h e steels w i t h t h e smal les t p r o ­
p o r t i o n s of c a r b o n a n d nickel become m a r t e n s i t i c , a n d t hose which follow u n d e r g o 
on ly a d e v e l o p m e n t or a c c e n t u a t i o n of t h e c leavage p l anes of t h e p o l y h e d r a . T h e 
m a r t e n s i t e p r o d u c e d in steels w i t h a low p e r c e n t a g e of c a rbon , b y t h e t r a n s f o r m a ­
t i on of y- i ron , is of a m i n u t e s t r u c t u r e , whereas w i t h s teels con t a in ing a h igh p r o ­
p o r t i o n of ca rbon , needles cons is t ing of t r oos to - so rb i t e a r e 
fo rmed . Steels n o r m a l l y exh ib i t i ng these needles a r e t r a n s ­
fo rmed i n t o o r d i n a r y m a r t e n s i t e a t 900°. S tee ls w i t h y- i ron , 
n e a r t h e bo rde r ing p l ane , a r e t r a n s f o r m e d by a p ro longed 
a n n e a l i n g a t a t e m p , w h i c h shou ld be h igher in p r o p o r t i o n as 
t h e y a re d i s t a n t f rom t h e b o u n d a r y JP'-plane. Those w i th low 
p e r c e n t a g e s of c a r b o n yie ld f ine - tex tu red m a r t e n s i t e ; a n d 
s teels w i th a h igh p r o p o r t i o n of c a r b o n yie ld well-defined 
needles . S o m e t i m e s on ly t h e c leavage p l anes of t h e p o l y h e d r a 
a r e intensif ied. As i n t h e case of nickel , a n d m a n g a n e s e 
s teels , w h e n t h e n i cke l -manganese s teels con t a in ing y - i ron a n d 
b o r d e r i n g on t h e m a r t e n s i t e g r o u p a r e s t ressed, t h e y - i ron is 
t r a n s f o r m e d i n t o m a r t e n s i t e ; a n d t h i s t r a n s f o r m a t i o n is t h e m o r e p r o n o u n c e d t h e 
g r e a t e r a r e t h e s t resses . T h e t r a n s f o r m a t i o n in s teels c o n t a i n i n g m u c h ca rbon 
p roceeds in t w o s t ages : (i) t h e c leavage p l anes b e c o m e m o r e dec ided ; a n d 
(ii) needles of m a r t e n s i t e a r e fo rmed. T h e influence of cooling is s imi lar t o t h a t 
wh ich occurs w i t h m a n g a n e s e a n d nickel s teels . O b s e r v a t i o n s were also m a d e 
b y J . J . A. J o n e s , N . P a r r a v a n o , a n d M. A. H u n t e r a n d F . A. Sebas t . 

W . B r o w n gave for t h e sp . vol . of s teel w i t h a b o u t 0-7 pe r cen t , of ca rbon , 
5-04 p e r cen t , of m a n g a n e s e , a n d 14-55, 19-00, a n d 25-00 pe r cent , of nickel 
r e spec t ive ly 0-12776, 0-12732, a n d 0-12642, a n d for t h e sp . gr . r espec t ive ly 7-8272, 
7-8542, a n d 7-910. T h e m e c h a n i c a l p r o p e r t i e s of t h e no rma l i zed steels co r respond 

Mn 

F i e . 2 8 0 . — C o n s t i ­
t u t i o n Nicke l -
M a n g a n e s e Stools . 
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closely with the s t ruc tu re ; a n d on quenching, t h e steels con ta in ing y- i ron a re 
softened, b u t t he resis tance to shock is n o t a lways increased. The mar t ens i t i c 
steels remain mar tens i t ic , b u t have the i r tensile s t r eng th a n d ha rdness increased, 
a n d thei r elongation a n d reduc t ion of a rea d iminished. Quenching t r ans fo rms 
pearl i t ic steels in to mar tens i t i c steel, a n d t h u s raises the i r tensi le s t r eng th , e last ic 
l imit , bri t t leness, a n d hardness , a n d lowers the i r e longat ion a n d reduc t ion of a rea . 
Steels on t h e border of t h e mar te t i s i t ic steels a n d of t h e y- i ron steels a re softened 
by quenching if in t h e normal ized s t a t e t h e y con ta in mar t ens i t e a n d y- i ron, a n d 
are ha rdened on quenching if, u n d e r t h e same condi t ions , t h e y con ta in y - i ron 
alone. The hardness of t h e annea l ed steels corresponds wi th t h e p r o d u c t i o n of 
mar tens i t e . G. Kle in s tud ied t h e p roper t i es of these al loys. W . B r o w n found 
t h e sp. h t s . of t h e th ree steels j u s t ind ica ted were respect ively 0-1208, 0*1194, a n d 
0-1186. T. S. Ful ler found t h a t t h e the rmoelec t r i c force, E mil l ivol ts , aga ins t 
copper be tween 0° a n d 100° for i ron-nickel -manganese al loys, is : 

17 
2 

— 1-5O 

N i . 
M n 
JJ . 

I O 
3 

— 1 0 9 

1 2 
< • > 

— 1 0 2 

1 7 
3 

— 0 - 7 9 

17 -5 
6 

— 0 - 7 3 

2 2 
2 

— 1-84 

4 4 p e r c e n t 
6 

— 0-59 

M. Maclean found t h a t with wires of reostene (Fe , 79-95 ; Ni , 16-53 ; Mn, 1-21 ; 
Si, ()-61), t h e e.m.f. of t he the rmocouple , hav ing one wire p e r m a n e n t l y s t r e t ched 
longi tudinal ly , was 0-0208 microvol t per degree, w h e n t h e cu r r en t passed from t h e 
uns t r e t ched t o t h e s t re tched wire ; he found : 

l-.oa.cl 
T e m p o r a r y e l o n g a t i o n . 
P e r m a n e n t e l o n g a t i o n . 
M i c r o v o l t s p e r d e g r e e 

2 5 0 
0 - 0 3 7 

O-1163 

5 0 O 
0 0 8 5 

0 1 5 2 8 

7 5 0 
O-152 
0 - 0 3 7 
O-1528 

1O0O 
0 - 2 2 0 
0 0 7 3 
0 1 5 5 7 

125O 
0 - 2 5 7 
O-104 
0 - 1 6 1 4 

150O 
0 - 3 1 8 
0 1 3 4 
0 1 7 1 7 

1 7 5 0 g r m s . 
0 - 4 1 7 pei - c e n t 
0 - 2 0 1 
0 1 9 6 3 

J . G. Gray s tudied t h e magne t i c proper t ies ; H . C. H . Carpen te r a n d co-workers , 
t h e corrodibi l i ty of t h e manganese-nickel steels. P . H i d n e r t a n d W . T. Sweeney , 
t h e t h e r m a l expans ion of a Ni-Fe-Mn-Cu-Sn-Si (61 : 3-5 : 0-75 : 25 : 9 : 0-75) al loy 
—so-called M-M-M-alloy. 

T. F l e i t m a n n 25 found t h a t n ickel-cobalt al loys a re readi ly formed a n d t h a t 
t h e y can be mixed wi th 10 per cent , of zinc, c a d m i u m , t in , lead, manganese , or 
i ron wi thou t losing the i r working qual i t ies . H . J . Blikslager , G. B r u n i a n d 
M. Amador i , A. N . Campbel l a n d F . C. Garrow, T. F e a r n , C. G. F i n k a n d K . H . L a h , 

C. G. F i n k a n d F . A. R o h r m a n , 
F . For s t e r , S. Glass tone, S. Glass tone 
a n d J . C. S p e a k m a n , E . H a y n e s , 
C. Langbe in , C. P . Madsen, K . Masaki , 
W . Pfanhauser , S. A. PletenefE a n d 
V. V. Kusnezova , J . E . R o o t , 
H . W . Toepfler, a n d O. P . W a t t s dis­
cussed t h e electrodeposi t ion of al loys 
of t h e t w o meta l s . W . Guer t le r a n d 
G. T a m m a n n s tud ied t h e f.p. d i ag ram, 
a n d t h e resul ts a re summar ized in 
F ig . 287. W . Guer t le r a n d G. T a m ­
m a n n , O. Bloch, M. Waeh le r t , K. K u e r 
a n d K . K a n e k o , J . A. M. v a n L i e m p t , 
W . Bron iewsky a n d W . P ie t r ek , and 
H . M a s u m o t o all agree t h a t a con­
t i n u o u s series of solid soln. is formed. 

7400 

7200 

7000 
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2OO 
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Per cent, cobalt 

solution of Fe 
l/f hexagonal Cq] 

80 100 

Via. 2 8 7 . - F r e e z i n g - p o i n t C u r v e of N i c k e l -
C o b a l t A l l o y s . 

T h e composi t ion of t h e solid soln. which separa tes a n d t h a t of t h e mother - l iquor 
is app rox ima te ly the same. The f.p. curve separa tes t h e field of t h e mol ten mass 
from t h e non-magne t ic solid soln., a n d t h e t r ans i t i on cu rve separa tes t h e field of 
the non-magne t ic from the magne t i c solid soln. W i t h over 60 per cent , of cobal t , 

l-.oa.cl
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t h e s o l i d s o l n . f o r m s e i t h e r a c l o s e - p a c k e d , h e x a g o n a l l a t t i c e , o r t h e f a c e - c e n t r e d , 
c u b i c l a t t i c e o r a m i x t u r e of t h e t w o . A . S c h u l z e t h o u g h t t h a t t h e e l e c t r i c a l 
c o n d u c t i v i t y c u r v e s c o r r e s p o n d e d w i t h t h e e x i s t e n c e o f n i c k e l t e t r i t a c o b a l t i d e , 
Ni4Oo ; nickel hemi-tricobaltide, Ni2Co3 ; and nickel tetracobaltide, NiCo4 ; and 
t h e b r e a k s i n t h e t h e r m a l e x p a n s i o n c u r v e s t o t h e c o m p o u n d s N i 4 C o , N i C o 4 , a n d 
nickel cobaltide, NiCo. 

A . O s a w a m e a s u r e d t h e e f f e c t o f n i c k e l o n t h e l a t t i c e c o n s t a n t s a n d f o u n d t h a t 
a = = 3 - 5 0 8 - 4 - 0 - 0 0 0 1 7 1 4 3 [ C o J , w h e r e [ C o ] r e p r e s e n t s t h e p e r c e n t a g e o f c o b a l t , s o t h a t 
t h e l a t t i c e c o n s t a n t o f y - c o b a l t a t r o o m t e m p , i s 3 - 5 2 5 A . ; a n d 

N i c k e l . 
a ( f a c o - c e n t r e d ) 
a ( H e x a g o n a l ) 
c ( H e x a g o n a l ) 

1 0 0 
3 5 0 8 

9O 
3 - 5 1 0 

8 0 
3 5 0 9 

6O 
3 - 5 1 5 

4O 
3 - 5 1 8 3- J21 

2 0 
3 - 5 2 2 
2 - 4 9 2 
4 0 3 0 

10 
3 - 5 3 2 
2 - 4 9 2 
4-O40 

O p e r c e n t . 
3 - 5 2 5 A . 
2 - 4 9 2 A . 
4 0 5 6 A . 

T h e s u b j e c t w a s s t u d i e d b y A . O . J u n g , a n d J . H . L o n g a n d c o - w o r k e r s ; 
l a t t i c e d i s t o r t i o n , b y V . G . M o o r a d i a n a n d J . T . N o r t o n . 

O . B l o c h f o u n d t h e s p . g r . t o b e : 

a n d t h e 

N i c k e l 
S p . g r . 

N i c k e l 
S p . g r . 

1OO 9 1 - 2 2 8 1 - 3 9 6 9 - 6 5 5 0 - 6 9 p e r c e n t . 
8-79O 8 - 7 9 9 8 - 8 7 2 8 - 7 1 6 8 - 7 8 9 

3 9 - 5 7 3 0 - 2 3 2 0 - 4 6 1 0 - 7 3 O p e r c e n t . 
8 - 7 1 6 8 - 7 6 8 8 - 7 5 5 8-87O 8-92O 

M . W a e h l o r t f o u n d B r i n e l l ' s h a r d n e s s o f t h e n i c k e l - c o b a l t a l l o y s t o b e : 

N i c k e l 
H a r d n e s s 

1OO 
5 6 

9 0 
6 3 

8O 
6 5 

7O 
6 5 

6O 
6 5 

5 0 
65 

4O 
66 

3() 
9 7 

2O 
1 4 9 

10 p e r c e n t . 
1 5 8 

T . K a s e , a n d K . K u e r a n d K . K a n e k o a l s o m e a s u r e d t h e h a r d n e s s o f t h e s e a l l o y s 
a n d o b s e r v e d a n a b r u p t c h a n g e i n t h e c u r v e . H . M a s u m o t o a n d S . N a r a f o u n d 
t h e c o c f f . o f t h e r m a l e x p a n s i o n , a , b e t w e e n 3 0 ° a n d 1 0 0 ° , t o b e : 

C o b a l t 
C t X 1 0 5 

0 1 0 2O 3O 4 0 5O 6 0 7 0 8 0 1 0 0 p e r c e n t . 
1 -358 1-345 1-340 1-263 1-250 1-321 1-349 1-256 1-268 1-279 

T h e r e s u l t s p l o t t e d i n F i g s . 2 8 8 a n d 2 8 9 s h o w a s l o w d e c r e a s e , a s u p t o 3 0 p e r c e n t . 
o f n i c k e l i s a d d e d t o t h e c o b a l t ; t h e r e i s a n i n c r e a s e 
t o a m a x i m u m w i t h a b o u t 4 0 p e r c e n t , n i c k e l , a n d 
t h e n a d e c r e a s e t o a m i n i m u m w i t h a b o u t 6 5 p e r 
c e n t , n i c k e l . A f t e r t h a t t h e r e i s a s l o w i n c r e a s e u p 
t o t h e v a l u e f o r n i c k e l a l o n e . O b s e r v a t i o n s w e r e 
m a d e b y A . S c h u l z e . T h e c o n t i n u o u s l i n e , F i g . 2 8 8 , 
r e p r e s e n t s t h e r e s u l t s o f H . M a s u m o t o a n d S . N a r a 
a n d t h e d o t t e d l i n e t h o s e o f A . S c h u l z e . H . M a s u m o t o 
f o u n d a b r e a k w i t h 7 0 p e r c e n t , o f c o b a l t . 
H . M a s u m o t o o b t a i n e d f o r t h e t h e r m a l c o n d u c t i v i t y , Tc c a l s . p e r c m . p e r s e c o n d , 
a n d f o r t h e s p . e l e c t r i c a l r e s i s t a n c e , RX 10~~5 o h m p e r c m . c u b e , 

12 

8 
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"V-, 
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FiG. 2 8 8 . T h e Coefficients of 
T h e r m a l E x p a n s i o n of t h e 
C o b a l t - N i c k e l A l l o y s . 

C o b a l t 
h 
R 
kR 

C o b a l t 
k 
R 
IcR 

O IO 2O 3O 4O p e r c e n t . 
0 1 8 2 1 0 1 3 1 7 0 - 1 2 2 8 0 - 1 1 7 4 0 - 1 1 8 9 
0 - 8 5 8 1-257 1-392 1-419 1-304 
0 - 1 5 6 0 - 1 6 6 0 1 7 1 0 1 6 7 0 1 6 6 

5O 6 0 7 0 8 0 1 0 0 p e r c e n t . 
0 1 2 1 2 0 1 2 5 3 0 - 1 3 3 4 0 1 3 2 8 0 1 2 9 9 
1-373 1-333 1 -233 1-206 1 1 8 3 
0 - 1 6 6 0 1 6 7 0 - 1 6 4 0 - 1 6 0 0 1 5 4 

T h e r e s u l t s a r e p l o t t e d i n F i g . 2 8 9 . T h e t w o c o n d u c t i v i t i e s o f c o b a l t d e c r e a s e 
w i t h t h e a d d i t i o n o f n i c k e l , a n d a f t e r p a s s i n g t h r o u g h a m i n i m u m w i t h I O p e r 
c e n t , o f n i c k e l , g r a d u a l l y i n c r e a s e , r e a c h i n g a m a x i m u m w i t h 2 5 p e r c e n t , o f n i c k e l , 
a f t e r w h i c h t h e y d e c r e a s e a n d r e a c h a m i n i m u m w i t h 7 0 p e r c e n t , o f n i c k e l . A b o v e 
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t h i s m i n i m u m , t h e y i n c r e a s e a t first g r a d u a l l y , a n d t h e n r a p i d l y . T h e m a x i m u m 
c o n d u c t i v i t i e s a t a b o u t 2 5 p e r c e n t , n i c k e l l ie n e a r t h e c o n c e n t r a t i o n a t w h i c h t h e 

l a t t i c e - c h a n g e o c c u r s ; a n d t h e m i n i ­
m u m a t 10 a n d 7 0 p e r c e n t , o f n i c k e l 
i s a c o m m o n p r o p e r t y of a l l o y s w h i c h 
f o r m a c o n t i n u o u s so l i d s o l n . T h e 
p r o d u c t kR i s n e a r l y c o n s t a n t , b u t 
d e c r e a s e s s l i g h t l y w i t h i n c r e a s i n g 
c o n d u c t i v i t y a s i n t h e c a s e of a l u ­
m i n i u m a n d t h e i r o n - c a r b o n a l l o y s . 
T h e e l e c t r i c a l r e s i s t a n c e w a s a l s o 
s t u d i e d b y A . S c h u l z e . R . R u e r a n d 
K . K a n e k o d i d n o t f i nd a b r e a k o n 
t h e e l e c t r i c a l r e s i s t a n c e c u r v e a t 
3 0 p e r c e n t , n i c k e l . I*. G i m t h e r a n d 
I . N . S t r a n s k y s t u d i e d t h e X - r a y 
s p e c t r u m . W . R o h n s t u d i e d t h e 
t h e r m o e l e c t r i c f o r c e of t h e a l l o y s 

of 

ct 0-6V 

0 20 40 60 
Per cent, of cobalt 

289. T h e T h e r m a l a n d F i a . 289. T h e T h e r m a l a n d Klee t r ica l Con­
duc t iv i t i e s of t h e Nicke l -Cobal t Al loys . 

a g a i n s t p l a t i n u m . IT. M a s u m o t o m e a s u r e d t h e i n t e n s i t y of m a g n e t i z a t i o n 
n i c k e l - c o b a l t a l l o y s w i t h d i f f e r e n t field-strengths, / / , a n d f o u n d : 

Co 
2-5 43-2 

98-1 384 
1-6 42-8 

169 522 
2-0 39-4 

136 598 
3-3 37 5 

6 6 1 531 
4-8 44-2 

2 7 1 434 
4-7 42-7 

29-4 484 
5-3 38-7 
8-4 105 O 

0 p e r cent.< r 
( T-I 

10 p e r con t . j j 

2O p e r cent.< j 

40 p e r cent.-J * 

6O p e r cent , j ^ 

80 p e r cen t , j *f 
H)O p e r cen t J 1^ 

96-3 
438 
96-4 

573 
22-4 

663 
112-8 
737 
119-5 
713 
116-3 
829 
101-6 
347 

2()4 
484 
205 
599 
201 
699 
192 
814 
199 
828 
195 
964 
207 
547 

423 
501 
424 
620 
419 
718 
409 
883 
414 
974 
410 
11 16 
421 
750 

642 
506 
643 
622 
638 
722 
627 
901 
632 
1032 
627 
1181 
637 
878 
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T h e I n t e n s i t y of Magne t i za t i on of t h e 

Cobal t -Nicke l Al loys . 

J . B a r n e t t a n d L . J . H . B a r n e t t , 
P i e t r e k , P . C h e v e n a r d . G . W . E l m e n , 

T h e r e s u l t s a r e p l o t t e d i n F i g s . 2 9 0 
a n d 2 9 1 . T h e n u m b e r s i n F i g . 2 9 1 
r e f e r t o t h e s t r e n g t h of t h e m a g n e t i c 
field i n g a u s s ; a n d i n F i g . 2 9 0 , 
t h e n a t u r e of t h e m a i n c o n s t i t u e n t 
i s i n d i c a t e d . T h e m a g n e t i z a t i o n 
of t h e c o b a l t - n i c k e l a l l o y s i s e a s y 
w h e r e t h e y h a v e t h e y - s o l i d s o l n . , 
b u t w h e r e t h e y h a v e t h e c l o s e -
p a c k e d , h e x a g o n a l l a t t i c e , i t i s 
d i f f icu l t . T h e a d d i t i o n o f c o b a l t 
t o n i c k e l t h u s m a k e s t h e m a g n e t i s m 
m o r e d i f f icul t . T h e r e is a m i n i m u m 
n e a r w h e r e H= «50 fo r 3 0 p e r c e n t , 
n i c k e l , a n d t h i s m i n i m u m b e c o m e s 
l e s s m a r k e d a s t h e m a g n e t i c field 
i n c r e a s e s . T h e m i n i m u m r e p r e ­
s e n t s t h e p o i n t w h e r e t h e l a t t i c e 
c h a n g e s f r o m t h e c l o s e - p a c k e d 
h e x a g o n a l t o t h e f a c e - c e n t r e d c u b i c . 
O b s e r v a t i o n s w e r e a l s o m a d e b y 
O . B l o c h , W . B r o n i e w s k y a n d 

R . F o r r e r , E . F r e e s e , K . H o n d a , 
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S. K a y a a n d A. K u s s m a n n , L . W . M c K e e h a n , K . Lewkon ja , JJ. Neel , 
Gr. T a m m a n n , a n d P . Weiss a n d co-workers . P . Weiss a n d R . F o r r e r ' s r e su l t s 
for t h e s a t u r a t i o n c a p a c i t y of t h e n ickel -cobal t a l loys a r e s u m m a r i z e d in 
F ig . 292. Alloys w i th 68 t o 100 pe r cent , of coba l t a r e s t ab le , a n d h a v e 

F ia . 291.—The Intensi ty of Magnetization of the l<\ia. 292.—Saturation Capacity of 
Cobalt-Nickel Alloys. the JSfickel-Cobalt Alloys. 

a h e x a g o n a l l a t t i c e — / / - n i c k e l - c o b a l t s — a n d t h o s e w i t h less coba l t h a v e a 
face-cent red cubic l a t t i ce—y-n icke l -coba l t s . Accord ing t o O. Bloch, t h e m a g n e t i c 
suscep t ib i l i ty , ^ X l O - 6 m a s s un i t , of t h e a l loys a t different t e m p , furnish l inear 
curves : 

per cent . Ni 
9 0 IxXiO" 
8 0 U l O " 
7 ° { x x 10« 
6 0 IxX 10« 
6 0 I x X 10« 
4 0 IxX 10« 
3 0 Ixx10« 
2 0 I x X l O " 
10Lxl0« 

The Curie po in t , 

6 1 4 ° 
. 7 0 - 5 0 

6 9 9 ° 
1 0 2 0 0 
7 6 3 ° 

1 3 8 - 9 
8 6 1 ° 

1 6 3 - 9 
8 0 5 ° 

. 3 6 3 - 6 
1 0 1 3 ° 

. 2 0 3 - 2 
1 0 3 2 ° 
3 7 0 - 4 
1 0 8 5 ° 
3 6 7 - 5 

1 1 4 8 ° 
. 3 4 4 - 8 

6 6 8 ° 
4 5 - 7 1 
7 5 1 ° 

6 1 - 8 1 
7 6 9 ° 

1 2 1 - 2 
8 7 8 ° 

1 2 1 - 2 
9 3 0 ° 

2 4 3 - 9 
1 0 4 8 ° 
1 3 6 0 
1 0 6 6 ° 
2 0 0 - 0 
1 1 0 2 ° 
296-O 

1 1 5 0 ° 
2 8 5 - 7 

7 9 5 ° 
2 4 - 3 4 

8 7 5 ° 
3 1 - 4 7 
8 6 0 ° 

5 6 0 2 
9 3 0 ° 
8 1 - 7 
9 5 3 ° 

1 4 0 - 8 
1 0 7 1 ° 
1 1 3 0 
1 1 0 9 ° 
1 1 9 - 8 
1 1 4 0 ° 
1 7 8 - 5 

1 1 9 4 ° 
1 8 6 - 9 

or t h e t r a n s f o r m a t i o n t e m p . 

8 9 6 ° 
1 7 - 9 9 
9 6 4 ° 

2 3 - 1 3 
9 0 4 ° 

4 3 - 6 0 
1 0 0 7 ° 
5 0 - 5 6 
1 0 0 1 ° 
9 8 0 

I 1 0 4 ° 
8 8 - 2 

1 1 4 7 ° 
9 9 - 1 

1 1 7 6 ° 
1 2 6 - 3 

1 2 0 3 ° 
158 -7 

1 0 0 4 ° 
1 2 - 9 6 
1 0 6 8 ° 
1 8 - 2 3 
1 0 8 1 ° 
2 3 - 6 0 
1 0 7 5 ° 
3 7 - 7 8 
1 1 5 0 ° 

7 0 - 2 0 
1 1 9 1 ° 
5 6 0 2 
1 1 9 9 ° 
7 0 - 5 1 
1 2 0 2 ° 
1 0 5 - 8 

1 2 3 1 ° 
1 2 3 - 1 

of t h e al loys, is : 

1 1 0 6 ° 
1 1 - 7 4 
1 1 6 9 ° 
1 4 - 6 3 
1 2 2 8 ° 
1 7 - 4 0 
1 1 7 2 ° 
2 8 - 2 2 
1 1 7 3 ° 
4 1 0 0 
1 2 3 4 ° 
4 6 0 0 
1 2 5 2 ° 
5 2 - 7 7 
1 2 3 3 ° 

8 6 - 6 
1 2 7 1 ° 

100 -1 

1 2 8 7 ° 
9 - 9 5 

1 2 6 1 ° 
1 2 - 6 1 
1 2 8 0 ° 
1 5 - 5 0 
1 2 3 8 ° 
24-1 O 
1 2 6 5 ° 
3 1 - 1 0 
1 2 3 7 ° 
4 5 - 5 7 
1 2 9 3 ° 
4 7 - 5 2 
1 2 7 5 ° 

7 1 - 4 
1 2 9 9 ° 

8 6 - 2 

Cobalt . . 1 - 3 9-5 1 8 0 30-3 59-8 69-1 79-5 90-5 98-2 per cent. 
Curie point . 315° 455° 522° 669° 876° 946° 982° 1084° 1137° 
T h e Curie po in t s a n d t h e s a t u r a t i o n va lues , JB—H=^TTI<^ , b o t h increase a s t h e 
pe r cen t age of coba l t increases , F ig . 293 . R . R u e r a n d K . K a n e k o , W . Gue r t l e r 
a n d C T a m m a n n , O. Bloch , a n d P . Weiss s t ud i ed t h e effect of t e m p . ; Y . Masi-
y a m a , L . W . M c K e e h a n , a n d P . P . Cioffi, t h e m a g n e t o s t r i c t i o n ; J . Courno t , 
t h e n o n - m a g n e t i c a l loys of n icke l a n d coba l t ; a n d R . F o r r e r , t h e m a g n e t i c m o m e n t 
of t h e a l loys . T h e m e a s u r e m e n t s of H . M a s u m o t o on t h e m a g n e t o s t r i c t i o n of t h e 
cobal t -n ickel a l loys a r e s u m m a r i z e d in F ig . 294. P . Weiss a n d co-workers 
m e a s u r e d t h e s a t u r a t i o n m a g n e t i z a t i o n a t t e m p , d o w n t o t h a t of l iqu id air . 
Y . D o r f m a n s t u d i e d t h e m a g n e t i c m o m e n t s . J . H . L o n g a n d co-workers , a n d 
H . R e m y and H . G o n n i n g e n s t u d i e d t h e c o n t a c t ca t a ly ses of t h e 2 H 2 + 0 2 r eac t ion 
b y t h e a l loy. M. W a e h l e r t found t h a t w i t h t h e n ickel -cobal t al loys, t h e losses in 
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weight, mgrms. per sq. cm.—during the t ime s ta ted in brackets—for sulphuric 
acid and nitric acids—are : 
C o b a l t 

Cone, of arid per cent. 
r i (48) 

5 (24) 
H 2 S O J K) (24) 

20 (24) 
I 50 (24) 
f 1 (24) 

l 20 (24) 
W. Gucrtler and T. Liepus found tha t the 50 : 50 Ni : Co alloy is stable after 
24 hrs. ' exposure to 10 and 50 per cent, nitric acid, 10 and 36 per cent, hydrochloric 
acid, and aqua regia ; it is stable for less t han 8 hrs. in 10 per cent, sulphuric 

1 0 

0-60 
0-25 
0-25 
0 0 8 

2 0 

0-34 
O 17 
0-25 
0 0 8 
0 1 8 
6-87 

13-50 
8-15 

4 0 

0-34 
0 1 7 
— 
— 

15-60 
24-80 

— 
__ 

5 0 

1-675 
0-34 
0-25 
0-08 

— 
— 
— 
— 

6 0 p e r c e n t . 

2-70 
0-34 
0-25 
0 0 8 

25-60 
69-90 

— 
— 

WOOO 

16000 - - ~ - ̂  -.!_ v v - ^ f ' ^ ^ ^ H 5 ^ ^ " 

-L\ 

\ 

— 

_̂__ 

Ca ̂ aZt 

^Qg*/ 

7o%fe--

+0% 

20 % 

1^JL 

Co 

Co 

Ca 

200 300 400 500 
-73" 127" 327" 527" 727" 927" 1727" Magnetic field, H 

F I G . 2 9 3 . — T h e Effect of D i f f e r en t M a g n e t i c F i e l d F i a . 2 9 4 . — T h e M a g n e t o s t r i c t i o n of t h e C o b a l t -
o n t h e C u r i e P o i n t s of t h e C o b a l t - N i c k e l A l l o y s . N i c k e l A l l o y s . 

acid, 20 per cent, sulphuric acid sat. with sodium sulphate, acetic acid, citric acid, 
tar tar ic acid, 10, 50, and 70 per cent. aq. ammonia, chlorine water, sea-water, 
rain-water, magnesium chloride soln., and 10 and 50 per cent, sodium hydroxide ; 
it is stable for 24 hrs. in 10 per cent, sodium sulphide, and less than 8 hrs. in a 
50 per cent. soln. ; whilst it is stable 8 hrs. in a soln. of sodium sulphide (4 per 
cent.) and alkali (8 per cent.). The nickel-cobalt alloys with 30 to 56 per cent, of 
molybdenum become more and more stable in these soln. They also examined 
the corrodibility of the nickel-cobalt-chromium-molybdenum alloys. M. Jungek 
studied the alloys with carbon. 

M. Waehlert found t h a t the ternary nickel-CObalt-COpper alloys form solid 
soln. The Brinell's hardness of the ternary alloys is indicated in Table X X I I I . 
The limits of flow—die Fliessgrenze—in kgrms. per sq. mm., and the rat io of 
Brinell's hardness and the limits of flow, are as follow : 

C u : N i : Co 
F l o w . 
l i a t i o . 
C u : N i : Co 
F l o w . 
!Rat io . 

80 : 10 : 10 
2 4 0 0 

5-80 
. 4 0 : IO : 5 0 

24-30 
6-20 

6 0 : 20 : 2 0 
32-40 

5-50 
70 : 2 0 : 10 

2 2 0 0 
5-18 

4 0 : 5 0 : 10 
1 8 0 0 

7 1 2 
100 : 0 : 0 

5-90 
6-41 

4 0 : 3 0 : 3 0 
39-60 

5-50 
9 0 : 10 : 0 

8-10 
5-55 
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T A B L E X X I I I . - - B E I N E L L ' S H A R D N E S S A N D R E S I S T A N C E ! 
C O B A L T - N I C K E L - C O P P E R A L A O Y S . 

T O C O R R O S I O N oir T H E 

Cu-Ni-Co 

100-0-0 
80-20-O 
80-10-10 
70-3O-O 
70-20-10 
70-30-20 
60-40-0 
60-30-10 
60-20-20 
60-10-30 
50-50-0 
5O-40-1 0 
50-30-20 
50-20-30 
50-10-40 
40-60-0 
40-50-10 
40-40-20 
40-30-30 
40-20-40 
40-10-50 
30-70-0 
30-60-10 
30-50-20 
30-40-30 
30-30-40 
30-20-50 I 
30-10-60 
20-80-0 
20-70-1O 
20-50-30 
20-40-40 
10-00-0 
10-80-10 
10-70-20 

BrlnoU's 
i hardness 

28 
45 

149 
57 

114 
120 
61 

118 
178 
124 
64 

122 
205 
179 
140 
66 
128 
202 
218 
180 
151 
7O 
87 

137 
178 
184 
181 
1 56 
74 
75 
78 

176 
67 
77 
80 

I 

1 (48) 

0-51 
0-42 
7-00 
0 36 

1 — 
I 2-56 

0-42 
0-67 

28-00 
2-90 
0-60 
— 0-58 

1200 
1300 
0-68 
0-58 
0-68 

1200 
1700 i 
— 
_—. 
— 0-67 
0-95 
11-1C) 
4-10 

27-8O 
— 
— 
— 
— 
— 
— 
— 

Per cent. 

5 (24) 

0-67 
3-35 

11-0O 
2-10 
— 60-30 
210 
2-60 
1600 
72-30 
0-95 
3-25 
200 

115-60 
161OO 

0-84 
0-51 
102 
5-85 

171-50 

—-
— 0-08 
2-75 

145-70 
176-50 
113-40 
-— 
— 
— 
— 
— 
— 
' 

10 (24) 

0-25 
13-30 
14-30 
3-65 
— 
— 4-00 
800 
— 
— 1-78 
3-50 
5-35 

— 1-30 
1-6O 
6-60 

26-50 
— 
— 
— 
— I 00 
9-60 
— 
'— 
— 
— 
— 
— 
— 
— 

nitric acid 

20 (24) 

10-50 
16-40 
39-60 
4-60 
.— 
— 1-20 
1-50 
— 
— 0-51 
008 

27-70 

— 0-34 
0-58 
510 

24OO 
— 
— 
— 
— 0-42 

12-50 
— 
— 
— 
—— 
— 
— 
— 
— 
— 

30 (24) 

380 
92-50 
— 16-30 

I —-
j 117 

0-5O 
— I — 
0-34 
— 
• — 

— 
— O-34 
0-25 
1-4O 
— 
— 
— 
_. -
— O-34 
500 I 

— 
— 
"— 
— 
— 
— 

50 (24) 

— 
— 693-5 

— 46-20 
95 OO 
'— 
— 19-50 
10 80 

— 
7-93 
8-75 

18-30 
— 

— 
-— 6-20 
15-30 ] 
— 
"— 
— 
— 
— 
— 
— 
"— 
— 

1 (72) 

— 0-95 
0-25 

0-69 
— 0-92 
8-20 
0-33 
-— 1-33 
10O 
0-67 
— 
0-25 
()-76 
0-92 
0 34 
— O -51 
• — 

— l-OO 
I-IO 
0-5O 
0 43 
— 
— 
-— 
— • 

-— 
— 

6 (24) 

0-17 
017 
017 
0-17 

0-17 
008 
017 
0-25 
0-17 
— 0-08 
0-25 
0-25 
— 0-17 
0-17 
C)-34 
0 33 
0-50 

• — 

0-25 
— 0-17 
0-35 
0 08 
0-34 
0 34 
— 
— 
— 
— 
— 
" i 

Per cent, sulphuric acid 

10 (24) 

0-25 
0-80 
0 25 
042 

I 0-25 
I 0-60 
I 0-08 
0-34 
017 
110 
l-OO 
0-22 
0-22 
.— 0-85 
0-25 
0-212 
0-17 
0-25 
0-25 
0-42 
— 0-34 
0-35 
1-25 
0-25 i 
0-17 
— 
— 
— 

20 (24) 

008 

017 

0-17 
007 
0-08 
— 0-17 
— 
— 
• — 

O-17 
017 
— O-18 
0-17 

— 
0 08 
1-10 
017 
O 25 
— 
— 
— 

_.. 

30 (24) 

017 

0-17 

017 
007 
0-08 
— 017 

— 

I 
— 0 08 

O 08 
— 
— 
— 
— O 08 
0-42 
017 
017 

— 

— 

50 (24) 

008 

0-17 

0-17 
0-07 
0 08 

0T7 

— 
— 
— 
— 0 08 
017 
0 07 
0-08 

— I 
— 
— 

100 (24) 

008 

0-08 

0-08 

.... 

— 
— 
— 
_.. 

— 
— 
— 
.—-
— 
— 
— 
—. 
— 
— 

showing t h a t the limit of flow is p ropor t iona l t o !BrinelFs hardness . The losses in 
weight in mgrms . per sq. cm. of surface in ni t r ic and sulphur ic acids are indicated 
in Table X X I I T . The t ime of t he exposure in hou r s is indicated in brackets . 
Many of t h e Ni-Co-Ou alloys are mechanical ly super ior to monel meta l . Thus , 
the 30 : 30 : 40-alloy is comparable in strength, 
to a 0-7 per cent , carbon steel, a n d t h e 
20 : 20 : 60-alloy is comparab le wi th a 0-6 per 
cent , carbon steel, and i t can be compressed 
twice as m u c h as t h e other t e r n a r y alloy. The 
elastic l imit is a b o u t twice t h a t of monel meta l , 
a n d t h e alloys can be worked be t t e r mechani ­
cally. Many of t h e alloys are ha rde r t h a n 
monel meta l . The m.p . of t he alloys are 
indica ted in Fig. 295. The t e r n a r y alloys are 
all less res is tant t owards acids t h a n is monel 
meta l , but some are near ly as res is tant , a n d 
should be preferred whenever greater hardness , 
grea ter s t rength , a n d be t t e r working proper t ies 
are desired. The alloys are no t much a t t a c k e d 
by 20 per cent, or more cone, sulphuric acid, 
b u t t h e y are a t t acked b y ni t r ic acid. M. Waeh le r t and co-workers s tudied the 
corrodibil i ty of t h e copper-chromium-nickel- iron alloys—called commercial ly 
nimol—and of t h e eopper-CObalt-nickel al loys, a n d J . F . Dillinger a n d 
M. Bozor th , thei r magnet ic propert ies. 

Some complex alloys Cu-Ni-Co-Zn, a n d Cu-Ni-Co-Pb, were discussed by 
C. Bischoff ; Cu-Ni-Co-Fe-Mg (44 : 20 : 3 : 7 : 25) by C. P a r n a e o t t ; C. L. Clark 

VOL. X V . Z 

Co Ni 
KiQ. 2 9 5 . — K u s i o n C u r v e s of t h e 

T e r n a r y S y s t e m : N i - C o - C u . 
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a n d A. E . W h i t e , t h e t i t a n i u m - n i c k e l - c o b a l t a l loys ; N . P a r r a v a n o a n d C. Maz-
ze t t i , t h e l ead-n icke l -cobal t a l loys ; W- G-uertler, a n d W . G u e r t l e r a n d T . L i e p u s , 
the chromium-cobal t -nickel alloys, and the molybdenum-cobalt-nickel alloys. 
T h e Genera l Electric? Co. p a t e n t e d a n i e k e l - c o b a l t - m a n g a n e s e a l l o y — a b o u t 
75 : 25 : 2—obta ined b y m e l t i n g t h e c o b a l t a n d n icke l in a n a l u n d u m cruc ib le in 
a n a t m . of hyd rogen , a n d a d d i n g m a n g a n e s e a t a b o u t 1250° a n d chi l l ing t h e 
p r o d u c t in wa te r . T h e sub j ec t w a s s t u d i e d b y K . H o n d a a n d co -worke r s . 
J . O b a t a discussed t h e effect of a m a g n e t i c field on t h e e lec t r ica l r e s i s t ance of 

some of the nickel-iron-chromium-manganese 
a l loys . W . S. S m i t h a n d co -worker s , a n d 
W . G u e r t l e r a n d G. T a m m a n n d i scussed t h e 
t e r n a r y n i c k e l - c o b a l t - i r o n a l loys ; t h e r e su l t s 
a r e d u e t o T. K a s e . M e a s u r e m e n t s were a lso 
m a d e b y A. O saw a . C. R . A u s t i n a n d 
G. P . Malliwell s t u d i e d t h e m e c h a n i c a l p r o p e r ­
t i es a t a h igh t e m p . P . H . B r a c e f o u n d t h a t 
t h e a d d i t i o n of c o b a l t t o t h e i ron-n ickel a l loys , 
s a y i n v a r , r e d u c e s t h e t h e r m a l e x p a n s i o n . 
T h e sub j ec t w a s i n v e s t i g a t e d b y H . Sco t t , 
w h o found t h a t t h e effect is l imi t ed b y t h e 
A r 3 - t r a n s f o r m a t i o n a t a b o u t —100° . W i t h t h e 
t e r n a r y a l loys c o n t a i n i n g t h e pe rmiss ib l e 

^ a - 296.—The Thermal Expansion m a x i m u m a m o u n t of coba l t , t h e a d d i t i o n of 
Coefficients of the Co-Ni-Je Alloys. . -, . . . , -. „ i 

m a n g a n e s e is d e t r i m e n t a l , a n d of c a r b o n 
beneficial . T h e effect of c a r b o n is i nd i r ec t , in t h a t i t s effect on t h e A r 3 - a r r e s t 
a l lows t h e rise of a h ighe r p r o p o r t i o n of coba l t t h a n is o the rwi se permiss ib le . I n 
t h e case of i n v a r , t h e a d d i t i o n of coba l t lowers the? coeff. of e x p a n s i o n b y a b o u t 
O 5 X 10~6 p e r degree . H . M a s u m o t o m e a s u r e d t h e coeff. of t h e r m a l e x p a n s i o n of 
t h e t e r n a r y a l loys b e t w e e n 30° a n d 100°, a n d t h e r e su l t s X l O 6 a re s u m m a r i z e d in 
F ig . 296. T h e m i n i m u m a t 18 pe r cen t , a n d t h e m a x i m u m a t 25 p e r cen t , n ickel 
f ound on t h e c u r v e s for t h e nickel- i ron s y s t e m , d imin ish first r a p i d l y a n d t h e n 

in 
T + H or 

I I + III 

Martensiie 

F I G . 297.—The JL.iqu.idus Curves of the 
Nickel-Cobalt-Iron System. 

F i a . 298.—Equilibrium Diagram of 
the Nickel-Cobalt-Iron System. 

g r a d u a l l y as coba l t is a d d e d t o t h e s y s t e m , a n d t h e y d i s a p p e a r w h e n 40 p e r c e n t , 
of c o b a l t h a s b e e n a d d e d . T h e smal l coeff. of e x p a n s i o n of i n v a r , w i t h 36-5 p e r 
cen t , of n ickel , r a p i d l y dec reases a s c o b a l t is a d d e d t o t h e a l loy , a n d r eaches a 
m i n i m u m w i t h 5 p e r cen t , of coba l t , a n d a f t e r w a r d s r a p i d l y inc reases . T h e 
a d d i t i o n of m a n g a n e s e t o t h e t e r n a r y a l loys lowers t h e t e m p , of t h e A 3 - t r a n s f o r m a -
t i o n . T h e a l loys were d iscussed b y H . Ki ih lewe in , a n d t h e t h e r m a l e x p a n s i o n of 
t h e a l loys b y H . Sco t t . B . V. Hi l l m e a s u r e d t h e sp . h t . of nickel-CObalt- iron-
manganese alloys. 

JL.iqu.idus
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K . H o n d a a n d co-workers s tud ied t h e p rope r t i e s of m a g n e t i c nickel-CObalt-
iron-titanium alloys. 

T. K a s e p r e p a r e d t h e n ickel -cobal t - i ron al loys a n d o b t a i n e d t h e i so the rma l 
l iqu idus cu rves shown in F ig . 297. The re exis ts ne i t he r a t e r n a r y eu tec t i c no r 
a c o m p o u n d ; b u t af ter comple te solidification a c o n t i n u o u s y-solid soln. of these 
m e t a l s is formed, a l t h o u g h i t changes on fu r the r cooling. T h e lowest p o i n t in t h e 
i so the rma l l iqu idus curves cor responds wi th a b o u t 70 per cent , of nickel a t 1437°, 
a n d t h e surface ascends g radua l ly t o w a r d s t h e iron a n d coba l t sides so t h a t i t is 
a l i t t le concave a b o v e . I n t h e comple te ly solidified al loys, on t h e i ron and coba l t 
sides, t h e r e is a n a l lo t ropic change y^=±a, F ig . 298. T h e beginning a n d end ing 
surfaces of t h e t r a n s f o r m a t i o n a re lowered from t h e A p p o i n t in t h e b i n a r y s y s t e m 
t o t h e t e m p , of l iquid a i r as t h e nickel c o n t e n t increases . T h e A 2-surface which 
passes t h r o u g h t h e t r a n s f o r m a t i o n 
po in t s of coba l t , 1115°, a n d nickel , ^Co 

345°, is c o n v e x a b o v e . O n t h e i ron 
side, a n o t h e r surface of t h e A 2 - fo rma-
t i on exis t s which coincides wi th t h e 
surface of t h e A ̂ t r a n s f o r m a t i o n on 
a d d i n g a smal l q u a n t i t y of nickel a n d 
coba l t t o t h e i ron. B o t h w i th t h e 
b i n a r y a n d t e r n a r y al loys t h e effect 
of coba l t on t h e A 3 -po in t in i ron is 
t o raise i t , a n d t h e effect of nickel is 
t o lower i t . The al loys were s tud ied 
b y C. R . A u s t i n a n d GL P . Hal l iwel l , 
P . P . Ciofn, a n d W . S. Smi th a n d co­
workers . T h e X - r a d i o g r a m s , ind i ­
c a t e d in F ig . 298, a r e b y T. K a s e , a n d 
H . M a s u m o t o , show a n a r r o w region 
of ferr i te ; t h e n t h e a-sol id soln. of 
sorb i te ; t h e <x-\-y solid soln. or 
m a r t e n s i t e ; t h e y-sol id soln. or a u s t e n i t e ; t h e Il solid soln. which has a hexagona l 
c lose-packed l a t t i ce ; t h e region of t h e y-\-H solid soln. T h e i so the rma l lines of 
t h e t r a n s f o r m a t i o n surfaces a re shown in F ig . 300. 

T h e a l lo t ropic forms of t h e i ron-coba l t -n icke l a l loys a re ind ica t ed in F ig . 299, 
d u e t o T . Kase—confer t h e d i a g r a m s for t h e b i n a r y sy s t ems . T h e i ron corner 
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C o b a l t-!N i c k e l A l l o y s . 
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o f 

furnishes homogeneous solid soln. of ct-iron, n ickel , a n d coba l t h a v i n g a body-
c e n t r e d cubic l a t t i ce—a- i ron , region I , F ig . 298. Th is furnishes a he te rogeneous 
m i x t u r e , region I a n d I I consis t ing of soln. I w i t h a,-iron, a n d a solid soln. wi th 
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y - c o b a l t a n d y- i ron. Reg ion I I h a s a c o n t i n u o u s series of h o m o g e n e o u s solid soln. 
of nickel , y- i ron, a n d y-coba l t . N e a r t h e coba l t a p e x , t h e r e is reg ion I I I h a v i n g 
solid soln. of i ron a n d nickel in h e x a g o n a l coba l t . T h e r e is a n i n t e r m e d i a t e r eg ion 
•with a m i x t u r e of solid soln. I I a n d I I I . T h e l imi t of t h e reg ion I I is b o u n d e d b y 
t h e region of m a g n e t i c t r a n s f o r m a t i o n . T h e A 2 - t r a n s f o r m a t i o n c u r v e beg ins in 
t h e y- region of t h e t h r e e b i n a r y s y s t e m s a n d fo rms a smal l surface abe, !Fig. 299, 
b o u n d e d by t h e A 3 - t r a n s f o r m a t i o n c u r v e . I n t h i s region, t h e cc-structure passes 

F i a . 302 . KIec t r i ca l R e s i s t a n c e s of t h e F i o . 3 0 3 . T h e E l e c t r i c a l R e s i s t a n c e , K X 1O* 
Fe -Co-Ni A l loys . o h m , of t h e T e r n a r y Al loys . 

i n t o t h e y - s t r u c t u r e , a n d t h e m a g n e t i c a l loy wi th a b o d y - c e n t r e d cubic l a t t i ce passes 
i n t o a n o n - m a g n e t i c a l loy wi th a face-cent red cub ic l a t t i c e . T h e region of m a g n e t i c 
t r a n s f o r m a t i o n is accord ing ly b o u n d e d b y abcde/f/, t h a t is, b y t h e A 2 - t r a n s -
fo rma t ion surface aba ; b y t h e A 3 -surfaee , btfe ; a n d t h e Curie surface, cdgf. T h e 
l ines of c q u i - h a r d n e s s t h e scleroscope h a r d n e s s — o f t h e t e r n a r y a l loys a r e shown 
in F ig . 301 . IT. Ki ih lewein s t u d i e d t h e m e c h a n i c a l a n d phys ica l p rope r t i e s of 

F i o . 3 0 4 . - I n t e n s i t y of M a g n e t i z a t i o n F i o . 305.-—The I n i t i a l Pe rcneab i l i t y , /x„, 
C u r v e s of t h e F e - C o - N i A l loys . for t h e A n n e a l e d , T e r n a r y A l l o y s . 

t h e s e a l loys . K . H o n d a found t h a t t h e al loy 63*5 p e r cen t , i ron, 31-5 pe r cen t , 
n icke l , a n d 5 pe r cen t , coba l t h a s a smal l e r coefT. of t h e r m a l e x p a n s i o n t h a n t h a t 
of fused silica. 

G. W . E l m e n s t u d i e d t h e e lect r ical r es i s t ance of t h e t e r n a r y a l loys ; t h e r e su l t s 
a r e s u m m a r i z e d i n F i g . 302. H . Ki ih lewe in s u m m a r i z e d i n F i g . 303 t h e o b s e r v e d 
resu l t s for t h e e lect r ica l r e s i s t ance , i £ x l 0 4 o h m , of t h e t e r n a r y a l loys . H . Masu -
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i no to f o u n d t h a t t h e m a g n e t i z a t i o n of t h e i r revers ib le a l loys , a n d of t h e / / - so l id 
soln. is difficult, b u t t h a t of t h e revers ib le a l loys is easy . T h e i n t e n s i t y of 
m a g n e t i z a t i o n cu rves a r e s u m m a r i z e d in F ig . 304. T h e sma l l v a l u e for a n i ron-
n icke l a l loy w i t h 30 pe r cen t , of nickel g r a d u a l l y increases w i t h t h e a d d i t i o n of 
increas ing p r o p o r t i o n s of coba l t , un t i l finally, i t a t t a i n s i t s o r d i n a r y va lue , w h e n 
79 p e r cen t , of coba l t a n d 21 pe r cen t , of i ron a re p re sen t . Gr. W . E l m e n , U. Meyer , 
a n d T. D . Y e n s e n s t u d i e d t h e m a g n e t i c p rope r t i e s of t h e t e r n a r y a l loys . 
G-. W . E l m e n ' s r esu l t s for t h e in i t ia l a n d m a x i m u m permeab i l i t i e s of t h e a l loys a r e 
s u m m a r i z e d in F ig s . 305 , 306, a n d 307. Gr. W . E l m e n app l ied t h e t e r m perminvar 

FJG. 306. The Initial Permeability, /z0, for FIG. 307. The Maximum Permeability 
the Air-Quenched, Ternary Alloys. for the Annealed, Ternary Alloys. 

t o t hose a l loys™say F e : Co : Ni = 45 : 25 : 30—-which gave a c o n s t a n t p e r m e a b i l i t y 
for a long r a n g e in t h e m a g n e t i z a t i o n c u r v e , a smal l hys te res i s loss in t h e s a m e 
r a n g e , a n d a hys t e re s i s loop cons t r i c t ed a t t h e or igin for medium, flux dens i t ies . 
T h e ini t ia l m a g n e t i c pe rmeab i l i t i e s a r e s u m m a r i z e d in F ig . 308, which shows t h a t 

IPiG. 3 0 8 . Initial Permeabilities of the FIG. 309.—-Initial Permeabilities of Air-
Annealed Ternary Fe-Co-Ni-Alloys. Quenched, Ternary Fe-Co-Ni Alloys. 

t h e r e a r e t h r e e reg ions of special i n t e re s t—( i ) t h e b i n a r y nickel- i ron al loys ; 
(ii) the t e r n a r y series in f ron t of t h e first m a x i m u m in t h e i ron-n ickel series ; a n d 
(iii) b e t w e e n 40 a n d 70 p e r cen t , i ron in t h e i ron -coba l t series. Air q u e n c h i n g 
a l t e r s t h e resu l t s a s i n d i c a t e d in F i g . 309 . O b s e r v a t i o n s were r e p o r t e d b y 



342 I N O R G A N I C AN1> T H E O R E T I C A L C H E M I S T R Y 

W . T. Griffiths, E . Guml ieh a n d co-workers , F . S tab le in , H . D . A r n o l d a n d 
Gr. W . E l m e n , H . Ki ih lewein , a n d U . Meyer . H . M a s u m o t o ' s r esu l t s for t h e 
induc t ion , B gauss , refer t o a f ie ld-s t rength / 7 = 5 0 gauss ; a n d t hose in F i g . 310, 
for a field s t r eng th / / = 1 4 0 0 gauss . G. W . E l m e n ' s va lue s for t h e in t r ins ic 
magne t i c induc t ions for annea l ed a l loys respec t ive ly w i t h different va lue s of H 
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Kia. 3 1 1 . T h o M a g n e t i c I n d u c t i o n of 
t h o T e r n a r y S y s t e m . 

are shown in F igs . 312 a n d 313 . G. W . E l m e n ' s va lues for t h e hys te res i s losses in 
orgs pe r sq. cm. pe r cycle a r e i n d i c a t e d in F ig . 314. O b s e r v a t i o n s were m a d e b y 
O. E . Buck l ey a n d L. W . M c K e e h a n , V. R e t z o w , W . T. Griffiths, J . F . Di l l inger 
a n d R. M. B o z o r t h , J . F . K a y s e r , O. v o n Auwer s a n d H . Ki ih lewein , K . Zschiesche, 
a n d E . G u m l i e h a n d co-workers . G. W . E l m e n ' s va lues for t h e hys teres is losses in 

F i a s . 312 a n d 3 1 3 . — I n t r i n s i c I n d u c t i o n s for A n n e a l e d Ke-Ni-Co Al loys . 

ergs p e r cm. cube pe r cycle for a m a x i m u m flux dens i t y of 5OO0 gauss for t h e 
a n n e a l e d al loys a r e s u m m a r i z e d in F ig . 315. 

T h e d i a g r a m for t h e i ron-cobal t -n icke l a l loys , F ig . 299, h a s t h r e e zones w h e r e 
t h e c rys ta l l ine s t r uc tu r e s a re different : zone I h a s a b o d y - c e n t r e d cubic l a t t i c e — 
t h e a - fo rm ; zone I I , a face-cent red cub ic l a t t i c e — t h e y - fo rm ; a n d zone I I I , a 
c lose-packed h e x a g o n a l l a t t i c e — t h e / / - f o r m . T h e l a t t e r occupies b u t a r e l a t ive ly 
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small area. H. Kiihlewem thus summarized the properties of alloys falling in the 
different zones : 

The a-zone.—Hero t h e a l l oys h a v e t h e h i g h e s t s a t u r a t i o n c a p a c i t y , for t h e i n d u c t i o n 
H a t t a i n s 2/5,000 g a u s s , w h e r e a s t h e v a l u e for i r on a l o n e is 22,0OO t o 23 ,000 g a u s s ; t h e 
b i n a r y a l l o y of i r on w i t h 30 p e r c e n t , c o b a l t l ias t h e h i g h e s t v a l u e of a l l . W h e n n ickel is 
a d d e d t o t h i s a l loy t h e m a x i m u m s t e a d i l y dec reases t o Zf = SOOO g a u s s , t h e v a l u e for 
n i cke l , -wi thout i n t e r f e r i ng m u c h w i t h t h e A 3 - a r r e s t , o r t h e H - z o n e . T h e m a x i m u m is 
v e r y flat, so t h a t t h e poss ib le e x i s t e n c e of a c o b a l t d i fe r r ide , Fo 2 Co, is n o t e x c l u d e d . H o w ­
eve r , n e i t h e r t h e e q u i l i b r i u m d i a g r a m n o r t h e specific p r o p e r t i e s of t h e coba l t -n i cke l a l loys 
s h o w a n y m a r k e d p e c u l i a r i t i e s i n t h i s r e g i o n . T h e t o r s i o n m o d u l u s , h o w e v e r , h a s a 
m a x i m u m , a n d H . M a s u m o t o a n d S. N a r a o b s e r v e d a s m a l l m a x i m u m in t h e coefT. of 
t h e r m a l e x p a n s i o n , b u t A . Schu lzo c o u l d n o t conf i rm t h i s . T h e 50 : 50 i r o n - c o b a l t a l l oy 
is v e r y eas i ly m a g n e t i z e d ; a n d t h e e lec t r i ca l a n d t h e r m a l c o n d u c t i v i t i e s of t h e b i n a r y 
a l loys w i t h 45 t o 70 p e r c e n t , c o b a l t a r e h i g h e r t h a n t h o s e of e i t h e r c o n s t i t u e n t , a fac t 
w h i c h h a s b e e n a t t r i b u t e d t o t h e p r e s e n c e of a n a - coba l t . 

T h e y-zone.—The b i n a r y a l loys of i ron w i t h a b o u t 75 p e r c e n t , of n i c k e l — p e r m a l l o y — 
h a v e v e r y h i g h p e r m e a b i l i t i e s , a n d s m a l l h y s t e r e s i s losses . O t h e r specific p r o p e r t i e s of 
t h e s e b i n a r y a l loys d e p e n d o n t h e c o m p o s i t i o n . T h e m a g n e t o s t r i c t i o n of iron is p o s i t i v e , 
t h a t of n icke l is n e g a t i v e , a n d t h e r e is a c h a n g e of s ign w i t h a b o u t 81 p e r c e n t , of n i cke l , 

F1IG. 3 1 4 . — T h e H y s t e r e s i s Losse s for t h e Fici . 3 1 5 . — H y s t e r e s i s Losses for A n n e a l e d 
T e r n a r y A l loys . C o - F e - N i Al loys . 

a n d t h e m a g n e t o s t r i c t i o n is ze ro . T h e t o r s i o n a n d e las t i c m o d u l i h a v e m a x i m a w i t h 
a b o u t 82 p e r c e n t , of n i cke l , a n d t h e specific h e a t h a s a m i n i m u m . Tn t h e v i c i n i t y of t h e 
A 3 - t r a n s f o r m a t i o n , wi t l i 30 p e r c e n t , of n i cke l , t h e t o r s i o n a n d e las t i c m o d u l i h a v e m i n i m a , 
a n d t h e s p . h t . l ias a m a x i m u m . T h e e lec t r ic r e s i s t a n c e a t t a i n s a s t e e p m a x i m u m , a n d 
t h e coeff. of t h e r m a l e x p a n s i o n a m i n i m u m n e a r b y —36 p e r c e n t , of n icke l g ives t h e 
a l l o y i n v a r . S o m e a l loys a r e s e n s i t i v e t o h e a t t r e a t m e n t , a n d t h e p e r m i n v a r e x h i b i t s a 
n a r r o w i n g of t h e h y s t e r e s i s l o o p . A n e x p l a n a t i o n is b a s e d on t h e a s s u m p t i o n t h a t t h e 
a l l o y h a s t w o di f ferent c o m p o n e n t s . 

The ay-zone.—These a l l oys a r e h e t e r o g e n e o u s ; t h e y c o n t a i n t w o c o n s t i t u e n t s w h o s o 
p r o p o r t i o n s v a r y w i t h t e m p . ; a n d a c c o r d i n g l y a l so t h e specific p r o p e r t i e s . T h e p r o p e r t i e s 
of t h e s e a l loys a r e t h u s v e r y s e n s i t i v e t o h e a t t r e a t m e n t . T h e s e a l loys a r e m e c h a n i c a l l y 
a n d m a g n e t i c a l l y h a r d . T h e A a - t r a n s f o r m a t i o n of t h e t e r n a r y a l l oys c o r r e s p o n d s w i t h a 
m a x i m u m i n t h e e l ec t r i ca l r e s i s t a n c e , a n d p r o b a b l y a l so a m i n i m a in t h e t o r s i o n a n d 
e l a s t i c m o d u l i . 

The H-zone.—Alloys w i t h a b o u t 95 p e r c e n t , of c o b a l t a n d 5 p e r c e n t , of n i cke l fu rn i sh 
a l loys w i t h a h e x a g o n a l l a t t i c e . T h e m e c h a n i c a l h a r d n e s s a t t a i n s a m a x i m u m , a n d a l so 
t h e m a g n e t i z a b i l i t y is a m a x i m u m in a v e r y s m a l l field. 

The yH-zone.—This zone is v e r y s m a l l , a n d t h e p r o p e r t i e s of t h e c o r r e s p o n d i n g a l loys 
h a v e n o t b e e n closely i n v e s t i g a t e d . 

The emissivity of an alloy—konel—of nickel, cobalt, iron, and t i tanium was 
measured by E. F . X.owry. The effect of cobalt on high-speed tool-steels was 
discussed by K. Sasagawa, and Xi. Guillet. 
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§ 10. Nickel Suboxides and Nickel Monoxide 

A series of nickel suboxides l ias been r e p o r t e d , b u t t h e r e is some d o u b t w h e t h e r 
a n y of t h e m c a n be r e g a r d e d a s chemica l i nd iv idua l s . T h e r e is a well-defined 
nickel monoxide, o r nickelous oxide, N i O , c o m m o n l y u n d e r s t o o d b y t h e t e r m 
" n ickel ox ide " ; a n d a d o u b t f u l nickelic oxide, nickel liemitrioxide, or nickel 
sesquioxide, N i 2 O 3 . S o m e i n t e r m e d i a t e ox ides h a v e b e e n r e p o r t e d , e.<j. nickelosic 
oxide, N i 3 O 4 , a s well as o t h e r d o u b t f u l i n t e r m e d i a t e ox ides . The re is also a nickel 
dioxide or nickel 'peroxide, N iO 2 - Stil l h i g h e r ox ides , nickel tetraoxide, N iO 4 , a n d 
a nickel Jicniipenloxide, N i O 5 , h a y e b e e n r e p o r t e d ; a n d sa l t s of t h e u n k n o w n nickel 
trioxide, N i O 3 , h a v e been desc r ibed . 

R. Tupput i x said t h a t nickel suboxide, possibly, or nickel hemioxide, Ni2O, 
w a s fo rmed w h e n nickel is h e a t e d in a i r ; a n d W . Miiller sa id t h a t t h i s ox ide is 
f o r m e d as a n i n t e r m e d i a t e p r o d u c t in t h e r e d u c t i o n of n icke l ox ide b y h y d r o g e n 
b e t w e e n 210° a n d 214°. I . L . Bel l a lso sa id t h a t t h i s ox ide is f o rmed a long w i t h 
some c a r b o n when n icke l ox ide is r e d u c e d b y c a r b o n m o n o x i d e free f rom c y a n o g e n . 
T h e c u r v e s r e p r e s e n t i n g t h e speed of r e d u c t i o n of nickel ox ide b y h y d r o g e n in t h e 
p resence of a des icca t ing a g e n t , o b t a i n e d b y E . Be rge r , a n d P . S a b a t i e r a n d 
Li. Esp i l , d o n o t g ive u n e q u i v o c a l ev idence of t h e ex i s tence of t h e h e m i o x i d e . 
T . B e d f o r d a n d E . E r d m a n n a s s u m e d t h a t n ickel h e m i o x i d e is fo rmed as a n in t e r ­
m e d i a t e p r o d u c t in t h e h y d r o g e n a t i o n of u n s a t u r a t e d o rgan ic c o m p o u n d s , b u t 
G. B a r t e l s cou ld n o t conf i rm t h e h y p o t h e s i s . C. K r o g e r s t ud i ed t h e t h e r m a l 
d i ssoc ia t ion of t h e ox ide . 

A c c o r d i n g t o P . D . Mer ica a n d R . Gr. W a l t e n b e r g , t h e 0-05 t o 6-5 p e r cen t , of 
o x y g e n c o n t a i n e d in n icke l is p r e s e n t in t h e fo rm of N i O , a n d i t f o rms a s imple 
e u t e c t i c s e rved w i t h n icke l s t ab l e a t l eas t u p t o 25 pe r cen t , of n icke l ox ide , a n d 
p r o b a b l y u p t o t h e m . p . of n icke l itself. T h e m . p . of n icke l is 1552°, a n d of n icke l 
ox ide , N i O , 1656°. N icke l ox ide dissolves in n ickel , f o rming a eu tec t i c w i t h a b o u t 
0-24 p e r cen t , of o x y g e n c o r r e s p o n d i n g w i t h 1*1 p e r cen t , of N i O . T h e eu tec t i c 
m i x t u r e m e l t s a t 1438°, i.e., a b o u t 14° be low t h e m . p . of n icke l . L . W o h l e r a n d 
O. BaIz w e r e u n a b l e t o confi rm t h e ex i s t ence of a n icke l subox ide . G. R . Lev i 
a n d G. Tacch in i m e a s u r e d t h e r e l a t i ve i n t ens i t i e s of t h e X - r a y spec t r a l l ines of 
n icke l , t h e subox ide , a n d t h e m o n o x i d e , a n d t h e r e su l t s , F i g . 316, show t h a t n o n e 
of t h e r e p o r t e d m e t h o d s of p r e p a r a t i o n furn ish t h e s u b o x i d e . P . S a b a t i e r a n d 
Li. E s p i l r e p o r t e d t h a t n i c k e l te tr i taoxide , N i 4 O , is f o r m e d w h e n t h e s u b o x i d e is 
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Kltt. 316. T h e R e l a t i v e Tntensi t ies of t h e X - R a y S p e c t r a 
of Nickel , t h e S u b o x i d e a n d t h e M o n o x i d e . 

r e d u c e d b y hyd rogen a t 155° t o 250°. T. Moore sa id t h a t n i cke l tr i tadioxide, 
N i 3 O 2 . 2 H 2 O , is formed b y boiling a soln. of p o t a s s i u m nickel c y a n i d e w i t h a r e d u c ­
ing a g e n t , a d d i n g a m m o n i u m chlor ide t o t h e r ed soln. , w a s h i n g t h e p r o d u c t in 
succession wi th h o t wa te r , ho t dil. a q . a m m o n i a , a n d h o t w a t e r , a n d d r y i n g i t 

' -~~" T said t o r eac t w i t h si lver n i t r a t e in accord w i t h t h e e q u a t i o n 
= 2 N i ( N 0 3 ) 2 + N i O + 4Ag. I . Bellucci a n d R . M. Corelli saw t h a t t h e 

r e a c t i o n w i t h s i lver n i t r a t e 
is n o t sufficient t o e s t ab l i sh 
t h e compos i t i on of t h e t r i t a ­
d iox ide , a n d t h e y g a v e t h r e e 
a n a l y t i c a l m e t h o d s — ( i ) t h e 
evo lu t ion of h y d r o g e n f rom a 
w a r m soln. , (ii) t h e t i t r a t i o n 
of t h e l iquor w i t h a Ol iV-so ln . 
of iod ine , a n d (iii) t h e t i t r a ­
t i o n of t h e l i quor w i t h 
s t a n d a r d h y d r o g e n d i o x i d e — 
which agree t h a t t h e n ickel 
con t a ined in t h e l iquor is 

u n i v a l e n t . This f avours t h e view t h a t t h e l iquor con t a in s a s a l t of t h e hemiox ide , 
N i 2 O . C. T u b a n d t a n d W . Riedel , a n d JL. A. Tschugaeft" a n d V. G. Tsch lop in 
a s sumed t h a t t h e l iquid ob ta ined when a soln. of nickel cyan ide is e lec t ro lyzed 
be tween p l a t i n u m electrodes con ta ins n i cke l tr i taoxide, N i 3 O. 

C. B e r g e m a n n 2 descr ibed green c rys ta l s of a minera l which occurs in cav i t i es 
in t h e u r a n i u m , b i s m u t h , a n d lead ores a t J o h a n n g e v r g e n s t a d t , S a x o n y , a n d 
J . D . D a n a called t h e mine ra l bunse i l i te—after R . B u n s e n . T h e depos i t was 
descr ibed by A. Frenze l . B rowni sh -b l ack , microscopic c rys ta l s of a p p a r e n t l y t h e 
s a m e oxide were repor ted b y F . A . G e n t h t o occur in some rose t t e copper from 
Riechelsdorf . T h e mine ra l was also descr ibed b y F . Sandbe rge r . De t a i l ed 
ana lyses of t h e mine ra l h a v e n o t been r epo r t ed , b u t all t h e ev idence ind ica t e s t h a t 
b u n s e n i t e is n icke lous Oxide, or n icke l m o n o x i d e , N i O . Th i s ox ide is r ead i ly 
o b t a i n e d as a greenish powder , or in smal l , g reen c rys ta l s . J . A. D a r b y s h i r e found 
t h a t t h i n fibres a re t r a n s p a r e n t a n d a l m o s t colourless b y t r a n s m i t t e d l ight , a n d 
\reTy pa le p i n k b y reflected l ight . Ana lyses of t h e ox ide were r e p o r t e d b y 
M. H . K l a p r o t h , J . B . R i ch t e r , E . RothofF, R . T u p p u t i , J . L . P r o u s t , J . JL. Lassa igne , 
O. L.. E r d m a n n a n d R . F . M a r c h a n d , W . J . Russe l l , J . L,. C. Z i m m e r m a n n , 
L . Mond a n d C. Lange r , I . JL. Bel l , a n d b y some of t h e observers of t h e a t o m i c 
we igh t s of nickel . These all agree w i t h t h e empi r ica l fo rmula (NiO) n . 

T h e preparation of n i cke l m o n o x i d e . — N i c k e l ox ide is fo rmed w h e n nickel , 
nickel hyd rox ide , a n d t h e sa l t s of n ickel a n d a vola t i le ac id a re calc ined or r o a s t e d 
in air . O. L . E r d m a n n obse rved t h a t t h e ox ide so o b t a i n e d c o n t a i n s some nickel ic 
oxide which c a n be r e m o v e d b y h e a t i n g t h e ox ide a t 100° i n h y d r o g e n . 
E . R . Schneider o b t a i n e d t h e m o n o x i d e b y ca lc in ing t h e n i t r a t e , a n d W . J . Russel l 
a d d e d t h a t if insufficiently h e a t e d t h e p r o d u c t c o n t a i n s some nickel ic ox ide . 
T. A n d r e w s discussed t h e p r e p a r a t i o n of a n ox ide easi ly r educed t o m e t a l . T h e 
oxide o b t a i n e d b y roa s t i ng t h e n i t r a t e , c a r b o n a t e , or h y d r o x i d e in a i r w a s f o u n d 
by M. Ie B lanc a n d H . Sachse , a n d M. P r a s a d a n d M. G. T e n d u l k a r t o l i be ra t e 
iodine f rom a n acidic soln. of p o t a s s i u m iodide ; t h e p r o p o r t i o n of a c t i v e o x y g e n 
con t a ined in t h e oxide decreases as t h e t e m p , of p r e p a r a t i o n is ra i sed . 
J . L. C. Z i m m e r m a n n said t h a t if t h e ox ide is h e a t e d i n a c u r r e n t of n i t r o g e n or 
c a r b o n d ioxide t o a c o n s t a n t we igh t t h e p r o d u c t is free f rom t h e h ighe r ox ides . 
T . Vors t e r a d d e d t h a t if r educ ing gases a r e p r e s e n t d u r i n g . t h e ca lc ina t ion , t h e 
p r o d u c t m a y con t a in some nickel—vide supra, n icke l s u b o x i d e s . W . N . Ipateeff 
h e a t e d t h e m e t a l , r educed in h y d r o g e n a t 270°, in a i r a t t h e s a m e t e m p . , b u t found 
t h a t i ncomple t e ox ida t i on occurs since t h e films of n icke l ox ide w h i c h a r e fo rmed 
p r o t e c t t h e unde r ly ing m e t a l . Comple te o x i d a t i o n occurs a t 400°. N o h ighe r 
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ox ide of n icke l is f o rmed in d r y or m o i s t a i r , a t o r d i n a r y or h ighe r p ressures , w i t h i n 
t h e t e m p , i n t e r v a l 220° a n d 480° . T h e t e m p , of o x i d a t i o n of r e d u c e d n ickel is 
l owered b y t h e p re sence of m o i s t u r e . C. M. L o a n e o b t a i n e d t h e ox ide for use as 
a c a t a l y s t b y t h e low t e m p , o x i d a t i o n of t h e p y r o p h o r i c m e t a l . 

P . S a b a t i e r a n d J . B . S e n d e r e n s o b t a i n e d nickel m o n o x i d e b y h e a t i n g n icke l t o 
a t l ea s t 200° i n a c u r r e n t of n i t r i c ox ide . O. L . E r d m a n n , a n d A . L a u r e n t o b t a i n e d 
n icke l m o n o x i d e b y ca lc in ing a m m o n i u m nickel n i t r i t e ; H . B a u b i g n y , b y ca lc in ing 
nickelosic ox ide ; F . Glaser , b y h e a t i n g nickelosic ox ide in h y d r o g e n a t 198° ; 
H . Moissan , a n d W . L . D u d l e y , h y d r a t e d nickelosic ox ide ; H . Moissan, W . Muller , 
a n d C. R . A . W r i g h t a n d A . P . L»ufY, b y ca lc in ing nickelosic or nickel ic ox ide in 
a i r o r in h y d r o g e n a t 190° t o 230°, or, a cco rd ing t o T. Vors te r , in a c u r r e n t of 
a m m o n i a , or in a sea led t u b e a t 150° ; O. L . E r d m a n n , b y roas t i ng t h e ch lor ide , 
o r bas ic iod ide ; H . Schulze , b y r o a s t i n g t h e b r o m i d e ; C. !F. R a m m e l s b e r g , b y 
r o a s t i n g t h e i o d a t e ; A . W a c h t e r , b y r o a s t i n g t h e c h l o r a t e ; a n d C. P o u l e n c , b y 
h e a t i n g p o t a s s i u m nicke l f luoride in a i r . C. G e i t n e r p r e p a r e d nickel oxide b y 
h e a t i n g n icke l w i t h a n e u t r a l soln. of s o d i u m s u l p h a t e in a sealed t u b e a t 200° . 
A. Coehn a n d M. Glaser o b t a i n e d n icke l ox ide a t t h e a n o d e d u r i n g t h e e lect rolys is 
of a soln. of a n icke l sa l t a n d s o d i u m a c e t a t e . 

Crys t a l s of n ickel m o n o x i d e r e semb l ing b u n s e n i t e were p r e p a r e d b y J . J . E b e l -
m e n b y h e a t i n g n icke l b o r a t e w i t h l ime i n a p o t t e r y oven , a n d w a s h i n g a w a y t h e 
so luble p r o d u c t s w i t h cold h y d r o c h l o r i c ac id ; b y H . V. R e g n a u l t , a n d P . S a b a t i e r 
a n d J . B . S e n d e r e n s b y h e a t i n g n icke l t o du l l r ednes s in a c u r r e n t of s t e a m , or b y 
h e a t i n g n icke l w i t h p o t a s s i u m n i t r a t e ; b y H . D e b r a y , a n d H . G r a n d e a u , b y 
h e a t i n g a m i x t u r e of n icke l p h o s p h a t e a n d p o t a s s i u m s u l p h a t e ; b y C. Lep i e r r e a n d 
M. L a c h a u d , b y r o a s t i n g n icke l s u l p h a t e ; b y H . V. R e g n a u l t , b y h e a t i n g a m i x t u r e 
of n icke l chlor ide a n d s o d i u m c a r b o n a t e , a n d w a s h i n g a w a y t h e soluble m a t t e r ; 
b y M. Fe r r i e r e s a n d E . D u p o n t , b y h e a t i n g n icke l ch lo r ide in a c u r r e n t of s t e a m ; 
b y H . G r a n d e a u , b y h e a t i n g a m i x t u r e of n icke l p h o s p h a t e a n d p o t a s s i u m s u l p h a t e 
in air , a n d w a s h i n g a w a y t h e so luble sa l t s ; b y J . A. H e d v a l l , b y r e p e a t e d l y 
h e a t i n g t h e p o w d e r i n a n excess of p o t a s s i u m ch lor ide w h e r e b y m i n u t e o c t a h e d r a l 
c r y s t a l s a r e fo rmed ; a n d b y E . W . v o n S i emens a n d J . G. HaLske, b y h e a t i n g t h e 
ox ide in a n electr ic fu rnace . V. K o h l s c h u t t e r a n d J . L . T u s c h e r p r e p a r e d a n 
aerosol of t h e oxide ; a n d H . P . W a l m s l e y s t u d i e d t h e sp . gr . of t h e pa r t i c l e s of 
t h e aerosol . 

The physical properties of nickel monoxides.—The colour of nickel oxide 
h a s b e e n r e p o r t e d t o b e o l i v e - g r e e n w h e n p r e p a r e d a t a w h i t e h e a t ( P . B e r t h i e r ) ; 
g r e y i s h - g r e e n i s h - y e l l o w ( O . L . E r d m a n n ) ; g r e y i s h - b l a c k ( R . T u p p u t i ) ; a n d g r e e n 
( W . J . R u s s e l l , a n d H . G r a n d e a u ) . T . V o r s t e r s a i d t h a t t h e c o l o u r i s y e l l o w i s h -
g r e y w h e n c o l d , a n d w h e n h e a t e d , y e l l o w . J . L . C. Z i m m e r r n a n n a l s o n o t e d t h a t 
t h e g r e e n p o w d e r b e c o m e s y e l l o w w h e n h e a t e d , a n d o n c o o l i n g , t h e g r e e n c o l o u r 
i s r e s t o r e d . G . T a m m a n n a n d C. F . M a r a i s d i s c u s s e d t h e c o l o u r of t h i n f i l m s of 
n i c k e l o x i d e — v i d e n i c k e l . H . M o i s s a n s a i d t h e c r y s t a l s o b t a i n e d b y c o o l i n g t h e 
m o l t e n o x i d e a r e g r e e n . M . C e n t n e r s z w e r a n d H . Z y s k o w i c z o b t a i n e d d a r k b l u e 
n i c k e l o x i d e b y t h e a c t i o n o f a i r , o x y g e n , o r n i t r i c o x i d e o n n i c k e l a t 2 8 0 ° t o 2 9 0 ° , 
a n d t h e c o l o u r i s r e t a i n e d a t 2 9 0 ° , b u t a b o v e t h i s t e m p . , t h e c o l o u r b e c o m e s 
y e l l o w i s h - g r e e n . C. B e r g e m a n n s a i d t h a t t h e m i n e r a l b u n s e n i t e i s p i s t a c h i o -
g r e e n , a n d t h e p o w d e r o r s t r e a k i s b r o w n i s h - b l a c k . M . Ie B l a n c a n d H . S a c h s e 
o b t a i n e d t h e o x i d e i n c o l o u r s r a n g i n g f r o m d a r k g r e y t o g r e y i s h - g r e e n , b y h e a t i n g 
t h e b a s i c c a r b o n a t e t o t e m p e r a t u r e s b e t w e e n 5 5 0 ° a n d 1 2 2 0 ° . M . P r a s a d a n d 
M . G . T e n d u l k a r o b s e r v e d t h a t t h e p r o d u c t s o b t a i n e d b y h e a t i n g t h e n i t r a t e i n 
a i r h a v e t h e s e c h a r a c t e r i s t i c s : 
T e m p e r a t u r e . 400° 500° 800° 900° 1000° 
N i c k e l o x i d e . 99-15 99-61 99-91 1OO K)O p e r c e n t . 
Co lou r . . B l a c k G r e y G r e y - g r e e n Green i sh -ye l low 
A n a l o g o u s r e s u l t s w e r e o b t a i n e d w i t h t h e b a s i c c a r b o n a t e . T h e b a s i c c a r b o n a t e 
a n d h y d r o x i d e , i n v a c u o a t 4 0 0 ° t o 5 0 0 ° , f u r n i s h a g r e e n i s h - y e l l o w o x i d e w h i c h 
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becomes b lack on exposure t o air , b u t n o t so w i t h t h e greenish-yel low ox ide p re ­
p a r e d b y hea t ing t h e basic c a r b o n a t e t o 800°. T h e or ig ina l colour is r e s to red if 
t h e b lackened oxide be hea t ed in v a c u o a t 200° . T h e b l a c k e n e d p r o d u c t is 
t h o u g h t t o be a n adso rp t ion p r o d u c t of t h e o x y g e n f rom t h e a i r since M. Ie B l a n c 
a n d H . Sachse observed t h a t t h e X - r a d i o g r a m of t h e b l ackened oxide co r r e sponds 
with nickel monox ide w i t h su rp lus o x y g e n in t e r s t i t i a l l y assoc ia ted w i t h t h e l a t t i c e 
-—die vagahunierende?i Atomen—vide F i g . 330, 1 3 . 66, 17. T h e b l a c k e n e d p r o d u c t 
also l ibera tes iodine f rom a soln. of p o t a s s i u m iodide . Gr. B r u n i a n d A. F e r r a r i 
s tudied t h e solid soln. of t h e ox ides . 

The t r a n s p a r e n t , oc t ahed ra l , greenish crystals be long t o t h e cubic s y s t e m . 
The o c t a h e d r a of b u n s e n i t e s o m e t i m e s h a v e t r u n c a t e d edges . F . M. B r a v o found 
t h a t t h e X-rad iograms co r respond w i t h a cub ic , face-cen t red l a t t i ce of t h e s o d i u m 
chloride t y p e , a n d h a v i n g t h e side a = 4*244: A. vide F i g . 316 for t h e X - r a y 
spec t rum. There a re 4 inols. pe r u n i t cell. G. N a t t a , S. B . H e n d r i c k s a n d 
co-workers , V. M. Go ldschmid t a n d co-workers , a n d G. Lamde gave « = 4 * 1 7 A. ; 
G. IJ. P r e s t o n , 4 - I 0 A . ; O. G. B e n n e t t a n d co-workers , 4-1684 A. ; G. L1. C la rk 
and co-workers , 4-16 A. ; S. Holgersson a n d A. K a r l s son , 4-181 A. ; G. R . Lev i 
a n d G. Tacchini , 4-18 A. ; W . P . D a v e y , 4-14 A. ; W . P . D a v e y a n d E . L>. Hof fman , 
4 - 2 O A . ; J . B r e n t a n o , 4-1705 A. t o 4 1 7 2 0 A. ; a n d C. J . K s a n d a , 4-171 A. 
O. G. B e n n e t t and co-workers r e p o r t e d t h a t t h e ox ide p r e p a r e d a t a low t e m p , 
does n o t possess a face-centred cubic l a t t i ce , b u t is a n o t h e r cubic modif ica t ion 
wi th a= 4-64 A., a n d 4 mols . pe r u n i t cell, a n d sp . gr . 4-8. W . L. B r a g g a n d 
J. A. D a r b y s h i r e found t h a t t h i n films h a v e t h e s a m e s t r u c t u r e as t h e o r d i n a r y 
oxide. Obse rva t ions were also m a d e b y J . A. H e d v a l l , a n d R . Srnoluchowsky. 
O. H a l m and O. Miiller s tud ied t h e a d s o r p t i o n of r a d i u m e m a n a t i o n b y nickel 
oxide. 

C. B e r g e m a n n gave 6-398 for t h e specific gravi ty of b u n s e n i t e ; J . J . E b e l m e n 
gave 6-80 ; a n d F . A. G e n t h , 6-605, a n d for a furnace p r o d u c t , 5-745. F o r t h e 
artificial oxide , C F . R a m m e l s b e r g gave 6*661 ; J . J . E b e l m e n , 6-8 ; L . P l ay fa i r 
a n d J . P . Jou l e , 5-597 ; J . A. H e d v a l l , 7-45 ; H . Schroder , 6-60 t o 6-80 ; a n d 
C. Lepie r re a n d M. L a c h a u d a d d e d t h a t t h e oxides o b t a i n e d f rom t h e t w o modifi­
ca t ions of t h e h y d r a t e d s u l p h a t e h a v e , respec t ive ly , t h e sp . gr . 6-67 a n d 6-70— 
t h e h igher va lue belonging t o t h e o c t a h e d r a l form. F . M. B r a v o ca lcu la t ed 6-827 
from t h e la t t ice c o n s t a n t s , a n d C. J . K s a n d a , 6-8. H . P . W a l m s l e y s t u d i e d t h e 
sp . gr. of t h e par t ic les of t h e aerosol . JM. P r a s a d a n d M. G. T e n d u l k a r found t h a t 
t h e sp . gr. a t 28°/4° va r i ed wi th t h e t e m p , of p r e p a r a t i o n , t h u s , 

400° 5 0 0 ° 700° SOO° 9 0 0 ° 1 0 0 0 ° 
Specific g r a v i t y . 5-668 5-745 6 0 7 0 6-265 6-305 6-310 

The oxide undergoes a m a r k e d sh r i nkage w h e n p r e p a r e d a t 800°. T h e greenish-
yellow oxide se t t led in w a t e r m o r e qu ick ly t h a n t h e grey form. T h e i n t r a m o l e c u l a r 
change s t a r t s somewhere b e t w e e n 700° a n d 800°, a n d is comple t ed a t 1000°. 
W . Bi l tz s tud ied t h e mol . vol . G. B r u n i a n d A. F e r r a r i d iscussed solid soln. w i t h 
nickel oxide. C. B e r g e m a n n , a n d o the r s h a v e g iven 5-5 t o 6-0 for t h e hardness 
of bunsen i t e on Mohs ' scale. A . Re i s a n d L . Z i m m e r m a n n s tud ied t h e sub jec t . 
H . V. R e g n a u l t found t h e specific h e a t of t h e feebly-calcined oxide t o be 0-1623, 
a n d t h a t of t h e s t rongly-ca lc ined ox ide , 0 -1588—when t h e respec t ive a t o m i c 
heats were 12-1 a n d 11-9. L . E i s n e r obse rved t h e vo lat i l i ty of t h e ox ide in a 
j)orcelain oven ; a n d A. B a u b i g n y obse rved n o d issoc ia t ion of t h e ox ide a t t h e 
h ighes t t e m p , of a r c v e r b e r a t o r y i ron furnace . G. K r o g e r , W . S t a h l , J . H a g e n a c k e r , 
H . W . F o o t e a n d E . K . S m i t h , arid N . P a r r a v a n o a n d G. Malquor i s t u d i e d t h e 
thermal dissociat ion of t h e oxide—vide infra. A. K a p u s t i n s k y a n d L . S c h a m o n s k y 
found t h e pa r t i a l press, p m m . , of o x y g e n in n ickel ox ide t o be : 

1147° 1177° 1237° 1257° 1337° 
V 2 - 2 4 x 1 0 - « 3 - 4 1 x 1 0 - « 1-68 X l O - 6 3 - 2 1 X 1 0 ~ 6 1 - 9 7 x 1 0 - * 

or log Kp= log p= 2 3 , 2 5 0 r ~ i + 1 0 , 6 7 8 . 
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H . Moissan sa id t h a t t h e oxide m e l t s in. t h e electr ic a r c fu rnace , a n d t h e n 
solidifies t o a m a s s of g reen c rys ta l s . P . D . Merica a n d K. G. W a l t e n b e r g gave 
1652° for t h e m e l t i n g point of t h e b lack oxide , a n d 1660° for t h a t of a purif ied 
s a m p l e ; H . v o n W a r t e n b e r g a n d H . J . R e u s c h gave 1990° for t h e m . p . ; a n d 
H . W a r t e n b e r g a n d W . Gur r , 2090°. M. B e r t h e l o t d iscussed t h e h e a t of f ormat ion 
of t h e ox ide ; W. A. R o t h gave 58-6 CaIs. ; P . L1. Du long , 59-7 CaIs. ; R . N . P e a s e 
a n d R . S. Cook, 54-15 CaLs. ; D . Miiller, 58-64 CaIs. ; W. G. Mix te r , 57-9 CaIs. ; 
A. K a p u s t i n s k y a n d L . S c h a m o n s k y , 53-15 CaIs. ; F . Giord ian i a n d E . M a t t i a s , 
54-490 CaIs. ; O. Ruf i a n d E . Ger s t en , 51-5 CaIs. ; M. W a t a n a b e , 57-112 CaIs. a t 
25° ; W . A . R o t h , 58-9 CaIs. ; a n d A. S k a p s k y a n d J . D a b r o w s k y , 54-898 CaIs., 
a n d t h e y also gave for t h e effect of t e m p . , Q=-57,388 +0 -94T4-0 -00192T2— 0-0 a74T3 
cals . R . N . P e a s e a n d R . S. Cook g a v e for t h e free energy of nickel m o n o x i d e , 
N i - H - C = N i O , a t T° K. , J F = - 5 3 , 7 6 3 + 0 - 9 4 : T log T + 0 - 0 0 1 6 5 T 2 — 0 - 0 6 3 7 T 3 
+ 10-647% or, a t 25°, i.e., 298° K. , - 5 6 , 4 6 7 cals . M. W a t a n a b e gave —57,739 

5-44T log 7 7 —0-0008247 \ j+38-05T ; o r —50,333 cals . a t 298°. T h e sub jec t 
was s tud ied by G. P e c k , a n d R . v o n D a l l w i t z - W e g n e r . M. W a t a n a b e gave 
8-97 cals . p e r degree for t h e en tropy of n icke l ox ide . G. P e c k s tud ied t h e subjec t . 

A. K u n d t g a v e for t h e index of refract ion, 2-18 for red l ight ; 2-23 for wh i t e 
l ight ; a n d 2-39 for b lue l ight ; a n d C. J . K s a n d a g a v e 2-37 for Li- l ight . F . All ison 
a n d E . J . M u r p h y s t u d i e d t h e m a g n e t o - o p t i c a l p rope r t i e s . Acco rd ing t o 
G. K . Burges s a n d P . D . F o o t e , t h e emis s iv i ty of n ickel ox ide for m o n o c h r o m a t i c 
r ed l igh t of w a v e - l e n g t h 0-65/u,, decreases as t h e t e m p , r ises f rom 700° t o 1300° ; 
a n d i t increases as t h e w a v e - l e n g t h increases f rom 0-5/u. t o 0-7/JL. T h e r e is a b r o a d 
a b s o r p t i o n b a n d in t h e u l t r a - r e d . B e t w e e n 700° a n d 1200°, t h e t o t a l emiss ion 
increases a p p r o x i m a t e l y as a l inear func t ion of t h e t e m p . , b u t b e t w e e n 1200° a n d 
1300° t h e r a t e of increase is smal ler . A. W e h n e l t said t h a t t h e oxide is i n a c t i v e 
in emiss ion of e lec t rons w h e n fixed on a p l a t i n u m disc a n d used as c a t h o d e of a 
d i scharge t u b e . M. K a h a n o w i e z r e p r e s e n t e d t h e emiss iv i ty , 1£, b y T J / ^ ^ 1 - 3 6 
X l o - i o i T * e - 5 0 4 - i / r . 

H . G. Howel l a n d G. D . R o c h e s t e r s t u d i e d t h e absorpt ion spec trum of t h e 
nickel ox ides . R . S m o l u c h o w s k y , J . Shea re r , M. I sh ino a n d Iv. Ivoji ina, 
R . W. G. Wycko i r , a n d J . V e l d k a m p s t u d i e d t h e X - r a y s p e c t r u m ; R . W . G. W y c ­
koir, t h e X - r a y s c a t t e r i n g p o w e r ; A . K a r l , t h e t r ibo luminescence of t h e oxide ; 
K . F i schbeck , a n d F . J e n t z s c h , t h e t h e r m a l e m i s s i o n of e lec trons ; J . F . N y r o p , 
t h e surface e lec t rons ; J . A. I ) a r b y s h i r e , t h e diffraction of e lec trons b y nickel 
ox ide ; a n d G. T a m m a n n a n d G. Veszi, t h e a c t i o n of c a t h o d e e lec t rons on t h e colour 
of t h i n l aye r s . R . R o b l obse rved n o luminescence in u l tra-v io le t l ight . 

F . Pe i j e r i nck sa id t h a t t h e m i n e r a l b u n s e n i t e is a n o n - c o n d u c t o r of e lec t r ic i ty . 
M. P r a s a d a n d M. G. T e n d u l k a r found t h e e lectrical res i s tance , R o h m s , t o be , 
for t h e ox ide p r e p a r e d a t 

4 0 0 ° COO° 700° 8 0 0 ° 0 0 0 ° 
Ii . . . . 4-880 7-598 9 0 3 4 14-772 V e r y h i g h 

M. Ie B l a n c a n d H . Sachse found t h e sp . c o n d u c t i v i t y of yel low nickel ox ide , of a 
h igh degree of p u r i t y , p r e p a r e d i n v a c u o a t 300°, a n d of b l ack n icke l ox ide , 
o b t a i n e d b y h e a t i n g t h e yel low ox ide in o x y g e n a t 100 m m . press , a t 250° , t o be : 

— 150° — 50° 20° 100° 150° 300° 400° 480° 600° 
B l a c k o x i d e . 10~B 0 0 8 7 7 0-0,78 0 0 0 5 3 0-010 0 0 5 4 0-087 — 0-140 
Ye l low o x i d e — — « < 1 0 - 8 < d l 0 - » 0-0,18 0 0 7 9 0 0 0 5 5 6 0-0451 — 

T h e resu l t s show t h e f avou rab l e effect of a d s o r b e d o x y g e n on t h e c o n d u c t i v i t y — 
a n ox ide e q u i v a l e n t t o NiO-f-0-050 O, a t 18°, h a d a c o n d u c t i v i t y of 10~3 m h o . 
C W a g n e r , H . H . v o n B a u m b a c h a n d C. W a g n e r , a n d M. Ie B l a n c a n d H . Sachse , 
W . Meyer , a n d C. W a g n e r d iscussed t h e e lec t ron ic t h e o r y of t h e e lectr ical conduc ­
t i v i t y . J . Zedner m e a s u r e d t h e e l e c t romot ive force of t h e cell N i O : K O H 8 0 I n . : H 2 
—vide supra, n ickel a c c u m u l a t o r ; a n d R . G o l d s c h m i d t , t h a t of t h e cell 
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N i O : K2CO3 8 0In. : Zn. G. I . F i n c h a n d J . C. S t i m s o n s t u d i e d t h e potent ia l of 
nickel oxide on nickel aga in s t o x y g e n ; a n d S. J a h n , t h e p o t e n t i a l of n ickel ox ide 

e lec t rodes a g a i n s t ozone . H . H . v o n 
B a u m b a c h a n d C. W a g n e r s t u d i e d t h e 
t h e r m o e l e c t r i c force. C. F . R a m m e l s -
be rg sa id t h a t t h e ox ide is n o n - m a g n e t i c . 
W . K l e m m a n d co -worker s o b s e r v e d 
t h a t w i t h a s a m p l e of n icke l ox ide , 
A., o b t a i n e d f rom t h e c a r b o n a t e a t 400° 
t o 450° ; JB, f rom t h e c a r b o n a t e a t 350° 
t o 400° ; a n d C, f rom t h e c a r b o n a t e a t 
500° , w i t h m a g n e t i c fields of 2040, 2960, 
a n d 3630 gauss , t h e effect of t e m p , o n 
the magnetic susceptibility is t h a t 
i n d i c a t e d i n F i g . 317 . T h e d o t t e d l ine 

Fio 317 —The Effect of Temperature on the r e p r esents the results with nickel salts. 
Magnetic feuBcept.bxhty of Nickel Oxide. g ^ B h a t n a g a r a n d G . S . B a i obtained 

9-56 X 10~ 6 m a s s u n i t , a n d showed t h a t h igh v a l u e s m a y be o b t a i n e d if t h e ox ide is 
c o n t a m i n a t e d wi th m e t a l . R . B . J a m e s s tud ied t h e m a g n e t i c p rope r t i e s of t h e ox ide . 

T h e c h e m i c a l properties of n icke l o x i d e . — A c c o r d i n g t o P . Sch i i t zenbe rge r , 
w h e n greenish-yel low nickel ox ide , fo rmed b e t w e e n du l l r ednes s a n d b r i g h t r ednes s , 
is h e a t e d a l m o s t t o a w h i t e - h e a t , i t c o n t r a c t s cons ide rab ly , acqu i r e s a d e e p e r g reen 
t i n t , a n d loses 0-4 t o 0-5 p e r cen t , i n we igh t . T h i s loss t a k e s p lace e v e n in a n 
a t m . of n i t rogen , a n d c a n n o t be a t t r i b u t e d t o r e d u c t i o n , n e i t h e r does i t seem t o 
be d u e t o d issocia t ion . 

If t h e s t r o n g l y - h e a t e d n icke l ox ide is r e d u c e d in h y d r o g e n , t h e r e s idue r e t a i n s 
a smal l q u a n t i t y of o x y g e n , b u t if a l lowed t o r e m a i n a t t h e o r d i n a r y t e m p , for 
24 h r s . a n d a g a i n h e a t e d i n h y d r o g e n , a sma l l q u a n t i t y of w a t e r is i m m e d i a t e l y 
p r o d u c e d . T w o or t h r e e r e p e t i t i o n s of t h i s process a r e r e q u i r e d i n o rde r t o r e m o v e 
t h e whole of t h e o x y g e n . J . A. H e d v a l l sa id t h a t t h e ox ide is s t ab l e a t a r e d - h e a t . 
Accord ing t o H . W . F o o t e a n d E . K . S m i t h , t h e d i s soc ia t ion pressure of oxygen , 
p m m . , over n ickel ox ide a t different t e m p , is : 

800° 900° 1000* 1100° 1200° 1245° 

p OO OO 2-0 5-5 1 3 0 1 8 0 
so t h a t t h e d issocia t ion of t h e ox ide becomes a p p r e c i a b l e a s t h e t e m p , rises t o 
1000°. J . H a g e n a c k e r obse rved b u t a sma l l d i s soc ia t ion press , a t 1050°. G. K r o g e r 
s t u d i e d t h e sub jec t . W . S t a h l ca l cu la t ed f rom t h e h e a t of f o r m a t i o n , Q, sma l l e r 
va lues t h a n H . W . F o o t e a n d E . K . S m i t h for t h e d i s soc ia t ion p ress . ; he g a v e 
log P^ ~Q/±57T-i-175 log T-f-2-8. M. W a t a n a b e g a v e for t h e free e n e r g y of 
t h e d issocia t ion 8F= —57,739—5-4AT log T - h 0 - 0 0 0 8 2 4 T 2 + 3 0 - 0 5 T ; a n d for t h e 
d issocia t ion press . 8F=—RT log ( l /p*o 2 ) ; a n d 

P 
25° 

1-2 X I O 1 1 
1000° 

5-9 X 10~ * 
1100° 

1-5X I O " 6 
1200° 

2 - 4 X I O - 5 
1227° 

4-8 X IO" 5 
1245° 

7-5 X IO- 5 

R. N . P e a s e a n d K . S. Cook g a v e for t h e e q u i l i b r i u m c o n s t a n t a t 450°, 515° , a n d 
570°, i>iiao/jPiia= :67, 57 , a n d 50*5, r e spec t ive ly . 

T h e ea r ly worke r s t h o u g h t t h a t n ickel ox ide passes i n t o a s u b o x i d e w h e n i t is 
p a r t i a l l y r educed b y h y d r o g e n . A . A. R e a d obse rved t h a t n icke l m o n o x i d e is 
r e d u c e d t o m e t a l w h e n i t is h e a t e d a t t h e t i p of a coal -gas flame, a t , s a y , 1750°. 
I n 1830, C. M. D e s p r e t z f o u n d t h a t n icke l ox ide is r e d u c e d b y h y d r o g e n a t t h e 
s a m e t e m p , a s t h a t a t w h i c h n icke l is ox id ized b y w a t e r v a p o u r , t h u s showing t h e 
revers ib i l i ty of t h e r e a c t i o n H 2+NiO=== H 2 O + N i - f - 8 - 8 CaIs. T . V o r s t e r o b s e r v e d 
t h a t n ickel ox ide is r e d u c e d b y h y d r o g e n m o r e or less c o m p l e t e l y a t 230° ; F . Grlaser 
said 230° ; S. H a u s e r , 95° t o 106° ; W . Muller , a n d C. R . A . W r i g h t a n d A . P . Luff, 
220° ; G. Gal lo , 118° t o 120°—vide infra, n ickel ic ox ide . W . Ipateeff f o u n d t h a t 
a t o r d i n a r y press . , r e d u c t i o n beg ins a t a b o u t 200°, b u t a t h ighe r p ress . , t h e ox ide 
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c a n be r e d u c e d a t 172°. T h e t e m p , a t which, t h e ox ide is r e d u c e d d e p e n d s on t h e 
t e m p , a t wh ich t h e ox ide h a s p rev ious ly been h e a t e d . T h e r e a c t i o n w a s s t u d i e d 
b y G. B . T a y l o r a n d H . W . S t a r k w e a t h e r , A. E . B e n t o n a n d P . H . E m m e t t , 
H . Sa i to , W . Bi l tz a n d H . Miiller, E . Berge r , a n d A. R . U b b e l o h d e . K . G r a s s m a n n 
a n d E . J . K o h l m e y e r found t h a t t h e V52O5, C b 2 O 5 , T a 2 O 5 , a n d CeO 2 a r e m o r e 
r ead i ly r educed b y h y d r o g e n w h e n t h e y a re m i x e d w i t h n ickel ac ids t h a n t h e y a r e 
w h e n a lone . G. C h a u d r o n , a n d !L. W o h l e r a n d O. BaIz m a d e i n c o m p l e t e m e a s u r e ­
m e n t s of t h e equ i l i b r ium cond i t i ons in t h e r eac t ion : N i O - + - H 2 - H 2 O + N i , a n d 
g a v e 14-8 for t h e c o n s t a n t N i O : Ni , a t 450°. R . N . P e a s e a n d R . S. Cook f o u n d 
t h a t a t 485° , t h e H 2 O : H 2 r a t i o is 325 , a n d a t 600°, i t is 240. T h e y g a v e for 
t h e free ene rgy , F, of t h e r e a c t i o n N i O + H 2 = N i + H 2 0 , F=-3647—6-722T. 
M. W a t a n a b e g a v e for t h e free e n e r g y of t h e r eac t i on 8 . F = 3 2 9 + 7 - 6 O T log T 
4-0-000826T2 —0-0 637T3 — 3 4 1 3 T - 1 . A. S k a p s k y a n d J . D a b r o w s k y gave for 
t h e equ i l i b r ium c o n s t a n t K—pn2o/piLz> 

450° 500° 600° 650° 700° 

K . . 21-6 17-3 13-4 11-7 9-8 

P . H . E m m e t t sa id t h a t t h e r e a c t i o n is a u t o c a t a l y t i c in t h a t t h e m e t a l p r o d u c e d 
i n t h e course of t h e r eac t i on a c t s as a c a t a l y t i c a g e n t on t h e s u b s e q u e n t course of 
t h e r e d u c t i o n . E . Berge r , a n d G. T a m m a n n a n d C. E . Mara i s s t ud i ed t h e r a t e 
of r e d u c t i o n of n ickel ox ide b y h y d r o g e n ; a n d E . B e r g e r sa id t h a t n ickel ox ide 
is r e d u c e d m o r e r a p i d l y w i t h d r y h y d r o g e n t h a n i t is w i t h t h e moi s t ga s . 
P . S a b a t i e r a n d J . B . Sende rens , J . B . Sende rens a n d J . A b o u l e n c , P . S a b a t i e r 
a n d Li. Esp i l , W . Ipateefx, F . Bed fo rd a n d E . E r d m a n n , a n d W . Meigen a n d 
G. B a r t e l s d iscussed t h e use of n ickel ox ide as a c a t a l y s t in h y d r o g e n a t i o n s — v i d e 
supra, t h e c a t a l y t i c a c t i o n of n ickel . 

T. W . R i c h a r d s a n d E . E . R o g e r s found t h a t n ickel ox ide p r e p a r e d b y t h e 
i gn i t i on of t h e n i t r a t e r ead i ly occ ludes o x y g e n a n d o t h e r gases wh ich a re n o t g iven 
off w h e n t h e ox ide is d isso lved i n p o t a s h - l y e . I n one case , 4-11 c.c. of gas were 
o b t a i n e d f rom 10 g r m s . of t h e ox ide , a n d t h e g a s c o n t a i n e d 12-25 pe r cen t , of 
o x y g e n , a n d 87-75 pe r cen t , of n i t r o g e n . M. P r a s a d a n d M. G. T e n d u l k a r found 
t h a t t h e ox ide , p r e p a r e d f rom t h e n i t r a t e a t t e m p , below 1000°, c o n t a i n e d some 
n i t r o g e n ox ides , a n d w h e n p r e p a r e d f rom t h e bas ic c a r b o n a t e , some c a r b o n d iox ide 
a n d w a t e r v a p o u r . W . J . Russe l l obse rved t h a t n icke l m o n o x i d e , p r e p a r e d a t a 
h igh t e m p . , does n o t t a k e u p o x y g e n f rom t h e a i r e i the r a t o r d i n a r y t e m p . , or 
w h e n i t is h e a t e d . H . D i i n w a l d a n d C. W a g n e r s t u d i e d t h e diffusion of o x y g e n in 
n ickel ox ide . W . IpateefT f o u n d t h a t n icke l m o n o x i d e is n o t oxid ized b y d r y or 
m o i s t a i r ; or b y o x y g e n a t o r d i n a r y or a t h i g h press , w i t h i n t h e t e m p , i n t e r v a l 
220° t o 480°, b u t H . Moissan obse rved t h a t w h e n o b t a i n e d b y ca lc ina t ion a t 350° 
t o 400°, o x y g e n is t a k e n u p f rom t h e a i r , a n d a b l a c k p r o d u c t is fo rmed . T h e 
b l a c k ox ide is d e c o m p o s e d a n d t h e a b s o r b e d o x y g e n is re jec ted w h e n t h e t e m p , 
exceeds 600°. M. P r a s a d a n d M. G. T e n d u l k a r found t h a t t h e b l ackened ox ide 
becomes greenish-yel low w h e n h e a t e d in v a c u o a t 200°, or w h e n p laced i n a n 
ac idic soln. of p o t a s s i u m iod ide . T h e b l a c k e n e d oxide l ibera tes ch lor ine f rom 
hydroch lo r i c ac id (W. J . Russe l l ) , a n d iodine f rom a n acidic soln. of p o t a s s i u m 
iod ide (M. Ie B l a n c a n d H . Sachse) . T h e greenish-yel low ox ide o b t a i n e d b y 
h e a t i n g t h e bas ic c a r b o n a t e i n v a c u o over 800° does n o t a b s o r b o x y g e n f rom t h e 
a i r . T h e b l ackened oxide is n o t nickelic ox ide because t h a t ox ide does n o t b e h a v e 
s imi la r ly w h e n h e a t e d in v a c u o , or w h e n p laced i n a n ac idic soln. of p o t a s s i u m 
iod ide . M. P r a s a d a n d M. G. T e n d u l k a r , a n d M. Ie B l a n c a n d H . Sachse a s s u m e d 
t h a t i t is a n a d s o r p t i o n c o m p l e x of n icke lous ox ide w i t h su rp lu s o x y g e n assoc ia ted 
i n t e r s t i t i a l l y w i t h t h e l a t t i ce—v ide supra. S. S. B h a t n a g a r a n d S. L . B h a t i a 
s t u d i e d t h e e v a p o r a t i o n of a d s o r b e d w a t e r s f rom t h e surface of nickel ox ide . 
Accord ing t o A . Mailfert , o z o n e r ead i ly oxidizes n icke lous ox ide t o nickelic oxide . 

J . J . E b e l m a n sa id t h a t n ickel ox ide is inso luble i n w a t e r . L . Passe r in i s t u d i e d 
t h e so lub i l i ty of t h e ox ide . M. C. Boswel l a n d C. H . B a y l e y discussed t h e c a t a l y t i c 
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a c t i o n of nickel oxide on h y d r o g e n a n d oxygen , a n d t h e " po i son ing " eflect of 
ch lor ine . C. F . Sehonbe in obse rved t h a t h y d r o g e n d iox ide a t t a c k s n icke l 
m o n o x i d e wi th t h e br i sk evo lu t ion of o x y g e n a n d t h e f o r m a t i o n of a g reen h ighe r 
ox ide . A. Qua r t a ro l i showed t h a t t h e d e c o m p o s i t i o n of h y d r o g e n d iox ide by-
m a n y m e t a l oxides is a u t o c a t a l y t i c , b u t J . Cla rens sa id t h a t t h e d e c o m p o s i t i o n is 
a phys ica l p r o p e r t y d e p e n d e n t on t h e phys i ca l n a t u r e of t h e c a t a l y s t . T h e d e c o m ­
pos i t ion of a n e u t r a l soln. of h y d r o g e n d iox ide b y n icke l m o n o x i d e is s low, b u t i t 
is fas ter w i th a n a lka l ine soln. T h e ve loc i ty c o n s t a n t s , h, for a u n i m o l e c u l a r 
r eac t ion , obse rved b y M. P r a s a d a n d M. G. T e n d u l k a r w i t h n icke l m o n o x i d e a t 30° 
in a n a lka l ine soln. of h y d r o g e n d iox ide , were : 

400° 500° 800° 1000° 
/fcxlO4 . . 81 46 16 8 

S. Veil s t u d i e d t h e r eac t i on ; a n d A. Q u a r t a r o l i n o t e d t h a t t h e p re sence of n ickel 
oxide d imin i shed t h e a c t i v i t y of lead ox ide as a c a t a l y s t . 

H . Moissan obse rved t h a t n ickel m o n o x i d e becomes i n c a n d e s c e n t in fluorine. 
J . J. E b e l m e n obse rved t h a t t h e ox ide p r e p a r e d b y ca l c ina t i on a t a h i g h t e m p , 
dissolves in ac ids m u c h m o r e s lowly t h a n does t h a t p r o d u c e d a t a low t e m p . 
R . W a s m u h t s t ud i ed t h e ac t i on of chlor ine on t h e h e a t e d ox ide . A c c o r d i n g t o 
JT. Li. C. Z i m m e r m a n n , t h e ox ide o b t a i n e d by ca lc in ing t h e h y d r o x i d e in c a r b o n 
d iox ide or n i t rogen dissolves in ho t , di l . or cone , hydrochlor ic a c i d — s p . gr . 1-124 
t o 1*185, y ie ld ing a g reen soln. w i t h o u t t h e f o r m a t i o n of ch lor ine , a n d s imi la r ly 
w i t h t h e cone, acid in t h e cold. Chlor ide is p r o d u c e d w h e n t r a c e s of a h ighe r ox ide 
a r e present-—vide supra. J . L . C. Z i m m e r m a n n o b s e r v e d t h a t n icke l ox ide fo rms 
a g reen soln. w h e n w a r m e d wi th perchloric ac id of sp . gr . 1*155. G. H . Ba i l ey 
a n d W . B . H o p k i n s show t h a t t h e p resence of t h i s oxide f avour s t h e t h e r m a l 
decompos i t i on of p o t a s s i u m chlorate . 

R . T u p p u t i n o t e d t h a t w h e n n icke l ox ide is h e a t e d w i t h su lphur , n icke l su lph ide 
is fo rmed, a n d J . A. Ar fvedson , t h a t a s imi lar p r o d u c t is o b t a i n e d w h e n t h e ox ide 
is h e a t e d in a c u r r e n t of h y d r o g e n sulphide . J . L . C. Z i m m e r m a n n f o u n d t h a t 
n ickel ox ide dissolves s lowly in w a r m su lphuric acid of sp . gr . 1*835, b u t i t is 
very s lowly a t t a c k e d b y t h e di l . ac id of sp . gr . 1*135. T h e r a t e of d i s so lu t ion of 
t h e ox ide d e p e n d s on t h e t e m p , a t wh ich i t h a s been p r e p a r e d . M. P r a s a d a n d 
M. G. T e n d u l k a r found t h a t w h e n 0-2 g r m . of ox ide ca lc ined a t different t e m p , 
w a s t r e a t e d w i t h 0 - I iV-H 2 SO 4 a t 80° , u n d e r s imi lar cond i t i ons , t h e fol lowing 
a m o u n t s of n ickel oxide were dissolved : 

400° 500° 700° 800° 900° 1000° 
N i O . . 96-86 85-70 36-70 2-68 2-18 0-77 p e r o e n t . 

There is t h u s a m a r k e d difference i n t h e b e h a v i o u r s of t h e b l a c k ox ide p r e p a r e d 
a t 400°, a n d t h e ye l lowish-green ox ide p r e p a r e d a t , s a y , 1000°—the fo rmer is 
ac t ive , t h e l a t t e r i n a c t i v e . T h e a c t i v i t y m a y be d u e t o a difference in t h e g r a in -
size of t h e ox ide , t o t h e t r a n s i t i o n f rom a n a m o r p h o u s t o a c rys t a l l ine s t a t e , or t o 
a n i n t r a m o l e c u l a r c h a n g e . M. P r a s a d a n d M. G. T e n d u l k a r also s t u d i e d t h e 
a c t i o n of su lphur i c ac id on m i x t u r e s of c o p p e r a n d n ickel ox ides p r e p a r e d in 
va r ious w a y s . 

T h e so lub i l i ty of n i t rogen i n n ickel m o n o x i d e h a s been p r ev ious ly d iscussed . 
J . Xi. C. Z i m m e r m a n n ' s obse rva t i ons , c i t ed a b o v e , s h o w t h a t n i t r o g e n h a s n o 
chemica l a c t i o n on h e a t e d n ickel ox ide . Gr. Gore sa id t h a t t h e ox ide is inso lub le 
i n l iqu id a m m o n i a . T . Vors t e r f ound t h a t n icke l ox ide is r e d u c e d t o t h e m e t a l 
w h e n h e a t e d a b o v e 200° in d r y a m m o n i a - — H . N . W a r r e n sugges t ed t h e poss ib i l i ty 
of t h e f o r m a t i o n of a n i t r i d e a t h ighe r t e m p . S. H a u s e r ' s r e su l t s for t h e press , of 
n ickel ox ide in a m m o n i a a t a c o n s t a n t vo l . , t e m p , v a r i a b l e , a n d for t h e press , a t a 
c o n s t a n t t e m p . , 185°, w i t h t i m e va r i ab l e , a r e s u m m a r i z e d i n F i g . 318 . R . T u p p u t i 
f o u n d t h a t n icke l ox ide dissolves s lowly i n a q . a m m o n i a w i t h t h e e v o l u t i o n of 
some n i t r ogen . T h e sa t . soln. is azu re -b lue , w h e n m o d e r a t e l y c o n c e n t r a t e d i t is 
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l avende r -b lue , a n d if d i lu te , v io le t -b lue . W h e n h e a t e d , t h e soln. gives on* a m m o n i a , 
a n d depos i t s c rys t a l s of n ickel ox ide . W h e n exposed t o air , n icke l c a r b o n a t e is 
p r e c i p i t a t e d , b u t n o t if a s t rong acid is also p re sen t . T h e fixed a lkal ies p r e c i p i t a t e 
a c o m p l e x of a lka l i a n d nickel ox ide . 
J . Schlossberger f o u n d t h a t t h e a m m o n i a c a l 
soln. dissolves silk, b u t n o t cellulose—cf. t h e 
a m m o n i a c a l soln. of cupr i c ox ide . Accord ing 
t o E . J . H o u s t o n , t h e soln. of n i cke l oxide 
in a q . a m m o n i a is v io le t in colour , a n d i t 
becomes pa le b lue w h e n w a r m e d . L . S a n t i 
found t h a t t h e ox ide is r e d u c e d t o t h e m e t a l 
w h e n h e a t e d w i t h d r y a m m o n i u m chloride, b u t 
w i t h a n aq . soln. of t h a t sa l t a m m o n i a is 
evo lved a n d n icke lous ch lor ide is fo rmed . 
H . Moissan m a d e obse rva t i ons t o t h e s a m e 
effect. J . L . C. Z i m m e r m a n n obse rved t h a t t h e 
oxide is insoluble in soln. of a m m o n i u m chlor ide ; 
b u t H . D e m a r c a y found t h a t i t dissolves s l ight ly i n a boi l ing soln. of t h a t sa l t 
w i t h t h e evo lu t ion of a m m o n i a . J . L . C. Z i m m e r m a n n obse rved t h a t nickel 
oxide dissolves in w a r m nitric ac id , of sp . gr. 1-32, fo rming a g reen soln. 

Accord ing t o C R . A. W r i g h t a n d A. P . Luff, carbon begins t o r educe n ickel 
ox ide a t 450°. O b s e r v a t i o n s on t h e sub jec t were m a d e b y J . J . Berze l ius , 
P . Be r th i e r , O. L . E r d m a n n , Gt. T a m m a n n a n d A. Y . S w o r y k i n , W . B a u k l o h a n d 
R . D u r r e r , a n d R . B u n s e n . B . Bog i t eh s t u d i e d t h e r e d u c t i o n of nickel ox ide b y 
wood charcoa l , a n d b y coal . J . G a m i e r obse rved t h a t m o l t e n nickel a t a h igh 
t e m p , is v e r y mobi le a n d read i ly p e n e t r a t e s cha rcoa l , fo rming , w h e n cold, s lender , 
ha i r - l ike filaments which a r e v e r y flexible a n d mal leab le . H . Arnfe l t s t ud i ed t h e 
c a t a l y t i c effect on t h e g r a p h i t i z a t i o n of coke . I . L . Bell said t h a t cyanogen-f ree 
carbon m o n o x i d e r e d u c e s t h e m o n o x i d e t o t h e subox ide—v ide supra. M. W a t a -
n a b e , F . Gobel , O. B o u d o u a r d , L . Be l l aden a n d A. S o m m a r i v a , a n d Gr. C h a r p y 
s t u d i e d t h e r eac t ion . C. J . E n g e l d e r a n d L . E . Miller found t h a t t h e presence of 
t i t an i c ox ide p r o m o t e s t h e a c t i v i t y of n icke l ox ide i n t h e o x i d a t i o n of c a r b o n 
m o n o x i d e . T. Vors te r , a n d C. R . A. W r i g h t a n d A. P . Luff found t h a t t h e r e d u c ­
t ion begins a t a b o u t 120°. A . L a u r e n t found t h a t a m i x t u r e of equa l p a r t s of 
c a r b o n m o n o x i d e a n d d iox ide r educes n icke l ox ide w i t h o u t a t t a c k i n g t h e m e t a l 
which is p roduced . Accord ing t o O. B o u d o u a r d , t h e r a t e of r e d u c t i o n of n ickel 
m o n o x i d e b y c a r b o n m o n o x i d e is fas ter t h a n is t h e case w i t h ferric ox ide a t 445°. 
T h e a m o u n t of decompos i t ion increases w i t h t h e q u a n t i t y of ox ide used a n d wi th 
t h e t i m e . I n all t hese cases , t h e a m o u n t of c a r b o n depos i t ed is of t h e s a m e o rde r 
of m a g n i t u d e as t h a t of t h e ox ide e m p l o y e d ; w h e n a la rge excess of purified c a r b o n 
is m i x e d w i t h t h e ox ide , t h e resu l t s o b t a i n e d a re , on t h e whole , t h e s a m e as t h o s e 
a l r e a d y descr ibed , b u t t h e a c t i o n t a k e s p lace m o r e slowly. 

B . Bog i t ch , H . Sa i to , a n d Gr. T a m m a n n a n d C. F . Mara is s tud ied t h e r a t e of 
r e d u c t i o n of nickel ox ide b y c a r b o n m o n o x i d e . R . Schenck a n d H . Wesse lkock 
s t u d i e d t h e r e d u c t i o n of n icke l ox ide b y ca rbon m o n o x i d e a t 900° ; a n d 
M. W a t a n a b e be tween 663° a n d 852° . T h e equ i l i b r ium c o n s t a n t is i n d e p e n d e n t 
of t h e compos i t ion of t h e solid p h a s e , a n d t h e in i t ia l compos i t i on of t h e gas : 
N i O - J - C O = N i H - C O 2 , a n d if t h e equ i l i b r ium c o n s t a n t Kp~pCoJpco, log Kv 
==2590T-i— 0-1082. T h e t h e r m a l v a l u e of t h e r eac t i on is 8Q= ~9771— 5 1 I T 
+ 0 - 0 0 3 6 2 4 2 ' 2 - 0 0 6 0 6 2 T S ; a n d t h e free e n e r g y 8 JF=--—9771+11-77 T x log T 
~ 0 -003624T2+0-0 6 31T3—33-59T-1 . j . B . R i c h t e r t h o u g h t t h a t because nickel 
ox ide is r educed t o t h e m e t a l in a porce la in oven , n ickel shou ld be inc luded 
a m o n g s t t h e noble me ta l s , b u t J . v o n Lieb ig a n d F . Wohle r , a n d A. L a u r e n t 
showed t h a t t h e obse rved effect is d u e t o t h e a c t i o n of c a r b o n m o n o x i d e i n t h e 
furnace , a n d n o t a n effect of h e a t per se. J . L . C. Z i m m e r m a n n ' s obse rva t ions , 
c i ted a b o v e , show t h a t carbon dioxide h a s no ac t i on on h e a t e d nickel ox ide . 
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Accord ing t o O. Gr. B e n n e t t a n d co-workers , n ickel ox ide p r e p a r e d a t t e m p , n o t 
exceeding 110°, is a b e t t e r a b s o r b e n t of c a r b o n d iox ide a t 56° t h a n is t h e case w i t h 
t h e oxide ou tgassed a t 285°. 

H . HoIl ings a n d R. H . Griffith s t u d i e d t h e a d s o r p t i o n of hydrocarbons b y 
nickel oxide . W. Ipateeff found t h a t in t h e p resence of h y d r o g e n a n d b e n z e n e , 
nickel monox ide is r educed a t 172°, b u t w i t h n icke l ox ide f o r m e d a t a h i g h e r 
t e m p . , ca t a ly t i c r e d u c t i o n of t h e benzene occurs "Only a b o v e 200° ; a n d t h e o x i d e 
itself is on ly s l ight ly r educed—v ide supra, n icke l c a t a l y s t . W h e n n icke l ox ide is 
h e a t e d in t h e v a p o u r of carbon tetrachlor ide , H . Q u a n t i n obse rved t h a t t h e ox ide 
is conve r t ed i n to chlor ide . A. K u t z e l n i g g s t u d i e d t h e a c t i o n of t h e ox ide o n 
potass ium ferrocyanide, a n d L . H a c k s p i l l a n d R . G r a n d a d a m , o n p o t a s s i u m 
cyanide . J . L. C Z i m m e r m a n n found t h a t t h e ox ide is inso luble i n a soln. of -
a m m o n i u m th iocyanate ; a n d J . Mi lbauer , t h a t m o l t e n p o t a s s i u m t h i o c y a n a t e 
forms a complex K 2 N i 1 1 S 3 0 - J- A loy a n d C. R a b a u t n o t e d t h a t t h e p resence of t h e 
oxide f avours t h e hydro lys i s of t h e cyanofaydrins. W . L . F a i t h a n d D . B . K e y e s 
s t ud i ed t h e ca t a ly t i c ac t ion of t h e ox ide in t h e o x i d a t i o n of a l coho l . N icke l ox ide 
as a c a t a l y s t for t h e d e h y d r a t i o n of a lcohol a n d an i l ine w a s s t u d i e d b y 
N . 1. Shu ik in . J . L«. C. Z i m m e r m a n n said t h a t n icke l m o n o x i d e is inso lub le in 
acet ic acid of sp . gr . 1-065. M. Cen tne r szwer a n d H . Zyskowicz f o u n d t h a t t h e 
d a r k blue oxide is soluble in organic ac ids , b u t n o t in t h e o r d i n a r y o rgan ic so lven t s . 
H . B o d e n b e n d e r obse rved t h a t a l i t re of a soln. c o n t a i n i n g 418-6 g r m s . of s u g a r 
a n d 34-3 g r m s . of l ime can dissolve 0-29 g r m . of n ickel ox ide ; A . M a t a g r i n s t u d i e d 
t h e ac t ion of organic s u b s t a n c e s on nickel . 

C. H . Burgess a n d A. H o l t obse rved t h a t n ickel ox ide is n o t so luble in fused 
boric ox ide , b u t if a lka l i or t h a l l i u m oxides a r e p r e s e n t , n ickel ox ide is d issolved. 
W . F lo rence said t h a t w i t h fused borax , b r o w n o c t a h e d r a l c rys t a l s a r e fo rmed ; 
a n d w i t h m i c r o c o s m i c salt , app le -green , d o u b l y re f rac t ing , h e x a g o n a l p l a t e s a r e 
formed. M. Ri iger obse rved n o c o m b i n a t i o n of t h e ox ide w i t h s i l ica a t t e m p , 
b e t w e e n 900° a n d 1200°. H . v o n W a r t e n b e r g a n d co-workers r e p r e s e n t e d t h e 
m . p . of m i x t u r e s of nickel ox ide a n d z i rconia b y t h e c u r v e , F i g . 68 , 1 4 . 68 , 10, in 
connec t ion wi th coba l t ox ide ; t h e eu tec t i c is a t 2050°. 

J . L.. G a y L u s s a c a n d L. J . T h e n a r d obse rved t h a t p o t a s s i u m or s o d i u m r educes 
n ickel m o n o x i d e t o t h e m e t a l w i t h a lumiere vive ; L . F r a n c k , a n d B . G a r r e , t h a t 
t h e r eac t ion b e t w e e n a l u m i n i u m a n d n ickel begins a t 600°, a n d evolves 106-5 CaIs. , 
a n d t h a t b e t w e e n nickel oxide a n d i ron beg ins a t 640° , a n d evolves 7-8 CaIs. T h e 
r eac t i on w a s s tud ied b y L . B . Pfeil, a n d W . J a n d e r a n d H . Senf. F . R . H e n s e l 
a n d J . A. S c o t t e x a m i n e d t h e so lub i l i ty of n ickel ox ide i n m o l t e n n i cke l , a n d 
Gr. Mas ing a n d L.. K o c h said t h a t t h e r e is a eu t ec t i c a t 1438° w i t h 0-214 p e r cen t , 
of o x y g e n . 

E . Z i n t h a n d co-workers obse rved t h e f o r m a t i o n of s o d i u m hyponicke l i t e , 
N a 2 N i O , b y t h e a c t i o n of s o d i u m ox ide on n icke lous ox ide . J . L . C. Z i m m e r ­
m a n n obse rved t h a t n icke l m o n o x i d e is inso lub le in a soln. of p o t a s s i u m 
hydroxide . A . Vo lke r sa id t h a t t h e r e is a s l ight so lubi l i ty . G. N a t t a a n d 
L. Passer in i ca lc ined, ove r 600° , m i x t u r e s of c a l c ium a n d n ickel c a r b o n a t e s or 
h y d r o x i d e s , a n d f o u n d t h a t t h e X - r a d i o g r a m s of t h e p r o d u c t s g a v e n o ev idence of 
a solid soln. b e t w e e n c a l c i u m ox ide a n d n icke l ox ide . H . J . R e u s c h a n d H . v o n 
W a r t e n b e r g obse rved a e u t e c t i c a t 1750° w i t h n ickel ox ide a n d 36 p e r cen t , of 
ca lc ium oxide . J . A. H e d v a l l a n d co -worker s s t u d i e d t h e ac t i on of b a r i u m 
peroxide. L . Passer in i , S. Ho lge r s son a n d A . K a r l s son , a n d H . v o n W a r t e n b e r g 
a n d E . P r o p h e t obse rved t h a t t h e co r r e spond ing m i x t u r e s of n icke l ox ide a n d 
m a g n e s i u m oxide a r e miscible in all p r o p o r t i o n s , a n d t h a t t h e d i s p l a c e m e n t of t h e 
l a t t i ce is p r o p o r t i o n a l t o t h e compos i t i on . J . A . H e d v a l l a n d J . H e u b e r g e r s t u d i e d 
t h e reac t ion wi th m a g n e s i u m su lphide . G. N a t t a a n d L . Pas se r in i o b s e r v e d t h a t 
z i n c oxide is pa r t i a l l y miscible w i t h n icke l ox ide , a n d t h a t c a d m i u m ox ide is a lso 
miscible w i t h n ickel ox ide . L . Pas se r in i s h o w e d t h a t d i s p l a c e m e n t of t h e l a t t i c e 
is p ropo r t i ona l t o t h e compos i t i on . J . A . H e d v a l l a n d co-workers s t u d i e d t h e 
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misc ib i l i ty of n icke l ox ides w i t h a n u m b e r of o t h e r ox ides w h e n t h e m i x t u r e of 
ox ides w a s h e a t e d t o 900° w i t h potass ium, ch lor ide as a flux. W i t h m a g n e s i u m 
ox ide , a h o m o g e n e o u s solid soln. is fo rmed wi th in t h e l imi t s 27 t o 90 pe r cen t . 
N i O ; o u t s i d e t h e s e l imi t s , t h e c rys t a l s of t h e solid soln. a r e difficult t o d i s t ingu i sh 
f rom t h o s e of t h e lone ox ides . T h e cub ic c rys ta l s a r e i n t e r m e d i a t e in co lour 
b e t w e e n t h e colours of t h e c o m p o u n d oxides . W i t h zinc ox ide , h e x a g o n a l c rys t a l s 
of t h e solid soln. a r e f o r m e d w h e n t h e z inc is in excess . Poss ib ly a nickel zincate 
is fo rmed wh ich is misc ib le in a n excess of zinc oxide . T h e colours of t h e c ry s t a l s 
of t h e solid soln. a r e n o t s t r i c t l y p r o p o r t i o n a l t o t h e colours of t h e c o m p o u n d 
oxides . E . Mont ign ie s t u d i e d t h e a c t i o n of mercur ic chloride o n t h e ox ide . 
J . A. H e d v a l l obse rved t h a t n icke l ox ide fo rms b lue o c t a h e d r a or o c t a h e d r a l cubes 
of n i c k e l a l u m i n a t e , N i C A l 2 O 3 , w h e n i t is h e a t e d w i th a l u m i n a ; a n excess of 
e i the r c o m p o n e n t c a n be r ead i ly d e t e c t e d microscopica l ly . H . v o n W a r t e n b e r g 
a n d H . J . !Reusch s t u d i e d t h e m . p . of m i x t u r e s of a l u m i n a a n d n ickel oxide ; 
W . Bi l tz a n d co-workers , t h e mo l . vol . ; a n d S. I z a w a , t h e luminescence of t h e 
m i x t u r e s . J . A. H e d v a l l found t h a t n icke l ox ide r eac t s s lowly w i t h s tann ic ox ide , 
be low 1000°, fo rming a smal l p r o p o r t i o n of n i c k e l s t a n n a t e , N i 2 S n O 4 . F . de Carli 
n o t e d t h a t l ead dioxide , a t 250° t o 300° , oxidizes n ickel ox ide t o a h igher oxide . 
W . E . Gruerther, S. Ho lge r s son a n d A. K a r l s s o n , a n d S. Veil s t ud i ed t h e r eac t ion 
w i t h c h r o m i c ox ide , a n d t h e f o r m a t i o n of n ickel c h r o m i t e , N i ( C r 0 2 ) 2 ; a n d 
J . A. H e d v a l l found t h a t solid soln. a r e f o r m e d w i t h n ickel ox ide a n d m a n g a n e s e 
ox ide r a n g i n g from N i O : M n O = I : 5 t o 5 : 1. T h e o c t a h e d r a or o c t a h e d r a l cubes 
a r e ye l lowish-green. Gr. N a t t a a n d L . Pas se r in i , L . Pas se r in i , a n d S. Ho lge r s son 
a n d A. K a r l s s o n sa id t h a t m a n g a n e s e a n d nickel ox ides a r e miscible in all p ro ­
p o r t i o n s , a n d t h a t t h e d i s p l a c e m e n t of t h e l a t t i c e is p r o p o r t i o n a l t o t h e com­
pos i t ion . S. K o g i n s k y a n d E . S h u l t z found t h e ox ide t o be a n a c t i v e c a t a l y s t in 
t h e t h e r m a l d e c o m p o s i t i o n of p o t a s s i u m p e r m a n g a n a t e . K. F . K o r t e , N . K a w a i , 
a n d S. Veil s t ud i ed t h e r e a c t i o n wi th ferric ox ide . S. Veil s t ud i ed t h e m a g n e t i c 
p r o p e r t i e s of n icke l fe r r i te . L . Pas se r in i , Gr. N a t t a a n d TJ. Passe r in i , a n d S. Hol ­
gersson a n d A- K a r l s s o n f o u n d t h a t cobal t ox ide a n d n ickel oxide a r e miscible in 
all p r o p o r t i o n s , a n d t h a t t h e d i s p l a c e m e n t of t h e l a t t i ce is p r o p o r t i o n a l t o t h e 
compos i t i on . J . A. H e d v a l l o b t a i n e d o c t a h e d r a l c r y s t a l s of t h e solid soln. ; a n d 
S. Veil s t u d i e d t h e m a g n e t i z a t i o n of t h e solid soln. 

V. Tafel a n d F . K l e w a t a s t ud i ed t h e r e a c t i o n w i t h cuprous sulphide ; 
2 N i O - h C u 2 S = 2 C u + 2 N i - h S 0 2 — 65-4 CaIs. ; a n d E . D o n a t h , a n d G. P . Schweder , 
t h e r e a c t i o n w i th ferrous su lphide , N i O H - F e S = N i S H - F e O . Acco rd ing t o 
J . Li. C. Z i m m e r m a n n , w h e n nickel ox ide is t r e a t e d w i t h fused p o t a s s i u m h y d r o -
su lphate , t h e r e is p r o d u c e d a d a r k b r o w n s u b s t a n c e w h i c h becomes yel low on 
cool ing a n d fo rms a g r e e n soln. w i t h w a t e r . C. M o n t e m a r t i n i a n d A. Ve rnazza 
s t u d i e d t h e a c t i o n of n icke l ox ide on soln. of c h r o m i c su lphate . 

The preparation of nickelous hydroxide.—Hydrated nickelous oxide, or 
n i c k e l o u s hydrox ide , N i ( O H ) 2 , or s i m p l y nickel hydroxide, was p r e p a r e d b y 
R . T u p p u t i 3 b y t r e a t i n g a soln. of a n icke l sa l t w i th a lka l i lye , or b y h e a t i n g a n 
inso luble n icke l sa l t w i t h a lka l i lye , a n d dissolving o u t t h e a lkal i w i t h boi l ing 
w a t e r . T. A . E d i s o n m a d e i t for t h e n icke l a c c u m u l a t o r , b y a s o m e w h a t s imi lar 
p rocess . L . T e i c h m a n n a d d e d t h a t t r a c e s of t h e p a r e n t sa l t a r e r e t a i n e d b y t h e 
h y d r o x i d e w i t h g r e a t t e n a c i t y , a n d on ly f rom t h e n i t r a t e d id he succeed i n p re ­
p a r i n g a p r o d u c t free f rom ac id . H e r e c o m m e n d e d w a s h i n g t h e p r o d u c t first w i th 
cold w a t e r u n t i l t h e w a s h i n g s n o longer show a n a lka l ine r eac t ion , t h e n wash ing 
w i t h a m m o n i a c a l w a t e r , a n d finally w i t h h o t w a t e r . Accord ing t o J . R o s z k o w s k y , 
t h e m o n o b a s i c a n d po lybas i c o rgan ic ac ids p r e v e n t t h e f o r m a t i o n of t h e h y d r o x i d e s 
on ly i n ac id ic or n e u t r a l so lu t ions ; in a lka l ine so lu t ions , a p r e c i p i t a t e is nea r ly 
a l w a y s o b t a i n e d , a l t h o u g h i t is of ten some t i m e in fo rming . Most of t h e organic 
c o m p o u n d s which p r e v e n t t h e f o r m a t i o n of t h e h y d r o x i d e s belong t o t h e f a t t y 
series, a n d t h e co r r e spond ing a r o m a t i c c o m p o u n d s , w i t h a few excep t ions , a r e 
w i t h o u t influence. These , also, all c o n t a i n t h e h y d r o x y l g r o u p , a n d if t h i s g r o u p 
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is replaced by ano the r monova len t basic or acid g roup , t h e compounds a re formed 
w i thou t influence on t h e format ion of hyd rox ide , excep t in t h e case of t h e a m i d o -
compounds , which form soluble complex sa l ts . T h e hyd rox ide is p roduced when a 
soln. of nickel oxide or hydrox ide in aq . a m m o n i a is h e a t e d wi th po t a sh lye (H. R o s e ) ; 
when nickel amminochlor ide is t r e a t e d wi th alkali lye (H . A. F rasch ) , or boiled 
wi th water (O. L . E r d m a n n ) ; w h e n nickel t e t r a m m i n o n i t r a t e or t e t r a m m i n o -
su lpha te is boiled wi th wa te r (A. L a u r e n t , a n d O. L . E r d m a n n ) ; or w h e n a soln. 
of nickel ca rbona te in a n excess of aq . a m m o n i a is boiled ( J . Pe louze a n d E . F r e m y ) . 
O. L. E r d m a n n ob ta ined t h e hyd rox ide b y t r e a t i n g t h e basic iodide w i th boiling 
alcohol, or boiling alkali lye ; S. E . Moody, b y t r e a t i n g a soln. of nickel su lpha t e 
wi th a mix tu re of po ta s s ium iodide a n d ioda te ; F . Glaser, b y t h e ac t ion of 
hydrogen on h y d r a t e d nickelic oxide ; W . N . Ipateef i , b y exposing O22V-Ni(N0 3 ) 2 , 
or a soln. of nickel a ce t a t e a t 120°, t o h y d r o g e n u n d e r a press , of 1OO a t m . ; a n d 
R. Lorenz , b y using a nickel anode a n d a p l a t i n u m c a t h o d e in a soln. of a n alkal i 
salt . C. A. Pe te r s found t h a t c rys ta l s of t h e h y d r o x i d e are slowly formed when 
a soln. of sodium chloride is al lowed t o s t a n d over m e r c u r y wi th a nickel wire 

connec t ing b o t h l iquids. J . Zedner 
observed t h a t in t h e discharge of a 
nickel a c c u m u l a t o r (q.v.), t h e nickelic 
oxide passes i n to nickelous hyd rox ide . 
M. RolofE a n d H . Wehr l in p r epa red a 
m i x t u r e of nickelous a n d silver hyd rox ides 
b y t h e ac t ion of alkal i lye on a m i x t u r e of 
sal ts of t h e t w o meta l s . R . Saxon ob­
served t h a t t h e hydrox ide is formed in t h e 
electrolysis of wa t e r wi th a nickel oxide . 

H . T. S. Br i t t on , a n d H . T. S. B r i t t o n 
a n d R . A. Rob inson t i t r a t e d electro-
metr ica l ly , a t 18°, 100 c.c. of a 0-025M-
soln. of nickelous chlor ide w i th 0 * 0 9 6 7 J V -
N a O H , a n d t h e resul ts are s u m m a r i z e d 
in F ig . 319. T h e p rec ip i t a t ion of t h e 
hydrox ide began when t h e e.m.f. was 
0-666 vol t , cor responding wi th t h e va lue 
2 ? H ~ 6 - 6 6 , a n d w h e n 0-6 c.c. of t h e soln. 
of sod ium h y d r o x i d e h a d been a d d e d 
—51-7 c.c. of t h e soln. were theore t ica l ly 
requ i red for comple te prec ip i ta t ion . 

H . L e y a n d F . Werne r p r epa red colloidal n icke lous hydroxide b y t h e h y d r o ­
lysis of nickel succinimide ; S. P r a k a s h a n d N . R . D h a r , a n d H . N . H o l m e s s tud ied 
t h e subject . C. P a a l a n d G. Bri injes o b t a i n e d t h e colloid b y t r ea t i ng a soln. of 
t he su lpha te wi th sod ium p r o t a l b i n a t e or lysa lb ina te , a n d dissolving t h e precipi­
t a t e in a dil. soln. of sod ium h y d r o x i d e ; ELalle a n d Co. used t h e fission p r o d u c t s 
of a lbumin ( lysalbinates , p ro t a lb ina t e s , a lkal i a lbumoses , etc.) ; A. V. D u m a n s k y 
a n d B . G. Zaprometof i , m a n n i t o l a n d sod ium t a r t r a t e ; a n d L . H u g o u n e n g a n d 
J . Loiseleur, glycogen as p ro tec t ive colloids. O. F . Tower a n d M. C. Cooke p re ­
pared colloidal soln. b y t w o m e t h o d s : one, b y dia lys ing a solut ion of nickel 
t a r t r a t e in t h e presence of a n a lkal ine solut ion of po ta s s ium t a r t r a t e ; a n d t h e 
other , b y t r ea t ing a 0-liV-soln. of nickel chloride wi th a l i t t le m o r e t h a n t h e 
equiva len t q u a n t i t y of a so lu t ion of po t a s s ium hydrox ide , a l lowing t h e precipi­
t a t e d nickel hydrox ide t o se t t l e , s iphoning oft t h e s u p e r n a t a n t l iquid, a d d i n g 
water , a n d repea t ing t h e process several t imes . O. F . Tower also o b t a i n e d t h e 
colloidal gel by t h e ac t ion of a n alcoholic soln. of iV-KOH on a soln. of nickel a c e t a t e 
* n glycerol. T h e nickel h y d r o x i d e is said t o be pep t ized b y t h e presence of t r aces 
of potass ium chloride. H . K n o c h e s tud ied t h e pep t i za t ion of t h e h y d r o x i d e b y 
alkal i hydroxides in t h e presence of chromic h y d r o x i d e ; N . R . D h a r a n d S. Ghosh , 

30 40 
C.C. NaOH 

FIG. 319. T h e Hllectrometrio T i t r a t i o n 
Curve for HSTickolous H y d r o x i d e . 
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K . C. Sen a n d N . R . D h a r , a n d N . G. Cha t t e r j i a n d N . R . D h a r , b y sucrose , d e x t r o s e , 
lsevulose, ga l ac tose , l ac tose , m a n n o s e , d e x t r i n , s t a r c h , a n d glycerol . K . C. S e n 
a n d N . R . D h a r o b t a i n e d t h e col loidal soln. b y d isso lv ing t h e ox ide i n a m m o n i a . 
T h e gel w a s p r e p a r e d b y H . N . H o l m e s . A . L o t t e r m o s e r a n d F . L a n g e n s c h e i d t 
s t u d i e d t h e freezing of t h e gels ; A. a n d E . L o t t e r m o s e r s t u d i e d t h e age ing of t h e 
h y d r a t e d ox ide ; N . R . D h a r a n d A. C. Cha t t e r j i , t h e f o r m a t i o n of r h y t h m i c r ings ; 
H . T o m i n g a , t h e r a t e of s e d i m e n t a t i o n ; K . C. Sen, t h e a d s o r p t i o n of sa l t s , e t c . 
V. K o h l s c h u t t e r a n d J . L . T u s c h e r p r e p a r e d a n aerosol of nickel oxide b y ox id iz ing 
t h e v a p o u r of t h e m e t a l f rom a n electr ic a r c . 

T h e properties Of n i c k e l h y d r o x i d e . — T h e n icke lous h y d r o x i d e , a n a l y z e d b y 
J . L . P r o u s t , c o r r e s p o n d e d w i t h t h e tetritahydrate, 4 N i ( O H ) 2 . H 2 O , a n d s imi la r ly 
w i t h t h e p r o d u c t , d r i e d a t 100°, a n a l y z e d b y L . Schafmer . R . T u p p u t i sa id t h a t 
t h e h y d r a t e d ox ide u s u a l l y a p p e a r s as app le -g reen v o l u m i n o u s flakes. C. W . St i l l -
well sa id t h a t n icke lous h y d r o x i d e is l a m i n a r a n d a m o r p h o u s , a n d if i t is a s soc ia ted 
w i t h c o b a l t o u s h y d r o x i d e , i t m a k e s t h e l a t t e r m o r e s t ab l e . H . Arnfe l t s t u d i e d 
t h e p a s s a g e f rom t h e a m o r p h o u s s t a t e — X - r a d i o g r a m s first show diffuse b a n d s 
w h i c h g r a d u a l l y s h a r p e n i n t o l ines . T h e X - r a d i o g r a m s of t h e c ry s t a l s were found 
b y G. N a t t a t o c o r r e s p o n d w i t h a r h o m b o h e d r a l l a t t i c e h a v i n g a—3-07 A. , a n d 
c = 4 - 6 1 A. , or a : c = l : 1-50. R . W . Ca i rns a n d E . O t t g a v e « = 3 - 1 1 4 A. , a n d 
c—4-167 A. T h e sp . gr . c a l cu l a t ed b y G. N a t t a is 3-60. V. M. G o l d s c h m i d t a n d 
co -worke r s s t u d i e d t h e sub jec t . 
Gr. N a t t a a n d A. R e i n a found t h a t 
t h e X - r a y s p e c t r a l l ines of s i m u l t a ­
neous ly - p r e c i p i t a t e d n icke l a n d 
c o b a l t h y d r o x i d e s s h o w e d t h a t t h e 
t w o h y d r o x i d e s a r e i s o m o r p h o u s . 
R . S m o l u c h o w s k y s t u d i e d t h e X - r a y 
a b s o r p t i o n edges . 

J . Li. P r o u s t f o u n d t h a t n icke l 
h y d r o x i d e gives off w a t e r w h e n 
h e a t e d , b u t n o t so r ead i ly w h e n t h e 
h y d r o x i d e h a s been boi led w i t h w a t e r . 
A. P e t e r , a n d Gr. F . H u t t i g a n d 
A. P e t e r found t h a t w i t h s a m p l e s of 
h y d r a t e d n icke lous ox ide , p r e p a r e d in different w a y s , A a n d B, F i g . 320 , t h e 
d e h y d r a t i o n t e m p , a t 10 m m . press , is 230° , b u t t o r e m o v e t h e l a s t t r a c e s of w a t e r a t 
t h a t p ress , r equ i r e s a t e m p , of a b o u t 360° ; t h u s w a t e r p r o b a b l y e n t e r s t h e l a t t i ce 
of n icke lous ox ide in t e r s t i t i a l ly . T h e r e a c t i o n NiO.H2Oc r y st .=

:= :NiOc ry8t , .- |--H20 
is i r revers ib le , so t h a t if t h e m o n o h y d r a t e h a s a t e m p , r a n g e of ex i s tence , i t is 
v e r y smal l . 

O. F . T o w e r exposed s a m p l e s of n icke lous h y d r o x i d e , p r e p a r e d f rom h o t a n d 
cold soln. in a t m . w i t h a defini te h u m i d i t y u n t i l equ i l i b r i um was es tab l i shed , a t 20° , 
a n d found , a f te r 2 t o 3 w e e k s ' e x p o s u r e , t h e following weigh t s : 

P r e s s . a q . v a p o u r 
W e i g h t ^ • 

T h e t w o s a m p l e s b e h a v e d s imi la r ly e x c e p t t h a t t h e s a m p l e o b t a i n e d f rom a cold 
soln. w a s r a t h e r m o r e hygroscop ic t h a n t h a t d e r i v e d f rom a h o t soln. T h e com­
pos i t i on of b o t h s a m p l e s i n t h e d r i e d s t a t e c o r r e s p o n d e d closely w i th N i ( O H ) 2 , a n d 
n o t t o N i O or t o a n y i n t e r m e d i a t e h y d r a t e of n icke lous ox ide . Accord ing t o 
J . T h o m s e n , t h e h e a t of f o r m a t i o n of n icke l ox ide is (N i ,O ,H 2 O) = 60-84 CaIs. ; 
F . G i o r d a n i a n d E . M a t t i a s , 62-68 CaIs., a n d for t h e h e a t of h y d r a t i o n , 8 19 CaIs. ; 
J . T h o m s e n g a v e for t h e h e a t of n e u t r a l i z a t i o n ( N i ( O H ) 2 , 2 H C l a q . } , 22-58 CaIs., 
a n d w i t h S 0 3 a q . , 26-11 CaIs. M. B e r t h e l o t g a v e 11-265 CaIs. for t h e h e a t of 
n e u t r a l i z a t i o n of ^ N i ( O H ) 2 w i t h n i t r i c ac id , a n d 13-055 CaIs. w i th £ H 2 S 0 4 a q . 

V O L . x v . 2 o 

V - J B ... 1 ...J 
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I J [ [ ] .T-b-r-B 1 
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D e h y d r a t i o n C u r v e s of H y d r a t e d 
N i c k e l o u s O x i d e s . 

O r i g i n a l 
2 - 3 9 2 
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2 - 3 2 2 1 
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2 - 1 8 9 5 
2 1 2 5 1 

O-15 
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2 - 1 8 4 5 g r m s 
2 - 1 2 0 9 



3 8 6 I N O R G A N I C A N D T H E O R E T I C A L , C H E M I S T R Y 

F . G io rdan i a n d E . M a t t i a s gave 20-652 CaIs. for 2-632V-HCl w i t h N i ( O H ) 2 a t 20° , 
a n d w i t h 5-522V H 2 S O 4 , 22-165 CaIs. a t 28° . E . P e t e r s e n g a v e 13-835 CaIs. for 
t h e h e a t of neu t r a l i za t i on of ^ N i ( O H ) 2 w i t h hydrof luor ic ac id ; a n d O. Mule r t , 
28-01 CaIs. Accord ing t o J . T h o m s e n , t h e h e a t of o x i d a t i o n ( 2 N i ( O H ) 2 , 0 , H 2 O ) is 
—1-3 CaIs. ; a n d t h e h e a t of t h e r eac t i on w i t h h y d r o g e n su lph ide ( N i ( O H ) 2 , H 2 S aq .} 
is 18-630 CaIs. W . D . T r e a d well ca l cu la t ed t h e h e a t of f o r m a t i o n ( N i , £ 0 2 ) 
= 61 CaIs. f rom t h e e.m.f., 0-855 vo l t , of t h e cell N i , N i O (e lec t ro ly te of fused b o r a x 
or glass) O 2 , Ag a t 800° t o 1193°. 

R . JRobl observed n o luminescence in u l t r a -v io l e t l igh t . H . T . S. B r i t t o n g a v e 
for t h e solubi l i ty p r o d u c t [Ni**][OH'] 2 =8-7 X 1 0 ~ i e . S. L a b e n d z i n s k y , a n d 
R . Abegg a n d S. L a b e n d z i n s k y f o u n d t h e e.m.f. of cells w i t h solid n icke lous 
h y d r o x i d e in a soln. of n icke l n i t r a t e a g a i n s t a ca lomel e lec t rode t o be 0-182 t o 
0-266 vol t . S. Veil obse rved t h a t t h e mol . coefE. of m a g n e t i z a t i o n r ises w h e n t h e 
p r e c i p i t a t e d h y d r o x i d e is r e p e a t e d l y d isso lved a n d r e -p r ec ip i t a t ed u n t i l i t a t t a i n s 
a m a x i m u m va lue , a n d t h a t v a l u e is a g a i n inc reased w h e n t h e h y d r o x i d e is 
i m m e r s e d in h y d r o g e n d iox ide . 

R . T u p p u t i found t h a t n ickel h y d r o x i d e is a l m o s t w i t h o u t t a s t e , a n d t h a t i t is 
s l ight ly soluble in w a t e r . R . W . Cai rns a n d E . O t t obse rved n o ev idence of t h e 
fo rma t ion of h y d r a t e s of N i ( O H ) 2 . G. A l m k v i s t f ound t h a t o r d i n a r y dis t i l led 
w a t e r dissolves 12-7 m g r m s . pe r l i t re a t 20°. Accord ing t o W . P . J o r i s s e n a n d 
C. v a n den Pol , a n d N . N . M i t t r a a n d N . R . D h a r , in i n d u c e d r eac t ions i n v o l v i n g 
t h e ox ida t i on in a i r of n icke lous , fer rous , c o b a l t o u s , ce rous , a n d m a n g a n o u s 
h y d r o x i d e s as s econda ry r eac t ions , t h a t of s o d i u m s u l p h i t e is t h e p r i m a r y r eac t i on . 
A. Mailfert found t h a t t h e h y d r o x i d e is easi ly t r a n s f o r m e d b y ozone i n t o nickel ic 
oxide . T . B a y ley sa id t h a t t h e h y d r o x i d e is n o t c h a n g e d b y h y d r o g e n d iox ide , 
b u t C. F . Schonbe in obse rved t h a t t h e r e is s lowly fo rmed a pa le r co loured ox ide 
which n o longer decomposes t h e h y d r o g e n d iox ide , b u t i t l i be ra t e s iod ine f rom a 
soln. of p o t a s s i u m iod ide , a n d is poss ib ly i den t i ca l w i t h t h e p r o d u c t o b t a i n e d b y 
t h e ac t i on of nickel m o n o x i d e on h y d r o g e n d iox ide . Nicke l h y d r o x i d e is n o t 
oxidized in a lka l ine soln. b y h y d r o g e n d iox ide , n o r is i t oxid ized b y s o d i u m d iox ide . 
A . Qua r t a ro l i , a n d S. Veil s t u d i e d t h e decompos i t i on of h y d r o g e n d iox ide b y 
nickel h y d r o x i d e . 

H . v o n H e l m o l t obse rved t h a t w i t h ho t , n e u t r a l soln. of a m m o n i u m fluoride, a 
complex sal t , ( N H 4 ) 2 N i F 4 . 2 H 2 0 , is fo rmed . O. Ruff a n d W . Menzel found t h a t 
fluorine m o n o x i d e s lowly oxidizes n icke l h y d r o x i d e s u s p e n d e d in w a t e r , t o fo rm a 
pe rox ide . T h e r eac t i on w a s s tud i ed b y F . F o r s t e r , a n d F . H a b e r a n d F . B r a n . 
Nicke l ox ide is oxid ized in a lka l ine soln. b y chlor ine or b r o m i n e , b u t n o t b y 
iodine ; i t is also oxid ized b y s o d i u m h y p o c h l o r i t e , or b l each ing p o w d e r , a n d t h e 
r eac t ions were s t u d i e d b y A . J . B a l a r d , R . B o t t g e r , A . C a r n o t , H . D e r n a r c a y , 
R . F ischer , J . L . Las sa igne , J . L . P r o u s t , R . W . Ca i rns a n d E . O t t , M. Ie B l a n c 
a n d E . Mobius , a n d G. Sch rode r . E . H a y e k s t u d i e d t h e so lubi l i ty of t h e h y d r o x i d e 
in soln. of i t s own sa l t s . 

T h e h y d r o x i d e dissolves r ead i ly in ac ids fo rming n icke lous sa l t s . C. W i c k e 
r e p o r t e d t h a t t h e h y d r o x i d e w h i c h h a s a s l igh t ly a lka l ine r eac t i on becomes b r o w n 
a n d t h e n b lack on e x p o s u r e t o a i r c o n t a i n i n g su lph ide owing t o t h e f o r m a t i o n of 
nickelic ox ide , which is s u b s e q u e n t l y r e d u c e d t o n icke lous ox ide b y a n excess of 
s u l p h u r d iox ide . F . H a b e r a n d F . B r a n , a n d W . R e i n d e r s a n d S. I . Vies s t u d i e d 
t h e ox ida t ion of s o d i u m su lph i t e i n t h e p resence of n ickel h y d r o x i d e . 

G. Gore obse rved t h a t n icke l h y d r o x i d e is inso luble i n l iqu id a m m o n i a . 
R . T u p p u t i found t h e h y d r o x i d e r a p i d l y dissolves i n a q . a m m o n i a , fo rming 
a soln. which , a s i n d i c a t e d a b o v e , w a s f o u n d b y J . Schlossberger , t o dissolve 
silk b u t n o t c o t t o n . W . BonsdorfE found t h a t a t 25° t h e so lubi l i ty of t h e 
oxide is : 

N H 8 . . . . 0-6022V- 2 - lOlZV- 3-9ZV - 4 -91IZV-
N i ( g r m . p e r l i t r e ) . . O -158 0 - 8 3 5 1-780 2 - 5 8 0 
N T i ( O H ) 2 ( e q u i v a l e n t s ) . O 0 0 5 4 00284 0-0607 0-0879 
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G . S t a r k o b t a i n e d w i t h N- a n d 2 i V - N H 4 O H , t h e r e s p e c t i v e c o n c e n t r a t i o n s 
0 0 1 4 2 V - N i , a n d 0 0 3 6 2 V - N i . A c c o r d i n g t o W . B o n s d o r f t ' , t h e s o l u b i l i t i e s h e r e 
i n d i c a t e d a r e p r o b a b l y t o o l o w . D . P . K o n o w a l o f T , a n d H . M . D a w s o n a n d 
J . M c C r a e f o u n d t h a t i n a m m o n i a c a l s o l n . of n i c k e l s a l t s , p r o b a b l y 4 N H 3 , a r e 
a s s o c i a t e d w i t h e a c h a t o m of n i c k e l . W . B o n s d o r f F s d a t a a g r e e w i t h t h e a s s u m p ­
t i o n t h a t a c o m p l e x [ N i ( N H 3 ) 4 ( O H ) j n i s f o r m e d . W . B o n s d o r f E g a v e f o r t h e 
e l e c t r i c a l c o n d u c t i v i t y , K X 1 0 4 , o f a m m o n i a c a l s o l n . of n i c k e l h y d r o x i d e : 

3STH8 . . . . 0545N- N- 3AT- 5iV- 7N- 102V-
( N o n o . . 7-O 8-9 10-9 1 O l 8-1 1-4 

N i ( O H ) 2 0 0 5 0 5 eq . 12-7 14-7 16-O 14-7 12 6 9-6 
(OOIOI eq . . 22-7 23-O 20-8 — — 

W . B o n s d o r f E o b t a i n e d i r r e g u l a r r e s u l t s i n a t t e m p t i n g t o o b t a i n t h e e .m.f . of 
c o n c e n t r a t i o n c e l l s c o n t a i n i n g n i c k e l h y d r o x i d e d i s s o l v e d i n a q . a m m o n i a . S . V e i l 
s t u d i e d t h e m a g n e t i c p r o p e r t i e s of t h e s o l n . F . a n d E . R o g e r s f o u n d t h a t w h i l e 
n i c k e l o u s h y d r o x i d e d i s s o l v e s s l o w l y i n a q . a m m o n i a , o r i n a s o l n . o f a m m o n i u m 
c a r b o n a t e , i t r e a d i l y d i s s o l v e s w h e n a m m o n i u m s a l t s a r e p r e s e n t ; t h e h y d r o x i d e 
i s a l s o s o l u b l e i n s o l n . o f a m m o n i u m s a l t s — e . g . , i n b o i l i n g s o l n . of a m m o n i u m 
c h l o r i d e . C. R e i c h a r d s t u d i e d t h e a d s o r p t i o n o f a r s e n i o u s a c i d b y t h e h y d r o x i d e . 
C. A . W u r t z f o u n d t h a t t h e h y d r o x i d e i s i n s o l u b l e i n m e t h y l a m i n e , a n d i n a m y l -
a m i n e ; W . T r a u b e a n d B . L o w e , t h a t i t f o r m s w i t h e t h y l e n e d i a m i n e a c o m p l e x 
s a l t , N i ( O H ) 2 . 3 C 2 H 8 N 2 . 8 H 2 0 ; J . C . D u f f a n d E . J . B i l l s , a COm1)IeX s a l t , 
3 N i ( O H ) 2 . N ( C H 2 O H ) 4 , w i t h h e x a m e t h y l e n e t e t r a m i n e ; a n d Gr. T . M o r g a n a n d 
F . H . B u r s t a l , p r o b a b l y a c o m p l e x [ N i ( C ] 0 H 8 N 2 ) 3 j ( O H ) 2 , w i t h t r i s - c u x ' - d i p y r i d y l . 
O . F . W i e d e a n d K . H o f m a n n o b t a i n e d r e d c r y s t a l s of n i c k e l a r n m i n o t h i o c a r b o n a t e , 
N i ( N H 3 ) 3 C S 3 , b y t h e a c t i o n o f a m i x t u r e of a m m o n i a a n d c a r b o n d i s u l p h i d e o n t h e 
h e a t e d h y d r o x i d e . F . a n d E . R o g e r s o b s e r v e d t h a t n i c k e l h y d r o x i d e d i s s o l v e s i n 
a s o l n . of p o t a s s i u m c y a n i d e . P . N . R a i k o w s t u d i e d t h e a c t i o n of c a r b o n d i o x i d e 
h y d r o x i d e . O . F . T o w e r a n d M . C. C o o k e o b s e r v e d t h a t g l y c e r o l d o e s n o t p r e v e n t 
t h e p r e c i p i t a t i o n o f n i c k e l h y d r o x i d e f r o m a q . s o l n . , b u t J . S p i l l e r f o u n d t h a t t h e 
h y d r o x i d e i s n o t p r e c i p i t a t e d i n t h e p r e s e n c e o f s o d i u m c i t r a t e ; a n d H . R o s e , 
t h a t i t i s n o t p r e c i p i t a t e d i n t h e p r e s e n c e o f a n u m b e r of n o n - v o l a t i l e o r g a n i c 
s u b s t a n c e s — e . g . , t a r t a r i c a c i d — v i d e supra, c o l l o i d a l n i c k e l h y d r o x i d e . T*. S i n g h 
d i s c u s s e d t h e u s e o f n i c k e l h y d r o x i d e i n t h e e s t i m a t i o n of t a n n i n . T h e a c t i o n of 
s i l i c a o n n i c k e l o x i d e w a s s t u d i e d b y J . A . H e d v a l l a n d G . S c h i l l e r . 

F . a n d E . R o g e r s , a n d A . B . d e S c h u l t e n f o u n d n i c k e l h y d r o x i d e t o b e i n s o l u b l e 
i n c o n e . s o l n . of p o t a s s i u m o r s o d i u m h y d r o x i d e . I J . S . L e v y , M . G e l o s o a n d 
L . S . L e v y , a n d E . T o p o r e s c u o b s e r v e d t h a t w h e n f e r r i c h y d r o x i d e i s p r e c i p i t a t e d 
i n t h e p r e s e n c e of n i c k e l s a l t s , s o m e n i c k e l h y d r o x i d e i s a d s o r b e d , a n d R . F . K o r t e 
n o t e d t h a t o v e r 1 4 p e r c e n t , o f n i c k e l c a n b e s o a d s o r b e d t o f o r m a s o l i d s o l n . 
G . N a t t a a n d L . P a s s e r i n i o b s e r v e d t h a t n i c k e l h y d r o x i d e f o r m s a c o m p l e t e s e r i e s 
o f s o l i d s o l n . w i t h m a g n e s i u m a n d c o b a l t h y d r o x i d e s ; a p a r t i a l s e r i e s w i t h z i n c 
h y d r o x i d e , a n d n o s o l i d s o l n . w i t h c a l c i u m h y d r o x i d e . 

R E F E R E N C E S . 

i P . Saba t i e r a n d L. Espi l , Compt. Rend., 158. 668, 1914 ; 159. 137, 1914 ; E . Berger , ib., 
168. 1798, 1914 ; 174. 1341, 1922 ; L. A. Tschugaeff a n d V. G. Tschlopin, ib., 159. 62 , 1914 ; 
Gr. Bar te l s , Ueber die Beduktion der Nickeloxyde durch Wasserstoff und deren Anwendung zur 
Fethartung, F re ibu rg , 1 9 1 5 ; C. T u b a n d t a n d W. Riedel , Zeit. anorg. Chem., 72. 219, 1 9 1 1 ; 
F . Glaser, ib., 86. 18, 1903 ; C. Kroge r , ib., 205. 369, 1932 ; L . Wohler a n d O. BaIz, Zeit. EUk-
trochem., 27. 406, 1921 ; T. Bedford a n d E . E r d m a n n , Journ. Prakt. Chem., (2), 87. 425 , 1913 ; 
R. T u p p u t i , Ann. Chirn. Phys., (2), 79. 153, 1841 ; I . L. Bell, Chem. News, 28. 258, 267, 1871 ; 
T. Moore, ib., 71. 81 , 1895 ; W. Muller, Pogg. Ann., 136. 59, 1869 ; I . Bellucci a n d R. M. Corelli, 
AUi Accad. Lincei, (5), 22. i, 603, 703, 1913 ; P . D . Merica a n d R. G. Wal t enbe rg , Tech. Paper 
Bur. Standards, 281 , 1925 ; G. R . Lev i a n d G. Tacchini , Gazz. Chim. IUd., 55. 28, 1925. 

8 F . Allison a n d E . J . Murphy , Journ. Amer. Chem. Soc., 52. 3796, 1930 ; J . Aloy a n d 
C. R a b a u t , Bull. Soc. Chim., (4), 19. 44, 1916 ; T. Andrews , Brit. Pat. No. 392600, 1933 ; 
J . A. Arfvedson, Pogg. Ann., 1. 65 , 1824 ; H . Arnfel t , Arkiv Mat. Astron. Fys., 28. B , 2, 1932 ; 
G. H . Bai ley a n d W. B . H o p k i n s , Journ. Chem. Soc, 57. 269, 1 8 9 0 ; H . Baub igny , Compt. 



388 INORGANIC AND THEORETICAL, CHEMISTRY 

Rend., 47. 845, 1858 ; 87. 1082, 1878 ; 141. 1232, 1905 ; 142. 154, 1906 ; Chem. News, 48. 232, 
1883 ; W . Baukloh and R . Durrer , Zeit. anorg. Chem., 222. 189, 1935 ; H . H . von Baumbach 
a n d C. Wagner , Zeit. phys. Chem., 24. B , 59, 1934; G. Beck, Zeit. anorg. Chem., 182. 332, 1929 ; 
F . Bedford and E. E r d m a n n , Joum. Buss. Phys. Chem. Soc., 45. 616, 1913 ; Brit. Pat. No. 
29612, 1910 ; 18122, 1914 ; Joum. prakt. Chem., (2), 87. 245, 1913 ; F . Beijerinck, Ueber 
das Leitungsvermogen der Mineralien Elektrizitdt Stuttgart, 1897 ; Neues-Jahrb. Min. JB.JB., 
11. 448, 1897 ; I. L . Bell, Chem. News, 28. 258, 267, 1871 ; L. Bel laden a n d A. Sommar iva , 
Oazz. Chim. Ital., 58. 443, 1928 ; O. G. Benne t t , R. W. Cairns a n d E . Ot t , Journ. Amer. Chem. 
Soc., 58. 1179, 1931 ; A. F . Ben ton a n d P . H . E m m e t t , ib., 48. 273O, 1924 ; C. Bergemann , Ber. 
Niederrhein. Ges. Bonn, 11 , 1859 ; Joum. prakt. Chem., (1), 75. 243, 1858 ; E . Berger , Compt. 
Bend., 158. 1798, 1 9 1 4 ; 174. 1341, 1 9 2 2 ; M. Ber the lo t , ib., 90. 1511, 1 8 8 0 ; 91. 17, 1 8 8 0 ; 
Tharmochimie, Par i s , 2. 301 , 1897 ; P . Ber th ier , Ann. Mines, (1), 4 . 467, 1819 ; . 4«» . Chim. 
Phys., (2), 13. 52, 1820 ; (2), 88. 49, 1826 ; Phil. Mag., 56. 295, 182O ; Schweigger's Journ., 28. 
148, 1820 ; 48. 262, 1826 ; Quart. Joum. Science, 22. 395, 1827 ; J . J . Berzelius, Schweigger's 
Journ., 32. 156, 1821 ; S. S. B h a t n a g a r a n d G. S. BaI, Journ. Indian Chem. Soc, 11. 603, 1934 ; 
H. S. B h a t n a g a r a n d S. L. Bl ia t ia , Joum. Chim. Phys., 23. 515, 1926 ; "W. Bil tz , Zeit. anorg. 
Chem., 193. 321 , 1930 ; W. Biltz, A. Lemke a n d K. Meisel, ib., 186. 373, 1930 ; W. Bil tz a n d 
H . Muller, ib., 163. 288, 1927 ; M. Ie Blanc a n d H . Sachse, ib., 168. 15, 1927 ; Ber. Sachs. Ges. 
Wiss., 82. 153, 1133, 1930 ; Phys. Zeit., 82. 887, 1931 ; Zeit. Elektrochem., 32. 58, 204, 1 9 2 6 ; 
H . Bodenbender , Journ. Pharm. Chim., (4), 4 . 313, 1866 ; B . Bogi tch, Bev. MU., 25. 247, 1928 ; 
M. C. Boswell and C. H . Bayley, Joum. Phys. Chem., 29. 11 , 1925 ; O. Boudouard , Compt. 
Rend., 128. 307, 822, 1522, 1899 ; W. L. Bragg a n d J . A. Darbysh i re , Trans. Faraday Soc, 28. 
522, 1932 ; P . M. Bravo , Anal. Pis. Quim., 24. 116, 1926 ; J . B r e n t a n o , Proc Phys. Soc, 87. 
184, 1925 ; Phil. Mag., (7), 8. 413, 1927 ; G. Brun i and A. Fe r ra r i , Zeit. phys. Chem., 180. 488, 
1927 ; R. Bunsen, Liebig's Ann., 138. 257, 1866 ; C. H . Burgess a n d A. Hol t , Proc. Chem. Soc, 
19. 221, 1903 ; Trans. Cer. Soc, 5. 163, 1906 ; G. K. Burgess a n d P . !D. Foo te , Phys. Zeit., 15. 
721, 1914 ; R. W. Cairns a n d E . Ot t , Joum. Amer. Chem. Soc, 55. 527, 1 9 3 3 ; F . de Carli , 
Gazz. Chim. Ital., 56. 55, 1926 ; M. Centnerszwer and H . Zyskowicz, Zeit. anorg. Chem., 206. 
252, 1932 ; G. Charpy , Compt. Bend., 148. 560, 1909; G. Chaudron , Ann. Chim. Phys., (9), 16. 
244, 1921 ; J . Clarens, Bull. Soc. Chim., (4), 33 . 282, 1923 ; G. L. Clark, W. C. Ashbury a n d 
R. M. Wick, Joum. Amer. Chem. Soc, 47. 2661, 1925 ; A. Coehn a n d M. Glaser, Zeit. anorg. 
Chem., 83 . 15, 1902 ; R. v o n Dal lwitz-Wegner , Zeit. Elektrochem., 87. 27, 1931 ; J . D. D a n a , 
System of Mineralogy, New York , 134, 1868 ; J . A. Darbyshi re , Trans. Faraday Soc, 27. 675, 
1 9 3 1 ; W. P . Davey , Phys. Bev., (2), 15. 333, 1 9 2 0 ; (2), 17. 402, 1 9 2 1 ; W. P . D a v e y a n d 
E . D. Hoffman, ib., (2), 15. 333, 1920 ; H . Debray , Compt. Bend., 52. 985, 1861 ; H . D e m a r c a y , 
Liebig's Ann., 11 . 240, 1 8 3 4 ; C M . Despretz , Ann. Chim. Phys., (2), 43. 222, 1830; E . D o n a t h , 
Dingier"s Journ., 236. 327, 1880 ; W. L. Dudley , Joum. Amer. Chem. Soc, 18. 901 , 1896 ; 
H . Dunwald and C. Wagner , Zeit. phys. Chem., 24. B , 53, 1934 ; P . L. Dulong, Compt. Bend., 7 . 
861, 1838 ; J . J . Ebelmen, Joum. prakt. Chem., (1), 43. 472, 1848 ; (1), 54. 143, 1851 ; (1), 55. 
342, 1 8 5 2 ; Edin. Phil. Journ., (2), 44. 311, 1 8 4 8 ; (2), 52. 324, 1 8 5 2 ; Ann. Chim. Phys., (3), 
38. 34, 1851 ; Compt. Bend., 33. 526, 1851 ; Ann. Mines, (5), 4 . 185, 1853 ; L. Eisner , Die 
chemisch-technischem Mittheilungen, Berlin, 36, 1858 ; P . H . E m m e t t , Trans. Amer. Electrochem. 
Soc, 5 1 . 208, 1927 ; C. J . Engelder a n d L . E . Miller, Joum. Phys. Chem., 36. 1345, 1932 ; 
O. L. E r d m a n n , Joum. Prakt. Chem., (1), 7. 249, 1 8 3 6 ; (1), 97. 395, 1 8 6 6 ; O. L. E r d m a n n 
and R. F . Marchand , ib., (1), 55. 202, 1852 ; Liebig's Ann., 82. 76, 1852 ; W. L. F a i t h a n d 
D. B . Keyes , Joum. Ind. Eng. Chem., 28. 1250, 1931 ; M. Ferr ieres a n d E . D u p o n t , in 
L. Bourgeois, Reproduction artificielle des mindraux, Par i s , 5 1 , 1884 ; G. I . F inch a n d J . C. St imson, 
Proc Boy. Soc, 132. A, 192, 1931 ; K . Fischbeck, Zeit. Elektrochem., 39. 316, 1933 ; W. Florence, 
Neues Jahrb. Min., ii, 133, 1898 ; H . W. Foo te a n d E . K. Smi th , Journ. Amer. Chem. Soc, 30. 
1344, 1908 ; L. F ranck , Chem. Ztg., 22. 236, 1898 ; A. Frenzel , Mineralogisches Lexicon fur des 
Konigreich Sachsen, Leipzig, 217, 1874 ; G. Gallo, Ann. Chim. Applicata, 17. 535, 1927 ; 
J . Gamier , Compt. Bend., 124. 1447, 1897 ; B . Garre , MetallErz, 24. 230, 1917 ; J . L. Gay Lusaac 
and L . J. Thena rd , Becherches physico chimiques, Pa r i s , 1. 258, 273, 1811 ; C. Geitner , Liebig,s 
Ann., 189. 354, 1866 ; F . A. Gen th , ib., 53. 189, 1845 ; Pogg. Ann., 74. 439, 1848 ; F . Giordiania 
a n d E . Mat t ias , Bend. Accad. Napoli, (4), 86. 172, 1929 ; F . Glaser, Zeit. anorg. Chem., 86. 18, 
1903 ; F . Gobel, Joum. prakt. Chem., (1), 6. 386, 1835 ; R. Goldschmidt , Bull. Soc. Chim. BeIg., 
22. 317, 1908; V. M. Goldschmidt , Shrift. Norske Vid. Akad. Oslo, 2, 1926; V. M. Goldschmidt , 
T. B a r t h a n d G. Lunde , ib., 7, 1925 ; G. Gore, Proc Boy. Soc, 20. 441 , 1872 ; 21. 140, 1873 ; 
H . Grandeau , Ann. Chim. Phys., (6), 8. 216, 1886; Compt. Bend., 95 . 921 , 1882; K . G r a s s m a n n 
a n d E . J . Koh lmeyer , Zeit. anorg. Chem., 222. 257, 1935 ; P . G r o t h , Tabellarische Uebersicht 
der Mineralien, Braunschweig, 45, 1 8 9 8 ; Chemische Krystallographie, Leipzig, 1. 70, 1906 ; 
W. E . Guer ther , German Pat., D.B.P. 182200, 1907 ; L. Hackspi l l a n d R . G r a n d a d a m , Compt. 
Rend., 180. 930, 1925 ; J . Hagenacker , Ueber die Dissoziationsspannung einiger Metalloxyde, 
Weida i. Th. , 1909 ; O. H a h n a n d O. Muller, Zeit. Elektrochem., 29. 189, 1923 ; S. Hause r , 
Ueber Reduktion einiger Metalloxyde durch Gase, S t rassburg . i. E . , 1907 ; J . A. Hedva l l , Zeit. 
anorg. Chem., 92. 381 , 1915 ; 108. 249, 1918 ; 120. 327, 1922 ; Ueber Reaktionsprodukte von 
Kobaltoxyden mit anderen Metalloxyden bei hohen Temperaturen, Upsa la , 1915 ; Arkiv Kent. 
Min. Geol., 6. 16, 1914 ; J . A. Hedva l l , E . Carping, N . L indekran tz a n d L. Nelson, Zeit. anorg. 
Chem., 197. 399, 1931 ; J . A. Hedva l l a n d J . Heuberger , ib., 140. 243, 1924 ; J . A. Hedva l l 
a n d N . v o n Zweigbergk, ib., 108. 119, 1919 ; S. B . Hendr icks , M. E . Jefferson a n d J . F . Shul tz , 



JNTICKEI, 389 

Zeit. Krist., 78. 376, 1930 ; F . R. Hensel and J . A. Scot t , Trans. Atner. Inst. Min. Eng., 102. 
287, 1932 ; S. Holgersson, Zeit. anorg. Chem., 204. 382, 1932 ; S. Holgersson a n d A. KLarlsson, 
ib., 182. 255, 1929 ; H . Holl ings a n d R. H . Griffith, Nature, 129. 834, 1932 ; E . J . H o u s t o n , 
Joum. Franklin Inst., 62. 115, 1871 ; Bull. Soc CMm., (2), 16. 228, 1871 ; Chem. News, 24. 
177, 188, 1871 ; H . G. Howel l and G. D . Roches te r , Proc Durham Phil. Soc, 9 . 126, 1934; 
W. Ipateeff, Joum. prakt. Chem., (2), 77. 513, 1908 ; Joum. Iiuss. Phys. Chem. Soc, 38. 75 , 
1906 ; 89. 693, 1907 ; 40. 1, 1908 ; M. I sh ino and K. Koj ima , Mem. Coll. Kyoto, 15. 293, 1932 ; 
S. I zawa , Joum. Japan. Soc. Chem. Ind., 86. 43 , 1933 ; S. J a h n , Zeit. anorg. Chem., 60- 323, 
1908 ; R . B . J a m e s , Phys. Rev., (2), 48. 78, 1935; W. J a n d e r and H. Senf, ib., 210. 316, 1 9 3 3 ; 
217. 48, 1933 ; F . J en tz sch , Ann. Physik, (4), 27. 129, 1908 ; M. Kahanowicz , AtU Accad. Lincei, 
(G), 80. ii, 132, 1921 ; A. K a p u s t i n s k y and L. Schamonsky , Zeit. anorg. Chem., 216. 10, 1 9 3 3 ; 
A. K a r l , Compt. Rend., 146. 1104, 1908 ; N. K a w a i , Joum. Japan. Soc. Chem. Ind., 34. 174, 
B . 1934 ; M. H . KIap ro th , Beitrage zur chemischen Kenntniss der Mineralkorper, Berlin, 5. 231 , 
1 8 1 0 ; Schrift Oes. Nat. Freunde Berlin, 8. 444, 1 7 8 7 ; W. K l e m m and K. Mass, Zeit. anorg. 
Chem., 219. 82, 1934 ; W. K l e m m a n d W. Schu th , ib., 210. 33 , 1933 ; V. Kohlchi i t tor a n d 
J . L. Tiischer, Zeit. Elektrochem., 27. 225, 1921 ; R . F . K o r t e , Proc. Chem. Soc, 2 1 . 229, 1905 ; 
Joum. Chem. Soc, 87. 1514, 1905 ; G. Kroger , Zeit. anorg. Chem., 205. 369, 1932 ; C. J . K s a n d a , 
Amer. Joum. Science, (5), 22. 131, 1931 ; A. K u n d t , Sitzber. Akad. Berlin, 255. 1387, 1888 ; 
A. Kutze ln igg , Ber., 68. B , 1753, 1930 ; J . L. Lassaigne, Journ. Pharm. CMm., (2), 9. 48, 1823 ; 
Ann. CMm. Phys., (2), 2 1 . 255, 1822 ; Schweiggers Joum., 39. 381 , 1823 ; Quart. Journ. Science, 
16. 104, 1823 ; A. L a u r e n t , Ann. CMm. Phys., (2), 65. 425, 1837 ; (3), 36. 353, 1852 ; C. Lepierre 
a n d M. L a c h a u d , Bull. Soc CMm., (3), 7. 600, 1892 ; Compt. Rend., 115. 115, 1892 ; G. R. Levi 
a n d G. Tacchini , Gazz. CMm. Ital., 55. 28, 1925 ; J . von Lie big a n d F . Wohler , Pogg. Ann., 2 1 . 
584, 1851 ; C. M. Loane , Journ. Phys. Chem., 37. 615, 1933 ; G. L u n d e , Zeit. anorg. Chem., 
163. 352, 1 9 2 7 ; 169. 405, 1 9 2 8 ; A. Mailfert, Compt. Rend., 94. 860, 1186, 1 8 8 2 ; G. Masing 
a n d L. K o c h , Wiss. Veroff. Siemens-Konzem, 5. 17O, 1926 ; A. Matagr in , Rev. CMm. Ind., 4 1 . 
311 , 341 , 1932 ; W. Meigen a n d G. Bar te ls , Joum. prakt. Chem., (2), 89. 290, 1914 ; P . 1). Merica 
a n d R. G. WaI ten berg, Tech. Paper Bur. Standards, 281 , 1925 ; W. Meyer, Zeit. Physik, 85 . 
278, 1933 ; J . Milbauer, Zeit. anorg. Chem., 42. 447, 1904 ; W. G. Mixter , Amer. Journ. Science, 
(4), 30. 193, 1910 ; H . Moissan, Ann. CMm. Phys., (5), 21. 199, 386, 1880 ; Compt. Rend., 115. 
1034, 1892 ; L. Mond and C. Langer , Chem. Trade Joum., 6. 412, 1890 ; Chem. News, 62. 97, 
1890 ; C. Montemar t in i a n d A. Vernazza, Boll. Staz. Specim. Ind. Belli, 9. 276, 1931 ; 
E . Montignie, Bull. Soc. CMm., (5), 1. 697, 699, 1934 ; D. Miiller, Beitrage zur anorganischen 
Thcrmochemic mit der Kalorimetrischen Bombe, Braunschweig , 37, 1929 ; W. Miiller, Pogg. 
Ann., 136. 51 , 1869 ; G. N a t t a , Ann. CMm. Appl., 18. 135, 1928 ; Atti Accad. Lincei, (6), 2. 
495, 1925 ; G. N a t t a a n d L. Passer ini , Gazz. CMm. Ital., 58. 597, 1928 ; 59 . 129, 144, 1929 ; Atti 
Congr. Naz. CMm., 3 . 365, 1929 ; J . E . N y r o p , Phys. Rev., (2), 39. 967, 1932 ; JN. P a r r a v a n o 
a n d G. Malquor i , Gazz. Chem. Ital., 58. 279, 1928 ; L. Passer ini , ib., 59. 144, 1929 ; 62. 85 , 
1 9 3 2 ; R . JNT. Pease a n d R. S. Cook, Journ. Amer. Chem.. Soc, 48. 1199, 1 9 2 6 ; L. B . Pfeil, 
Joum. Iron Steel Inst., 119. i, 539, 1929 ; L. Playfai r a n d J . P . Jou le , Mem. Chem. 
Soc, 3 . 5, 1846 ; C. Poulenc , Journ. PJtarm. Chem., (5), 26. 20O, 1892 ; M. P r a s a d a n d 
M. G. Tendu lka r , Joum. Chem. Soc, 1403, 1407, 1931 ; G. L\ P re s ton , Phil. Mag., (7), 17. 466, 
1934 ; J . L. Prous t , Journ. Phys., 57. 169, 1803 ; 63. 442, 1806 ; Gehlen's Joum. allgem. Chem., 
2. 53 , 1803 ; Gehlen's Journ. Chem. Phys., 3 . 435, 1 804 ; Gilbert's Ann., 24. 297, 1806; H . Quan t in , 
Compt. Rend., 104. 223, 1887 ; A. Quar ta ro l i , Gazz. CMm. Ital., 55. 619, 1925 ; 57. 234, 1927 ; 
C. F . Rammel sbe rg , Pogg. Ann., 44. 562, 1838 : 78. 93 , 1849 ; A. A. Read , Joum. Chem. Soc, 
65. 314, 1894 ; H . V. Regnau l t , Ann. CMm. Phys., (2), 62. 352, 1836 ; A. Reis a n d L. Zimmer-
m a n n , Zeit. phys. Chem,., 102. 298, 1922 ; H . J . Reusch a n d H . von War t enbe rg , Heraeus' 
Vacuumschmelze, 10. 349, 1933 ; T. W. R icha rds a n d E . F . Rogers , Amer. Chem. Journ., 15. 
567, 1893 ; Chem. News, 68. 240, 250, 1893 ; Proc Amer. Acad., 28. 200, 1893 ; J . B . R ich te r , 
Gilbert's Ann., 2. 6 1 , 1803 ; 8. 244, 444, 1804 ; 5. 699, 1805 ; Joum. Phys., 6 1 . 149, 1805 ; 
Nicholson's Journ., 10. 70, 261 , 1805 ; Phil. Mag., 33 . 137, 1805 ; R. Robl , Zeit. angew. Chem., 
39. 608, 1926 ; S. Roginsky a n d E . Shul tz , Uhrain. Khem. Zhur., 3 . 177, 1928 ; W. A. R o t h , Zeit. 
angew. Chem., 42. 981 , 1929 ; Arch. Eisenhuttenwesen, 3 . 339, 1930 ; Stahl Eisen, 49. 1763, 1929 ; 
E . Rothoff, Pogg. Ann., 8. 184, 1826 ; J . Roszkowsky, Zeit. anorg. Chem., 14. 1, 1897 ; O. Ruff 
a n d E . Gers ten, Ber., 46. 400, 1913 ; M. Rugor , Sprech., 31. 79, 87, 99, HO, 1907 ; W. J . Russel l , 
Joum. Chem. Soc, 16. 5 1 , 1863 ; 22. 294, 1869 ; P . Saba t ie r a n d L. Espi l , Compt. Rend., 158. 
668, 1914 ; 159. 137, 1914 ; P . Saba t ie r a n d J . B . Senderens, ib., 114. 1429, 1892 ; Bull. Soc 
Chem., (4), 11. 641 , 1912 ; H . Sai to , Science Rep. Tohoku Univ., 16. 37, 1927 ; F . Sandberger , 
Jahrb. Nassau. Ver. Naturkunde, 7. 131, 1851 ; L. San t i , Boll. CMm. Farm., 4 3 . 673, 1904 ; 
R. Schenck a n d H . Wesselkock, Zeit. anorg. Chem.., 184. 39, 1929 ; J . Schlossberger, Joum. 
prakt. Chem., (1), 78. 369, 1 8 5 8 ; Liebig's Ann., 107. 2 1 , 1 8 5 8 ; E . R . Schneider , Pogg. Ann., 
101. 387, 1857 ; C. F . Seh6nbein , Joum. prakt. Chem., (1), 93. 35 , 1 8 6 4 ; H . Schroder , Pogg. 
Ann., 107. 113, 1859 ; H . Schulze, Joum. prakt. Chem., (2), 21. 412, 1880 ; P . Schutzenberger , 
Compt. Rend., 114. 1149, 1 8 9 2 ; G. P . Schweder, Berg. HiUt. Ztg., 38. 84, 105, 1 8 7 9 ; 
J . B . Senderens a n d J . Aboulenc, Bull. Soc. Chim., (4), 17. 14, 1915 ; J . Shearer , Phil. Mag., 
(7), 20 .504 , 1935 ; N . I . Shuik in , G. A. B a l a n d i n a n d F . T . Dulmoff, Joum. Gen. Chem. U.R.S.S.. 
4 . 1 4 5 1 , 1934; E . W. von Siemens a n d J . G. Ha lske , German Pat., D.R.P. 151964, 1 9 0 2 ; 
A. S k a p s k y a n d J . Dabrowsky , Zeit. Elektrochem., 38. 365, 1932 ; R . Smoluchowsky, Zeit, 
Physik, 95 . 588, 1935; W. S tah l , Met., 4 . 682, 1907 ; V. Tafel a n d F . K lewa ta , Metall Erz, 27. 



390 INORGANIC AND THEORETICAL, CHEMISTRY 

85 , 1930 ; Gt. T a m m a n n a n d C. F . Marais , Zeit. anorg. Chem., 185. 127, 1924 ; G. T a m r a a n n 
a n d A. Y. Sworykin, ib., 170. 62, 1928 ; G. T a m m a n n a n d G. Veszi, ib., 168. 4 1 , 1928 ; 
G. B . Taylor and H. W. S ta rkwea the r , Joum. Amer. Chem. Soc, 52. 2314, 1930 ; R . T u p p u t i , 
Ann. Chim. Phys., (2), 78. 133, 1840 ; (2), 79. 153, 1841 ; A. R . Ubbe lohde , Trans. Faraday 
Soc, 29. 532, 1933 ; S. Veil, Compt. Rend., 180. 932, 1925 ; 184. 1171, 1927 ; 188. 330, 1929 ; 
190. 186, 1930 ; J . Ve ldkamp, Zeit. Physik, 80. 776, 1933 ; A. Volker , Liebig's Ann., 59. 34, 
1846 ; T. Vorster, Ueber die Einwirkung des Ammoniaks auf die Oxyde von Nickel und Kobalt, 
Gtittingen, 1861 ; A. Wach te r , Journ. prakt. Chem., (1), 80. 321 , 1843 ; C. Wagner , Zeit. Elektro-
chem., 39. 543, 1933 ; H. P . Walmsley , Phil. Mag., (7), 7. 1097, 1929 ; H . N . W a r r e n , Chem. 
News, 55. 155, 1887 ; H . von W a r t e n b e r g a n d W. Gurr , Zeit. anorg. Chem., 196. 374, 1931 ; 
H. von War tenbe rg a n d E . P r o p h e t , ib., 208. 367, 1932 ; H . von W a r t e n b e r g a n d H . J . Reusch , 
ib., 207. 1, 1932 ; 208. 380, 1 9 3 2 ; R . W a s m u h t , Zeit. angetv. Chern., 43 . 98 , 125, 1 9 3 0 ; 
M. W a t a n a b e , Science Rep. Tohoku Univ., 22. 436, 1933 ; Bull. Inst. Phys. Chem. Research 
Tokyo, 9. 477, 1930 ; Science Papers Phys. Chem. Research Tokyo, 13. 246, 1930 ; A. Wehne l t , 
Ann. Physik, (4), 14. 425, 1 9 0 4 ; L. Wohle r a n d O. BaIz, Zeit. Elektrochem., 27. 406, 1921 ; 
C. R. A. Wr igh t and A. P . Luff, Journ. Chem. Soc, 83 . 1, 1878 ; R . W. G. Wyckoff, Phys. 
Rev., (2), 215. 583, 1930 ; J . Zedner , Zur Kenntnis des chemischen und physikalischen Verhaltens 
der Nickel oxydelektrode im Jungner-Edison Akkumulator, Go t t ingen , 1906 ; Zeit. Elektrochem., 
11. 809, 1905*; 12. 463, 1906 ; J . L. C. Z i m m e r m a n n , Eiebig's Ann., 232. 342, 1886; E . Zin t l , 
W. Morawietz a n d G. Woltersdorff, Naturwiss., 2 3 . 197, 1935. 

3 R. Abegg and S. Labendz insky , Zeit. Elektrochem., 10- 77, 1904 ; G. Almkvis t , Zeit. 
anorg. Chem., 103. 240, 1918 ; H . Arnfelt , Archiv Mat. Astron. Eys., 23 . B , 2, 1932 ; A. J . Ba la rd , 
Ann. Chim. Phys., (2), 32. 337, 1826 ; T. Bayley , Phil. Mag., (5), 7. 126, 1879 ; M. Ber the lo t , 
Ann. Chim. Phys., (5), 4. 180, 1 8 7 5 ; TJiermochimie, Pa r i s , 2. 301 , 1 8 9 7 ; M. Ie Blanc a n d 
E . Mcibius, Zeit. Elektrochem., 39. 753, 1933 ; R. Bo t tge r , Beitrdge zur Physik und Chemie, 
Frankfu r t a. M., 1. 104, 1 8 3 8 ; Journ. prakt. Chem., (1), 95. 309, 375, 1 8 6 5 ; W. Bonsdorff, 
Beitrdge zur Kenntniss von Komplexen Ammoniakhydroxydem des Kupfers, Nickels, Cadmiums, 
Zinks'und Silbers, Helsingfors, 1 9 0 4 ; Zeit. anorg. Chem., 41 . 136, 1904; H . T. S. B r i t t o n , 
Joum. Chem. Soc, 127. 2110, 1 9 2 5 ; H . T . S. B r i t t o n a n d R . A. Robinson , Trans. Faraday 
Soc, 28. 531 , 1932 ; R. W. Cairns a n d E . Ot t , Journ. Amer. Chem. Soc, 55. 527, 1934 ; Zeit. 
Elektrochem., 40. 286, 1934 ; A. Carnot , Chem. News, 59. 183, 1889 ; Compt. Rend., 108. 61O, 
1889 ; N. G. Chat ter j i and 1ST. R. D h a r , Trans. Faradtzy Soc, 16. 122, 1921 ; Chem. News, 121. 
253, 1920 ; H . M. Dawson and J . McCrae, Journ. Chem. Soc, 77. 1239, 1900 ; H . D e m a r c a y , 
IAebig's Ann., 11 . 254, 1834 ; N . R. Dhar a n d A. C. Chat ter j i , KoIl. Zeit., 37. 2, 1925 ; N . R. Dhar 
and S. Ghosh, Zeit. anorg. Chem., 152. 405, 1926 ; J . C. Duff a n d E . J . Bills, Journ. Chem. Soc, 
4 1 1 , 1929 ; A. V. D u m a n s k y a n d B . G. Zaprometoff, Journ. Rtiss. Phys. Chem. Soc, 62. 747, 
1 9 3 0 ; T. A. Edison, U.S. Pat. No. 1083355, 1083356, 1 9 1 4 ; 1167484, 1 9 1 6 ; O. L. E r d m a n n , 
Journ. prakt. Chem., (1), 1. 266, 1 8 3 4 ; (1), 7. 254, 1 8 3 6 ; (1), 19. 445, 1 8 4 0 ; K. Fischbeck, 
Zeit. Elektrochem., 39- 316, 1933 ; R. Fischer , Berg. Hiltt. Ztg., 47. 453 , 1889 ; Beitrdge zur 
Trennung des Nickels vom Kobalt und zur Bestimmung beider als Sesquioxyde, Berl in, 1888 ; 
F . Fors te r , Zeit. Elektrochem., 13. 414, 1907 ; H . A. F ra sch , German Pat., D.R.P. 161119, 1901 ; 
M. Geloso a n d L. S. L6vy, Compt. Rend., 189. 175, 1929 ; F . Giordani a n d E . Mat t i a s , Rend. 
Accad. Napoli, (4), 35. 172, 1929 ; F . Glasor, Zeit. anorg. Chem., 86. 18, 1903 ; V. M. GoId-
schmid t , J . B a r t h , D. Holmsen, G. L u n d e and W. Zachr iasen, Schrift. Akad. Oslo, 1, 1926 ; 
G. Gore, Proc. Roy. Soc, 20. 441 , 1872 ; 21 . 14O, 1873 ; F . H a b e r a n d F . B r a n , Zeit. Phys. 
Chem., 35. 86, 1900 ; E . H a y e k , Zeit. anorg. Chem., 219. 296, 1934 ; J . A. Hedval l a n d 
G. Schiller, ib., 221. 97, 1934; H . von Heimol t , ib., 3 . 133, 1 8 9 3 ; H . N. Holmes , Colloid 
Symposium Monograph, 1. 24, 1923 ; G. F . H u t t i g a n d A. Pe te r , Zeit. anorg. Chem., 189. 
183, 19O, 193O ; L. H u g o u n e n g a n d J . Loiseleur, Compt. Rend., 182. 851 , 1926 ; W. TsT. I p a -
teeff, Ber., 44. 3452, 1911 ; W. P . Jor issen and C. v a n den Pol , Rec. Trav. Chim. Pays-Bas, 
44. 805, 1925 ; Kal le a n d Co., German Pat., D.R.P. 180729, 1901 ; H . Knoche , KoIl. Zeit., 
68. 37, 1934 ; V. K o h l s c h u t t e r a n d J . L. Tiischer, Zeit. Elektrochem., 27. 225, 1921 ; 
D. P . Konowaloff, Journ. Russ. Phys. Chem. Soc, 81 . 910, 1889 ; R . F . K o r t e , Journ. Chem. 
Soc, 87. 1514, 1905 ; S. Labendz insky , Ueber Konstitution der gelosten Schwermetallsalze, auf 
Grund von Poientialmessungen, Breslau, 1904 ; J. L. Lassaigne, Journ. Pharm. Chim., (2), 9. 48, 
1823 ; Ann. Chim. Phys., (2), 21 . 255, 1822 ; A. L a u r e n t , ib., (3), 86. 353, 1852 ; L. S. Levy , 
Compt. Rend., 189. 426, 1929 ; H . Ley a n d F . Werner , Ber., 89. 2179, 1906 ; R. Lorenz , Zeit. 
anorg. Chem., 12. 436, 1896 ; A. a n d E . Lo t te rmoser , KoU. Beihezle, 88. 1, 1933 ; A. Lo t t e rmose r 
a n d F . Langenscheidt , KoU. Zeit., 58. 336, 1932 ; A. Mailfert, Compt. Rend., 94. 860, 1186, 1882 ; 
N . N. Mi t t ra and N. R. D h a r , Zeit. anorg. Chem., 122. 146, 1922 ; S. E . Moody, ib., 5 1 . 121, 
1906 ; Amer. Journ. Science, (4), 22. 176, 1906 ; G. T. Morgan a n d F . H . B u r s tal l , Joum. 
Chem. Soc, 2213, 1931 ; Nature, 127. 854, 1931 ; O. Muler t , Zeit. anorg. Chem., 75. 232, 
1 9 1 2 ; G. N a t t a , Atti Accad. Lincei, (6), 2. 495, 1 9 2 5 ; Rend. 1st. Lombardo, 61 . 321 , 1 9 2 8 ; 
Gazz. Chim. Ital., 58. 344, 579, 1928 ; 59. 129, 1929 ; G. N a t t a a n d L. Passer ini , ib., 58. 597, 
1 9 2 8 ; Atti Congr. Naz. Chim., 8. 365, 1929 ; G. N a t t a a n d A. Re ina , Atti Accad. Eincei, (6), 
4 . 48 , 1926 ; C. Paa l a n d G. Briinjes, Ber., 47. 2200, 1914 ; J . Pe louze and E . F r e m y , Ann. 
Chim. Phys., (3), 28. 385, 1848 ; Traitd de chimie, Pa r i s , 8. 508, 1864 ; Compt. Rend., 28. 1129, 
1844 ; A. Pe te r , JDas System Nickeloxyd-Wasser, Prag, 1930 ; C. A. Peters, Amer. Journ. Science, 
(4), 82. 386, 1911 ; E . Petersen , Zeit. Phys. Chem., 4. 384, 1889 ; S. P r a k a s h a n d N . R . D h a r , 
Joum. Indian Chem. Soc, 7. 591, 1930; J. L. Proust, GeMeri,sJourn.,G. 580, 1805 ; Journ. Phys., 



NICKEL. 391 
67. 169, 1803 ; 59. 321 , 1804 ; 63 . 442, 1806 ; A. Quar taro l i , Gazz. Chirn. I ted., 57. 234, 1927 ; 
P . N . Ra ikow, Chem. Ztg., 3 1 . 141, 1 9 0 7 ; C. F . Rammelsbe rg , Pogg. Ann., 58. 295, 1 8 4 3 ; 
C. Re icha rd , Chem. Ztg., 28 . 479, 885, 1904; W. Reinders a n d S. I . Vies, Bee. Trav. Chim. 
Pays-Bos, 44. 249, 1925 ; T. W . R icha rds a n d A. S. Cushman , Proc. Amer. Acad., 33 . 95 , 1897 ; 
34. 327, 1899 ; Chem. News, 76. 284, 293, 307, 1897 ; 79. 163, 174, 185, 1899 ; Zeit. anorg. 
Chem., 16. 167, 1 8 9 8 ; 20. 352, 1 8 8 9 ; R. Rob l , Zeit. angetv. Chem., 39. 608, 1 9 2 6 ; F . a n d 
E . Rogers , Phil. Mag., (3), 4 . 9 1 , 1834 ; M. Roloff and H . Wehr l in , German Pat., D.B.P. 159393, 
1903 ; H . Rose , Ausfuhrliches Handbuch der analytischen Chemie, Braunschweig, 1. 113, 1851 ; 
Pogg. Ann., 20. 151, 1830 ; F . Roszkowsky, Zeit. anorg. Chem., 14. 1, 1897 ; O. Ruff a n d 
W. Menzel, ib., 198. 39, 1931 ; R . Saxon , Chem. News, 142. 85, 113, 149, 1931 ; L. SchafTnor, 
Liebig's Ann., 5 1 . 168, 1 8 4 4 ; J . Schlossberger, ib., 107. 2 1 , 1 8 5 8 ; Journ. prakt. Chem., (1), 
73 . 369, 1858 ; C. F . SchGnbein, ib., (1), 93 . 35, 1864 ; G. Schroder , Beitrdge zur Kenntnis der 
Kobalt- und Nickeloxyde, Berl in, 1889 ; A. B . de Schul ten, Comjpl. Bend., 109. 266, 1889 ; 
K . C. Sen, Biochem. Zeit., 169. 192, 1926 ; K . C. Sen a n d N . R. Dhar , KoIl. Zeit., 33 . 193, 
1 9 2 3 ; Journ. prakt. Chem., 2H. 376, 1 9 2 3 ; P . Singh, Journ. Soc. Chem. Ind., 30. 936, 1911 ; 
R . Smoluchowsky, Zeit. Physik, 95 . 588, 1935 ; J . Spiller, Journ. Chem. Soc, 10. HO, 1 8 5 8 ; 
Chem. News, 8. 28O, 1863 ; 19. 166, 1869 ; G. S ta rk , Ber., 36. 3840, 1903 ; C. W. Still well, 
Journ. Phys. Chem., 33 . 1247, 1929 ; L. Te i chmann , Liebig's Ann., 156. 17, 1870 ; J . Thomsen , 
Thermoche,mische Untersuchungen, Leipzig, 1. 339, 1882 ; Journ. prakt. Chem., (2), 14. 1, 1876 ; 
(2), 19. 1, 1 8 7 9 ; H . Tominga , Bull. Inst. Phys. Chem. Besearch Tokyo, 1. 298, 1 9 2 5 ; 
E . T o p o r e s c u , Compt. Bend., 111. 303, 1920 ; O. F . Tower, Journ. Phys. Chem., 28. 176, 1924 ; 
O. F . Tower a n d M. C. Cooke, ib., 26. 729, 1922 ; W. T r a u b e a n d B . Lowe, Ber., 47. 1911, 1917, 
1 9 1 2 ; W. TX Treadwell , Zeit. Elektrochem., 22. 414, 1 9 1 6 ; R. T u p p u t i , Ann. Chim. Phys., (2), 
78. 133, 1840 ; (2), 79. 153, 1841 ; S. Veil, Journ. Chim. Phys., 24. 428, 1927 ; Ann. Chim. 
Phys., (10), 5. 135, 1 9 2 6 ; Compt. Bend., 178. 842, 1 9 2 4 ; 180. 211 , 932, 1 9 2 5 ; 184. 1171, 
1927 ; C. Wicke , Zeit. Chem., (2), 1. 86, 1865 ; O. F . Wiede a n d K. A. Hofmann , Zeit. anorg. 
Chem., 11 . 382, 1896 ; C. A. W u r t z , Mem. Savans Etrang., 1 1 . 777, 1851 ; J . Zedner , Zur 
Kenntnis des chemischen und physikalischen Verhaltens der Nickeloxydelektrode im Jungner-Edison 
Akkumulator, Got t ingen, 1906 ; Zeit. Elektrochem., 12. 463, 1906. 

§ 11 . Nickelosic and Nickelic Oxides 
H . R o s e * d e s c r i b e d a n o x i d e w i t h r a t h e r m o r e o x y g e n t h a n c o r r e s p o n d e d w i t h 

n i c k e l o u s o x i d e , n a m e l y , N i 8 O 9 - H 2 O , o r 6 N i O - N 2 O a - I t w a s o b t a i n e d a s a b l a c k 
p o w d e r b y c a l c i n i n g t h e b a s i c c a r b o n a t e a t 3 0 0 ° ; t h e w a t e r c a n b e d r i v e n off 
w i t h o u t l o s s of o x y g e n . T h e r e a r e a l s o s o m e i l l - d e f i n e d o x i d e s r e p o r t e d b y 
C. F . S c h o n b e i n t o b e f o r m e d b y t h e a c t i o n of h y d r o g e n d i o x i d e o n n i c k e l o u s o x i d e 
o r h y d r o x i d e . 

H . B a u b i g n y r e p o r t e d n i c k e l o s i c o x i d e , o r nickel trit at atetr oxide, N i 3 O 4 , t o b e 
f o r m e d b y h e a t i n g n i c k e l o u s c h l o r i d e i n a c u r r e n t of o x y g e n a t 3 5 0 ° t o 4 0 0 ° . T h e 
c h l o r i d e t u r n s b l a c k , a n d c h l o r i n e i s g i v e n off. T h e r e a c t i o n p r o c e e d s m o r e r a p i d l y 
i n m o i s t o x y g e n , a n d h y d r o g e n c h l o r i d e i s t h e n f o r m e d . W . L . D u d l e y o b t a i n e d i t 
b y h e a t i n g t h e d i h y d r a t e t o 2 4 0 ° ; a n d G . S c h r o d e r , b y h e a t i n g t h e t r i h y d r a t e of 
n i c k e l i c o x i d e w i t h p o t a s h - l y e . F . G l a s e r s a i d t h a t n i c k e l o s i c o x i d e i s f o r m e d 
w h e n n i c k e l h y d r o x i d e i s r e d u c e d b y h y d r o g e n a t 1 8 8 ° , b u t W . N . I p a t e e f F s a i d 
t h a t t h e p r o d u c t i s r e a l l y a m i x t u r e of n i c k e l a n d of n i c k e l o u s a n d n i c k e l i c o x i d e s . 
W . L . D u d l e y o b t a i n e d t h e dihydrate, N i 3 O 4 . 2 H 2 O , b y m e l t i n g s o d i u m d i o x i d e i n a 
n i c k e l c r u c i b l e a t a r e d - h e a t , a n d e x t r a c t i n g t h e p r o d u c t i n S o h x l e t ' s a p p a r a t u s 
w i t h w a t e r ; I . B e l l u c c i a n d S . R u b e g n i w o r k e d s i m i l a r l y , b u t i n t r o d u c e d s o m e 
n i c k e l o x i d e r e d u c e d b y h y d r o g e n i n t h e m o l t e n s o d i u m d i o x i d e . T h e a l k a l i i s 
r e t a i n e d v e r y t e n a c i o u s l y b y t h e o x i d e . I t w a s a s s u m e d t h a t t h e a l k a l i f o r m s a 
n i c k e l i t e , N a 2 N i 3 O e , w h i c h i s h y d r o l y z e d b y w a t e r . Y. M a w r o w o b t a i n e d t h e hexa-
hydrate, N i 2 O 3 - G H 2 O , b y h e a t i n g n i c k e l o u s o x i d e s u s p e n d e d i n w a t e r w i t h p o t a s s i u m 
p e r s u l p h a t e ; a n d , a f t e r b o i l i n g f o r 4 5 m i n u t e s , w a s h i n g t h e p r o d u c t f r ee f r o m 
s u l p h a t e s . T h e h e x a h y d r a t e w a s t h e n d r i e d o v e r s u l p h u r i c a c i d a n d c a l c i u m 
c h l o r i d e , w h e n i t a p p e a r e d a s a g r e y i s h - b l a c k p o w d e r . 

A c c o r d i n g t o H . B a u b i g n y , H . M o i s s a n , a n d W . L . D u d l e y , a n h y d r o u s n i c k e l o s i c 
o x i d e f u r n i s h e s a g r e y o r b l a c k p o w d e r c o n s i s t i n g o f m i c r o s c o p i c , o c t a h e d r a l c r y s t a l s 
w h i c h h a v e t h e f o r m of s p i n e l . T h e d i h y d r a t e f o r m s p l a t e s r e s e m b l i n g g r a p h i t e , 
w h i c h p r o b a b l y b e l o n g t o t h e h e x a g o n a l s y s t e m . T h e s p . g r . of t h e h y d r a t e i s 
3 - 4 1 1 5 a t 3 2 ° . IJ. W o h l e r a n d O . B a I z o b s e r v e d t h a t n i c k e l o s i c o x i d e i s l e s s 
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s t a b l e t h a n cobal tos ic ox ide , for i t beg ins t o d e c o m p o s e be low 450° . T h e d i h y d r a t e 
is s t a b l e a t t e m p , u p t o 130°, b u t a t 140° i t beg ins t o lose we igh t , a n d a t 240° , t h e 
we igh t r e m a i n s c o n s t a n t a n d t h e p r o d u c t is N i 3 O 4 ; a t a r e d - h e a t , t h e r e is a f u r t h e r 
loss in weight , a n d n icke lous ox ide is p r o d u c e d . F . Glase r sa id t h a t n i cke lous 
ox ide is formed a t 198°. T h e ox ide is n o t m a g n e t i c . M. Ie B l a n c a n d E . M o b i u s 
o b t a i n e d n o ev idence f rom t h e X - r a d i o g r a m s of t h e ex i s t ence of h y d r a t e s of 
nickelosic oxide . R . W . Ca i rns a n d E . O t t s t u d i e d t h e sub j ec t . W . K l e m m a n d 
K. H a s s i nves t i ga t ed t h e m a g n e t i c p r o p e r t i e s . 

E . D u f a u , a n d I . Bel lucci a n d E . C lavar i d e n i e d t h e ex i s t ence of n icke los ic 
oxide , a n d supposed i t t o b e a m i x t u r e of N i O 2 . 2 N i O , a n d I . Bel lucc i a n d S. R u b e g n i 
p r e p a r e d t h i s oxide as j u s t i n d i c a t e d — v i d e infra. D . K . G o r a l e v i t s c h also g a v e 
some ev idence in f avou r of t h e h y p o t h e s i s t h a t n ickelos ic o x i d e is a t r u e c h e m i c a l 
i nd iv idua l . G. I J . C la rk a n d co -worke r s a t t e m p t e d t o d e t e r m i n e t h e s t r u c t u r e 
f rom t h e X - r a d i o g r a m s , b u t t h e y f o u n d t h a t t h e ox ide is a m o r p h o u s . T h e 
a n h y d r o u s oxide is hygroscop ic , a n d a t 30° i t a b s o r b s 7-4 p e r cen t , of w a t e r 
f rom t h e a t m o s p h e r e , a n d i t loses t h i s w a t e r a t 110°. T h e ox ide is so luble in 
ac ids . W i t h hyd roch lo r i c ac id , i t g ives off ch lor ine , a n d w i t h s u l p h u r i c a n d n i t r i c 
ac ids , i t g ives off o x y g e n . B . N e w m a n n a n d co -worke r s s t u d i e d t h e c a t a l y t i c 
a c t i o n on t h e o x i d a t i o n of c a r b o n m o n o x i d e . 

The preparation of nickelic oxide and its hydrates.—There are numerous 
references i n t h e l i t e r a t u r e t o n i cke l i c ox ide , o r nickel heniitrioxide, N i 2 O 3 , b u t in 
s o m e cases t h e t e r m m e a n s a n ox ide or m i x t u r e of ox ides h a v i n g a h i g h e r p r o ­
p o r t i o n of o x y g e n t h a n is t h e case w i t h n icke lous ox ide , N i O . J . J . Be rze l iu s , 2 

O. B r u n e k , a n d T. V o r s t e r r e p o r t e d n ickel ic ox ide t o b e fo rmed w h e n finely-
powdered nickel n i t r a t e is h e a t e d be low r e d n e s s w i t h c o n s t a n t s t i r r ing ; J . L . P r o u s t , 
a n d H . Moissan, b y h e a t i n g n icke l c a r b o n a t e in a i r ; O. B r u n e k , a n d F . Glaser , b y 
h e a t i n g n icke lous h y d r o x i d e in a i r a t 255° t o 300° ; a n d A. Mailfer t , b y t h e a c t i o n 
of ozone on t h e ox ide , h y d r o x i d e , or su lph ide . 

Accord ing t o A. P e t e r , t h e d e h y d r a t i o n of t h e h y d r a t e d ox ide s h o w s a defini te 
a r r e s t co r r e spond ing w i t h t h e m o n o h y d r a t e , N i 2 O 3 H 2 O . T h e d i h y d r a t e , 
N i 2 O 3 . 2 H 2 O , w a s r e p o r t e d b y N . W . F i s che r t o b e fo rmed a t t h e a n o d e d u r i n g t h e 
electrolysis of a soln. of a nickel sa l t ; a n d W . W e r n i c k e o b t a i n e d i t in a n a n a l o g o u s 
m a n n e r w i t h a soln. of p o t a s s i u m n icke l t a r t r a t e . H . Riesenfeld , a n d A. Thie l a n d 
A. W i n d e l s c h m i d t sa id t h a t t h e d i h y d r a t e is f o r m e d w h e n t h e t e t r a h y d r a t e is 
h e a t e d t o 200° t o 220°. K . A . H o f m a n n a n d H . H i e n d l m a i e r found t h a t w h e n 
p o t a s s i u m is b u r n e d on a n ickel t r o u g h , a m i x t u r e of ye l l owi sh -b rown p o t a s s i u m 
t e t r o x i d e a n d long, b l ack p r i s m s is o b t a i n e d . W h e n w a t e r is a d d e d t o t h i s p r o d u c t , 
t h e p o t a s s i u m t e t r o x i d e is d e c o m p o s e d i n t o o x y g e n a n d p o t a s s i u m h y d r o x i d e a n d 
a b lack , c rys ta l l ine p o w d e r subs ides , wh ich , w h e n w a s h e d a n d dr ied , cons is t s of 
r a v e n - b l a c k , meta l l i c p r i s m s of t h e c o m p o u n d , N i 2 O s H 4 ; t h e l a t t e r oxid izes 
o rgan ic s u b s t a n c e s r ead i ly . I t is p r o b a b l y n i cke lous pe rn icke l i t e , N i O 2 . N i O . 2 H 2 O . 
Nickelosic h y d r a t e , N i 3 O 4 . 2 H 2 O , is f o r m e d a v e r y d a r k b r o w n h e x a g o n a l c r y s t a l ­
l ine w h e n s o d i u m p e r o x i d e is fused w i t h n icke l in a n icke l c ruc ib le . T h e c r y s t a l s 
a re w a s h e d w i t h h o t w a t e r u n t i l t h e wash ings g ive n o r e a c t i o n w i t h p h e n o l p h t h a l e i n 
•—this t a k e s a long t i m e . T h e c r y s t a l s a r e t h e n d r i e d a n d m a g n e t t e d t o r e m o v e 
meta l l ic n ickel . T h e y dissolve s lowly i n ac ids , fo rming n icke lous ac ids , w i t h 
hydroch lo r i c acid, ch lor ine is evo lved ; w i t h s u l p h u r i c a n d n i t r i c ac id s , o x y g e n . 
T h e c o m p o u n d does n o t d e c o m p o s e a t 130°, b u t a t 140° i t beg ins t o lose w a t e r ; 
t h e w a t e r is d r i v e n off a t 240° a n d t h e r e s i d u e is v e r y hyg roscop i c , b u t n o h y d r a t e 
is f o r m e d u n d e r t h e s e cond i t i ons . A c c o r d i n g t o J . L . P r o u s t , O. B r u n e k , a n d 
J . L . Lassa igne , t h e trihydrate, N i 2 0 3 . 3 H 2 0 , is f o r m e d w h e n n icke lous ox ide , 
h y d r o x i d e , or c a r b o n a t e , s u s p e n d e d i n w a t e r , is t r e a t e d w i t h ch lo r ine , 3 N i O + C l 2 
= N i C l 2 - + - N i 2 O 3 ; J . L.. P r o u s t , a n d R . B o t t g e r p r e p a r e d i t b y w a r m i n g n i cke lous 
ox ide or c a r b o n a t e w i t h a n a q . soln. of b l e a c h i n g p o w d e r ; H . D e m a r c a y u s e d 
s o d i u m h y p o c h l o r i t e a s oxid iz ing a g e n t ; A . J . B a l a r d , O. P o p p , a n d N . C. N a g 
used b r o m i n e . N icke lous ox ide c a n also be ox id ized t o w h a t w a s r e p o r t e d t o b e 
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t h i s h y d r a t e by s o d i u m hypoch lo r i t e or b r o m i n e (A. Ca rno t , O. R . Howel l ) ; 
p o t a s s i u m h y p o c h l o r i t e or h y p o b r o m i t e ( F . Meider t , a n d Gr. Schroder ) ; or b r o m i n e 
(R . F i scher , a n d E . D . C a m p b e l l a n d P . F . T rowbr idge ) . G. W i c k e found t h a t 
w h e n n icke lous h y d r o x i d e is a l lowed t o s t a n d in an a t m o s p h e r e of s u l p h u r d iox ide , 
or w h e n s h a k e n in a i r w i t h a n a lka l ine soln. of s o d i u m su lph i t e , i t is oxid ized t o 
t r i h y d r a t e d nickel ic ox ide , a n d some ozone is fo rmed ; whi l s t C. F . S c h o n b e i n 
n o t e d t h a t n icke lous h y d r o x i d e on s t a n d i n g exposed t o air , forms a h ighe r ox ide 
wh ich l ibe ra t e s iodine f rom p o t a s s i u m iodide . I ) . B h a d u r i a n d P . R a y found t h a t 
n icke l h y d r o x i d e is n o t r ead i ly oxid ized b y p o t a s s i u m ferr icyanide t o a h i g h e r 
ox ide . 

C. T u b a n d t a n d W . R iede l obse rved t h a t t h e h y d r a t e d nickelic oxide is p e p t i z e d 
t o a colloidal soln. b y ace t i c , c i t r ic , a n d t a r t a r i c ac ids ; a n d N . J e r m o l e n k o , b y di l . 
hyd roch lo r i c acid . T h e t r i h y d r a t e w a s r e p o r t e d b y J . M. Merr ick, a n d C. T h i e m e -
W i e d t m a r c k t e r , t o be fo rmed a t t h e a n o d e d u r i n g t h e electrolysis of a soln. of 
n ickel a c e t a t e ; b y N y a A k k u m u l a t o r A k t i e b o l a g e t J u n g n e r , C. T u b a n d t , F . F o r s t a r , 
W . W e r n i c k e , A. Coehn a n d M. Glaser , H . Riesenfe ld , a n d J . Zedner , b y t h e elec­
t ro lyses of a lka l ine soln. of n ickel sa l t s in t h e p resence of a lka l i t a r t r a t e s or a c e t a t e s ; 
a n d b y W . P f a n h a u s e r , b y t h e e lect rolys is of a soln. of a m m o n i u m nickel s u l p h a t e 
(q.v.). I t s fo rma t ion in t h e n ickel a c c u m u l a t o r w a s d iscussed b y F . F o r s t e r , 
R . Gah l , K . E l b s , A. I J . Marsh , a n d A. E . K e n n e l l y . J . Z e d n e r found t h e t r i h y d r a t e 
t o be s t a b l e in a n a t m o s p h e r e of which t h e press , of w a t e r v a p o u r is less t h a n 3 m m . 
A c c o r d i n g t o H . Riesenfeld , a n d A. Thiel a n d A. W i n d e l s c h m i d t , t h e tetrahydrate, 
N i 2 O 3 . 4 H 2 O , is fo rmed a t t h e n ickel or p l a t i n u m a n o d e d u r i n g t h e electrolysis of 
a soln. of a n ickel sa l t . J . Z e d n e r sa id t h a t t h e hexahydrafe, N i 2 O 3 . 6 H 2 O , is 
t h e s t a b l e p h a s e w h e n t h e v a p . press , of w a t e r is a b o v e 3 m m . press . , a n d below 
t h a t , t h e t r i h y d r a t e is t h e s t ab l e p h a s e . T . Carnel ley a n d J . W a l k e r obse rved 
n o s igns of d i s c o n t i n u i t y in t h e h e a t i n g cu rves of h y d r a t e d nickel ic ox ide . 
R . W . Cai rns a n d E . O t t o b s e r v e d t h e ex i s tence of on ly t h e m o n o h y d r a t e a n d t h e 
d i h y d r a t e . 

The properties of nickelic oxide and its hydrates.—Anhydrous nickelic oxide 
is sa id t o be a b l ack p o w d e r ; t h e d i h y d r a t e , a b rowni sh -b lack c rys ta l l ine 
p o w d e r , wh ich , acco rd ing t o K . A. H o f m a n n a n d H . H i e n d l m a i e r , cons is t s of j e t -
b lack , e longa ted , s t r i a t e d p r i s m s w i t h a meta l l i c lu s t r e . G. L . Clark a n d co-workers 
found t h a t t h e X - r a d i o g r a m s of nickel ic ox ide showed t h a t i t is a m i x t u r e of 
n icke l m o n o x i d e a n d d iox ide . S imi la r r e su l t s were o b t a i n e d b y V. M. GoId-
s c h m i d t a n d co-workers , M. Ie B l a n c a n d R . Miiller, a n d G. L u n d e . S. B . H e n d ­
r i cks a n d co-workers d o u b t if nickelic ox ide h a s eve r b e e n p r e p a r e d . M. Ie B l a n c 
a n d H . Sachse , D . K . Gora lev i t sch , a n d H . R h e i n b o l d t d iscussed the s t r u c t u r e of 
n ickel ic h y d r o x i d e . J . Z e d n e r sa id t h a t t h e t r i h y d r a t e is a b lack p o w d e r which 
u n d e r w a t e r a p p e a r s t o b e d a r k b r o w n . T h e t e t r a h y d r a t e is descr ibed as a 
b rown i sh -b l ack p r e c i p i t a t e . W . H e r a p a t h gave 4-846 for t h e sp . gr. of t h e a n h y ­
d r o u s ox ide ; Ju. P l ay fa i r a n d J . P . J o u l e , 4-814 ; a n d W . W e r n i c k e g a v e 2-744 
for t h e sp . gr . of t h e d i h y d r a t e . W . J . Russe l l sa id t h a t w h e n t h e a n h y d r i d e is 
h e a t e d i t glows w i t h t h e evo lu t i on of o x y g e n t o form nickelous ox ide . W h e n 
h e a t e d 14 d a y s b e t w e e n 160° a n d 180° in d r y a m m o n i a , t h e h y d r a t e loses 17-25 p e r 
c e n t , of w a t e r ( 2 H 2 O = 16-08 p e r cen t . ) . H . Riesenfeld obse rved t h a t t h e t e t r a ­
h y d r a t e loses t w o mols . of w a t e r a t 200° t o 220° ; a n d F . Glaser obse rved t h a t a t 
109° t o 112°, t h e d i h y d r a t e fo rms n icke lous h y d r o x i d e . Accord ing t o A. P e t e r , 
a n d G. !F. H i i t t i g a n d A. P e t e r , t h e d e h y d r a t i o n cu rves of t w o samples of h y d r a t e d 
n ickel ic ox ide a r e s h o w n in F i g . 3 2 1 . T h e r e is a defini te monohydrate, N i 2 O 3 . H 2 O , 
w i t h a decompos i t i on t e m p , of 138°, a t 10 m m . p ress . T h e m o n o h y d r a t e b r e a k s 
u p i r r eve r s ib ly in accord w i t h t h e e q u a t i o n : 2 (Ni 2 O 3 -H 2 O) = 4NiO-+-2H 2O + O 2 . 
F o r p r o p o r t i o n s of w a t e r in excess of t h e m o n o h y d r a t e , t h e d e h y d r a t i o n process is 
revers ib le . T h e r e is n o ev idence of t h e ex i s tence of a defini te h y d r a t e a b o v e t h e 
m o n o h y d r a t e e i the r on t h e d e h y d r a t i o n cu rves , or a m o n g s t t h e X - r a y spec t r a l 
l ines . J . T h o m s e n g a v e for t h e h e a t of f o r m a t i o n , ( 2 N i , 3 0 , 3 H 2 0 ) = 120-38 CaIs. ; 
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a n d ( 2 N i ( O H ) 2 , 3 0 , H 2 0 ) = — l - 3 CaIs. F . G io rdan i a n d E . M a t t i a s found t h a t t h e 
h e a t s of dissolut ion of t h e peroxid ized nickel ox ide agree w i t h t h e a s s u m p t i o n t h a t 
t w o oxides a re fo rmed—ei the r N i 3 O 4 a n d N i 4 O 5 , o r N i 2 O 3 a n d Ni 3 O 4 . T h e y also 

ca lcu la ted for t h e r eac t ions in t h e nickel a c c u m u l a t o r : 
N i 2 0 3 - f - F e 4 - 3 H 2 0 = 2 N i ( O H ) 2 + F e ( O H ) 2 + 6 5 - 2 1 5 CaIs., a n d 
N i 3 0 4 - f - F e - + - 4 : H 2 0 = 3 N i ( O H ) 2 + F e ( O H ) 2 -f-63-95 CaIs. T h e 
first r e ac t i on l eads t o a v a l u e of 1-338 vo l t s , a n d t h e second 
t o 1*311 vo l t s for t h e p o t e n t i a l of t h e cell ; b o t h of t h e i r 
va lues a re r a t h e r lower t h a n t h e m e a s u r e d v o l t a g e , 1*36. 
J . S. H u n t e r s tud ied t h e pho toe lec t r i c p r o p e r t i e s ; 
J . Sheare r , t h e L-series of t h e X - r a y s p e c t r u m ; a n d 
J . Vrede , t h e ox ide a s a r a d i o d e t e c t o r . K . !^riederich g a v e 
5-2 X 10 8 o h m s pe r sq . m m . for t h e res i s t ance of n ickel ox ide . 
F . S t r e in t z obse rved t h a t t h e compres sed p o w d e r is t o be 
r ega rded as a n o n - c o n d u c t o r of e lec t r ic i ty . J . Zedne r sa id 
t h a t a p a s t e m a d e of t h e t r i h y d r a t e on p l a t i n u m in a 
25 pe r cen t . soln. of p o t a s s i u m h y d r o x i d e h a s a p o t e n t i a l 
of 1-1 vo l t ; a n d w h e n used a s a n o d e a p o t e n t i a l of 1-4 
vol t . I f a n ickel p l a t e is oxid ized b y chlor ine , in a soln. 
of p o t a s s i u m h y d r o x i d e , i t g ives a n e.m.f. of 1-74 t o 1*79 
vo l t aga in s t z inc . A. H . B a r n e s s t ud i ed t h e X - r a y 
s p e c t r u m . W . P f a n h a u s e r found t h a t t h e e lec t rode 
po t en t i a l s of nickel ic h y d r o x i d e in 2V-NiSO4 a n d 
2V-(NH 4 ) 2 Ni(S0 4 ) 2 a r e , r espec t ive ly , —1-135 a n d —1-152 

vol t s . S. Veil found t h e mol . coeff. of m a g n e t i z a t i o n r ises a s nickelic h y d r o x i d e 
is r e p e a t e d l y dissolved a n d r e p r e c i p i t a t e d , un t i l i t a t t a i n s a m a x i m u m v a l u e . 
W . K l e m m a n d K . H a s s s t u d i e d t h e sub jec t . 

Accord ing t o T . Vors t e r , w h e n a n h y d r o u s nickelic ox ide is gen t ly h e a t e d in 
h y d r o g e n or d r y a m m o n i a , i t becomes greyish-yel low, a n d w h e n h e a t e d t o a st i l l 
h igher t e m p , i t forms yel lowish n ickelous ox ide , a n d finally t h e m e t a l . H . S a l m a n g 
obse rved t h a t t h e oxide is u n s t a b l e in aq . soln. , b u t is s t ab l e in fusions. W . Mul ler 
said t h a t t h e t r i h y d r a t e in hydrogen beg ins t o give off o x y g e n a t 150°, t h e a c t i o n 
t h e n ceases a n d begins aga in a t a b o u t 360°. G. Gal lo sa id t h a t t h e first s t age of 
t h e r educ t ion , N i 2 O 3 - f - H 2 = 2 N i O + H 2 O , begins a t 92° t o 95°, a n d t h e r e d u c t i o n of 
t h e n icke lous oxide begins a t 118° t o 120°. I n t h e p resence of mo i s tu r e , 20 m m . 
press . , t h e r educ t ion of nickelic oxide begins a t 120° t o 122°, a n d requi res a longer 
t i m e for i t s comple t ion t h a n w i t h t h e d r y gas . F . Glase r ' s r e su l t s we re n o t sensi­
t i v e enough t o de ta i l t h e c o m m e n c e m e n t of t h e r e d u c t i o n . W . N . Ipateeff, a n d 
L». B r u n e i a n d I*. W o o g t r i ed nickel ic ox ide as a c a t a l y s t in h y d r o g e n a t i o n s . 
S. H a u s e r found t h a t ox ide begins t o evo lve o x y g e n a t 106° t o 118° ; a n d F . Glaser 
obse rved t h a t t h e nickel ic ox ide fo rms nickelosic ox ide in h y d r o g e n a t 188° ; 
W . N . Ipateeff sa id t h a t t h e r e d u c t i o n of nickel ic ox ide t o t h e m e t a l a t o r d i n a r y 
press , begins a t 190° t o 200°, a t 1OO a t m . decompos i t i on is m e a s u r a b l e a t 168°. 
Nickel ic oxide was found b y O. JBrunck t o g ive n o ev idence of a n y a l t e r a t i o n w h e n 
h e a t e d in o x y g e n ; b u t i t g ives ozone a t a h ighe r t e m p , i n oxygen . H . D e m a r c a y 
obse rved t h a t w h e n t h e t r i h y d r a t e is bo i led w i t h wa ter o r w i t h w a t e r c o n t a i n i n g a 
t r a c e of acid, oxygen is g iven off. T . B a y l e y obse rved t h a t t h e a n h y d r o u s ox ide 
in c o n t a c t wi th hydrogen dioxide causes a v igorous e v o l u t i o n of o x y g e n , a n d 
G. W a t s o n observed n o ev idence of t h e f o r m a t i o n of a pe rox ide d u r i n g t h e r eac t i on . 
T h e r eac t ion wi th t h e h y d r a t e was s t u d i e d b y K . A. H o f m a n n a n d H . H i e n d l m a i e r . 
J . L . P r o u s t , G. C. Winke lb lech , a n d H . Riesenfe ld sa id t h a t t h e h y d r a t e d issolves 
in hydrochloric ac id w i t h t h e evo lu t ion of ch lor ine . A s e m p h a s i z e d b y E . D u f a u , 
a n d C. T u b a n d t a n d W . Riede l , nickel ic ox ide h a s n o ac id ic p rope r t i e s , a n d does 
n o t form nickelic salts. C. Wicke obse rved t h a t t h e t r i h y d r a t e is c o n v e r t e d i n t o 
a h ighe r oxide , N i 4 O 7 , b y t h e ac t ion of s o d i u m hypochlor i t e a t o r d i n a r y t e m p . 
O. B r u n c k found t h a t a m i x t u r e of nickel ic ox ide a n d p o t a s s i u m chlorate r e a c t s 
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so v io len t ly a t 300° t h a t t h e m i x t u r e becomes r e d - h o t . S o m e ozone is formed. 
S. M. T a n a t a r found t h a t i t dissolves in su lphuric ac id w i t h t h e e v o l u t i o n of 
o x y g e n . Accord ing t o J . L . P r o u s t , a n d G. C. Winke lb lech , a n h y d r o u s nickelic 
ox ide dissolves in aq . a m m o n i a w i th t h e l ibe ra t ion of n i t r o g e n ; T. Vor s t e r also 
obse rved t h e s a m e p h e n o m e n o n w i t h t h e h y d r a t e . S. M. T a n a t a r found t h a t t h e 
a n h y d r i d e dissolves in n i tr ic ac id w i th t h e evo lu t ion of oxygen . C. W i c k e found 
t h a t t h e m o i s t h y d r a t e is r e d u c e d t o n iekelous oxide b y s o d i u m arseni te . 

K . I w a s e a n d M. F u k u s i m a found t h a t t h e r educ t i on of t h e oxide b y carbon is 
p r o m o t e d b y t h e p resence of l ime. I . L . Bell n o t e d t h a t carbon m o n o x i d e , free 
f rom cyanogen , r educes nickel ic ox ide t o t h e m e t a l , a n d t h e reac t ion is a t t e n d e d 
b y t h e s e p a r a t i o n of m u c h c a r b o n . W h e n h e a t e d t o 400° in a c u r r e n t of carbon 
dioxide , nickel ic oxide y ie lds on ly a t r a c e of ozone. W . P . Y a n t a n d C. O. H a w k 
s t u d i e d i t s c a t a l y t i c effect in t h e o x i d a t i o n of m e t h a n e . T . Vors te r found t h a t 
h y d r a t e d nickelic oxide is r e d u c e d t o n ieke lous ox ide w h e n i t is h e a t e d wi th a l coho l 
in a sealed t u b e t o 150°. G. C Winke lb l ech found t h a t a cold, aq . soln. of oxal ic 
acid fo rms green nickel o x a l a t e w i t h t h e e v o l u t i o n of c a r b o n d ioxide . Accord ing 
t o S. R . Bened i c t , a so lu t ion of nickel ic a c e t a t e c a n be o b t a i n e d b y dissolving 
f resh ly -p rec ip i t a t ed nickel ic h y d r o x i d e in well-cooled, 90 per cen t , acet ic acid. 
This soln. g r a d u a l l y u n d e r g o e s r e d u c t i o n in t h e cold, i n s t a n t a n e o u s l y on w a r m i n g , 
a n d is i m m e d i a t e l y r educed b y all r e d u c i n g a g e n t s . S imi lar soln. c a n be o b t a i n e d 
b y t h e a c t i o n of citric a n d tartaric ac ids on nickel ic h y d r o x i d e . W h e n freshly-
p r e c i p i t a t e d nickelic h y d r o x i d e is t r e a t e d w i t h a nea r ly sa t . soln. of p o t a s s i u m 
hydrosu lphate , a soln. is o b t a i n e d which is a powerful oxid iz ing a g e n t , a n d i t is 
s u p p o s e d t o c o n t a i n e i the r a s imple or complex nickelic s u l p h a t e . C. T u b a n d t a n d 
W . Riede l obse rved t h a t S. R . B e n e d i c t ' s nickelic a c e t a t e is rea l ly a colloidal soln. 
of n ickel d ioxide ; a n d his nickelic s u l p h a t e is a soln. of n iekelous s u l p h a t e con­
t a i n i n g t h e pe rphospho r i c acid of J . Schmid l in a n d P . Massini (8. 50, 2 9 ) ; t h e red 
colour is d u e t o m a n g a n e s e p r e s e n t as one i m p u r i t y . H y d r a t e d nickelic ox ide was 
found b y E . D o n a t h r a p i d l y t o form a b lue soln. w h e n t r e a t e d wi th g lycerol , a n d 
soda- lye , or wi th glycerol , aq . a m m o n i a , a n d a m m o n i u m chlor ide . T h e r eac t ion 
is so slow wi th h y d r a t e d coba l t i c ox ide t h a t i t c a n be ut i l ized t o d e t e c t n ickel in 
t h e presence of coba l t . K . A. H o f m a n n a n d H . H i e n d l m a i e r obse rved t h a t 
h y d r a t e d nickelic oxide has a s t r o n g oxid iz ing ac t i on on organic s u b s t a n c e s — 
e.g., a l coho l is c o n v e r t e d in t h e presence of su lphu r i c ac id i n t o a l d e h y d e ; a n d t h e 
oxide is r educed b y ce l lu lose . O. Mai a n d M. S i lberberg obse rved t h a t t h e h y d r a t e 
is r a p i d l y conve r t ed b y a dil. soln. of p o t a s s i u m cyan ide i n t o a gel. H . D e m a r c a y 
said t h a t t h e h y d r a t e c a n be boiled w i t h a soln. of a lka l i hydroxide w i t h o u t 
decompos i t ion , b u t G. Schrode r sa id t h a t boi l ing p o t a s h - l y e c o n v e r t s i t i n t o 
nickelosic oxide w i t h t h e evo lu t ion of oxygen . S. M. T a n a t a r found t h a t when 
w a r m e d wi th a soln. of b a r i u m hydroxide con t a in ing some p o t a s s i u m p e r m a n ­
g a n a t e , o x y g e n is evolved , a n d t h e soln. is decolor ized—vide infra, nickel d iox ide . 

Intermedia te o x i d e s . — T h e ana lyses of a n h y d r o u s nickelic oxide b y I . L . Bell , 
T . Vors te r , J . L . Lassa igne , a n d E . RothofE agree w i t h t h e fo rmula N i 2 O 3 ; t h e 
ana lyses of t h e d i h y d r a t e b y W . W e r n i c k e , a n d H . Riesenfeld agree w i t h 
N i 2 O 3 . 2 H 2 O ; t h a t of t h e t r i h y d r a t e b y G. C. Winke lb l ech agree w i t h N i 2 O 3 -SH 2 O ; 
a n d t h a t of t h e t e t r a h y d r a t e b y H . Riesenfe ld , w i t h N i 2 O 3 . 4 H 2 O . T h e i n d i v i d u a l i t y 
of t h e ox ide t h u s a p p e a r s t o b e fair ly well e s tab l i shed . D o u b t s , however , h a v e 
been ra ised . K . A. H o f m a n n a n d H . H i e n d l m a i e r — v i d e supra—suggested t h a t t h e 
d i h y d r a t e does n o t c o n t a i n t e r v a l e n t n ickel in acco rd w i t h N i 2 O 3 . 2 H 2 O , b u t r a t h e r 
q u a d r i v a l e n t n ickel in accord w i t h N i O . N i O 2 . 2 H 2 O , so t h a t t h e al leged nickelic 
ox ide is n ieke lous pern icke l i t e , w h e r e t h e t e r m is un i fo rm w i t h t h e p e r m a n g a n i t e s 
a n d per fer r i tes . I . Bellucci a n d E . C lavar i sa id t h a t , un l ike coba l t , nickel does 
n o t fo rm a n ox ide of t h e t y p e R 2 " 0 3 , a n d t h a t t h e ox ide previous ly r ega rded as 
N i 2 O 3 is a m i x t u r e of va r i ab le p r o p o r t i o n s of N iO a n d N i O 2 . Th i s conclusion is in 
acco rd w i t h t h e ev idence furn ished b y t h e X - r a d i o g r a m s — v i d e supra. I . Bellucci 
a n d E . Clavar i based t h e i r op in ion on t h e o x i d a t i o n of nickel s u l p h a t e in a lka l ine 
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soln. by va r ious oxidizing a g e n t s u n d e r v a r i o u s cond i t i ons of t e m p , a n d d i l u t i o n . 
T h e y found : 

(I ) A n y one oxid iz ing a g e n t y ie lds , b o t h a t t h e o r d i n a r y t e m p e r a t u r e a n d o n h e a t i n g , 
p r o d u c t s g iv ing t h e s a m e v a l u e for t h e r a t i o n i cke l : o x y g e n , b u t a t 0° t h e p r o p o r t i o n of 
o x y g e n is m u c h h igher . (2) T h e d e g r e e of o x i d a t i o n of t h e n i cke l d e p e n d s o n t h e n a t u r e 
of t h e ox id iz ing a g e n t a n d on t h e r a p i d i t y of t h e o x i d a t i o n , t h e l owes t n u m b e r s b e i n g 
o b t a i n e d w h e n t h e p r e c i p i t a t e is left for a l o n g t i m e i n c o n t a c t w i t h excess of t h e ox id iz ing 
so lu t ion . (3) N o n e of t h e ox id iz ing a g e n t s e m p l o y e d l ed t o t h e f o r m a t i o n of a n o x i d e 
h a v i n g t h e f o r m u l a N i 2 O 3 . (4) O n o x i d a t i o n w i t h b r o m i n e i n p r e s e n c e of excess of 
p o t a s s i u m c a r b o n a t e a t (>° a n d w a s h i n g t h e p r e c i p i t a t e -with c o n c e n t r a t e d p o t a s s i u m 
c a r b o n a t e so lu t ion , t h e r a t i o of n i cke l t o o x y g e n w a s f o u n d t o h a v e t h e v a l u e 10 : 19-07 ; 
t h i s is in good a g r e e m e n t w i t h t h e n u m b e r s 10 : 20 r e q u i r e d b y t h e o x i d e N i O 8 , t h e 
ex i s t ence of w h i c h l ias b e e n a s s u m e d b y K. D u f a u . T h i s o x i d e r e a d i l y loses o x y g o n , 
fo rming s u b s t a n c e s w h i c h v a r y in c o m p o s i t i o n w i t h t h e c o n d i t i o n s , a n d t o w h i c h n o def in i te 
formula1! c a n b e g i v e n . (5) W h e n n icke l d i o x i d e loses o x y g e n , n o a r r e s t o c c u r s a t t h e 
s t a g e Ni a 0 3 , w h i c h m a y , h o w e v e r , r e p r e s e n t a r e l a t i v e l y s t a b l e c o m p o u n d ; o n d r y i n g 
o v e r ca l c ium ch lo r ide a t 100°, i t p a s s e s a l w a y s i n t o c o m p o u n d s for -which t h e r a t i o of 
Ni : O is in s o m e cases a p p r o x i m a t e l y IO : 14 a n d in o t h e r s 10 : 13 . 

I n p r e p a r i n g nickelosic oxide b y t h e a c t i o n of fused s o d i u m on nickel , I . Bel lucc i 
a n d S. R u b e g n i a s s u m e d t h a t a sodium nickelous pernickelite, N a 2 O . N i O . 2 N i O 2 , o r 
N a 2 N i (Ni 0 3 ) 2 , is fo rmed ; w h e n t h i s p r o d u c t is w a s h e d w i t h boi l ing w a t e r , i t 
hyd ro lyzes t o fo rm nickelosic ox ide , 2 N i O . N i O 2 . 2 H 2 O , whi l s t t h e potassium 
nickelous pernickelite, K 2 O , N i O . N i O 2 , of K . A . H o f m a n n a n d H . H i e n d l m a i e r , 
y ie lds nickelous pernickelite, N i O . N i O 2 . 2 H 2 O . 

I ) . K . Gora lev i t sch m a d e a series of e x p e r i m e n t s on t h e n icke l ox ides , a n d h e 
cons idered t h a t he h a d e s t ab l i shed t h e ex i s t ence of N i O , N i 3 O 4 , N i 2 O 3 , a n d of N i O 2 , 
a s well as of a n u m b e r of o t h e r ox ides . T h e ev idence , h o w e v e r , a d m i t s of o t h e r 
conclus ions . H e found t h a t 

(1) Nicke l ox ides , r a n g i n g f rom NiO 1 -B 1 t o N i O ^ 3 6 , h a v e b e e n p r e p a r e d b y t h e e l ec t ro ­
lys is of a s t r o n g l y a l k a l i n e so ln . of s o d i u m p y r o p h o s p h a t e -with n icke l i n s u s p e n s i o n — 
t h e o x i d e s r a n g e d f rom 67 t o 73 p e r c e n t , of nickt^l ; 27 t o 34 p e r c e n t , of o x y g o n ; n o 
w a t e r of h y d r a t i o n ; 6 t o 16 p e r c e n t , of a c t i v e o x y g e n l i b e r a t e d b y t h e a c t i o n of w a t e r 
a t 50° ; a n d 7 t o 16 p e r c e n t , of a c t i v e o x y g e n l i b e r a t e d b y t h e a c t i o n of s u l p h u r i c a c i d . 
T h e s e ox ides fu rn i sh n i c k e l o u s ox ide b y t h e r m a l d e c o m p o s i t i o n . (2) N i c k e l o x i d e s , 
r a n g i n g f rom NiO1 . , , , , t o N i O 1 . 3 8 , we re p r e p a r e d b y t h e e lec t ro lys i s of a l k a l i n e so ln . f rom 
w h i c h ch lo r ine w a s l i b e r a t e d e l ee t ro ly t i ea l ly , a n d w h i c h h a d h y d r a t e d n i c k e l o u s o x i d e in 
s u s p e n s i o n — t h e ox ides r a n g e d f rom 66 t o 73 p e r c e n t , of n i cke l , a n d 27 t o 34 p e r c e n t , 
of o x y g e n ; 5 t o 16 p e r c e n t , of a c t i v e o x y g e n l i b e r a t e d b y t h e a c t i o n of w a t e r a t 50° ; 
a n d 7 t o 16 p e r c e n t , of a c t i v e o x y g e n l i b e r a t e d b y t h e a c t i o n of s u l p h u r i c a c i d . 
(3) N icke l ox ides , r a n g i n g f rom N i O 1 ^ 9 t o N i O 1 . 3 6 , w e r e o b t a i n e d b y t h e o x i d a t i o n of 
n icke l s a l t s , i n c l u d i n g ch lo r ides , b y t\ie> a c t i o n of p o t a s s i u m p e r s u l p h a t e in a l k a l i n e so ln . 
T h e p r o d u c t s c o n t a i n e d 9 t o 10 p e r c e n t , of H 2 O , or , n e g l e c t i n g w a t e r , 66 t o 73 p e r c e n t , 
of n icke l , 27 t o 34 p e r c e n t , of o x y g e n ; 7 t o 16 p e r c e n t , of a c t i v e o x y g e n l i b e r a t e d b y 
t h e a c t i o n of w a t e r a t 50° ; a n d 7 t o 16 p e r c e n t , of o x y g e n l i b e r a t e d b y t h e a c t i o n of 
s u l p h u r i c ac id . (4) N i c k e l o x i d e s , r a n g i n g f rom N i O 1 ^ 1 t o N i O 1 ^ 3 , w e r e o b t a i n e d b y 
t h e o x i d a t i o n of n i c k e l o u s o x i d e b y g e n t l y h e a t i n g i t w i t h d r y p o t a s s i u m n i t r a t e . T h e 
p r o d u c t s c o n t a i n e d 67 t o 72 p e r c e n t , of n i cke l ; 28 t o 34 p e r c e n t , of o x y g e n ; 8 t o 15 p e r 
c e n t , of a c t i v e o x y g o n l i b e r a t e d b y t h e a c t i o n of w a t e r a t 50° ; a n d 7 t o 15 p e r c e n t , of 
a c t i v e o x y g e n l i b e r a t e d b y t h e a c t i o n of s u l p h u r i c a c i d . (5) W h e n p o t a s s i u m c h l o r a t e is 
e m p l o y e d in p l ace of t h e n i t r a t e , t h e p r o d u c t s , r a n g i n g f rom N i O 1 . 8 9 t o N i O ^ 8 7 , c o n t a i n e d 
66 t o 70 p e r c e n t , of n icke l ; 30 t o 34 p e r c e n t , of o x y g e n ; 11 t o 1 6 p e r c e n t , of a c t i v e 
o x y g e n l i b e r a t e d b y t h e a c t i o n of w a t e r a t 50° ; a n d IO t o 17 p e r c e n t , of a c t i v e o x y g e n 
l i b e r a t e d b y t h e a c t i o n of s u l p h u r i c a c i d . (6) N i c k e l o x i d e , N i O 1 . 5 7 , o b t a i n e d b y h e a t i n g 
t h e n i t r a t e or c a r b o n a t e , g a v e p r o d u c t s w i t h 71 p e r c e n t , of n icke l ; 29 p e r c e n t , of o x y g e n ; 
a n d 9-5 t o 10 p e r c e n t , of a c t i v e o x y g e n l i b e r a t e d b y t h e a c t i o n of s u l p h u r i c a c i d . 

A n indef ini te ly la rge n u m b e r of i n t e r m e d i a t e c o m p o u n d s h a s b e e n r e p o r t e d 
b e t w e e n N i O a n d N i O 2 . I n a n a l o g o u s cases , w h e r e s u i t a b l e i n v e s t i g a t i o n s h a v e 
been m a d e , m o s t of t h e i n t e r m e d i a t e s t a g e s h a v e b e e n s h o w n t o be sol id soln. of 
one ox ide in t h e o t h e r ; or else t h e p r o d u c t s r e p r e s e n t a r e a c t i o n a r r e s t e d a t 
different s t a g e s — e i t h e r t h e o x i d a t i o n of n icke l m o n o x i d e t o d iox ide , o r t h e r e d u c ­
t i o n of nickel d iox ide t o m o n o x i d e . A s G. S c h r o d e r sa id of t h o s e r e p o r t e d u p t o 
h i s t i m e , t h e i r chemica l i n d i v i d u a l i t y is doub t fu l . 
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D . K . G o r a l e v i t s c h i n f e r r e d t h e e x i s t e n c e of t h e f o l l o w i n g c o m p l e x o x i d e s of l o w 
s t a b i l i t y : N i 5 O 9 , o r N i 0 . 4 N i 0 2 ; N i 6 O 1 1 , o r NiO.51STiO 2 ; N i 3 O 5 , o r N i O . 2 N i O 2 ; N i 9 O 1 7 , 
o r N i O . 8 N i O 8 ; N i 7 O 1 2 , o r 2 N i O . 5 N i O 5 , ; N i 8 O 1 5 , o r N i O . 7 N i O . . ; N i 5 O 8 , o r 2 N i O . 3 N i O 2 ; 
N i 1 1 O 1 7 , o r 5 N i O . 6 N i O 2 ; N i 9 O 1 6 , o r 2 N i O . 7 N i O 2 ; N i 7 O 1 8 , o r N i O . 6 N i O 2 ; N i 3 O 5 , o r 
N i 2 O 8 - N i O 2 , o r N i O . 2 N i O 8 ; N i 8 O 1 3 , o r 3 N i 8 O 3 . 2 N i O 2 , o r 3 N i O . 5 N i O 2 ; N i 6 O 7 , o r 
3 N i O . 2 N i O 2 ; N i 2 O 3 , o r N i O . N i O 2 ; N i a 0 3 . M 2 0 , o r N i O . N i 0 2 . H a O ; N i 3 O 4 , o r 2 N i O . N i O 2 , 
b u t h e i s f o l l o w i n g a w r o n g t r a c k . T . B a y l e y r e p o r t e d N i 3 O 5 t o b e f o r m e d a s a b l a c k 
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s a l t s o l n . ; a n d N i 8 O 1 1 - Q H 2 O r e p o r t e d b y T . B a y l e y t o b e p r o d u c e d b v t h e a c t i o n of 
w a t e r o n N i 3 O 6 . C . R . A . W r i g h t a n d A . T*. L u f f r e p o r t e d N i 9 O 1 1 . 1 2 H 2 O t o b e f o r m e d 
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§ 12. The Higher Oxides of Nickel 
In 1896, E . D u f a u 1 r e p o r t e d t h e fo rma t ion of a sa l t of n icke l dioxide, or 

nickel peroxide, N i O 2 , n a m e l y , b a r i u m d ipern icke l i t e , B a O . 2 N i O 2 . H . Schulze 
o b s e r v e d t h a t w h e n nickel chlor ide, b r o m i d e , or iod ide is d r o p p e d i n t o m o l t e n 
p o t a s s i u m ch lo ra te , o x i d a t i o n t a k e s p lace a n d a m i x t u r e of n ickel d iox ide a n d 
m o n o x i d e is formed, a n d s imi lar ly -when nickel n i t r a t e or ch lo ra t e is g e n t l y h e a t e d . 
These p r o d u c t s were former ly r e g a r d e d as nickelic ox ide , b u t t h e ev idence ind i ­
ca t e s t h a t t h e y a re indefini te m i x t u r e s of n ickel d iox ide a n d m o n o x i d e . I . JBellucci 
a n d K. Clavar i o b t a i n e d n ickel d ioxide , c o n t a m i n a t e d w i t h m o r e or less m o n o x i d e , 
b y t h e ac t ion of p e r s u l p h a t e , hypoch lo r i t e s , hypobro rn i t e s , b r o m i n e , or anod i c 
chlor ine on nickel m o n o x i d e or h y d r o x i d e s u s p e n d e d in a lka l ine soln. T h e degree 
of ox ida t ion d e p e n d s on t h e t e m p . , a n d t h e t i m e of e x p o s u r e t o t h e o x i d a t i o n . A 
h igher degree of o x i d a t i o n is o b t a i n e d w i t h soln. m a d e a lka l ine w i t h a lka l i car ­
b o n a t e s r a t h e r t h a n w i t h a lka l i h y d r o x i d e s ; a n d b y w a s h i n g t h e p r ec ip i t a t e s w i t h 
a dil . soln. of a lka l ine c a r b o n a t e r a t h e r t h a n w i t h w a t e r . I f n d e n o t e s t h e a t . 
p r o p o r t i o n of oxygen c o m b i n e d w i t h nickel i n N i O n , t h e va lues of n w i t h different 
oxidiz ing agen t s , a t different t e m p . , were : 

Hot solutions 16° (circa) 0° 
P e r s u l p h a t e s . . 1-46 t o 1-48 1-36 t o 1-642 1-64 t o 1-645 
H y p o c h l o r i t e s . . . 1-48 t o 1*58 1-56 t o 1-57 1-756 t o 1-791 
B r o m i n e . . . . 1-54 t o 1 0 7 9 1-638 t o 1-746 1-828 to 1-907 
H y p o b r o r n i t e s . . . 1-47 t o 1-70 1-64 t o 1-68 
A n o d i c ch lo r ine . . 1-52 t o 1-56 

O. R. Howel l found that hypochlorites free from alkali react far more s lowly 
wi th soln. of nickel s u l p h a t e t h a n t h e y do in t h e p re sence of alkalies. W i t h an 
excess of alkali, the precipitated nickel hydroxide is oxidized, and the oxidat ion 
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is q u a n t i t a t i v e u p t o t h e nickel ic ox ide s t age , b u t owing t o t h e c a t a l y t i c d e c o m ­
pos i t i on of n icke l d iox ide , l a rge r p r o p o r t i o n s of h y p o c h l o r i t e y ie ld o n l y a sma l l 
p r o p o r t i o n a t e inc rease i n t h e ox ida t i on . W i t h s o d i u m c a r b o n a t e , h y p o c h l o r i t e s 
ox id ize t h e p r e c i p i t a t e d n icke l c a r b o n a t e , b u t t h e l i b e r a t e d c a r b o n d iox ide y ie lds 
n icke l h y d r o c a r b o n a t e so t h a t p r e c i p i t a t i o n is n o t c o m p l e t e . T h e ox id ized p r e ­
c i p i t a t e is v e r y u n s t a b l e a n d evo lves o x y g e n even w h e n i t is s u s p e n d e d in t h e soln. 
a t o r d i n a r y t e m p . T h e d e c o m p o s i t i o n p roceeds b e y o n d t h e nickel ic ox ide s t a g e , 
a n d t h e speed of t h e d e c o m p o s i t i o n is r e t a r d e d b y a lkal ies . T h e r e is a n inc rease 
in t h e p rogress of t h e o x i d a t i o n w i t h a n increase in t h e c o n c e n t r a t i o n of t h e 
r e a c t i n g soln. , p r e s u m a b l y owing t o t h e p r o t e c t i v e effect of t h e a lka l ies . T h e 
o x i d a t i o n does n o t p rog re s s so fa r a t h i g h e r t e m p , because of t h e inc reased r a t e a t 
w h i c h t h e p r e c i p i t a t e d e c o m p o s e s . Nicke l d iox ide decomposes d i r ec t ly t o t h e 
h y d r a t e d m o n o x i d e w i t h o u t t h e p r o d u c t i o n of nickel ic ox ide ; nickelic ox ide is 
n o t p r o d u c e d as a n i n t e r m e d i a t e s t age . A t t h e b . p . of t h e soln. n ickel d iox ide 
d e c o m p o s e s r a p i d l y , a n d nickel ic ox ide s lowly, so t h a t i t is possible t o e s t i m a t e 
t h e r e l a t i ve p r o p o r t i o n N i 2 O 3 : N i O 2 in a g reen p r e c i p i t a t e . Nicke lous h y d r o x i d e 
is ox id ized s i m u l t a n e o u s l y t o nickel ic ox ide a n d n icke l d iox ide , a n d nickel ic ox ide 
is n o t a n i n t e r m e d i a t e s t a g e in t h e f o r m a t i o n of t h e d iox ide . T h e p r e c i p i t a t e 
cons is t s of a m i x t u r e of t h e t h r e e o x i d e s — N i O , N i 2 O 3 , a n d N i O 2 ; b u t w i th sufficient 
h y p o c h l o r i t e , all t h e m o n o x i d e c a n be ox id ized t o t h e o t h e r t w o oxides . Nickel ic 
ox ide is n o t ox id ized t o t h e d iox ide , so t h a t t h e d iox ide r ep re sen t s t h e l imi t se t t o 
t h e o x y g e n c o n t e n t of t h e p r e c i p i t a t e . I t is a s s u m e d t h a t t h e o x i d a t i o n p roceeds 
via t h e c o m p l e x N i O 2 . 3 N i O , t h u s : 

^ Ni02 .NiO->™NiOo 
4 N i O - » N i 0 2 - 3 N i O ^X ^r. * ^ ^x " 

W i t h j u s t sufficient a lka l i for p r e c i p i t a t i o n , t h e o x y g e n suppl ied b y t h e h y p o ­
ch lo r i t e first e n t e r s a l m o s t who l ly as p e r o x i d e a n d t h e n a s sesquioxide . Th i s is 
a t t r i b u t e d t o t h e f o r m a t i o n a n d s u b s e q u e n t o x i d a t i o n of a c o m p l e x . W i t h 
inc reas ing a m o u n t of a lka l i for p r e c i p i t a t i o n , t h e f rac t ion of n ickel p r e c i p i t a t e d a s 
p e r o x i d e increases a n d is p r o p o r t i o n a l t o t h e a d s o r p t i o n of t h e a lka l i . T h i s is 
a t t r i b u t e d t o t h e s tab i l i z ing effect of t h e a lka l i by a d s o r p t i o n . T h e r eac t i on w a s 
s t u d i e d b y E . Ch i rnoaga , a n d b y M. Ie B l a n c a n d !R. Miil ler—vide c o b a l t d iox ide . 
T h e inc reased y ie ld of t h e h ighe r ox ide w i t h m o r e cone . soln. of p o t a s s i u m car ­
b o n a t e , in t h e o x i d a t i o n w i t h b r o m i n e , is a t t r i b u t e d t o t h e g r e a t degree of d i spers ion 
of t h e n icke lous h y d r o x i d e . 

N icke l d iox ide is s u p p o s e d t o be f o r m e d in t h e n icke l ox ide a c c u m u l a t o r (q.v.) 
d u r i n g t h e a n o d i c o x i d a t i o n of n icke l ox ide in a lka l ine soln. T h e s u b j e c t w a s 
d i scussed b y F . F o r s t e r , H . Riesenfe ld , O. T u b a n d t a n d W . Riede l , J . Zedne r , 
A . L . M a r s h , a n d A. E . K e n n e l l y . C. T u b a n d t a n d W . R iede l obse rved t h a t t h e 
e lec t ro lys is of a lka l i c a r b o n a t e soln. c o n t a i n i n g n ickel , b e t w e e n n ickel p l a t e s , 
u s i n g a d i a p h r a g m , y ie lds a d a r k soln. w h i c h c o n t a i n s on ly t h e colloidal d iox ide . 

Gr. Li. C la rk a n d co -worke r s f o u n d t h a t t h e X - r a d i o g r a m s of t h e fo rms of n icke l 
d i o x i d e g a v e n o diffract ion l ines ; t h i s i nd i ca t e s a n a m o r p h o u s s t r u c t u r e . I f 
n ickel ic ox ide be i n t r u t h a m i x t u r e of n ickel d iox ide a n d m o n o x i d e — a n d t h e r e is 
n o w v e r y l i t t l e d o u b t a b o u t t h i s — t h e n m o s t of t h e chemica l p r o p e r t i e s a s s igned t o 
n ickel ic ox ide shou ld be t r a n s f e r r e d t o n icke l d iox ide . T h e d iox ide loses o x y g e n 
w h e n d r i ed i n a i r o r o v e r des i cca t ing a g e n t s , a n d furn ishes a series of indef ini te 
m i x t u r e s , N i O : N i O 2 . H . Moissan sa id t h a t t h e r e d u c t i o n b y h y d r o g e n begins a t 
a b o u t 190°. T h e d iox ide b u r n s i n fluorine. T h e d iox ide decomposes h y d r o g e n 
d i o x i d e w i t h t h e e v o l u t i o n of o x y g e n ; i t d issolves i n ac ids , fo rming n icke lous 
sa l t s ; w i t h hyd roch lo r i c ac id i t y ie lds ch lor ine ; w i t h h y d r o g e n su lph ide i t fo rms 
w a t e r a n d n icke l m o n o s u l p h i d e ; w i t h s u l p h u r o u s ac id i t fo rms a su lph i t e a n d 
d i t h i o n a t e ; a n d w i t h s u l p h u r i c ac id , o x y g e n is g i v e n off a n d n icke lous s u l p h a t e 
i s formed. A c c o r d i n g t o C. T u b a n d t a n d W . R i e d e l , w h e n a fine, a q . suspens ion 
of nickel dioxide is treated wi th di lute sulphuric acid, a soln. is o b t a i n e d which 
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l i be ra t e s iodine f rom p o t a s s i u m iod ide , a n d decolor izes p e r m a n g a n a t e t o s o m e 
e x t e n t . These reac t ions a r e n o t d u e , a s sugges t ed b y S. M. T a n a t a r , t o t h e 
f o r m a t i o n of h y d r o g e n d iox ide , w h i c h is n o t p r e s e n t e v e n i n t r a ce s . I t is a s s u m e d 
t h a t t h e l ibera t ion of iod ine is d u e t o t h e f o r m a t i o n of p e r s u l p h u r i c ac id , o r of 
Caro ' s acid, even in t h e di l . su lphu r i c ac id used . T h e deco lo ra t ion of t h e pe r ­
m a n g a n a t e is on ly a p p a r e n t , t h e colour be ing m a s k e d b y t h e g reen colour of t h e 
nickel soln. C. T u b a n d t a n d W . R iede l o b s e r v e d t h a t s t rongly-cooled , a lcohol ic 
soln. of ac ids yie ld w i t h n icke l d iox ide d a r k red , col loidal soln. A c c o r d i n g t o 
C. T u b a n d t a n d W . R iede l , p h o s p h o r i c ac id fo rms s t a b l e col loidal soln . 
S. M. T a n a t a r showed t h e f o r m a t i o n of h y d r o g e n d iox ide w h e n n icke l d iox ide 
a c t s on a soln. of h y d r o c y a n i c ac id in t h e p resence of p o t a s s i u m c y a n i d e , a n d 
C. T u b a n d t a n d W . R iede l a d d e d t h a t t h e h y d r o g e n d iox ide is n o t fo rmed f rom t h e 
nickel pe rox ide , howeve r , b u t b y t h e au to -ox id i z ing a c t i o n of t h e c o m p l e x n icke l 
c y a n i d e s fo rmed . Th i s is s u p p o r t e d b y t h e fac t t h a t n ickel h y d r o x i d e or a n y 
nickel sa l t m a y be used in p lace of t h e d iox ide . S. M. T a n a t a r , howeve r , showed 
t h a t a soln. of n ickel p e r o x i d e in su lphu r i c ac id c o n t a i n s , n o t on ly p e r s u l p h u r i c 
ac id , b u t also h y d r o g e n pe rox ide . T h e g r e a t e s t a m o u n t of h y d r o g e n pe rox ide is 
p r o d u c e d w h e n t h e nickel p e r o x i d e is d issolved in a soln. of h y d r o g e n c y a n i d e 
c o n t a i n i n g p o t a s s i u m c y a n i d e ; t h i s c a n n o t be d u e t o t h e au to -ox id i z ing a c t i o n of 
t h e n icke l -cyanogen c o m p l e x p r o d u c e d , since n e i t h e r n ickel h y d r o x i d e n o r n icke l 
sa l t s , w h e n free f rom coba l t , g ive rise t o h y d r o g e n p e r o x i d e u n d e r t h e s a m e con­
d i t ions . T h e different r e su l t s o b t a i n e d b y C. T u b a n d t a n d W . R iede l were p r o ­
b a b l y due t o t h e fact t h a t t h e nickel pe rox ide used b y t h e m c o n t a i n e d coba l t , i t 
be ing well k n o w n t h a t h y d r o g e n pe rox ide is p r o d u c e d d u r i n g t h e o x i d a t i o n of 
p o t a s s i u m coba l to -cyan ide . 

Gr. Pel l ini a n d D . Meneghin i p r e p a r e d hydrated n ickel d iox ide , N i O 2 . n H 2 0 , b y 
a d d i n g t o a dil . soln. of n ickel chlor ide , cooled t o —50° , a n equa l vol . of 30 p e r 
cen t , h y d r o g e n d iox ide , a n d finally a n alcohol ic soln. of p o t a s s i u m h y d r o x i d e . 
T h e p r o d u c t w a s w a s h e d severa l t i m e s w i t h cold a lcohol , a n d t h e n w i t h e t h e r . 
T h e green ish-grey p o w d e r is s t ab l e in air . T h e p u r e d iox ide h a s n o t been p r e p a r e d , 
b u t i t h a s been o b t a i n e d a s close t o N i O 2 a s NiO1-Q8 . T h e s a m e d iox ide w a s 
o b t a i n e d b y t h e a c t i o n of h y d r o g e n d iox ide on free n icke lous h y d r o x i d e , b u t t h e 
r eac t i on is v e r y slow. T h e g reen d iox ide so o b t a i n e d is r a t h e r different f rom t h a t 
o b t a i n e d b y I . Bellucci a n d E . Clavar i . Since t h e g reen p r o d u c t g ives all t h e 
r eac t i ons of h y d r o g e n d iox ide , G. Pel l in i a n d X). Menegh in i sugges t t h a t t h e i r 
p r o d u c t h a s t h e c o n s t i t u t i o n 

Ni<C^ ; and N i < ^ 0 

is g iven for t h e c o n s t i t u t i o n a l formulae of t h e c o m p o u n d descr ibed b y I . Bel lucci 
a n d E . Clavar i . T h e c o n s t i t u t i o n w a s also d iscussed b y S. M. T a n a t a r , C. T u b a n d t 
a n d W . Riede l , D . K . Gora l ev i t s ch , a n d H . B a u b i g n y . Accord ing t o R . Miiller, 
a n d M. Ie B l a n c a n d H . Sachse , n ickel ox ide c a n t a k e u p o x y g e n w i t h o u t fo rming 
a chemica l c o m p o u n d . T h e p r o d u c t , owing t o i t s h igh degree of d ispers ion , does 
n o t show a definite space - l a t t i ce w h e n X - r a d i o g r a m s a re t a k e n . E . Gobel s t u d i e d 
t h e r e d u c t i o n w i t h c a r b o n m o n o x i d e . 

Pernicke l i tes .—As i n d i c a t e d a b o v e , K . A . H o f m a n n a n d H . H i e n d l m a i e r 
r e p o r t e d po tas s ium n i c k e l o u s pernickel i te , K 2 O - N i O . N i O 2 — p o s s i b l y a n o x y p e r -
nickel i te , K 2 NiO(NiOg)—to be fo rmed w h e n p o t a s s i u m b u r n s o n a n icke l p l a t e . 
T h e b lack , hygroscopic , p r i s m a t i c c ry s t a l s a r e d e c o m p o s e d s lowly b y e x p o s u r e t o 
a m o i s t a t m o s p h e r e or t o w a t e r , w h e n n icke lous pe rn icke l i t e , N i O . N i O 2 . 2 H 2 O , or 
N i ( N i O 3 ) . 2 H 2 O , is formed. I . Bellucci a n d S. R u b e g n i r e p o r t e d s o d i u m n i c k e l o u s 
pernicke l i te , N a 2 O . N i 0 . 2 N i 0 2 , o r Na 2 Ni(NiO 8 J 2 , t o b e fo rmed b y t h e m e t h o d u s e d 
in t h e p r e p a r a t i o n of h y d r a t e d nickelosic ox ide (q.v.), a n d s e p a r a t i n g t h e p r o d u c t s 
of the reaction by flotation with methylene iodide. E . !Dufau could not pre­
pare calcium pernickelite, nor strontium pernickelite, bu t he obtained barium 
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pernicke l i te , B a O . 2 N i O 2 , b y h e a t i n g a n i n t i m a t e m i x t u r e of nickelic ox ide (85 
p a r t s ) , b a r i u m ox ide (155 p a r t s ) , or b a r i u m c a r b o n a t e (20O p a r t s ) , s u r r o u n d e d by-
b a r i u m ox ide , in a n e lect r ic a r c fu rnace for 10 m i n s . T h e g r e y m a s s h a s a c r y s t a l ­
l ine f r ac tu r e , b u t i t soon d i s i n t e g r a t e s o n exposu re t o a i r ; a n d , w h e n r a p i d l y t r e a t e d 
w i t h cold w a t e r , l ev iga t ed , a n d finally w a s h e d a n d l ev iga t ed w i t h a lcohol , i t y ie lds 
smal l , b r i l l i an t , d a r k co lou red c r y s t a l s wh ich a re g r een i sh -b rown w h e n p o w d e r e d . 
T h e sp . gr . is 4*8 a t 20° , a n d t h e h a r d n e s s is a l i t t l e ove r 4. T h e sa l t is n o t s t a b l e . 
Cold w a t e r a t t a c k s t h e c r y s t a l s s lowly, a n d h o t w a t e r r ap id ly . Hydro f luo r i c ac id 
d issolves t h e m w i t h effervescence, a n d h y d r o c h l o r i c ac id w i t h evo lu t ion of ch lor ine ; 
n i t r i c ac id a n d a m m o n i a a lso d issolve a n d d e c o m p o s e t h e m . Chlor ine , b r o m i n e , 
a n d iod ine a t t a c k t h e n icke l i t e a t a r e d - h e a t , w i t h f o r m a t i o n of ha logen sa l t s of 
t h e m e t a l s , b u t o x y g e n h a s n o a c t i o n a t b r i g h t r edness . S u l p h u r , a l i t t le a b o v e i t s 
m . p . , c o n v e r t s t h e n icke l i t e i n t o su lph ides w i t h incandescence . H y d r o g e n fluoride 
a n d h y d r o g e n ch lor ide d e c o m p o s e i t a t a r ed h e a t , b u t fused n e u t r a l ox id iz ing 
a g e n t s a r e w i t h o u t a c t i o n o n i t . J . J . Berze l ius p r e p a r e d w h a t he cal led Nickel-
oxydul-magnesia b y p r e c i p i t a t i o n w i t h a q . a m m o n i a f rom a m i x e d soln. of n ickel 
a n d m a g n e s i u m sa l t s . E . D u f a u cou ld n o t p r e p a r e m a g n e s i u m pernickel i te . 
K . A. H o f m a n n a n d H . H i e n d l m a i e r o b t a i n e d n i c k e l o u s pernickel i te as i n d i c a t e d 
a b o v e , a n d t h e a l leged nickel ic ox ide (q.v.) is s u p p o s e d t o be t h i s pe rn icke l i t e . 

T h e n i cke la te s a n d p e r n i c k e l a t e s . — T h e n icke la t e s a r e sa l t s of t h e h y p o ­
t h e t i c a l n i c k e l tr iox ide , N i O 3 . D . KL. Gora l ev i t s ch fused n icke l m o n o x i d e w i t h 
p o t a s s i u m n i t r a t e or c h l o r a t e in t h e p re sence of a n excess of a lka l i h y d r o x i d e , a n d 
o b t a i n e d a b r i g h t g reen p o t a s s i u m n i c k e l a t e , K 2 N i O 4 , w h i c h is u n s t a b l e a n d 
d e c o m p o s e s w i t h t h e e v o l u t i o n of o x y g e n . T h e n i c k e l a t e is soluble i n w a t e r . T h e 
c o r r e s p o n d i n g s o d i u m nickelate» N a 2 N i O 4 , w a s p r e p a r e d in a n ana logous m a n n e r . 
I t is hygroscop ic , a n d , l ike t h e p o t a s s i u m sa l t , u n s t a b l e . B y t r e a t i n g t h e freshly-
p r e p a r e d soln. of t h e a lka l i n i cke l a t e s w i t h a lka l ine e a r t h sa l t s t h e co r r e spond ing 
a l k a l i n e e a r t h n i c k e l a t e s a r e fo rmed . T h e y r e semb le t h e co r re spond ing fe r ra tes , 
b u t a r e m o r e s t ab l e . I n a q . soln. , t h e a lka l i f e r r a t e s d e c o m p o s e d in 20 t o 30 mins . , 
b u t t h e a lka l i n i c k e l a t e s d e c o m p o s e d u n d e r s imi la r cond i t i ons i n a few h o u r s . 
T h e g reen soln . of p o t a s s i u m n i c k e l a t e d e c o m p o s e d c o m p l e t e l y w i t h t h e l i be ra t ion 
of g r e y n icke lous ox ide in 24 h r s . 

I n p r e p a r i n g t h e a lka l i n i cke l a t e s , t h e r e is s i m u l t a n e o u s l y fo rmed a sma l l 
p r o p o r t i o n of a g rey i sh -g reen s u b s t a n c e w h i c h l i be r a t e s o x y g e n w h e n t r e a t e d w i t h 
h o t w a t e r , or w i t h n i t r i c or h y d r o c h l o r i c ac id ; i t d issolves w i t h o u t d e c o m p o s i t i o n 
in h o t , cone , hyd roch lo r i c ac id , b u t s e p a r a t e s f rom t h e ac id on cooling. T h e 
p r o d u c t is p o t a s s i u m pern icke la te , K 2 N i O 5 . L a r g e y ie lds of t h e pe rn icke la t e c a n 
be o b t a i n e d b y fusing i n a s i lver vessel a m i x t u r e of n icke l m o n o x i d e a n d p o t a s s i u m 
n i t r a t e , a n d a d d i n g p o t a s s i u m d iox ide t o t h e h o t , fused p r o d u c t . T h e m i x t u r e is 
h e a t e d a g a i n , cooled, p o w d e r e d , a n d w a s h e d w i t h i ce -wate r on a f i l ter-paper . T h e 
c o r r e s p o n d i n g s o d i u m pern icke la te , N a 2 N i O 5 , w a s o b t a i n e d in a n a n a l o g o u s 
m a n n e r ; a n d l ikewise w i t h b a r i u m pernicke late , B a N i O 5 . Un l ike t h e s o d i u m 
a n d p o t a s s i u m sa l t s , b a r i u m p e r n i c k e l a t e is n o t d e c o m p o s e d b y h o t w a t e r , or b y 
h e a t i n g i t t o r edness , b u t i t is d e c o m p o s e d b y su lphu r i c a n d n i t r i c ac ids , w i t h t h e 
l i be r a t i on of o x y g e n ; w h e n i t is t r e a t e d w i t h cone , hyd roch lo r i c acid, a n d h e a t e d , 
ch lo r ine is evo lved . T h e p r o d u c t s o b t a i n e d b y t h e a b o v e fusion processes a r e 
the re fo re m i x t u r e s . W h e n r e p e a t e d l y w a s h e d w i t h di l . ace t ic ac id , t h e res idue on 
t h e filter-paper is B a O 2 - N i O 8 , w i t h n ickel o c t o v a l e n t : 

B a < ^ ^ > N i < ^ 0 

A c c o r d i n g t o D . K . Gora lev i t sch , w h e n s o d i u m , p o t a s s i u m , or b a r i u m per ­
n i c k e l a t e is t r e a t e d w i t h cone , h y d r o c h l o r i c ac id , a g reen p r ec ip i t a t e of n i cke l 
h e m i p e n t o x i d e , N i 2 O 5 , is sa id t o be fo rmed ; i t is u n s t a b l e a n d read i ly decomposes 
i n t o n icke l m o n o x i d e a n d o x y g e n . W h e n nickel h e m i p e n t o x i d e is h e a t e d w i t h 
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cone , hyd roch lo r i c ac id , a w h i t e n i c k e l t e trox ide , N i O 4 , is fo rmed , a n d i t d e c o m ­
poses on exposu re t o a i r i n t o n icke lous ox ide a n d o x y g e n . A . H o l l a r d f o u n d t h a t 
w h e n a so lu t ion of n ickel (0-05 g r m . i n 300 c.c.) c o n t a i n i n g c h r o m i c ac id a n d a lka l i 
p y r o p h o s p h a t e is e lec t ro lyzed a t 70°, u s ing a c u r r e n t of 0*1 a m p e r e for 54 h r s . , 
t h e t e t r o x i d e N i O 4 w a s depos i t ed . 
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1906. 

§ 13. Nickel Fluorides 
Nicke l f luoride is o b t a i n e d "when a soln. of t h e c a r b o n a t e in hydrof luor ic ac id 

is e v a p o r a t e d . C. P o u l e n c x p r e p a r e d n i c k e l fluoride, N iF 2 * ^ y m e l t i n g a n excess 
of a m m o n i u m fluoride w i t h a n h y d r o u s n ickel ch lor ide , a n d w h e n t h e m a s s is co ld 
e x t r a c t i n g i t w i t h boi l ing a lcohol t o r e m o v e t h e a m m o n i u m chlor ide . T h e ye l low 
a m m o n i u m n icke lous fluoride is h e a t e d t o r ednes s in a n i n e r t gas , a n d t h e r e r e m a i n s 
p u l v e r u l e n t n icke lous fluoride, wh ich , w h e n h e a t e d , b e t w e e n 1200° t o 1300°, i n 
d r y h y d r o g e n fluoride, becomes c rys ta l l ine . 

N icke l fluoride crys ta l l izes i n ye l lowish-green , e l o n g a t e d p r i s m s . A c c o r d i n g t o 
A . F e r r a r i , t h e c r y s t a l s a r e t e t r a g o n a l of t h e ru t i l e t y p e a n d t h e X - r a d i o g r a m s 
show t h a t t h e l a t t i ce d imens ions a r e « = 4 - 7 1 0 A. , c = 3 - 1 1 8 A. , a n d a : c=l : 0*662 ; 
O. Ruff a n d E . A s c h e r l ikewise c a l c u l a t e d 4-79. T h e v o l u m e of t h e l a t t i c e is 
6 9 - 1 7 X l O - 2 4 c . c , a n d t h e c a l c u l a t e d d e n s i t y is 4 -641 . V. M. G o l d s c h m i d t a n d 
co-workers s t u d i e d t h e sub jec t . C. P o u l e n c f o u n d t h e sp . gr. t o be 4-63. 
F . W . Cla rke ' s v a l u e , 2-855 a t 14°, is p r o b a b l y t o o low. W . Bi l t z a n d E . R a h l f s 
g a v e 4-60 for t h e sp . g r . a t 25°/4° , 21-01 for t h e mo l . vol . , a n d 7-3 for t h e mol . vo l . 
of t h e fluoride. 

A . R u d a t ca l cu l a t ed 157,500 ca ls . p e r m o l . for t h e h e a t of f o r m a t i o n , a t 300° 
t o 500° , a n d for t h e p re s su re , p, of t h e fluoride, a t 300° , 400°, 450°, a n d 500°, h e 
g a v e p = 4 " O x 10~&3, 3-1 X 10~ 4 4 , 9-1 X 10~4i, a n d 1-1 X 10~37 respec t ive ly . H . v o n 
W a r t e n b e r g g a v e 171-4 OaIs. for t h e h e a t of f o r m a t i o n of t h e fluoride i n a q . soln. 
G. B e c k s tud i ed t h e sub jec t . C. P o u l e n c o b s e r v e d t h a t t h e sa l t s u b l i m e s i n 
h y d r o g e n fluoride w h e n i t is h e a t e d a b o v e 1000°. E . P e t e r s e n f o u n d t h e h e a t of 
n e u t r a l i z a t i o n of ^ N i ( O H ) 2 b y H F a q . is 13-835 Cals . ; H . v o n W a r t e n b e r g a n d 
O. F i t z n e r gave (Ni ,F 2 ,Aq . ) = 171*4 Cals . G. B e c k s t u d i e d t h e e n e r g y of t h e 
molecu le ; G. Den iges , t h e a b s o r p t i o n s p e c t r u m ; P . H e n k e l a n d W . K l e m m , 
a n d R . A . F e r e d a y , t h e m a g n e t i c suscep t ib i l i t y of t h e n icke l fluoride. 

C. P o u l e n c found t h a t t h e fluoride is r e d u c e d t o t h e m e t a l w h e n h e a t e d i n 
h y d r o g e n . K . J e l l i nek a n d A. R u d a t s t u d i e d t h e equ i l i b r i um N i F 2 + ! l 2 ^ N i + 2 H F 
a p p r o a c h e d f rom t h e h y d r o g e n s ide because of t h e slow r a t e of diffusion of h y d r o g e n 
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fluoride t h r o u g h t h e film of fluoride, first fo rmed on t h e surface of t h e m e t a l , w h e n 
a n a p p r o a c h is m a d e f rom t h e o t h e r s ide. T h e e q u i l i b r i u m c o n s t a n t s , / £ = P2HIr/J?Ha 
a t 300° , 400°, 450°, a n d 500° , a r e , r e spec t ive ly , i f = 0 0 0 3 3 , 0 1 3 8 0 , 0-5495, a n d 2-09. 
A . Ser res s t u d i e d t h e m a g n e t i c p rope r t i e s ; a n d B . C a b r e r a a n d A. D u p e r i e r , t h e 
effect of t e m p , on t h e m a g n e t i c suscep t ib i l i ty . C. P o u l e n c f o u n d t h a t t h e fluoride 
is c o n v e r t e d i n t o ox ide w h e n h e a t e d in a i r . I I . Schulze m a d e o b s e r v a t i o n s o n t h e 
sub jec t . Acco rd ing t o C. P o u l e n c , t h e sa l t is a l m o s t insoluble i n w a t e r , b u t w a t e r 
v a p o u r c o n v e r t s i t i n t o t h e b l a c k ox ide , or a t a h igher t e m p . , i n t o g reen n i c k e l o u s 
ox ide . A. K u r t e n a c k e r a n d co -worker s found t h a t t h e so lubi l i ty , /S p e r c e n t . 
N i F 2 , in w a t e r a t 10° is 2-49 ; a t 50° , 2-50 ; a n d a t 100°, 2-52 ; a n d i t is t he re fo re 
a l m o s t i n d e p e n d e n t of t e m p e r a t u r e , w i t h t h e solid p h a s e N i F 2 . 4 H 2 O . A. K u r t e ­
n a c k e r a n d co-workers found t h a t t h e so lubi l i ty in pe r cen t , b y we igh t N i F 2 , a t 
20° , r a p i d l y increases w i t h t h e p r o p o r t i o n of hydrofluoric acid w h e n t h e solid p h a s e 
is N i F 2 . 4 H 2 0 : 

H F 0 9-25 12-39 17-46 3 0 I O p e r c e n t . 
N i F 2 . . 2-5O 7-73 10-02 11-45 13 30 

O. Huff a n d E . Asche r found t h a t b r o m i n e v a p o u r does n o t a t t a c k n icke lous 
fluoride, l ikewise a lso iodine ; 40 p e r cen t , hydrof luor ic ac id dissolves t h e c rys t a l s , 
a n d on e v a p o r a t i o n t h e soln. furn ishes t h e g reen h y d r a t e . Accord ing t o C. P o u l e n c , 
w h e n n ickel fluoride is h e a t e d in h y d r o g e n ch lor ide , t h e fluoride is c o n v e r t e d i n t o 
ch lor ide ; t h e fluoride is n o t a t t a c k e d b y w a r m h y d r o c h l o r i c ac id . W h e n n icke l 
fluoride is h e a t e d w i t h s u l p h u r , n ickel su lph ide is fo rmed , a n d s imi la r ly w h e n i t is 
h e a t e d t o redness i n h y d r o g e n su lph ide . O. Ruff a n d E . Asche r found t h a t a t a 
r e d - h e a t s u l p h u r d iox ide d a r k e n s t h e c rys t a l s . Accord ing t o C. P o u l e n c , t h e 
fluoride is n o t a t t a c k e d b y w a r m su lphu r i c ac id . O. Ruff a n d E . Ascher o b s e r v e d 
t h a t w h e n h e a t e d in a m m o n i a , n icke l fluoride is r e d u c e d t o m e t a l . Gr. Gore f o u n d 
n icke l fluoride t o b e inso luble in l iqu id a m m o n i a . H . v o n H e l m o l t o b s e r v e d t h a t 
t h e fluoride dissolves in a h o t soln . of a m m o n i u m fluoride t o fo rm a c o m p l e x sa l t . 
C. P o u l e n c obse rved t h a t n ickel fluoride is n o t a t t a c k e d b y w a r m n i t r i c ac id . 
O. Ruff a n d E . A s c h e r sa id t h a t t h e r e is n o r e a c t i o n b e t w e e n nickel fluoride a n d 
r ed p h o s p h o r u s , a r sen ic , o r c a r b o n . C. P o u l e n c f o u n d t h a t n ickel fluoride is 
inso lub le i n benzene , a lcohol , a n d e t h e r . G. Gore o b s e r v e d t h a t in a q . soln. of 
n ickel fluoride in di l . hydrof luor ic ac id , n o n icke l is d e p o s i t e d in t h e p resence of 
si l icon ; b u t t h e r eac t i on is v igo rous w h e n sil icon is h e a t e d w i t h c rys t a l s of n ickel 
fluoride. O. Ruff a n d E . Asche r obse rved t h a t t h e fluoride is o n l y feebly a t t a c k e d 
w h e n i t is boiled w i t h 12 p e r cen t , ace t i c ac id . T h e fluoride r e a c t s w i t h c rys ta l l ine 
si l icon below redness , i t a lso r e a c t s v igorous ly w h e n h e a t e d w i t h sod ium, m a g n e ­
s ium, a l u m i n i u m , a n d z inc , b u t n o t p e r c e p t i b l y w i t h coppe r or i ron . W h e n boi led 
w i t h a 33 pe r c e n t . soln. of s o d i u m h y d r o x i d e , a green l iqu id is p r o d u c e d . 
C. P o u l e n c found t h a t w h e n t h e fluoride is h e a t e d w i t h a lka l i , n icke l ox ide a n d 
a lka l i fluoride a r e fo rmed . 

R . H . Ca r t e r f ound t h a t a t 25°, 100 c.c. of t h e sa t . aq . soln. c o n t a i n 4-030 g r m s . 
of n ickel fluoride. J . J . Berze l ius p r e p a r e d pa le g reen c rys ta l s of w h a t he r e g a r d e d 
as t h e dihydrate, N i F 2 . 2 H 2 O , b y t h e e v a p o r a t i o n of a soln. of nickel c a r b o n a t e in 
a n excess of hydrof luor ic ac id , b u t t h e ana lys i s of F . W . Cla rke m a d e on c r y s t a l s 
o b t a i n e d in a s imi lar m a n n e r c o r r e s p o n d e d "with t h e trihydrate, N i F 2 . 3 H 2 O , of 
s p . gr . 2*014 a t 19°. N . Cos tachescu cou ld n o t p r e p a r e t h e hexahydrate, N i F 2 . 6 H 2 O , 
or [ N i ( H 2 O ) 6 J F 2 , b u t he d id o b t a i n t h e tetrahydrate, N i F 2 . 4 H 2 0 , or [ N i ( H 2 O ) 4 ] F 2 , 
i n p a l e g reen , r h o m b i c o c t a h e d r a b y dissolving f r e sh ly -p rec ip i t a t ed n icke l h y d r o x i d e 
i n 40 p e r cen t , hydrof luor ic ac id , d i l u t i ng t h e soln. w i t h a n e q u a l vol . of acid, a n d 
a l lowing i t t o crys ta l l ize i n v a c u o ove r cone , s u l p h u r i c ac id . W . BiI tz a n d 
E . R a h l f s g a v e 2-219 for t h e sp . gr . a t 25°/4° , 76-04 for t h e mo l . vol . , a n d 13-76 
for t h e mo l . vol . of t h e w a t e r . E . P e t e r s e n g a v e for t h e h e a t of f o r m a t i o n (Ni ,F 2 ,Aq . ) 
= 122-8 CaIs. ; a n d for t h e h e a t of n e u t r a l i z a t i o n £ N i ( O H ) 2 + H F . A q . , 13-835 CaIs. 
E . B 6 h m , and F . H . E d m i s t e r a n d H . C. Cooper , o b s e r v e d t h a t if t h e c lear soln . 
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of n ickel h y d r o x i d e or c a r b o n a t e in a n excess of hydrof luor ic ac id be e v a p o r a t e d 
ove r su lphur ic acid, in vacuo , n icke l hydrochloride, N i F 2 . 5 H F . 6 H 2 0 , is fo rmed in 
smal l , green, p r i sma t i c c rys ta l s i s o m o r p h o u s w i t h t h e co r re spond ing coba l t sa l t . 
T h e t r igonal c rys ta l s of t h e hydrof luor ide h a v e a= 112° 1', n o pe rcep t ib l e c l eavage , 
feeble a n d posi t ive doub le ref rac t ion , a n d sp . gr. , 2*132. B . Gossner t h i n k s t h a t 
some m i s t a k e has been m a d e in t h e m e a s u r e m e n t s of t he se c rys ta l s b y E . Bohra . 
N . Costachescu could n o t p r e p a r e t h i s hydrof luor ide . Accord ing t o J . J . Berze l ius , 
if a soln. of nickel c a r b o n a t e in hydrof luor ic ac id w i t h t h e c a r b o n a t e i n excess , be 
e v a p o r a t e d , or if c rys t a l s of h y d r a t e d nickel fluoride be boi led w i th wa t e r , pa le 
green, pu lve ru l en t n i cke l oxyfluoride, 2 N i O . 2 N i F 2 . H 2 O , is fo rmed . G. L . Clark 
r epo r t ed t h e fo rma t ion of n i cke l hexamminof luor ide , N i F 2 . 6 N H 3 , a s a d a r k , 

greyish-viole t powder , b y t h e ac t i on of a m m o n i a on 
a n h y d r o u s nickel fluoride ; a n d t h e pa s sage of t h i s 
product with nickel triamminofluoride, NiF 2 .3H 2O, 
on exposure t o air . B o t h a m m i n e s h a v e a press , of 
100 m m . a t 77°—vide t h e co r re spond ing coba l tous 
a m m i n e s . E . B d h m found t h a t a n excess of 
a m m o n i a ac t s on nickel f luoride, fo rming a soln. 
which , w h e n e v a p o r a t e d over p o t a s s i u m h y d r o x i d e , 
in vacuo , forms a n oily l iqu id f rom wh ich pa le 
green c rys ta l s , feebly bi refr ingent , can be o b t a i n e d . 
Analysis corresponds with nickel hexamminodeca-
fluoride, 5 N i F 2 . 6 N H 3 . 8 H 2 O . T h e sal t is insoluble 
in cold w a t e r ; decomposed b y boil ing w a t e r ; a n d 

soluble in dil. acids . W h e n h e a t e d in a n open t u b e , t h e c rys t a l s lose wa te r , t h e n 
a m m o n i u m fluoride, a n d n icke lous oxide r ema ins . W . Bi l tz a n d E . Rah l f s 
o b t a i n e d a blue oil by t h e s i m u l t a n e o u s ac t i on of w a t e r v a p o u r a n d a m m o n i a 
on nickel fluoride ; a n d b y cooling in solid c a r b o n d iox ide a m i x t u r e of 40 c.c. 
of boiled alcohol w i th a soln. of a b o u t 6 g rms . of t e t r a h y d r a t e d nickel fluoride 
in 25 c.c. of cone. aq . a m m o n i a , t h e r e is fo rmed n i cke l a q u o p e n t a m m i n o -
fluoride, [ N i ( H 2 0 ) ( N H 3 ) 5 | F 2 , of sp . gr. 1-576 a t 25°/4° ; mol . vol . , 126-8 ; mol . vol . 
of w a t e r , 13-6 ; a n d mol . vol . of a m m o n i a , 18-4. T h e h e a t of f o rma t ion is 11-5 
CaIs. per mol . of a m m o n i a . T h e v a p . press , cu rves a t different t e m p , a re i n d i c a t e d 
in F ig . 322. T h e numer i ca l resu l t s for t h e press , p m m . , a re : 

5 4 3 2 
MoIs. of NH3 

F T O . 322. Dissoc ia t ion 
P res su res of t h e Nicke l 
A m m i nofluorides . 

P 
o° 

4-8 
18° 

18-0 
35° 

5 0 0 
46-5° 

102-5 
01-5° 
245-5 m m . 

There is also formed green nickel aquomonamminofluoride, NiF 2 .H 2O.NH 3 , of 
sp . gr. 2-489 a t 25°/4° ; mol . vol . , 52-71 ; mol . vol . of w a t e r , 13-6 ; mol . vol . of 
a m m o n i a , 18-1. T h e press , a t 34*5° is 10-0 m m . ; a t 46-5°, 22-5 m m . ; a n d a t 
61°, 55 m m . T h e h e a t of f o r m a t i o n is 12*8 CaIs. pe r mol . of a m m o n i a . T h e r e is 
also formed n icke l a q u o h e m i a m m i n o f l u o r i d e , N i F 2 . H 2 O . I N H 3 , of sp . gr . 2-820 
a t 25°/4° ; mol . vol . 43*69 ; mol . vol . of wa t e r , 13-6 ; a n d mol . vol . of a m m o n i a , 
18-2. N . Costachescu o b t a i n e d f rom t h e soln. of t h e t e t r a h y d r a t e in py r id ine , a zu re -
blue crystals of nickelous diaquotetrapyridine fluoride, [Ni(H2O)2Py4]F2 .H2O. 
E . Wi lke-Dorfur t a n d H . G. Mureck o b t a i n e d n ickel an t i py r ine f luobo ra t e , 
[N i (An t ipy r ) 6 ] (BF 4 ) 2 . 

Complex sal ts of n i c k e l o u s fluoride.—C. P o u l e n c p r e p a r e d a n h y d r o u s 
a m m o n i u m nicke l tetrafluoride, ( N H 4 ) 2 N i F 4 , b y fusing a n h y d r o u s n ickel ch lor ide 
w i t h a n excess of a m m o n i u m fluoride, a n d wash ing o u t t h e a m m o n i u m chlor ide 
w i t h boil ing alcohol . T h e a m o r p h o u s p o w d e r is soluble i n w a t e r , a n d a t a dul l 
r e d - h e a t g ives off a m m o n i u m fluoride, l eav ing a n h y d r o u s n ickel fluoride beh ind . 
J . J . Berze l ius , a n d R . W a g n e r p r e p a r e d t h e dihydrate, ( N H 4 ) 2 N i F 4 . 2 H 2 0 , f rom a 
m i x e d soln. of t h e c o m p o n e n t sa l t s , a n d H . v o n H e l m o l t , b y s lowly e v a p o r a t i n g a 
soln. of n icke lous h y d r o x i d e in a h o t , n e u t r a l soln. of a m m o n i u m fluoride. T h e 
pa le green, or yel low c rys t a l s a r e i s o m o r p h o u s w i t h t h o s e of t h e co r r e spond ing 
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c o b a l t sa l t ; t h e y a re r ead i ly soluble in w a t e r , a n d t h e soln. does n o t a t t a c k glass . 
A. K u r t e n a c k e r a n d co-workers s t u d i e d t h e equ i l i b r ium cond i t i ons in t h e s y s t e m : 
N i F 2 - N H 4 F - H 2 O a t 20°, a n d , r ep re sen t i ng t h e so lubi l i ty b y S g r m s . of sa l t p e r 1OO 
g r m s . of soln. , f o u n d : 

N H 4 F . . O 3-4 6-4 9-4 10-4 1 7 1 23-O 3 1 1 37-4 
^ ( N i F 2 ) . . 2-5O 1 0 7 0-91 ()-72 O-fSl O-17 0 0 7 O-Ol OOl 

» „ / v ¥ ' 
Solid phaso NIF8.4HaO 2NlT4.F.NiF2.2H2O 

A n a n a l o g o u s c u r v e w a s o b t a i n e d a t 25°. C. P o u l e n c p r e p a r e d a n h y d r o u s p o t a s ­
s i u m n i c k e l tetrafluoride, K 2 N i F 4 , b y m e l t i n g a m i x t u r e of nickel ch lor ide a n d 
p o t a s s i u m fluoride. T h e c r y s t a l s h a v e a sp . gr. 3-27 ; t h e y a re read i ly soluble in 
w a t e r , b u t less soluble in a lcohol . Cold hydrof luor ic , hydroch lo r i c , o r n i t r i c acid 
d isso lved t h e sa l t . A q . a m m o n i a co lours t h e sa l t b lue . If h e a t e d in air , p o t a s s i u m 
fluoride vola t i l izes , a n d n icke lous ox ide r e m a i n s . F u s e d a lka l i c a r b o n a t e s a lso 
fu rn i sh n icke lous ox ide . J . J . Berze l ius , a n d R . W a g n e r r e p o r t e d p o t a s s i u m 
n icke l trifluoride, K F . N i F 2 . H 2 O , t o be fo rmed as a yel low powder , or in a p p l e -
g reen c ry s t a l s b y t h e e v a p o r a t i o n of a soln. of t h e c o m p o n e n t sa l t s . A. K u r t e n a c k e r 
a n d co-workers s t u d i e d t h e e q u i l i b r i u m cond i t i ons in t h e s y s t e m : N i F 2 - K F - H 2 O , 
a t 20°, a n d , r e p r e s e n t i n g t h e so lubi l i ty AS g r m s . of sa l t p e r 100 g r m s . of soln. , found : 

K F . . . 1 - 2 1 3-52 6-32 9-64 12-9 16-8 
N i F 3 . . 1-98 1-2O 0-80 0-52 0-40 OO1 

a n d s imi la r ly a t 50° . K. W a g n e r also p r e p a r e d s o d i u m nicke l trifluoride, 
N a F - N i F 2 - H 2 O , in a s imi la r m a n n e r . T h e c o m p o s i t i o n of these t r i f luor ides is 
n o t well e s t ab l i shed . 

P . C. R a y a n d P . B . S a r k a r p r e p a r e d bery l l ium n icke l fluoride, or n i cke l 
fluoberyllate, N i B e F 4 . 7 H 2 O , a n a l o g o u s w i t h N i S O 4 . 7 H 2 O . N . N . K a y also p r e ­
p a r e d t h i s sa l t b y t h e a c t i o n of n icke l n i t r a t e on t h e theore t i ca l q u a n t i t y of 
a m m o n i u m f luobery l la te . J . J . Berze l ius e v a p o r a t e d a m i x e d soln. of nickel a n d 
a l u m i n i u m fluorides a n d o b t a i n e d long, pa le , app le -g reen c rys t a l s slowly soluble in 
w a t e r ; a n d K. F . W e i n l a n d a n d O. K o p p e n o b t a i n e d a l u m i n i u m n icke l p e n t a -
fluoride, A l F 3 . N i F 2 . 7 H 2 O , b y e v a p o r a t i n g a soln. of a l u m i n i u m h y d r o x i d e a n d 
nicke l h y d r o x i d e or c a r b o n a t e in di l . hydrof luor ic ac id , a t o r d i n a r y t e m p . , over 
l ime . T h e smal l , g reen c r y s t a l s a r e spa r ing ly soluble in hydrof luor ic ac id . 
E . K i m b a c h a n d H . F . O. Ki l i an o b t a i n e d app le -g reen c rys t a l s of eerie n i c k e l o u s 
decaf luoride, 2 C e F 4 . N i F 2 . 7 H 2 O , by m i x i n g soln. of eerie a n d n icke lous 
h y d r o x i d e s in hydrof luor ic ac id . R . W e b e r p r e p a r e d green c rys ta l s of t i t a n i u m 
n i c k e l hexaf luoride , N i T i F 6 . 6 H 2 O , f rom soln. of t i t a n i u m d iox ide and nickel oxide 
in hydrof luor ic ac id . T h e sa l t is soluble in w a t e r . F o r t h e co r re spond ing sa l t 
w i t h sil icon, vide t h e fluosil icates, 6 . 40, 56 . J . C G-. de Mar ignac p r e p a r e d 
z i r c o n i u m n i c k e l octof luoride, 2 N i F 2 . Z r F 4 . 1 2 H 2 O , soluble in w a t e r ; z i r c o n i u m 
n i c k e l hexaf luor ide , N i Z r F 6 . 6 H 2 O , soluble in w a t e r , p o t a s s i u m z i r c o n i u m n i c k e l 
dodecaf luoride , K 2 N i . Z r F 6 . 8 H 2 O , soluble in w a t e r ; a n d s tann ic n icke l h e x a ­
fluoride, N i S n F 6 . 6 H 2 O , soluble in w a t e r ; t h e t r i gona l c rys ta l s h a v e t h e ax ia l 
r a t i o s , a : c=\ : 0-5145 a n d c t = 1 1 2 ° 14 ' . 

A. S t r e n g p r e p a r e d c o l u m b i u m n i c k e l fluoride, N i 3 H 4 C b 2 F 2 0 . 1 9 H 2 O . E . P e t e r ­
sen o b t a i n e d v a n a d i u m n i c k e l pentaf luoride, N i V F 5 . 7 H 2 O , by e v a p o r a t i n g h y d r o ­
fluoric ac id soln. of v a n a d i u m tr i f luor ide a n d n ickel c a r b o n a t e . T h e c r y s t a l s a r e 
p r o b a b l y monoc l in ic w i t h t h e p r i s m angle 57° 4 5 ' . T h e y a r e i s o m o r p h o u s w i t h 
t h e co r r e spond ing c o b a l t sa l t ; a n d t h e y lose w a t e r w h e n h e a t e d t o 200° b u t n o t 
a t 100°. A . Picc in i a n d G. Georgis p r e p a r e d v a n d y l n i c k e l tetrafluoride, 
V O F 2 . N i F 2 . 7 H 2 O , b y dissolv ing v a n a d i c ac id , a n d r a t h e r less t h a n t h e requ i r ed 
mo l . p r o p o r t i o n of nickel c a r b o n a t e in hydrof luor ic ac id . W h e n t h e soln. is 
i n t e n s e l y b lue , i t is filtered a n d e v a p o r a t e d . T h e g reen c ry s t a l s a re i s o m o r p h o u s 
w i t h t h o s e of t h e c o b a l t sa l t . E . P e t e r s e n p r e p a r e d emera ld -g reen c rys ta l s of 
Chromic n i c k e l o u s pentaf luoride , C r N i F 6 . 7 H 2 O , b y e v a p o r a t i n g a mixed soln. of 
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c h r o m i c fluoride a n d n ickel c a r b o n a t e in hydrof luor ic ac id . T h e c rys t a l s a r e 
p r o b a b l y monocl in ic , w i t h t h e p r i s m ang le a = 5 7 ° 2 5 ' . T h e y a re i s o m o r p h o u s 
w i t h t h e co r re spond ing c o b a l t sa l t . T h e c rys t a l s a r e s t ab l e a t 100°, b u t g ive off 
w a t e r a t 200°. M. De l a fon t a ine p r e p a r e d t u n g s t e n or m o l y b d e n u m n i c k e l 
dioxytetrafluoride, N i F 2 - M o O 2 F 2 - B H 2 O , b y e v a p o r a t i n g a hydrof luor ic ac id soln. of 
n ickel a n d t u n g s t e n or m o l y b d e n u m oxides . J . C. G-. de M a r i g n a c o b t a i n e d a 
t u n g s t e n n icke l dioxytetraf luoride, N i F 2 . W O 2 F 2 . 1 0 H 2 O , i n de l iquescen t c r y s t a l s . 
O. T. Chr i s tensen p r e p a r e d m a n g a n i c n i cke l pentaf luoride, M n F 3 . N i F 2 . 4 H 2 O , 
soluble in w a t e r ; a n d R . F . W e i n l a n d a n d O. K o p p e n , n i c k e l o u s ferric fluoride, 
N i [ F e F 5 ] . 7 H 2 O . 

Nickel ic fluoride.—G. A . Ba rb i e r i a n d J . Calzolar i were u n a b l e t o p r e p a r e 
nickelic fluoride, N i F 3 , c o r r e s p o n d i n g w i t h coba l t i c fluoride, CoF 3 , a n d ferric fluoride, 
F e F 3 , b y t h e e lect rolys is of soln. of n icke lous fluoride i n fuming hydrof luor ic ac id . 
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§ 14. Nickel Chlorides 

T h e fer rous ch lor ide found in m e t e o r i t e s h a s b e e n cal led l awrenc i te—v ide 1 3 . 
66 , 36 . I n 1838, C. T . J a c k s o n i obse rved t h a t t h e m e t e o r i t e of L i m e Creek, 
A l a b a m a , c o n t a i n e d b o t h n icke lous a n d fe r rous ch lor ides ; a n d W . W i c k e a n d 
F . W o h l e r obse rved nickel ch lor ide in t h e fo rm of d a r k g reen s t a g m a t i t e s i n a 
m e t e o r i t e f rom O b e r n k i r c h e n ; a n d A. B e n - S a u d e , in a m e t e o r i t e f rom S a n J u l i a s , 
n e a r P o n t e de L i m e . T h e sub jec t w a s d iscussed b y E . Cohen . 

H . R o s e 2 p r e p a r e d a n h y d r o u s n i cke l chlor ide , NiCl 2 , b y h e a t i n g finely-
d i v i d e d n ickel t o low redness in a c u r r e n t of c h l o r i n e — t h e m e t a l b u r n s w i t h a 
v iv id g low, a n d fo rms yel low, c rys ta l l ine scales r e s emb l ing mosa i c gold. H . D a v y 
sa id t h a t t h e m e t a l r equ i r e s h e a t i n g for i t t o b u r n in ch lor ine . L . R . v o n Fe l l en -
be rg , a n d H . R o s e o b t a i n e d i t b y d e c o m p o s i n g h e a t e d n icke l su lph ide w i t h ch lo r ine 
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w h e n a s u b l i m a t e of nickel chlor ide a n d s u l p h u r ch lor ide is fo rmed . J . Li. P r o u s t 
e v a p o r a t e d a soln. of n icke l chlor ide a n d d e h y d r a t e d t h e r e s idue b y h e a t ; 
O. L . E r d m a n n a d d e d t h a t t h e p r o d u c t c a n be sub l imed i n a r e t o r t . T h e spangles 
of n icke l ch lor ide fly a b o u t i n t h e r e t o r t a s t h e y rise. A smal l p r o p o r t i o n of t h e 
ch lor ide is d e c o m p o s e d b y t h e o x y g e n of t h e air , a n d ch lor ine is set free so t h a t if 
t h e o p e r a t i o n is n o t c o n t i n u e d long e n o u g h for all t h e ch lor ide t o sub l ime , some 
r e m a i n s a t t h e b o t t o m of t h e r e t o r t a s a m a s s r e sembl ing mosa ic gold, a n d g r e y 
nodu le s of n icke l ox ide a p p e a r on t h e sides of t h e r e t o r t . H e n c e , T . W . R i c h a r d s 
a n d A. S. C u s h m a n , a n d D . I . RyabchikofT a n d V. M. S h u l m a n , r e c o m m e n d e d 
d e h y d r a t i n g t h e h y d r a t e d ch lor ide a t 140°, a n d t h e n sub l iming i t i n a c u r r e n t of 
h y d r o g e n ch lor ide , a n d A. L . Po t i l i t z i n r e c o m m e n d e d h e a t i n g commerc ia l n ickel 
ch lor ide in ch lor ine . H . Q u a n t i n o b t a i n e d t h e chlor ide b y h e a t i n g n ickel ox ide in 
a c u r r e n t of c a r b o n t e t r a c h l o r i d e ; C. P o u l e n c , b y h e a t i n g nickel f luoride in a 
c u r r e n t of h y d r o g e n ch lor ide ; a n d S. P . L . Sorensen , b y h e a t i n g nickel h e x a m -
minoch lo r ide t o d r ive off t h e a m m o n i a . 

J . Li. Las sa igne t h o u g h t t h a t t h e a n h y d r o u s ch lor ide c o n t a i n e d m o r e chlor ine 
t h a n co r r e sponded w i t h NiCl 2 , a n d C. F . Bucho lz , less chlor ine ; b u t t h e com­
pos i t ion of t h e a n h y d r o u s ch lo r ide w a s e s t ab l i shed b y t h e ana lyses of O. L . E r d ­
m a n n , L . R . v o n Fe l l enbe rg , a n d P . B e r t h i e r — v i d e supra, t h e a t . w t . of n ickel . 
T h e h y d r a t e s of n ickel ch lor ide h a v e n o t b e e n t h o r o u g h l y i nves t i ga t ed . O. L e h -
m a n n said t h a t t h e t e n d e n c y t o fo rm la rge c ry s t a l s is g r e a t e r , t h e la rger is t h e degree 
of h y d r a t i o n . R . T u p p u t i obse rved t h a t t h e soln. of n icke l i n a q u a regia , or of 
n icke l ox ide , h y d r o x i d e or c a r b o n a t e i n hyd roch lo r i c ac id , w h e n e v a p o r a t e d a n d 
cooled, furn ishes grass -green c rys t a l s . A c c o r d i n g t o O. L . E r d m a n n , w h e n t h e 
soln. is e v a p o r a t e d t o d r y n e s s , t h e b rownish -ye l low m a s s , o n e x p o s u r e t o a i r , 
a cqu i r e s , first a l emon-ye l low a n d t h e n a g reen colour , a n d i t dissolves in w a t e r 
w i t h a l a rge rise of t e m p . If t h e e v a p o r a t i o n h a s b e e n car r ied t oo far , flakes of 
n icke l ox ide r e m a i n und i s so lved . T h e s u b l i m e d chlor ide w a s found by J . L . P r o u s t , 
a n d H . R o s e t o b e c o m e pa l e g reen af te r a few d a y s ' e x p o s u r e t o air , a n d t h e sa l t 
is t h e n freely soluble in w a t e r ; L . R . v o n Fe l l enbe rg sa id t h a t if t h e ch lor ide be 
n o t first exposed t o a i r , i t d issolves in w a t e r v e r y s lowly, a n d , a d d e d J . L . P r o u s t , 
on ly w h e n boi led in w a t e r for a long t i m e — e v e n h o t hyd roch lo r i c ac id dissolves 
i t w i t h difficulty. P . S a b a t i e r , Gr. P . D r o s s b a c h , a n d A . C. Becque re l found t h a t 
t h e c r y s t a l s which s e p a r a t e a t o r d i n a r y t e m p , a r e t h o s e of t h e hexahydrate, 
NiCl 2-GH 2O ; t h i s agrees w i t h t h e a n a l y s e s of A . L a u r e n t , a n d J . C. Gr. d e Mar ignac . 
P . S a b a t i e r obse rved t h a t if t h e h e x a h y d r a t e be a l lowed t o s t a n d in v a c u o ove r 
cone , s u l p h u r i c ac id , a t a s u m m e r ' s t e m p . , for 3 m o n t h s , i t fo rms t h e dihydrate, 
N i C l 2 - 2 H 2 O . A. J o h n s e n o b t a i n e d t h e d i h y d r a t e b y h e a t i n g t h e h e x a h y d r a t e for 
a n h o u r a t 30° . F o r H . W . F o o t e ' s o b s e r v a t i o n s on t h e d i h y d r a t e , a n d t h e tetra-
hydrate, N i C l 2 . 4 H 2 O ; a n d those of I . H . D e r b y a n d V. Y n g v e on t h e t e t r a h y d r a t e , 
vide infra. A . D i t t e r e p o r t e d t h a t if a soln. of h e x a h y d r a t e be s a t u r a t e d w i t h 
h y d r o c h l o r i c ac id , t h e r e s e p a r a t e s o u t , a t 12°, a ye l lowish-green p o w d e r of t h e 
monohydrate, N i C l 2 - H 2 O . T h e r e p o r t of t h e m o n o h y d r a t e h a s n o t been conf i rmed. 
P . A. F a v r e a n d C. A . Va l son d iscussed t h e p rope r t i e s of w h a t t h e y r e g a r d e d a s a 
heptahydrate, b u t t h i s w a s p r o b a b l y t h e h e x a h y d r a t e ; a n d F . Riidorfr , t h e dodeca-
hydrate, w h i c h w a s p r o b a b l y a c r y o h y d r a t e , n o t necessar i ly t h e eu t ec t i c . 

The physical properties of nickel chloride.—Sublimed nickel chloride 
furn ishes c rys ta l l ine scales wh ich feel l ike mica ; a n d wh ich a p p e a r pa le yel low 
w h e n s e p a r a t e , a n d go lden yel low in m a s s ; w h e n p r o d u c e d b y t h e d e h y d r a t i o n of 
t h e h y d r a t e , t h e sa l t furnishes a b rownish-ye l low, e a r t h y m a s s . Acco rd ing t o 
A . F e r r a r i , t h e X - r a d i o g r a m s of t h e crysta ls c o r r e s p o n d w i t h a r h o m b o h e d r a l -
pseudo-cub ic - l a t t i ce of t h e m a g n e s i u m or c a d m i u m ch lor ide t y p e , h a v i n g a= 7-07 A. , 
c== 17*32 A. , a n d a : c=l : 2*45, w i t h 16 molecu les p e r cub ic l a t t i ce . GJ-. B r u n i a n d 
A . F e r r a r i , a n d V. M. G o l d s c h m i d t a n d co -worker s s t u d i e d t h e subjec t . L.. P a u l i n g 
g a v e a=6-13 A. , a n d a d d e d t h a t each n icke l a t o m is p r o b a b l y s u r r o u n d e d b y six 
ch lo r ine a t o m s a p p r o x i m a t e l y a t t h e co rne r s of a r egu l a r o c t a h e d r o n , six edges of 
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w h i c h a r e s h a r e d w i t h o t h e r o c t a h e d r a so a s t o fo rm a l aye r . T h e c a d m i u m 
ch lo r ide s t r u c t u r e seems t o be t h e s t ab l e o n e for s u b s t a n c e s of t h e t y p e M X 2 , 
w h e r e M h a s t h e co -o rd ina t ion n u m b e r 6, a n d t h e a n i o n h a s a smal l p o l a r i z a b i l i t y . 
T h e m o n o h y d r a t e furnishes a ye l lowish-green , c rys t a l l i ne p o w d e r ; t h e d i h y d r a t e 
is s t r aw-ye l low ; t h e t e t r a h y d r a t e , a cco rd ing t o A . N e u h a n s , is a p a l e yel lowish -
g reen ; a n d t h e h e x a h y d r a t e fo rms g reen or g rass -green monoc l in ic p r i s m s w h i c h 
a r e i s o m o r p h o u s w i t h t h e c rys t a l s of t h e c o r r e s p o n d i n g h e x a h y d r a t e d c o b a l t 
ch lor ide . Accord ing t o J . C. G. de M a r i g n a c , t h e ax i a l r a t i o s of t h e c r y s t a l s of 
t h e h e x a h y d r a t e d chlor ide a re a : b : e = l - 4 6 7 8 : 1 : 0-9426, a n d £ = 1 2 2 ° 3 0 ' . 
T w i n n i n g occurs a b o u t t h e ( l lO) -p l ane . T h e (001)-c leavage is per fec t . T h e 
d o u b l e re f rac t ion is s t r o n g a n d pos i t ive . O. Miigge g a v e for t h e ax ia l r a t i o s of t h e 
h e x a h y d r a t e a : b : c = 1-4792 : 1 : 0-9468, a n d £ = 8 7 6 5 8 ' , a n d h e a d d e d t h a t t h e 
c ry s t a l s a r e n o t i s o m o r p h o u s w i t h bischofi te , M g C l 2 . 6 H 2 O , s ince t h e y a r e d e f o r m e d 
a l o n g different gl iding p lanes . S. M a k i s h i m a s t u d i e d t h e l a t t i ce e n e r g y ; a n d 
M. Y a m a d a , t h e influence of a m a g n e t i c field o n t h e c r y s t a l fo rm. 

H . SchifT gave 2-56 for t h e specific grav i ty of t h e a n h y d r o u s sa l t ; W . B i l t z 
a n d E . B i r k , 3-521 for t h e sub l imed , a n d 3-508 for t h e s y n t h e t i c sa l t a t 25*14° ; 
G. P . B a x t e r a n d F . A. H i l t o n , 3-54 ; a n d A. F e r r a r i c a l c u l a t e d 3-45 f rom o b s e r v a ­
t i ons on t h e X - r a d i o g r a m s . J . H . L o n g g a v e 50-7 for t h e m o l . vo l . of t h e sa l t . 
P . A. F a v r e a n d C. A. Va l son o b t a i n e d 1-921 for t h e s p . gr . of t h e h e x a - (or h e p t a - ) 
h y d r a t e ; a n d A. N e u h a u s gave 1-84 for t h e sp . gr . of t h e h e x a h y d r a t e ; 2*217 for 
t h e t e t r a h y d r a t e ; a n d 2*4 for t h e d i h y d r a t e . O b s e r v a t i o n s on t h e sp . gr . of 
a q . soln. were m a d e b y A. C. Becquere l , W . B i l t z , L . B r a n t , G. D r e y e r , B . F r a n z , 
G. T . Ger l ach , J . A. G r o s h a n s , A . H e y d w e i l e r , H . C. J o n e s a n d co -worke r s , 
S. JLussana a n d G. Bozzola , L . M o n d a n d R . Nas in i , P . M o r e t t o , a n d G. Q u i n c k e . 
T h e genera l r e su l t s co r r e spond w i t h : 

N i C l 2 . 1 4 8 12 16 2O 25 30 p e r c e n t . 
S p g r . . 1O078 1 0 3 7 0 1 0 7 7 7 1*1200 116/55 1-215O 1-2800 1-3535 

R . W a g n e r g a v e for N-, |2V-, JiV-, a n d JiV-NiCl2 , t h e r e spec t ive v a l u e s 1-0591, 
1-0308, 1-0144, a n d 1 0 0 6 7 a t 25° . P . M o r e t t o , A . Taffel, a n d S. L u s s a n a a n d 
G. Bozzo la d iscussed t h e t e m p , of m a x i m u m dens i ty ; a n d G. D r e y e r g a v e for 
soln . w i t h 0*508, 1*033, a n d 2*104 p e r cen t , of NiCl 2 , t h e lower ings of t h e t e m p , of 
m a x i m u m d e n s i t y of w a t e r , 3*96°, r e spec t ive ly , 0*64°, 1*31°, a n d 2*104°. 
P . A . F a v r e a n d C. A. Valson found w i t h N-gram-equivalents of n ickel ch lor ide 
p e r k g r m . of w a t e r , t h e following v a l u e s for t h e sp . gr . of t h e soln. a t 23-1° ; for t h e 
vol . o b t a i n e d b y d iv id ing t h e t o t a l we igh t of w a t e r a n d sa l t b y t h e sp . gr . ; a n d 
for t h e successive i n c r e m e n t s in vol . p r o d u c e d b y a d d i n g a n o t h e r eq. of t h e sa l t : 

N - g r a m - e q . 1 2 3 4 5 6 
S p . gr . . . . 1-061 1*119 1-176 1-230 1-284 1-335 
T o t a l v o l u m e . . 1004 1009 1016 1024 1032 1041 c .c . 
I n c r e m e n t s in vo l . . 4 5 7 8 8 9 c .c . 

a n d t h e y also o b t a i n e d r e su l t s for soln. of t h e h e x a h y d r a t e . W . W . J . Nicol , 
F . E p h r a i m , a n d W . F i s c h e r m e a s u r e d t h e m o l e c u l a r v o l u m e of t h e sa l t . 
J . H . L o n g s t u d i e d t h e diffusion of t h e sa l t in a q . soln. , a n d F . V o i g t l a n d e r g a v e 
for soln. w i t h 7-2 m g r m s . of sa l t p e r c . c , t h e diffusion coeff. i n a g a r - a g a r , 0-454, 
0-840, a n d 1-480 sq . c m . p e r d a y , r e spec t ive ly , a t 0 ° , 20° , a n d 40° . R . W a g n e r 
g a v e for t h e v i scos i ty of 2V-, £2V-, J2V-, a n d £2V-soln., a t 25° , r e spec t ive ly , 1-2055, 
1-0968, 1 1 0 4 4 3 , a n d 1-0210—water u n i t y . G. T a m m a n n s t u d i e d t h e i n n e r 
pressure of soln. 

J . C. G. d e Mar ignac found t h e speci f ic h e a t of a q . soln. of n i cke l ch lo r ide , 
b e t w e e n 2 4 ° . a n d 55°, w i t h 25 a n d 200 mol s of w a t e r p e r m o l of sa l t , t o b e , r e s p e c ­
t ive ly , 0-7351 a n d 0-9451. T h e sub j ec t w a s s t u d i e d b y N . d e K o l o s s o w s k y , a n d 
K . J a u c h . Acco rd ing t o O. L.. E r d m a n n , n icke l ch lo r ide m a y b e r e p e a t e d l y 
sub l imed w i t h o u t fusing ; t h e s u b l i m a t i o n in v a c u o t a k e s p l ace w i t h o u t d e c o m -
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pos i t ion , b u t in a i r , a l i t t l e ch lor ine is set free, a n d a l i t t l e n icke l ox ide is fo rmed. 
C. G. Maie r o b t a i n e d for t h e vapour pressure , p m m . , of t h e a n h y d r o u s sa l t : 

P 
541-0° 
38-9 

759-7° 
55-9 

826-5° 
87-9 

872-1° 
139-6 

901-6° 
222-8 

927 5° 
338 1 

945-2° 
481-6 

972-7° 
617-3 

9940° 
820-6 

R . U l o t h , a n d K . J e l l i n e k a n d R . U l o t h s t u d i e d t h e sub jec t . H . Lescceur found 
t h e d i s soc ia t ion pressure of t h e h e x a h y d r a t e , a t 20°, t o be 4-6 m m . G. T a m m a n n 
g a v e for t h e lower ing of t h e v a p . p ress , of w a t e r a t 100°, b y t h e d i s so lu t ion of 
6-45, 28*23, 46*83, a n d 63-74 g r m s . of sa l t pe r 100 g rms . of wa t e r , r e spec t ive ly , 
16*1, 95-0, 185*3, a n d 270*1 m m . I . H . D e r b y a n d V. Y n g v e , a n d C. Die te r ic i 
m e a s u r e d t h e v a p . p ress , of h y d r a t e d n icke l ch lor ide , a n d of i t s sa t . soln. , a n d t h e 
r e su l t s show t h a t for soln. of c o n c e n t r a t i o n C, t h e vaj>. press . , p m m . a t 0, a r e : 

C . 

0 . 
r> -
Solid phase 

6 4 - 0 6 9 - 5 73-6 

1 9 - 8 ° 
9 -6 

2 4 1 ° 
1 2 - 0 

3O 3 ° 
1 7 O 

3 5 - 1 ° 
2 1 - 5 

3 6 - 2 5 ° 
2 2 - 5 

4 0 - 5 7 c 

2 8 - 9 
4 5 - 2 2 ° 
3 6 - 7 

4 8 - 3 4 ° 
4 2 - 6 

5 4 - 1 0 ° 
5 6 - 4 m m . 

N i C l 2 . 6 H 2 O N i C l 2 . 4 H o O 

120\ 

20 
Fia. 3 2 3 . — V a p o u r P r e s s u r e s 

of H y d r a t e s a n d S a t u r a t e d 
S o l u t i o n s of N i c k e l C h l o r i d e . 

T h e r e su l t s for s a t . soln. , a n d for h y d r a t e s in t h e p resence of t h e v a p o u r , a re 
s u m m a r i z e d in F i g . 323 . T h e t rans i t ion t emperature 
for N i C l 2 . 6 H 2 O ^ N i C l 2 . 4 H 2 0 + 2 H 2 0 is 36-25° ; a n d 
for N i C l 2 . 4 H 2 O ^ N i C l 2 . 2 H 2 0 - f - 2 H 2 0 , is n e a r 75°. 
T h e so lub i l i ty d a t a g ive , r e spec t ive ly , 29° a n d 6 4 ° — 
vide infra. 

W . BiItZ g a v e for t h e lower ing of t h e f .p . , 0°, of 
a q . soln. w i t h 0-2825, 0-8269, 2-214, a n d 5-058 g r m s . 
of N iC l 2 p e r 100 g r m s . of w a t e r , r e spec t ive ly , 
0 = 0 * 1 1 0 ° , 0-312°, 0-839°, a n d 2-030°. H . C. J o n e s 
a n d co -worke r s o b s e r v e d a m i n i m u m i n t h e c u r v e for 
t h e mo l . l o w e r i n g of t h e freez ing po int i n t h e v i c in i ty 
of 0*5iV-soln. O b s e r v a t i o n s were a lso m a d e b y 
N . T a r u g i a n d Gr. B o m b a r d i n i , a n d R . S a l v a d o r i . 
T h e l a s t - n a m e d a lso g a v e for t h e ra i s ing of t h e 
bo i l ing po int of soln. w i t h 2-86, 6-14, a n d 9-18 g r m s . of NiOl 2 in 100 g r m s . of 
w a t e r , r e spec t ive ly , 0-30°, 0-67°, a n d 1-17°. O b s e r v a t i o n s were also m a d e by 
N . T a r u g i a n d G-. B o m b a r d i n i . E . B e c k m a n n found t h a t t h e mol . w t . of 
n ickel ch lor ide in boi l ing qu ino l ine is n o r m a l . W . F i s che r a n d R. Gewehr gave 
1001° for t h e m e l t i n g point . C. G. Maier o b t a i n e d 973-4° for t h e b .p . of t h e 
a n h y d r o u s sa l t , a n d for t h e h e a t of vapor iza t ion , 53-41 CaIs. pe r mol . b o t h a t 
973-4° a n d a t 752*6°. 

T h e h e a t Of f o r m a t i o n of t h e a n h y d r o u s ch lor ide was found by J . Thomse i i t o 
be (Ni,Cl2) = 74*53 C a I s . ; (Ni ,Cl 2 ,Aq.) = 39-7 C a I s . ; (Ni ,2HCl ,Aq.) = 16-19 C a I s . ; 
( N i , C l 2 , 6 H 2 0 ) = 9 4 - 8 6 CaIs. ; a n d ( N i C l 2 , 6 H 2 O ) - 2 0 - 3 3 CaIs. T h e h e a t of 
neu tra l i za t ion of ^ N i ( O H ) 2 b y H C l a q . is 11-29 CaIs. ; a n d t h e hea t of so lu t ion 
of a mo l . of NiCl 2 i n 400 mols . of w a t e r is 1 9 1 7 CaIs. ; a n d for a mol . of N i C l 2 . 6 H 2 O 
in 400 mols . of w a t e r is —11*60 CaIs. P . S a b a t i e r g a v e 10-3 CaIs. for t h e h e a t of 
soln. of t h e d i h y d r a t e a t 19-5°. T h e sub j ec t was s t u d i e d b y E . R a b i n o w i t s c h a n d 
E . Th i lo , F . E p h r a i m , a n d O. Schi i tz a n d F . E p h r a i m . E . P l a k e s tud i ed t h e h e a t s 
of d i lut ion of aq . soln. M. de K . T h o m p s o n a n d M. W . Sage found t h e free 
e n e r g y of f o r m a t i o n of t h e sa l t f rom nickel a n d ch lor ine a t a t m . press , t o be 74-4 
CaIs. T h e sub jec t w a s s t u d i e d b y G. B e c k . W . K l e m m discussed t h e re la t ion 
b e t w e e n t h e l a t t i ce ene rgy a n d t h e h e a t of f o r m a t i o n . 

Li. M o n d a n d R . N a s i n i found t h e refract ive i n d e x of a soln. of nickel chlor ide 
of s p . gr . 1*10251 t o be 1*35593 for t h e H a - l i n e , 1*35793 for t h e D- l ine , a n d 1-36276 
for t h e H^- l ine . T h i s g ives for t h e sp . a n d mol . re f rac t ions b y t h e /x-formula, 
r e spec t ive ly , 0*2256 a n d 29*24 ; a n d b y t h e / / ,2-formula, respec t ive ly , 0*1209 a n d 
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16-06. H . C. J o n e s a n d F . H . G e t m a n f o u n d t h e re f rac t ive indices , /u,, of soln . 
w i t h M. mo l s pe r l i t re t o be : 

M 
H 

. 0 0 3 7 
1-32672 

0 0 7 4 
1-32790 

0-149 
1-32965 

0-223 
1-33240 

0-372 
1-33684 

0-446 
1-33894 

0-521 
1-34106 

0 743 
1-34710 

H . M. Ve rnon discussed t h e c h a n g e s of co lour w h i c h occur on d i lu t ion , a n d o n 
ra i s ing t h e t e m p , of a q . soln. T h e absorpt ion s p e c t r u m of a q . soln. w a s s t u d i e d 
b y G. Dcniges , S. M. K a r i m a n d R . S a m u e l , H . Fese fe ld t , J . Ange r s t e in , T . Dre i sch , 
W. N . H a r t l e y , M. P a v l i k , S. D a t t a a n d M. D e b , J . Gielessen, Y . S h i b a t a a n d 
K . H a r a i , a n d Y . S h i b a t a — v i d e supra, t h e s p e c t r a l p r o p e r t i e s of n icke l ; a n d 
t h e u l t r a -v io le t a b s o r p t i o n s p e c t r u m of soln. , b y J . v o n K o c z k a s . P . Mesnage 
obse rved b a n d s in t h e arc s p e c t r u m of n i cke l ch lor ide w h i c h he a t t r i b u t e d t o 
nickel subchloride, NiCL The X-ray absorption spectrum was studied by 
S. A o y a m a a n d co-workers , W . V. B h a g w a t , K . F a j a n s , a n d O. S ta l l ing ; a n d 
t h e a n o m a l o u s d i spers ion, b y R . W . R o b e r t s . H . Oll ivier a n d co -worke r s f o u n d 
t h a t t h e m a g n e t i c ro ta t ion of n ickel ch lor ide i n a q . soln. dec reases s l igh t ly w i t h 
a fall of t e m p . , b u t increases in m e t h y l a lcohol soln. F . All ison a n d E . J . M u r p h y 
also s t u d i e d t h e m a g n e t o - o p t i c a l p r o p e r t i e s ; J . C ichocky , t h e e m i s s i o n of pos i t ive 
i ons b y t h e sa l t ; T . P e c z a l s k y a n d J . C ichocky , t h e r m i o n i c emiss ion ; 
P . K r i s h n a m u r t i , t h e R a m a n effect ; R . W . R o b e r t s a n d co-workers , t h e 
m a g n e t i c r o t a t o r y power ; E . F . R o u s s e a u , t h e f ixa t ion of e n e r g y b y e x p o s u r e 
t o sun l igh t ; a n d C. J . Gor t e r o b t a i n e d a n e g a t i v e r e su l t i n a t t e m p t i n g t o 
inc rease t h e f requency of r a d i a t i o n s b y i m p i n g i n g l igh t on a soln. of n icke l ch lo r ide . 

W . H a m p e obse rved t h a t fused n ickel ch lor ide is a good elect r ical c o n d u c t o r . 
Gr. Vicen t in i , a n d L. d e B r o u c k e r e m a d e some o b s e r v a t i o n s on t h e e lec t r ica l con­
d u c t i v i t y of a q . soln. , a n d E . F r a n k e found t h e eq . c o n d u c t i v i t y , A, of soln. w i t h a 
g r a m - e q u i v a l e n t of t h e sa l t , i n v l i t res of w a t e r a t 25° , t o be : 

v 
A 

32 64 
107-2 113-9 

ave, at 25° : 

2O 4O 
96-5 101-7 

128 
118 3 

8O 
107-8 

256 
122-6 

320 
115-8 

512 
125-6 

128O 
121-5 

1024 
127-1 

5120 
125-2 A 

O b s e r v a t i o n s were also m a d e b y H . C. J o n e s a n d co-workers , a n d N . T a r u g i a n d 
G. B o m b a r d i n i . H . F . H a w o r t h s t u d i e d t h e c o n d u c t i v i t y w i t h a l t e r n a t i n g 
c u r r e n t s . W . H . B a n k s a n d co-workers d i scussed t h e i o n i z a t i o n of t h e sa l t i n 
a q . soln. H . G. D e n h a m m e a s u r e d t h e e.m.f. of t h e cell H 2 | N i C l 2 , N H 4 N O 3 | H g 2 C l 2 -
e lec t rode , for soln. w i t h a mol . of n ickel ch lor ide i n v l i t res , a n d found for t h e H - i o n 
concentration, and the degree of hydrolysis : 

E l e c t r o m o t i v e force . 
H*-ion c o n c e n t r a t i o n X IO 3 

!Percentage h y d r o l y s i s 
A ' x l O 6 . 

4-4 
0 0 4 9 2 7 
O-290 
0-127 
0-36 

8*8 
0-5032 
0-184 
0-160 
0-29 

17-6 
0-5109 
0 1 3 2 
0-230 
0-27 

35-2 
O-5229 v o l t 
0 0 8 6 
O-3OO 
0-36 

I f x d e n o t e s t h e f r ac t iona l deg ree of hyd ro ly s i s , t h e n K—x2/(l—x)v, on t h e a s s u m p ­
t i o n t h a t t h e r e is a first s t a g e h y d r o l y s i s N i C l * + O H ' ^ N i C l ( O H ) . T h e a v e r a g e 
v a l u e for K is 0-30 X 10~ 5 . C. K u l l g r e n o b s e r v e d 

85 5° ioo° 

H y d r o l y s i s 
4 

0 0 0 8 4 
16 

0-0084 
64 

0 0 0 8 4 
4 

0 0 1 3 1 
16 

0 0 1 4 2 
64 

0 0 1 9 4 p e r c e n t . 

a n d for a 0-5iV-soln. a t 55-5°, 0 0 4 8 pe r c en t . W . A l t h a m m e r e s t i m a t e d for 0 - 0 5 M -
a n d 0-01Af-NiCl2 , t h e r e spec t ive p e r c e n t a g e h y d r o l y s i s 0-14 a n d 0-16. T . K a t s u r a i , 
H . W . V e r n o n , a n d A. G u n t h e r - S c h u l z e s t u d i e d t h e sub j ec t . H . C. J o n e s a n d 
co -worke r s c a l c u l a t e d t h e degree Of s o l v a t i o n of t h e sa l t , i.e., t h e degree of h y d r a -
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t i o n expressed a s t h e n u m b e r of mols . of w a t e r i n c o m b i n a t i o n w i t h a mol . of t h e 
sa l t a t t h e g iven c o n c e n t r a t i o n , M mols pe r l i t re , w h e n a l i t re of t h e soln. , a t t h e 
c o n c e n t r a t i o n , c o n t a i n e d 1000 g r m s . of w a t e r . T h e y found : 

M . . 0 0 7 4 0-297 0-521 0-900 2 0 0 0 3-483 
Solvation . 36-9 31-7 27-4 25-7 1 9 0 13-8 

O. Hasse l , a n d M. P a v l i k s t u d i e d t h e sub jec t . M. M a r t i n a n d M. D e l a m o t t e , E . a n d 
A. C. Becque re l , T . F e a r n , a n d Gr. Gore s t u d i e d t h e e lectrodeposi t ion of n ickel 
f rom soln. of t h e chlor ide—vide supra. H . V. T a r t a r a n d H . K . McClain s t u d i e d 
t h e e l e c t romot ive force of 0-056ilf-NiOl2 b e t w e e n p l a t i n u m elect rodes ; Gr. Ta rn 
m a u n a n d H . O. v o n S a m s o n - H i m m e l s j e r n a , b e t w e e n nickel chlor ide ; a n d 
H . Gr. D e n h a m , t h a t of t h e cell i n d i c a t e d a b o v e . A. H . W . A t e n a n d co-workers 
s t u d i e d t h e depos i t ion of n ickel f rom t h e fused chlor ide—vide supra ; J . M. Merr ick, 
t h e e lectro lys is of a q . soln. ; C. C h a r m e t a n t , t h e electrolysis of nickel chlor ide 
in a q u e o u s a n d alcoholic s o l u t i o n s ; W . P a v l i k , a n d F . F o r s t e r a n d K . Gcorgi , 
the deposition potential ; K. Hess and K. Jellinek, the activity coefficient ; and 
C. Schal l , t h e anod ic ox idat ion of t h e sa l t in HCl-a lcohol ic soln. where t h e r e is 
ev idence of t h e f o r m a t i o n of n i c k e l tr ichloride, NiCl 3 . H . J . Bl iks lager ob t a ined 
ev idence of t h e f o r m a t i o n of c o m p l e x ions NiCl 3 ' a n d of N iC l 4 " in t h e electrolysis 
of soln. of nickel ch lor ide in fused a lka l i ch lor ide a t 470° a n d 720°. K. B o u t y 
m e a s u r e d t h e thermoe lec tr ic force of aq . soln. of t h e sa l t . 

P . Theodor ides g a v e for t h e m a g n e t i c suscep t ib i l i ty of t h e solid chlor ide , 
45-57 X 10~6 m a s s u n i t ; a n d T. I s h i w a r a , 44-7 X 10~ 6 . W . K l e m m a n d W . S c h u t h 
g a v e for ^ X 10»—89-3, 4-8-2, 24-5, a n d 16-8, respec t ive ly , a t - - 7 8 ° , 20°, 220°, a n d 
400° ; a n d K . H o n d a a n d T. I s h i w a r a : 

— 76-3° —16-4° 1 8 1 ° 115-1° 254G° 5110° 758-4° 846-7° 

X X 1 0 « . 8 5 1 55-6 46-7 31-4 2 2 0 14 3 1 1 0 1 0 0 

O. L i e b k n e c h t a n d A. P . Wil ls g a v e for a q . soln. a t 18°, 35 X l O - 6 m a s s u n i t ; 
G. Qu incke , 4 -4XlO - O; G-. J a g e r a n d S. Meyer , 4 0 x 1 0 " ° ; a n d G. F a l c k e n b e r g , 
34-8 X 1O - 6 . O b s e r v a t i o n s on t h e m a g n e t i c p r o p e r t i e s were m a d e b y L.. S. B r a n t , 
S. D a t t a , L . L a n d a u , I ) . M. Bose a n d P . K . R a h a , A. Scrres , B . Cabre ra a n d co­
worke r s , G. F o e x a n d B . Kess le r , W . K l e m m a n d W . S c h u t h , G. F a l c k e n b e r g , 
I I . F a h l e n b r a c h , S. S. Shaffer a n d N . W . Tay lo r , A. Scrres , W . Pav l ik , 
P . Weiss a n d F . D . B r u i n s , L . A. WeIo , a n d H . R . Wol t j e r a n d I I . K . Onnes , 
I I . F a h l e n b r a c h s t u d i e d t h e m a g n e t i c m o m e n t ; a n d G. Koas io , t h e effect of a 
m a g n e t i c field on t h e c rys t a l l i z a t i on of n icke l sa l t s . M. Y a m a d a obse rved t h a t 
w h e n a c rys t a l of n ickel ch lor ide in a soln. of t h e s a m e sa l t is p laced in a s t r o n g 
m a g n e t i c field, s l igh t ly inc l ined faces a p p e a r on t h e c rys t a l . 

The chemical properties of nickel chloride.—A. Hantzsch and II . Carlsolm 
discussed t h e n a t u r e of t h i s sa l t . H . R o s e obse rved t h a t nickel chlor ide is easi ly 
r e d u c e d t o t h e m e t a l w h e n i t is h e a t e d in hydrogen . P . Schi i tzenberger t h o u g h t 
t h a t a vo la t i l e c o m p o u n d , p e r h a p s N i H C l , is fo rmed , b u t t h i s h a s n o t been con­
firmed. G. C r u t obse rved t h a t t h e r e d u c t i o n invo lves a revers ible r e ac t i on so 
t h a t equ i l ib r ium is a t t a i n e d a t 445° w h e n t h e c o n c e n t r a t i o n of t h e h y d r o g e n 
ch lor ide is a b o u t 59 p e r cen t . T h e equ i l i b r ium c o n s t a n t , K=Qj'457IT+log p 
-f-log [HC1] 2 / [H 2 ] , w h e r e p is t h e equ i l i b r i um press . , a n d Q t h e h e a t of t h e 
r eac t i on , —30-7 cals . a t 15°. K= 11-28 b e t w e e n 310° a n d 415°. E q u i l i b r i u m is 
a t t a i n e d a t 430° in a b o u t 12-5 m i n u t e s f rom t h e hydrogen-n icke l chlor ide end , 
a n d in a b o u t 11 h r s . f rom t h e o t h e r end . Th i s is a t t r i b u t e d t o a r e t a r d a t i o n pro­
d u c e d b y n a s c e n t h y d r o g e n cl inging t o t h e surface of t h e m e t a l . R . Ulo th , 
J . H . Weibe l , K . J e l l i nek a n d co-workers s t u d i e d t h e r eac t ion . F . Berger a n d 
G. C r u t d iscussed t h e r eac t ion . S. M i y a m o t o n o t e d t h e r e d u c t i o n of t h e chloride 
b y h y d r o g e n in t h e s i lent d i scharge . W . N . Ipateeff obse rved t h a t 0-2^V-NiCl2 
depos i t s a l i t t le n ickel u n d e r t h e influence of h y d r o g e n a t 100 a t m . press . , a n d 
250° . O. L . E r d m a n n found t h a t w h e n t h e chlor ide is h e a t e d in air, green, 
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pu lve ru len t nickel oxide, more or less free f rom chloride, can be ob ta ined ; a n d 
H . Schulze said t h a t t h e ox ida t ion is comple te . H . W . H a k e s tud ied t h e deli­
quescence of the salt in air. H . B a u b i g n y observed t h a t w i th mois t o x y g e n , a t 
350° t o 440°, the t r ans fo rmat ion is comple te . K . Je l l inek a n d A. R u d a t s tud ied 
t h e ac t ion of oxygen on nickel chloride be tween 300° a n d 600°, a n d found t h a t 
nickelous oxide alone is formed. A. Mailfert observed t h a t t h e sa l t is slowly 
a t t a c k e d by ozone . A n h y d r o u s nickel chloride becomes pale green on exposure t o 
air, owing t o t h e abso rp t ion of mois tu re . The crys ta ls of t h e h e x a h y d r a t e can 
be preserved indefinitely when k e p t in a sealed t u b e . R . T u p p u t i found t h a t t h e 
green crys ta l s of t h e h e x a h y d r a t e e i ther del iquesce or effloresce in air accord ing t o 
t h e degree of h u m i d i t y . H . W . H a k e said t h a t t h e m a x i m u m h y d r a t i o n a t t a i n e d 
cor responds wi th NiCl 2 . 17H 2 O. The subject was s tud ied b y M. A. R a k u z i n . 
The dissolut ion of t h e subl imed chloride in w a t e r is slow unless t h e sal t h a s been 
previous ly al lowed t o del iquesce in air . R . T u p p u t i said t h a t t h e h e x a h y d r a t e is 
freely soluble in one t o one a n d a half t imes i ts weight of cold wate r . A. Jiltard 
gave for t h e pe rcen tage solubil i ty of t h e h e x a h y d r a t e , S g rms . of a n h y d r o u s sal t , 
a n d s t a r t i ng wi th t h e h e x a h y d r a t e as solid phase : 

— 17° 
29-7 

— 10° 
3 1 0 

10° 
37-3 

18° 
38-

38° 
41-9 

H . B e n r a t h gave for t h e percen tage solubil i ty, S, 

S . 34-8 
17-5° 

3 7 0 7 39-58 
40-5° 

42-20 
50° 

43-17 

59° 
4 5 0 

60° 
44-84 

78° 90° 
4 6 0 46-7 p e r c e n t . 

75° 90-5° 
46-32 46-71 p e r c e n t . 

3NTiCl2-GH2O JViCl2.4TT2O NiOl2 .2TT2O 

720°r 

rNiQL.4Ho0 

-60 L 
0 

The t r ans i t i on t e m p , a re 29° for t h e h e x a h y d r a t e t o t h e t e t r a h y d r a t e , a n d 64° 
for t h e t e t r a h y d r a t e t o t h e d i h y d r a t e ; b u t t h e v a p . press, d a t a give respect ively 
36-25°, a n d 75°—vide supra. The d a t a of H . B e n r a t h , a n d E . Boye a re p lo t t ed 
in F ig . 324. I*. Kuznetzoff s tud ied t h e h y d r a t e s of nickel chloride ; a n d T. Reiff, 

t h e t e n d e n c y of t h e h y d r a t e s t o form aquo-sa l t s . 
Solubi l i ty observa t ions were also m a d e by 
C. F . Kul lgren , and H . G. Denl iam. H . W . F o o t e 

>ci3.2Ho0 ob ta ined 35-27 per cent , for t h e solubil i ty of t h e 
h e x a h y d r a t e a t 0° ; A. D i t t e said t h a t a l i t re 
of wa te r dissolves 600 g rms . of t he h e x a h y d r a t e ; 
a n d Y. Osaka a n d T. Y a g i n u m a , t h a t w a t e r 
dissolves 38-88 per cent , of NiCl 2 a t 25°. 
R . Rein icke s tud ied t h e n a t u r e of t h e h y d r a t e s . 
The eu tec t ic t e m p , a n d t h e ice-line of t h e solubil i ty 
curve were s tud ied b y F . RudorfT, a n d F . Gu th r i e 
—vide supra. Bas ic sa l ts h a v e been repor ted . 

Fio. 3 2 4 ' ~ ^ 1 ^ | ^ 1 ^ C l i r v e o f T h e hydrolys is of t h e sa l t h a s been discussed 
previously . J . J . Berzel ius t h o u g h t t h a t a n ickel 

oxychloride is formed. H . W . F ischer observed t h a t when t h e aq . soln. is 
hea t ed in an au toc lave , a pa le green, a m o r p h o u s p rec ip i t a te is formed. G. A n d r e 
r epo r t ed a pale green p rec ip i t a t e t o be formed when aq . a m m o n i a is g radua l ly 
a d d e d t o a soln. of nickel chloride, b u t in a n a m o u n t n o t sufficient for t h e 
comple te p rec ip i t a t ion of t h e nickel . T h e composi t ion was 8NiO-NiCl 2 .13H 2 O. 
There is n o t h i n g here t o es tabl ish t h e chemical ind iv idua l i ty of a basic chloride. 
F . Reiff discussed t h e complex [NiCl 2 (OH)(H 2 O)JH-C 4 H 8 O 2 . W . F e i t k n e c h t said 
t h a t t h e la t t i ce of NiCl 2 . 4Ni (OH) 2 cor responds wi th a l t e r n a t e layers of t h e n o r m a l 
sa l t a n d of hydrox ide . H . G. D e n h a m t h o u g h t t h a t n icke l hydroxychloride, 
Ni(OH)Cl , is formed b y t h e hydrolysis of t h e sal t—vide supra. E . H a y e k s tud ied 
t h e basic chlorides. G. Pell ini a n d D . Meneghini examined t h e ac t ion of hydrogen 
dioxide in a lkal ine soln.—vide supra, nickel d ioxide . R . K u n n a n d A. W a s s e r m a n n 
s tud ied t h e ac t ion of nickel sal ts on hydrogen dioxide . 

8 16 24 32 40 
Grams NiCI3 per 100 grms. Soln. 
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K . F r e d e n h a g e n a n d G. C a d e n b a c h obse rved t h a t t h e ch lor ide does n o t dissolve 
in hydrof luoric ac id . R . F . W e i n l a n d a n d F . Schlegelmilch p r e p a r e d a c o m p l e x 
with iodine trichloride, namely, nickel diiodohexachloride, NiCl2 .2ICl3 .8H20. 
K . F r e d e n h a g e n o b s e r v e d t h a t n ickel chlor ide is n o t affected b y hydrof luoric ac id . 
O. L o w , a n d M. G. L e v i a n d V. B e t t o n i obse rved t h a t w h e n n ickel ch lo r ide is 
h e a t e d in a c u r r e n t of a i r a n d h y d r o g e n chloride, chlor ine is evo lved so t h a t t h e 
n icke l s a l t a c t s l ike t h e c o p p e r sa l t e m p l o y e d in D e a c o n ' s process for ch lor ine . 
A. G. P a g e d iscussed n icke l ch lo r ide as a ch lo r ina t ing ca t a ly s t . R . J . K a n e n o t e d 
t h a t a mol . of n ickel ch lo r ide a b s o r b s a mol . of h y d r o g e n chlor ide, a n d gives i t u p 
on e x p o s u r e t o a i r . A c c o r d i n g t o A . D i t t e , t h e solubi l i ty of nickel chlor ide in 
w a t e r decreases s t e a d i l y in t h e p re sence of increas ing p ropo r t i ons of hydrochlor ic 
ac id , a n d m o r e so w i t h h o t t h a n w i th cold soln. W h i l s t a sa t . soln. of nickel 
ch lo r ide c o n t a i n i n g 60O gr ins , of sa l t pe r l i t re depos i t s green c rys ta l s of t h e h e x a -
h y d r a t e w h e n cooled, on ly 40 g r m s . of t h e sa l t d issolves in a l i t re s a t u r a t e d wi th 
h y d r o g e n ch lor ide a t 18°, a n d t h e l iqu id d e p o s i t s ye l lowish-green c rys t a l s of t h e 
m o n o h y d r a t e ( p r o b a b l y d i h y d r a t e ) w h e n cooled. T h e t h r e e c o m p o n e n t s y s t e m 
w a s i n v e s t i g a t e d b y H . W . F o o t e . E x p r e s s i n g c o n c e n t r a t i o n s in g r a m s x>er 

100 g r m s . of sa t . soln. , a t 0° , he f o u n d : 

N i C l 3 
H C l 

Solid phase 

35-27 
0-00 

26-71 
6-53 

6-15 4-56 
26-OO 

4-45 
26-23 

1-4O 
35-03 

O-82 
37-22 

O-43 
4O-61 

NiCl2-OH2O NiCl 2 .4H 2O NiCl2 .2H2O 

T h e resu l t s a r e p l o t t e d a s a p o r t i o n of a t e r n a r y d i a g r a m , F i g . 325 . Obse rva t ions 
were m a d e b y A. V. B a b a e v a a n d T. A. A r t s c h a k o v a . N". A. Isgarischelf a n d 
S. S c h a p i r o observed t h e acce l e r a t i ng a c t i o n of n icke l ch lor ide in t h e a t t a c k 
of m a r b l e b y hyd roch lo r i c ac id . F . R e i t z e n s t e i n d isso lved nickel oxide in r a t h e r 
m o r e p y r i d i n e t h a n is r e q u i r e d for p r e p a r i n g a t r i p y r i d i n e - d e r i v a t i v e , d i l u t ed t h e 
soln. w i t h a b s o l u t e a lcohol , a d d e d a l i t t l e 
d i l . h y d r o c h l o r i c ac id , s a t u r a t e d t h e l i qu id 
w i t h d r y h y d r o g e n ch lo r ide , d e c a n t e d off t h e 
c lear l iquor , a n d a l lowed i t t o s t a n d w h e n , 
v e r y soon, a ye l lowish-green n i cke l h y d r o ­
chlor ide , 3 N i C l 2 . 2 H C l . l | H 2 0 , s e p a r a t e d o u t . 
I t c a n be freed f rom p y r i d i n e b y w a s h i n g 
wi t h a lcohol a n d e the r . A. J . B a l a r d 
o b s e r v e d t h a t w h e n t h e a q . soln . of n icke l 
ch lor ide is t r e a t e d w i t h h y p o c h l o r o u s ac id , 
ch lo r ine is evo lved , a n d n ickel h y d r o x i d e is 
p r e c i p i t a t e d . 

H . B a u b i g n y obse rved t h a t h y d r o g e n 
su lph ide does n o t r e a c t w i t h a soln. of 
n icke l ch lo r ide so r ead i ly as i t does w i t h 
t h e s u l p h a t e . J . Myer s , a n d O. L o w found 
t h a t w h e n n ickel ch lor ide is h e a t e d w i t h p o t a s s i u m su lph ide , nickel , a n d a lka l i 
p o l y s u l p h i d e a r e fo rmed , a n d H . de S e n a r m o n t n o t e d t h a t in a sealed t u b e a t 
160°, n icke l s u l p h i d e is p r o d u c e d . H . Li. H a k e n s t u d i e d t h e ac t i on of h y p o ­
su lph i te s on soln. of n ickel sa l t s ; a n d A. H a n t z s c h a n d H . Car l sohn , t h e a c t i o n 
of d i l . su lphur ic ac id . O. Has se l a n d H . K r i n g s t a d o b s e r v e d t h a t t h e c o m p o u n d 
fo rmed w i t h fluosulphonic ac id , n a m e l y , n i c k e l h e x a m m i n o f l u o s u l p h o n a t e , 
[ N i ( N H s ) 6 ] ( S O 3 F ) 2 , h a s a l a t t i c e w i t h a = 11-47 A. 

T . W . B . W e l s h a n d H . J . B r o d e r s o n o b s e r v e d t h a t 100 c.c. of a n h y d r o u s 
h y d r a z i n e d issolve 8 g r m s . of n ickel ch lor ide a t r o o m t e m p . , fo rming a b lue soln. 
C. P a a l a n d L . F r i ede r i c i a d d e d t h a t n o r e d u c t i o n occurs a t 100°. H . F r a n z e n 
a n d O. v o n M a y e r p r e p a r e d n i cke l d ihydraz inochlor ide , N i C l 2 . 2 N 2 H 4 , b y mix ing 
a h o t , a q . soln. of 25 g r m s . of n icke l ch lor ide in 100 c.c. of w a t e r , w i t h 40 c.c. of 
50 p e r cen t , h y d r a z i n e h y d r a t e . T h e w a s h e d p r e c i p i t a t e , d r i ed over p o t a s s i u m 

NiCI2 

F i a . 325 . T e r n a r y S y s t e m : 
H C l H 2 O a t 0 ° . 

NiCl 2 
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h y d r o x i d e a n d cone, su lphur i c ac id , is b lu i sh -wh i t e , a n d i t is freely soluble in a q . 
a m m o n i a a n d in dil . ac ids . Y . S h i b a t a s t u d i e d t h e a b s o r p t i o n s p e c t r u m ; a n d 
S. D a t t a , t h e m a g n e t i c p r o p e r t i e s . A c c o r d i n g t o H . F r a n z e n a n d O. v o n Maye r , 
if 12 g r m s . of nickel h e x a m m i n o c h l o r i d e a r e t r e a t e d w i t h 40 c.c. of a 50 p e r cen t , 
soln. of h y d r a z i n e h y d r a t e , a n d t h e b lue soln. is w a r m e d o n a w a t e r - b a t h , a m m o n i a 
is evolved , a n d a v io le t - red , c rys t a l l ine p o w d e r of n i c k e l tr thydrazinochlor ide , 
N i C l 2 - 3 N 2 H 4 , is fo rmed . I t is freely soluble in di l . ac ids , fo rming a g r een l iqu id . 
Y . S h i b a t a s t u d i e d t h e a b s o r p t i o n s p e c t r u m . 

G. Gore , a n d E . C. F r a n k l i n a n d C. A . K r a u s n o t e d t h a t n ickel ch lor ide is 
inso luble in l iquid a m m o n i a ; T . Vors t e r , t h a t t h e ch lor ide is r e d u c e d t o m e t a l 
w h e n i t is h e a t e d i n d r y a m m o n i a ; a n d O. X. E r d m a n n , t h a t a q . a m m o n i a s lowly 
dissolves t h e ch lor ide , fo rming a b lue s o l n . — e v e n in t h e absence of air . M. B e r t h o n , 
a n d J . Pe r soz d iscussed t h e a m m i n e s of t h e n icke l sa l t s . H . R o s e o b s e r v e d t h a t 
a n h y d r o u s n icke l ch lor ide , a t o r d i n a r y t e m p . , a b s o r b s a m m o n i a gas , a n d t h e 
r e a c t i o n is a t t e n d e d b y t u m e f a c t i o n a n d t h e e v o l u t i o n of h e a t , u n t i l n i c k e l 
h e x a m m i n o c h l o r i d e , N i C l 2 . 6 N H 3 , is fo rmed . O. Xi. E r d m a n n o b t a i n e d a s imi la r 
p r o d u c t b y a d d i n g a lcohol t o a soln. of n ickel ch lor ide i n a q . a m m o n i a ; a n d 
H . R o s e , b y c rys t a l l i za t ion f rom a soln. of t h e ch lor ide i n a n excess of a m m o n i a . 
H . A . F r a s c h t r e a t e d a n a q . soln. of n ickel ch lor ide , s u l p h a t e , or n i t r a t e w i t h a n 
excess of a m m o n i a , a n d a d d e d a lkal i ch lo r ide . T h e p r e c i p i t a t e w h i c h w a s f o r m e d 
w a s w a s h e d w i t h a n a m m o n i a c a l soln. of a lka l i ch lor ide . H e also o b t a i n e d i t b y 
t h e ac t i on of a m m o n i a on n ickel c a r b o n a t e i n t h e p resence of a lka l i ch lo r ides . 
S. P . X. Sorensen t r e a t e d a soln. of n icke l n i t r a t e w i t h a q . a m m o n i a u n t i l t h e 
p r e c i p i t a t e first fo rmed re-dissolved. H e t h e n a d d e d a n a m m o n i a c a l soln. of 
a m m o n i u m chlor ide t o t h e fi l tered l iqu id , a s long a s a p r e c i p i t a t e w a s fo rmed . 
T h e p r e c i p i t a t e w a s w a s h e d w i t h a n a m m o n i a c a l soln. of a m m o n i u m ch lor ide , 
t h e n w i t h cone . a q . a m m o n i a , t h e n w i t h a m i x t u r e of cone . aq . a m m o n i a a n d 
a lcohol , a n d finally w i t h a lcohol . H . R o s e desc r ibed t h e h e x a m m i n e a s a w h i t e 
p o w d e r w i t h a t i n g e of b lue ; O. X. E r d m a n n , as a b lue p o w d e r , or as l a rge , o p a q u e 
o c t a h e d r a w i t h t r u n c a t e d edges a n d s u m m i t s , a n d b lue w i t h a viole t i r idescence ; 
a n d H . A . F r a s c h , a s l a rge , v io le t -b lue , p y r a m i d a l c ry s t a l s . T h e s u b j e c t w a s 
s t u d i e d b y G. X. Clark , E . Kocs i s , a n d H . J . d e Wi j s . P . S to l l f o u n d t h a t t h e 
X - r a d i o g r a m s co r r e sponded w i t h a face-cen t red , cub ic l a t t i c e of t h e c a l c i u m 
fluoride t y p e . T h e r e a r e 4 mols . in t h e e l e m e n t a r y cell ; a n d t h e l a t t i c e p a r a m e t e r 
is « = 1 0 - 1 5 A. T h e n icke l a t o m s a r e l oca t ed a t t h e co rne r s a n d c e n t r e s of t h e 
faces of t h e cube . E a c h n ickel a t o m is s u r r o u n d e d b y s ix N H 3 - g r o u p s a r r a n g e d 
a t t h e corners of a n o c t a h e d r o n , a n d t h e ch lor ine a t o m s a r e a r r a n g e d a t t h e co rne r s 
of a cube—v ide F i g s . 115 t o 117, 1 4 . 67 , 2 1 , for t h e co r r e spond ing c o b a l t a m m i n e . 
R . W . G. Wyckof i g a v e a = 10-09 A. for t h e s ide of u n i t cell ; a n d P . Sche r r e r a n d 
P . Stol l , a n d P . S to l l g a v e « = 1 0 - 1 5 A. T h e s t r u c t u r e of t h e l a t t i ce w a s a lso 
s t u d i e d b y G. R. N a e s s a n d O. Has se l , w h o g a v e a—10-066 A . ; a n d W . Bi l t z , 
a n d W . B i l t z a n d E . R i r k , w h o g a v e a= 10-14 A. F o r t h e d i s t a n c e b e t w e e n 
Ni a n d Cl, G. B . N a e s s a n d O. Hasse l g a v e 4-36 A. , a n d t h e y s t u d i e d t h e s p h e r e 
of a c t i o n of t h e a n i o n . W . R i l t z a n d E . R i r k g a v e 1-468 for t h e sp . gr . a t 25°/4° , 
a n d 157-9 for t h e m o l . vo l . T h e c r y s t a l s were found b y F . R o s e , a n d H . A . F r a s c h 
t o be s t ab l e w h e n k e p t in a closed vessel , b u t t h e y de l iquesce in a i r , a n d in d r y a i r , 
t h e y lose a m m o n i a ; a n d O. Xi. E r d m a n n sa id t h a t t h e c rys t a l s lose a m m o n i a 
i n w a r m ai r , or w h e n d r i ed i n v a c u o ove r s u l p h u r i c ac id . W . B i l t z a n d 
B . F e t k e n h e u e r found t h e d e c o m p o s i t i o n c u r v e s of t h e h e x a m m i n e a n d i t s 
d e c o m p o s i t i o n p r o d u c t s r e p r e s e n t e d i n F i g s . 326 a n d 327 . T h e r e su l t s s h o w t h e 
ex i s t ence , u n d e r t he se cond i t i ons , of t h e h e x a m m i n e — b l u i s h - v i o l e t , of t h e 
d i a m m i n e — p a l e yel low, a n d of t h e m o n a m m i n e — y e l l o w i s h - b r o w n . T h e d i s ­
soc ia t ion press . , p m m . , of t h e h e x a m m i n e w a s m e a s u r e d b y F . E p h r a i m , a n d 
b y W . Bi l t z a n d B . F e t k e n h e u e r . F . E p h r a i m ' s d a t a , F i g . 327 , a re : 

112° 128° 144-5° 155° 164° 172-6° 177° 
p . . 4 2 91 218 348 485 66O 775 
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W . Bi l t z a n d B . F e t k e n h e u e r g a v e 760 m m . a t 176-5°, a n d t h e co r r e spond ing h e a t 
of f o r m a t i o n is 16 CaIs. p e r N H 3 - m o l . W . Bi l tz a n d G. F . H u t t i g g a v e 14-15 CaIs. 
p e r N H g - m o l . ; a n d G. B e c k g a v e (NiCl 2 , 6NH 3 ) = 373 CaIs. F . E p h r a i m a n d co­
w o r k e r s d i scussed t h e sub jec t . W . H i e b e r a n d E . L e v y s t u d i e d t h e e n e r g y of 
f o r m a t i o n ; S. G. M o k r u s c h i n a n d E . I . Kriloff, t h e surface e n e r g y ; H . S h i b a a n d 
T . I n o u y e , a n d Y . S h i b a t a , t h e a b s o r p t i o n s p e c t r u m ; I . D a m a s c h u n , t h e R a m a n 
effect ; P . J . v a n R y s s e l b e r g h e , t h e t r a n s p o r t n u m b e r of t h e c a t i o n N i ( N H 3 ) 6 ; 
a n d S. S. Shaffer a n d N . W . Tay lo r , a n d W . K l e m m a n d W . S c h u t h , t h e m a g n e t i c 
su scep t ib i l i t y . T h e h e x a m m i n e dissolves w i t h o u t decompos i t i on i n cold w a t e r , 
b u t w h e n t h e soln. is boi led , a m m o n i a is evolved , a n d green flakes of nickel 
h y d r o x i d e a r e depos i t ed . F . E p h r a i m a n d P . M o s i m a n n , a n d P . M o s i m a n n found 
t h e so lub i l i ty in w a t e r t o b e 15-39 g r m s . or 0-066 mol . p e r l i t re . H . A. F r a s c h 
o b s e r v e d t h a t a n a q . soln. of t h e h e x a m m i n e is d e c o m p o s e d b y p o t a s s i u m h y d r o x i d e . 
F . R o s e o b s e r v e d t h a t t h e sa l t is s p a r i n g l y soluble in cone . a q . a m m o n i a ; 
S. P . Li. Sorenson , t h a t i t is a l m o s t inso lub le in a n a m m o n i a c a l soln. of a m m o n i u m 
ch lor ide ; O. L . E r d m a n n , t h a t i t is inso lub le in a lcohol ; a n d F . E p h r a i m , t h a t 
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of t h e A m m i n e s of N icke l Ch lo r ide . 

t h e fol lowing ac ids g ive p r e c i p i t a t e s w i t h t h e a m m i n e s of n ickel chlor ide : 5 -n i t ro-
6-n i t ro- a n d -7 -n i t ronaph tha lene -a . - su lphon ic ac ids , 2 : 6 -d in i t ro-m-xylene-4-su l -
p h o n i c ac id , 2 : 6 -d in i t ro to luene -4 - su lphon ic ac id , 4 : 5 -d ich loro-2-n i t robenzene-
su lphon ic acid , 2 : 5 -d i ch lo robenzenesu lphon ic ac id , 5 -ch loronaphtha lene-c t - su l -
p h o n i c ac id , 3 : 4 -d i ch lo robenzenesu lphon ic ac id , 4 -ch lo ro -2 -n i t robenzenesu lphon ic 
ac id , 2-chloro-3 : 5 -d in i t r obenzenesu lphon ic ac id , m-n i t ro to luene -4 - su lphon ic ac id , 
p -n i t r o to luene -2 - su lphon ic ac id , d ib romonaphtha lene-y8-su lphon ic acid . Li. S. L e v y 
s t u d i e d t h e a b s o r p t i o n b y ferric h y d r o x i d e . T h e d i - a n d t r i - su lphon ic ac ids do 
n o t g ive p r e c i p i t a t e s w i t h a m m o n i a c a l soln. of n ickel ch lor ide . Gr. A n d r e r e p o r t e d 
t h a t a hemihydrate, N i C l 2 . 6 N H 3 . ^ H 2 O , is f o rmed in v io le t o c t a h e d r a w h e n nickel 
h y d r o x i d e is s u s p e n d e d in a well-cooled soln. of a m m o n i u m chlor ide , a n d t r e a t e d 
w i t h a m m o n i a gas . G. A n d r e a lso sa id t h a t n i cke l t r iaquotr iamminochlor ide , 
NiCl2-SISTH3-SH2JO, is f o r m e d in o c t a h e d r a l c ry s t a l s when a w a r m soln. of t h e 
h e x a m m i n e is cooled. Y . S h i b a t a s t u d i e d t h e a b s o r p t i o n s p e c t r u m of t h i s sa l t . 
G. B . N a e s s a n d O. H a s s e l o b t a i n e d [ N i ( N H 3 ) 6 ] ( B F 4 ) 2 , a n d [ N i ( N H 3 ) 6 ] ( S 0 3 F ) 2 . 

F . R o s e obse rved t h a t n i cke l d i a m m i n o c h l o r i d e , N i C l 2 . 2 N H 3 , is f o r m e d w h e n 
t h e h e x a m m i n e is h e a t e d t o 120°. O. L«. E r d m a n n said t h a t w h e n t h e c ry s t a l s 
a r e h e a t e d in v a c u o , t h e y d e c r e p i t a t e a n d c r u m b l e t o a yel low p o w d e r of a n h y d r o u s 
n icke l ch lor ide . T h e d i s soc ia t ion press . , p m m . , of t h e d i a m m i n e , F i g . 327, 
o b s e r v e d b y F . E p h r a i m , a r e : 

215° 
11 

239° 
61-5 

260° 
1 3 3 

282° 
2 6 8 

296° 
512-5 

305° 
6 6 6 

311° 
7 1 0 

a n d a t 313° t h e press , is 760 m m . T h e c o r r e s p o n d i n g h e a t of f o r m a t i o n is 
N i C l 2 . 2 N H 3 = N i C l 2 . N H 3 - | - N H 3 - f - 2 1 - 6 CaIs. W . B i l t z a n d G. F . H u t t i g g a v e 
19*0 CaIs . p e r N H 3 - m o l . for t h e h e a t of f o r m a t i o n of t h e d i a m m i n e . O. L . E r d m a n n 
sa id t h a t a t a s t r o n g r e d - h e a t , a s u b l i m a t e of a m m o n i u m a n d nickel chlor ides is 
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formed, a n d if a i r be p re sen t , n ickel ox ide r e m a i n s . T h e d i a m m i n e decomposes 
i n t o ye l lowish-brown nickel m o n o a m m i n o c h l o r i d e , N i C l 2 - N H 3 ; a n d t h e d i ssoc ia t ion 
press . , p m m . , F ig . 327, b y F . E p h r a i m , a r e : 

265° 284-5° 311° 322° 339° 336° 373° 
p . . 2O 38 100 159 223 351 71O 

a n d a t 375°, t h e press , is 760 m m . T h e h e a t of f o r m a t i o n is N i C l 2 - N H 3 ^ N i C l 2 
+ N H 3 + 1 8 - 3 CaIs. ; a n d W . Bi l t z a n d G. F . H i i t t i g g a v e 21-46 CaIs. P . R a y 
a n d H . B h a r , a n d S. D a t t a s t ud i ed t h e m a g n e t i c suscept ib i l i t ies of n i cke l d ihydra-
zinodichloride, NiCl2 .2N2H4 ; and of nickel trihydrazinodichloride, NiCl2 .3N2H4 . 

E . Divers n o t e d t h a t nickel chlor ide swells u p in a n a m m o n i a soln. of a m m o n i u m 
nitrate . O. L e h m a n n r e p o r t e d t h e f o r m a t i o n of solid soln. of n ickel ch lor ide w i t h 
a m m o n i u m chloride. G. v o n Hi i fner found t h a t n i tr ic ox ide is a b s o r b e d b y 
n ickelous sa l t s . J . J . S u d b o r o u g h o b t a i n e d n o ev idence of t h e f o r m a t i o n of a 
complex sa l t w i t h n i trosyl chloride. H . Rose obse rved t h a t w h e n n ickel ch lor ide 
is h e a t e d w i t h phosphorus , n ickel p h o s p h i d e a n d p h o s p h o r u s ch lor ide a r e fo rmed ; 
a n d w i t h phosph ine , n ickel p h o s p h i d e a n d h y d r o g e n chlor ide a r e p r o d u c e d . 
R . Scholder a n d H . L . H a k e n , a n d H . L . H a k e n also s t u d i e d t h e a c t i o n of p h o s -
p h i n e on nickel sa l t s . R . Schenck sa id t h a t w h e n a soln. of n icke l ch lor ide is 
p o u r e d i n t o boil ing p o t a s h lye, c o n t a i n i n g some p h o s p h o r u s a n d t a r t a r i c ac id , 
t h e p h o s p h i n e which is deve loped furnishes n ickel p h o s p h i d e , N i 4 P 2 , b u t if t a r t a r i c 
acid be absen t , n ickel o x y p h o s p h i d e is fo rmed . R . Scholder a n d co-workers , 
H . Lr. H a k e n , a n d C. P a a l a n d L.. Fr ieder ic i found t h a t a n a lkal i hypophosphi te 
prec ip i t a t e s n ickel a n d n ickel p h o s p h i d e . E . Gla tze l showed t h a t phosphorus 
pentasulphide r e a c t s i n accord w i t h t h e e q u a t i o n : 3 N i C l 2 + 2 P 2 S 5 = N i 3 P 2 S 8 
-f- 2PSCl 3 . 

J . H . Weibe l s t u d i e d t h e a c t i o n of carbon m o n o x i d e , a n d L . B e l l a d e n and 
co-workers s t u d i e d t h e equ i l i b r i um cond i t ions i n t h e r eac t i on : N i C l 2 - J - C O ^ N i 
4-COCl 2 , a n d , for i f = [ C o C l 2 ] / [ C O ] , t h e y o b t a i n e d a p p r o x i m a t e l y 0-0020 a t 450° ; 
0 0 0 7 0 a t 500° ; a n d 0 0 0 8 6 a t 550°. R . T u p p u t i n o t e d t h a t n icke l ch lo r ide is 
soluble in a lcohol ; E . B o d t k e r a d d e d t h a t 100 g r m s . of a lcohol a t r o o m t e m p , 
dissolve 1 0 0 5 g rms . of NiCl 2 , a n d 53-71 g r m s . of N i C l 2 . 6 H 2 O ; a n d C. A . L.. d e 
B r u y n , t h a t 100 g r m s . of abso lu t e a lcohol dissolve 2*16 g r m s . of t h e h e x a h y d r a t e 
a t 17°, a n d 1-4 g rms . a t 3° . F . Myl ius showed t h a t w h e n a g r a m of n ickel ch lor ide 
is d issolved in 100 c.c. of 10 pe r cen t , hydroch lo r i c ac id , a n d s h a k e n w i t h 1OO c.c. 
of e ther , 0-01 pe r cen t , of nickel e n t e r s i n t o t h e e the rea l l aye r . F . N . Spel ler 
s t u d i e d t h e p a r t i t i o n of t h e chlor ide b e t w e e n e t h e r a n d di l . hyd roch lo r i c ac id . 
K . P . M a c E l r o y a n d W . H . K r u g , a n d W . E i d m a n n o b s e r v e d t h a t a n h y d r o u s 
nickel chlor ide is insoluble in a c e t o n e . O. A s c h a n n o t e d t h a t 1OO g r m s . of 95 p e r 
cen t , formic acid dissolve 5-9 g r m s . of NiCl 2 a t 20-5°. S. H a k o m o r i s t u d i e d t h e 
ac t i on of oxal ic , citric, tartaric , m a l i c , a n d succ in i c ac ids on nickel sa l t s . 
H . F r e y obse rved t h a t w i t h e t h y l oxa la te , a t r a c e of n icke l c a r b o n y l is f o rmed ; 
a n d S. H a k o m o r i s t u d i e d t h e f o r m a t i o n of c o m p l e x sa l t s w i t h t a r t a r i c ac id . 
W . O. de Coninck found t h a t 100 g r m s . of a sa t . soln. i n g lyco l , a t r o o m t e m p . , 
c o n t a i n 16-2 g r m s . of n ickel ch lor ide . G. F u s e y a a n d K . M u r a t a s t u d i e d t h e 
ac t ion of g lycocol l . J . V. D u b s k y a n d A. R a b a s d id n o t o b t a i n a c o m p o u n d w i t h 
g lyc ine . B . K o h n l e i n obse rved n o m a r k e d r eac t i on w i t h propyl iodide. 
A. N a u m a n n found t h a t n ickel chlor ide is spa r ing ly soluble in m e t h y l ace ta te , 
a n d insoluble in e thy l ace ta te ; a n d H . F r e y showed t h a t w h e n e thy l o x a l a t e is 
a d d e d t o f inely-divided n ickel chlor ide or b r o m i d e , a n d s o d i u m , s u s p e n d e d i n l igh t 
p e t r o l e u m , t r ace s of n ickel c a r b o n y l a p p e a r i n t h e gas w h i c h is evolved . P . Claesson 
found t h a t a n alcoholic soln. of n ickel chlor ide fo rms n icke l m e r c a p t i d e , N i ( S C 2 H 5 ) 2 , 
w h e n i t is t r e a t e d w i t h m e r c a p t a n a n d a m m o n i a . G. W a l t e r , A . W e r n e r a n d 
co-workers , a n d A . R o s e n h e i m a n d V. J . Meyer f o u n d t h a t ye l lowish-b rown c r y s t a l s 
of t h e c o m p l e x sa l t N i 2 (CH 4 N 2 S) 7 Cl 2 , a r e fo rmed w i t h th iourea . W . G l u u d a n d 
W . R iese s t u d i e d t h e use of n ickel sa l t s in r e m o v i n g h y d r o c y a n i c ac id f rom coke 
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a n d oven gas ; a n d S. P a p i e r meis ter , t h e a c t i o n of mercur ic cyan ide on nickel 
chlor ide . A. N a u m a n n observed t h a t n ickel chlor ide is spa r ing ly soluble in 
benzonitr i le ; a n d W . E i d m a n n , t h a t i t is insoluble in m e t h y l a l . J . Ville a n d 
J . Moitess ier s tud ied t h e ac t i on of phenylhydrazine . P . Pfeiffer a n d co-workers 
p r e p a r e d complex sa l t s w i t h n a p h t h a l e n e - 1-sulphonic acid, n a p h t h a l e n e - 2 - s u l p h o n i c 
acid, benzene su lphon ic acid , a n d ^ - t o luene su lphonic acid, a n d complexes w i t h 
t r i d ipy r idy l - a n d t r i - p h e n a n t h r o l i n . 

N . A. Kuraakoff , A. Gr. B e r g h m a n , F . S c h u r m a n n , J . Dal ie tos , W . R . B u c k n a l l 
a n d W . W a r d l a w , A. W e r n e r a n d W . Spruck , a n d H . G r o s s m a n n a n d B . S c h u c k 
s tud i ed t h e ac t i on of e thy l ened iamine on nickel chlor ide. T h e y o b t a i n e d 
n i c k e l o u s tr i sethylenediani inochlor ide , [Ni en 3 JCl2 .2H2O, b y a d d i n g 3 mols . of 
e t h y l e n e d i a m i n e h y d r a t e t o a cone. soln. of a mol of nickelous chloride, e v a p o r a t i n g 
t h e soln. for c rys ta l l i za t ion , a n d re-crysta l l iz ing t h e sal t twice from i ts aq . soln. 
T h e y d id n o t succeed in p r e p a r i n g a c h l o r o t a r t r a t e , b u t t h e y p repa red a t a r t r a t e , 
a n d a c a m p h o r s u l p h o n a t e . T h e y d id n o t succeed in p r e p a r i n g a n opt ical ly ac t ive 
form. J . Ange r s t e in , a n d Y. S h i b a t a i nves t i ga t ed t h e absorp t ion spec t rum ; 
O. Stel l ing, t h e X - r a y s p e c t r u m ; a n d E . R o s e n b o h m gave 12-87 X 1O - 6 mass u n i t 
for t h e m a g n e t i c suscep t ib i l i ty . W . R . B u c k n a l l and W . W a r d l a w a t t e m p t e d a 
reso lu t ion of t h e sa l t . T. I n o u e s t u d i e d t h e aquo- sa l t s . Y . S h i b a t a examined t h e 
a b s o r p t i o n s p e c t r u m of n i c k e l o u s b i se thy lenediaminochlor ide , [Ni en 2 JCl 2 .H 2 O ; 
a n d Gr. a n d P . S p a c u p r e p a r e d c a d m i u m nicke l tr isethylenediani inochloride , 
[Ni en3]CdCl4 . F . G. M a n n , M. Papaf i l , W . H i e b e r a n d co-workers , a n d 
A. W e r n e r a n d J . P a s t o r s t u d i e d t h e complex sa l t s w i th propylenediamine , 
n a m e l y , n i cke lous tr ispropylenediaminochloride , [Ni p n 3 ] C J 2 . 2 H 2 0 , a n d E . Rosen ­
b o h m gave 1 1 - 4 G x I O " 6 m a s s u n i t for i t s m a g n e t i c suscept ib i l i ty . J . F r e j k a 
a n d L . Zah lova p r e p a r e d n i c k e l o u s tr i sbuty lenediaminochlor ide , [Ni b n 3 JCl2-H2O ; 
a n d W . H i e b e r a n d K . R ie s , n i c k e l o u s pheny lenediaminochlor ide ; M. R . Menz, 
a n d J . C. I^ufE a n d E . J . Bil ls p r e p a r e d complex-sa l t s w i t h h e x a m e t h y l e n e -
tetr a m i n e . A h y d r o x y chlor ide is also fo rmed which reac t s w i t h t h e base t o form 
3 N i ( O H ) 2 . N ( C H 2 . O H ) 4 . O. Ste l l ing s t u d i e d t h e X - r a y s p e c t r u m of n i cke lous 
quater -o -pheny lened iaminoch lor ide , N i ( N H 2 . C 6 H 4 . NH 2 ) 4 C1 2 . M. P o n i , a n d 
R,. Ce rna te scue a n d co -worker s , s t u d i e d c o m p o u n d s w i t h t h e cyc l ic a m i n e s — 
C 6 H 3 ( C H 3 ) ( N H 2 ) 2 , a n d C 1 0 H 6 ( N I I 2 ) 2 . E . B e c k m a n n sa id t h a t nickel chlor ide is 
soluble in qu ino l ine , a n d F . Re i t zens t e in , a n d U . Pomi l io p r e p a r e d a complex 
sa l t N i (C 9 H 7 N) 2 .C l 2 . G. Scagl iar ini a n d M. R a g n o , a n d A. W e r n e r s tud ied t h e 
a c t i o n of piperidine on nickel chlor ide ; a n d E . L i p p m a n n a n d G. V o r t m a n n 
n o t e d t h a t complex sa l t s a r e fo rmed w i t h ani l ine , a n d w i th p- toluidine. 

* W . A. R e d e k e r , a n d F . R e i t z e n s t e i n s t u d i e d t h e c o m p l e x sa l t s fo rmed w i t h pyridine ; 
a n d O. Ste l l ing, t h e X - r a y s p e c t r u m of n i cke lous quaterpyridinochloride, NiPy 4 CJ 2 . 
G. T. M o r g a n a n d F . H . B u r s t a l l p r e p a r e d n icke lous tris-aci'-dipyridylchloride, 
[Ni(CiOHgN 2 ]Cl 2 .6H 2 O. F . P a n e t h a n d E . Thi lo , E . Thi lo a n d I I . H e i l bo r n , 
K . F r i e d r i c h , a n d K . K i m u r a a n d H . S u e d a p r e p a r e d complexes w i t h d iacety ldioxime, 
a n d w i t h methy ld iace ty ld iox ime ; G. Ponz io a n d I . de Paol in i , a complex 
[ N i ( C 2 H 2 0 3 N 2 ) 2 ] C l 2 , w i t h hydroxyg lyox in ie ; W. H iebe r a n d E . Levy , a complex 
with monoethylolamine, with diethylolamine, and with triethylolamine ; 
K . A. J e n s e n a n d E . R a n c k e - M a d s e n , t h e complexes w i th th iosemicarbaz ide ; 
O. S. D u m o n t a n d S. P a t e r a s , w i t h indole , [Ni(C 8 H 0 ) 4 ]Cl 2 ; J . V. D u b s k y a n d 
F . B r y c h t a , a c o m p l e x w i t h d i m e t h y l g l y o x i m e ; W . H i e b e r a n d F . L e u t e r t , 
complexes w i t h a l d o x i m e s , a n d k e t o x i m e s ; P . Pfeiffer a n d F . T a p p e r m a n n , 
t h e dipyridyl, a n d p h e n a n t h r o l i n e a d d i t i o n p r o d u c t s ; F . Garell i a n d A. T e t t a -
m a n z i , a n d A. T e t t a m a n z i a n d B . Carli o b t a i n e d t r i e thano lamine add i t ion p r o d u c t ; 
I I . R u h l e n a n d G. v o n H i i h n , complexes w i t h e thy l sulphide ; G. Ponz i , a 
c o m p l e x w i t h m e t h y l h y d r o x y g l y o x i m e , [Ni(C8H6O3Ng)2]CIa ; a n d M. R . Menz, 
a c o m p l e x w i t h c a m p h i d i n e ; b u t J . V. D u b s k y a n d A. R a b a s d id n o t o b t a i n a 
c o m p l e x w i t h g lycer ine . J . R o s z k o w s k y n o t e d t h a t t h e presence of m a n y organic 
s u b s t a n c e s h i n d e r s t h e p r e c i p i t a t i o n of nickel h y d r o x i d e from soln. of nickel chlor ide . 

VOL.. x v . 2 E 
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W . T h o m s o n a n d F . Lewis s t u d i e d t h e a c t i o n of ind ia rubber ; a n d H . S o b u e a n d 
S. Manago, of silk. O. Hassel and H . Kringstad observed t h a t the com­
pound formed with boron trifluoride, namely, nickel hexamirrinofluoborate, 
[ N i ( N H 3 ) 6 ] ( B F 4 ) 2 , h a s a space - l a t t i ce w i t h a== 11-27 A . 

D . Vi ta l i obse rved t h a t w h e n m a g n e s i u m a c t s o n a soln. of a n icke l sa l t , n icke l 
h y d r o x i d e is fo rmed , a n d t h a t t h i s is s u b s e q u e n t l y r e d u c e d b y t h e h y d r o g e n . 
E . S. H e d g e s a n d J . E . Myer s , a n d Gr. Gi re a n d A. M. d e N a r b o n n e s t u d i e d t h e 
r eac t ion . R . Miiller a n d co-workers obse rved t h a t z inc , a n d c a d m i u m p r e c i p i t a t e 
n ickel f rom soln. of n ickel ch lor ide i n a b s o l u t e a lcohol . C. F o r m e n t i a n d M. L e v i 
s t u d i e d t h e r educ ing a c t i o n of a l u m i n i u m ; J . Cichocky , t h e diffusion of s a l t ions 
i n t o a l u m i n i u m . H . Moissan n o t e d t h a t a soln. of n icke l ch lor ide y ie lds n icke l 
a m a l g a m (q.v.) w h e n t r e a t e d w i t h s o d i u m a m a l g a m . T . P e c z a l s k y o b s e r v e d t h a t 
w h e n nickel chlor ide is h e a t e d a t 800° in a n i ron t u b e , a c e m e n t a t i o n p r o d u c t of 
i ron a n d n icke l a p p e a r s i n sma l l c rys t a l s . O. L . E r d m a n n f o u n d t h a t w h e n s u b ­
l imed nickel chlor ide is bo i led for a long t i m e w i t h a soln. of p o t a s s i u m hydrox ide , 
green n ickel h y d r o x i d e is fo rmed . J . A . H e d v a l l s t u d i e d t h e a c t i o n on a lka l ine 
e a r t h - o x i d e s ; L . d e B r o u c k e r e , t h e a d s o r p t i o n b y b a r i u m su lphate ; E . Mon-
t ign ie , t h e a c t i o n of mercur ic ox ide ; a n d H . O. Schulze , t h e a c t i o n of n ickel chlor ide 
on tungs t i c acid. N . N . M i t t r a a n d N . R . D h a r s t u d i e d t h e influence of t h e sa l t 
o n t h e o x i d a t i o n r eac t i ons . 

T h e double sa l t s of n i cke l c h l o r i d e . — R . T u p p u t i r e p o r t e d t h a t h y d r a t e d 
a m m o n i u m n i c k e l tr ichloride, N H 4 0 L N i C l 2 i 6 H 2 O , is f o r m e d f rom a m i x e d soln. 
of n icke l a n d a m m o n i u m chlor ides . O. H a u t z o b t a i n e d t h e sa l t b y c o n c e n t r a t i n g 
t h e m i x e d soln. b y slow e v a p o r a t i o n , a n d a l lowing i t t o s t a n d i n d r y a i r for severa l 
d a y s ; a n d J . A d a m s a n d J . M. Merr ick , b y e v a p o r a t i n g a m i x e d soln. of 2 mo l s . 
of n icke l ch lor ide a n d one mo l . of a m m o n i u m ch lor ide ove r su lphu r i c ac id . 
B . SrebrofF, A . C h a s s e v a n t , H . Mitchel l , a n d A . J o h n s e n e m p l o y e d a s imi la r 
p rocess . O. H a u t z desc r ibed t h e c r y s t a l s a s g reen , ob l ique p r i s m s . A- J o h n s e n 
sa id t h a t t h e monocl in ic c ry s t a l s h a v e t h e ax i a l r a t i o s a : h : c—1-02293 : 1 : 0-70928, 
a n d # = 8 9 ° 50 ' ; a n d if r h o m b i c , a : b : c = 0 - 9 7 8 6 : 1 : 0-68672. T w i n n i n g occurs 
a b o u t t h e (HO)- a n d t h e ( l l l ) - f a c e s ; t h e o p t i c ax i a l ang le 2 /Z a is 88° 3 5 ' w i t h 
N a - l i g h t . T h e doub l e re f rac t ion is s t r ong . T h e sp . gr . is 1-645. J . M. Merr ick 
found t h a t t h e e lect rolys is of t h e soln . fu rn ishes n icke l . O. S te l l ing a n d F . Olson 
s t u d i e d t h e X - r a y a b s o r p t i o n s p e c t r u m . H . Moehle g a v e 2-001 X 10~ 6 m a s s u n i t 
for t h e m a g n e t i c suscep t ib i l i ty . T h e c ry s t a l s de l iquesce i n m o i s t air , a n d t h e y a r e 
freely soluble in w a t e r . T h e y lose c o m b i n e d w a t e r a t 135°. H . A. F r a s c h p r e p a r e d 
ammonium nickel hexamminochloride, (NH4)2lsri(NH3)6Cl2. 

B . SrebrofT, A. N e u h a u s , A. C. D . R i v e t t a n d F . W . J . C lend innen , O. L e h m a n n , 
S. M. J o r g e n s e n , a n d J . W . R e t g e r s o b s e r v e d t h a t a m m o n i u m a n d n icke l ch lor ides 
fo rm solid soln. H . W . F o o t e i n q u i r e d if a d o u b l e sa l t is r ea l ly fo rmed a t 25°, 
since, w i t h soln. c o n t a i n i n g t h e fol lowing p e r c e n t a g e s of n icke l a n d a m m o n i u m 
chlor ides , t h e p r o d u c t s were solid soln.—** n . d . " m e a n s " n o t d e t e r m i n e d . " 

Solid 

w h e r e t h e n ickel sa l t is p r e s e n t a s a d i h y d r a t e in t h e solid soln. T h e m a x i m u m 
a m o u n t of n ickel ch lor ide w h i c h c a n fo rm a solid soln. w i t h a m m o n i u m ch lor ide 
is a b o u t 37 p e r cen t , a t 25°, b u t t h e l i m i t p r o b a b l y va r i e s w i t h t e m p . T h e d o u b l e 
sa l t c a n be o b t a i n e d a t t e m p , be low 20° ( a p p r o x i m a t e l y ) ; a b o v e t h a t t e m p . , t h e 
d o u b l e sa l t decomposes i n t o a m i x t u r e of h e x a h y d r a t e d n icke l ch lor ide , a n d a 
solid soln. of t h e c o m p o n e n t sa l t s . As in t h e case of coba l t ch lor ide , t h e r e is 

J N H 4 C l 

(NH 4 Cl 
{ NiCl 3 
JH2O 

2 6 0 7 
3 1 0 

n.d. 
0-32 

n .d . 

10-21 
30-56 
75-79 
17-37 

6-84 

9 1 6 
35-70 
55-69 
3 2 0 6 
12-35 

* v 
Solid solution of NH4Cl + nNICl2 .2H2O 

7-98 
37-41 
43-62 
39-40 
16-98 

8-07 
37-73 
34-67 
4 4 0 3 
21-3O 

Solid solution 
and N ICl2.2H2O 

8 1 7 
37-64 
16-03 
48-93 
35-40 

7-51 
3 7 1 9 

t r . 
54-64 
n .d . 

NiCl3 

3 0 6 
37-98 

t r . 
5 4 0 4 
n .d . 

.6H2O 
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n o t h i n g t o s h o w w h e t h e r or n o t some nickel ch lor ide is u n i t e d chemica l ly w i t h 
a m m o n i u m chlor ide so t h a t t h e solid soln. consis t of a m m o n i u m chlor ide assoc ia ted 
w i t h SC of a d o u b l e sa l t . F . W . J . C l end innen ' s r e su l t s for t h e t e r n a r y s y s t e m : 
N i C l 2 - N H 4 C l - H 2 O a t 70° , a r e s u m m a r i z e d in F i g . 328 . Th i s t e m p , w a s chosen t o 
a v o i d c o m p l i c a t i o n s w i t h t h e h y d r a t e s a b o v e N i C l 2 . 2 H 2 O . T h e fol lowing is a 
se lec t ion of t h e r e s u l t s — c o n c e n t r a t i o n s a r e expressed in pe r cen t ages : 

N H 4 C l . . . 30-92 20-47 17-54 16-24 J 1-74 6-96 1-24 
N i C l 2 . . . 8-59 26-28 30-69 32-3O 36-99 4 2 0 5 45-60 
N H 4 C l i n so l id . 98-3 84-6 62-5 4 8 0 34-8 25-9 O-1 

T h e r e is n o i n d i c a t i o n of t h e f o r m a t i o n of a doub l e sa l t a t t h i s t e m p . T h e r e a r e 
reg ions of m e t a s t a b i l i t y b o u n d e d b y t h e d o t t e d l ines in t h e d i a g r a m . T h e com­
pos i t ions of t h e solid soln. a r e r e p r e s e n t e d b y p o i n t s on t h e line AJJ, F ig . 328 , w h i c h 
is c o n t i n u o u s b e t w e e n a m m o n i u m ch lor ide a n d d i h y d r a t e d nickel ch lor ide . T h e 
s u b j e c t w a s s t u d i e d b y A. C. D . R i v e t t a n d F . W . J . C lend innen . H . F r a n z e n a n d 
H . Li. L u c k i n g o b t a i n e d hydraz ine n i c k e l te trachlor ide , ( N 2 H 4 . H C l ) 2 . N i C l 2 . H 2 O , 
b y m i x i n g soln. of n ickel ch lo r ide a n d h y d r a z i n e h y d r o c h l o r i d e . 

O. S te l l ing a n d F . Osson s t u d i e d t h e X - r a y s p e c t r u m of p o t a s s i u m n icke l 
tr ichloride, K N i C l 3 . 5 H 2 O . R . Godeffroy p r e p a r e d ye l low rub id ium n icke l te tra-

4 LiCI. 2H^O 
4- NiCI2 . 4LiCI JOH2O 

NiCI2. 2LiCI. 4H2O 

-] LiCI. H2O 

NiCl2. LiCI. 2H2O 

J- LiCI 

P h a s e s i n t h o 
, C I 2 - I T 2 O . 

Chloride, 2RbCLNiCl 2 , f reely so luble in w a t e r a n d in dil . hydroch lo r i c ac id ; a n d 
Gr. F . Campbe l l , caes ium n icke l tr ichloride, CsNiCl3 , f rom a soln. of 12 mo l s . of 
caesium ch lor ide , a n d one mo l . of n icke l ch lor ide , b y e v a p o r a t i o n a n d cool ing. 
T h e ye l low, mic roscop ic c ry s t a l s b e c o m e w h i t e t h r o u g h d e c o m p o s i t i o n w h e n 
b r o u g h t i n c o n t a c t w i t h w a t e r . G. a n d P . S p a c u p r e p a r e d caes ium n i c k e l 
a m m i n o t r i c h l o r i d e , Cs[NiCl 3 J-NH 3 , a n d o b s e r v e d t h a t i t s h e a t of f o r m a t i o n is 
15-45 CaIs. , a n d i t is s t a b l e a t —78-5° for p=3Cy m m . A t 0°, p=l-7 m m . ; a t 
17*5°, p—3-6 m m . ; a n d a t 34-8°, ^ - 1 2 - 0 m m . A. C h a s s e v a n t a lso p r e p a r e d 
h y d r a t e d l i t h i u m n i c k e l tr ichloride, L i N i C l 3 . 3 H 2 O . H . B e n r a t h s ' s o b s e r v a ­
t i o n s o n t h e t e r n a r y s y s t e m : N iCl 2 - JL i 2 Cl 2 -H 2 O, a r c s u m m a r i z e d in F i g s . 329 
a n d 33O. T h e r e a r e t h r e e d o u b l e sa l t s , n a m e l y , l i t h i u m n icke l h e x a c h l o r i d e , 
4LiCl .NiCl 2 .1OH 2 O, s t a b l e b e t w e e n 0° and a b o u t 23° ; l i t h i u m nickel t e t r a c h l o r i d e , 
2L iOLNiCl 2 . 4H 2 O, s t a b l e b e t w e e n 23° a n d 60° ; a n d l i t h i u m nickel t r i ch lo r ide , 
L . iCl .NiCl 2 . 2H 2 0 , s t ab l e a b o v e 60°. 

A . Mai lhe found t h a t w h e n a soln. of n icke l ch lo r ide is t r e a t e d w i t h b lack 
c u p r i c h y d r o x i d e , t h e r e is fo rmed copper n i cke l d ioxychlor ide , 2CuO.NiCJ 2 . 6H 2 O, 
a s a p a l e green , c rys ta l l ine p o w d e r ; b u t if b lue c u p r i c h y d r o x i d e is e m p l o y e d , 
h y d r a t e d copper n i c k e l tr ioxychlor ide , 3 C u O . N i C l 2 . 4 H 2 O , or, a cco rd ing t o 
A . W e r n e r , C u 2 ( O H ) 4 C u = ( O H ) 2 : : : N i C l 2 . H 2 O is fo rmed , a n d i t is n o t d e c o m p o s e d 
b y w a t e r . W . A. E n d r i s s m a d e o b s e r v a t i o n s on t h i s sub jec t . 

H2O NiCI2.2H2O NiCI2 

F i a . 3 2 8 . — T h e T e r n a r y S y s t e m : N H 1 C l -
N i C I 2 - H 2 O a t 70° . 

o 

20* \ 

40r 

60' 

80' 

wo' 
0 

— -

NiCI2 

NiCI2? 

NiCI2 

.6H2O 

.4H2O 

.2H2O 

^ -

r 

I 
20 40 6O 80 J 

Per cent. Li2CI2 

F i o . 3 2 9 . — T h e Sol id 
S y s t e m : JNTiCl2-Li. 
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C. v o n H a u e r ob ta ined d a r k green, de l iquescent c rys ta l s of c a d m i u m dinickel 
hexachloride , CdCJ 2 .2NiCl 2 .12H 2O, b y t h e s p o n t a n e o u s e v a p o r a t i o n of a soln. 
con ta in ing 2 mols. of nickel chloride, a n d one mol . of c a d m i u m chlor ide. T h e 
hexagona l c rys ta ls "were found b y J . Grai l ich t o h a v e t h e ax ia l r a t i o a : c = l : 1-1750. 
C. v o n H a u e r also o b t a i n e d d i c a d m i u m nicke l hexachlor ide , 2CdCl 2 -NiCl 2 .12H 2O, 
b y t r ea t i ng a soln. of 3 mols . of nickel chlor ide a n d 2 mols . of c a d m i u m chlor ide 

in a s imilar m a n n e r . A n 
excess of nickel sa l t is 
necessary for t h e fo rma t ion of 
th i s sa l t so t h a t t h e r e is a 
difficulty in re-crysta l l iz ing 
t h e s a l t f rom "water. T h e 
r h o m b i c p y r a m i d s were 
found b y J . Grai l ich t o h a v e 
t h e ax ia l r a t ios a : b : c 
= 0 - 9 1 2 6 : 1 : 0-3431 ; t h e 
(lOO)-cleavage is incomple te ; 
a n d t h e double refract ion is 
pos i t ive . T h e pleochroic 
c rys ta l s h a v e a a n d b pa le 
green, a n d c, a deep sea-
green. C. v o n H a u e r found 
t h a t t h e c rys ta l s effloresce 
over ca lc ium chloride, a n d 
become whi t e ; t h e y lose 
a b o u t 10 of t h e 12 mols . of 
w a t e r a t 100°, a n d t h e las t 
2 mols . of w a t e r a t 160° t o 

NiCI2.4LiCI2.7OH2O 

LiCL. 2H0O 

NiCI2. 2LtCI. 4H2O 

LiCI. H2O 
NiCI9. LiCI. 2H2O 

LiCI 

Li2Cl2 

F i a . 3 3 0 . — T h e T e r n a r y S y s t e m : N iCl 2 -L i 2 Cl 2 H 9 O . 

165°. W h e n t h e sa l t is h e a t e d rap id ly , i t me l t s in i t s w a t e r of c rys ta l l iza t ion ; 
a n d w h e n more s t rong ly hea t ed , chlor ine is g iven off. T h e sa l t is freely soluble 
in wate r . The sys t em was s tud ied b y Gr. Spacu a n d E . P o p p e r . 

J . Gewecke p r e p a r e d h y d r a t e d thal l ic n ickel octochloride, 2TlCl 3 -NiCl 2 .8H 2O, 
b y al lowing a soln. of t h e c o m p o n e n t sa l ts , acidified wi th hydrochlor ic ac id ,~to 

e v a p o r a t e i n v a c u o over su lphur ic acid . 
T h e b r i g h t green, de l iquescent c rys ta l s can 
be re-crysta l l ized f rom aq . soln. S. M. J o r -
gensen p r e p a r e d h y d r a t e d s t a n n o u s 
nickel tetrachloride, SnCl2 .NiCl2 .6H20, 
b y c o n c e n t r a t i n g a soln. of t h e com­
p o n e n t sa l ts ; a n d h y d r a t e d s tannic 
nickel hexachloride, SnCl4.NiCl2.6H20, 
f rom soln. con ta in ing equ imola r p ropor ­
t i ons of t h e c o m p o u n d sa l t s . T h e green 
r h o m b o h e d r a belong t o t h e t e t r a g o n a l 
sy s t em, a n d h a v e t h e ax ia l r a t i o a : c 
= 1 : 0-5048, a n d a = 1 1 2 ° 30 ' . L . P a u l i n g 
d e d u c e d from t h e X - r a d i o g r a m s t h a t t h e 
space- la t t ice is a r h o m b o h e d r o n w i t h 
« = 7 - 0 9 A., a n d <x=96° 4 5 ' ; a n d con ta in s 
1 mol . p e r u n i t cell. T h e s t r u c t u r e , 
rough ly , a p p e a r s t o be a n a r r a n g e m e n t of 

[SnCl 6 ] -complexes a b o u t a [ N i ( H 2 0 ) 6 ] - c o m p l e x , as i nd ica t ed in F i g . 3 3 1 . T h e 
sub jec t w a s discussed by O. Hasse l . Accord ing t o H . Topsoe a n d C. Chr i s t i ansen , 
t h e double ref rac t ion is weak ; a n d t h e opt ica l cha rac te r , pos i t ive . S. M. J o r g e n s e n 
gave 2-699 for t h e sp . gr . 

Y. Osaka a n d T. Y a g i n u m a s t u d i e d t h e t e r n a r y s y s t e m : N i C l 2 - F e C l 2 - H 2 O a t 

^ / ^ * — Sn atoms 

Y o=ci „ 
O = Mi .. 

•^ ^& -H2O groups 

F I G . 3 3 1 . — T h e L a t t i c e S t r u c t u r e of 
H e x a h y d r a t e d Nicke lous Chloro-
s t a n n a t e , N i S n C l 6 . 6 H 2 O . 
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25° . T h e y o b s e r v e d n o ev idence of t h e f o r m a t i o n of a f errous n i c k e l chlor ide . 
E x p r e s s i n g t h e c o n c e n t r a t i o n of t h e sa t . soln. in p e r c e n t a g e s , t h e y f o u n d : 

F e C I 2 . 
N i C l 2 
H 2 O . 

O 
3 8 - 8 8 
6 1 1 2 

9 -26 
3 0 - 6 8 
6 0 0 6 

1 6 - 2 5 2 1 - 5 6 2 1 - 6 5 2 9 - 8 2 3 5 - 2 6 3 9 - 6 1 
2 4 0 3 1 9 - 4 2 1 9 - 3 0 1 0 - 5 2 4 - 4 4 0 
5 9 - 7 2 5 0 - 0 2 5 9 - 0 5 5 9 - 6 6 60 -3O 6 0 - 3 9 

(Fc,Ni)Cl 2 .4H aO (Fe, Ni)Cl2-CH2O 

T h e r e su l t s a r e p l o t t e d i n F i g . 332 . T h e r e a r e t w o series of solid soln. , r e spec t ive ly , 
( F e , N i ) C l 2 . 4 H 2 0 , a n d ( F e , N i ) C U . 6 H 2 0 . 

H0O 

NiCI2 

F i a . 3 3 2 . T h e T e r n a r y S y s t e m : F e C l 2 -
N i C l 2 H 2 O a t 2 5 ° . 

Ft-C/-,. 6H,. 0 

FeCI? NiCLy 

F i a . 3 3 3 . T l i o T e r n a r y S y s t e m : F o C l 3 -
N i C l 2 - H 2 O a t 2 5 ° . 

Y . O s a k a a n d T . Y a g i n u m a s t u d i e d t h e s y s t e m : F e C l 3 - N i C l 2 - H 2 O a t 25°, a n d 
o b s e r v e d n o s ign of t h e f o r m a t i o n of a ferric n i cke l chloride . Kxpress ing t h e 
c o n c e n t r a t i o n s of s a t . soln. in p e r c e n t a g e s , t h e y found t h e resu l t s i n d i c a t e d in 
F i g . 3 3 3 , a n d 

F e C l 3 
N i C I o 

O 
3 8 - 8 8 

1 0 - 2 4 
3 0 - 8 9 

2 6 - 3 3 
1 9 - 8 6 

3 1 - 3 5 
1 6 - 4 3 

4 0 - 6 5 
1O-73 

4 1 - 0 1 
M)-Ol 

4 6 - 0 8 
4 - 3 7 

4 9 - 4 2 
O 

Solid pliancy NiCl2 .OH2O NiCl2 .4H2O Fc(1I31OH2O 

Likewise for t h e s y s t e m : N iCl 2 C o C l 2 - H 2 O , a t 25°, F i g . 334 . Y . O s a k a a n d 

r,Ho0 ^FeCI., 

NiCI2 CoCI2 
CoCI0 N1Cl9 

F i o . 3 3 4 . T h e T e r n a r y S y s t e m : N i C I 3 -
C o C l 2 - H 2 O a t 2 5 ° . 

F r o . 3 3 5 . T h e T e r n a r y S y s t e m : N i C I 2 -
C o C I o - F e C l , a t 2 5 ° . 

T . Y a g i n u m a , a n d Y . S h i b a t a a n d co-workers f o u n d for s a t . soln. : 

N i C l . 
C o C l 2 . 

Solid phases 

. 3 8 - 8 8 
0 

NiCl 2 .6H 2O 

3 4 - 3 6 
4 - 3 8 

30-63 
7-66 

2 2 - 5 1 
1 4 - 8 7 

1 0 - 4 5 
2 6 1 7 

4-31 
3 2 0 6 

Solid soln. (Co,Ni)Cl 2 .6H 20 

O 
3 6 - 0 8 

CoCl2 .6H2O 
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40-63 
10-75 

O 
48-62 

4 0 0 2 
8-76 
1-53 

49-69 

40-78 
5-84 
4 0 3 

49-35 

41-32 
4-54 
5-25 

48-98 

40-87 
3-53 
6-63 

48-97 

41-80 
1-86 
7-62 

48-73 

4 0 -
0 
7-

5 2 -

They also studied the quaternary system : FeCl3-CoCl2-NiCl2-H2O at 25°, and 
found for sat. soln. : 
F e C l 8 . 
N iC l 2 . 
CoCl 2 . 
H 2 O 

The results for the three chlorides, calculated without water, are summarized in 
Fig. 335. S. Lussana and G. Bozzola studied the sp. gr. of mixed soln. of the 
two salts. A. Gr. Berghman studied nickel cobaltic ethylenediaminochloride, 
{[Co en3]Cl3}2NiCl2. 

C. Schall and H. Markgraf s prepared nickelic chloride or nickel trichloride, 
NiCl3, by dissolving nickel sesquioxide in cone, hydrochloric acid, or by the 
electrolysis of a soln. of nickelous chloride in hydrochloric acid. 
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§ 15. Nickelous Bromide 
J . B . Ber themot 1 found t h a t nickel filings a t a dull r e d - h e a t a b s o r b b r o m i n e 

vapour and turn brown ; a t a higher t e m p , the product , n i cke l bromide, N iBr 2 , 
assumes the appearance of mosaic gold ; a n d at a bright r e d - h e a t , i t p a r t i a l l y 
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subl imes in yellow, micaceous scales. T . W . R i c h a r d s a n d A. S. C u s h m a n obse rved 
t h a t some oxide is c o n t a m i n a t e d w i t h t h e b r o m i d e w h e n i t is h e a t e d i n h y d r o g e n 
b r o m i d e ; a n d F . B o u r i o n found t h a t if n ickel oxide is h e a t e d i n a c u r r e n t of 
h y d r o g e n b romide con ta in ing a smal l p r o p o r t i o n of s u l p h u r monoch lo r ide nickel 
b romide is formed. T h e s u l p h u r monoch lo r ide shou ld be h e a t e d on ly t o f rom 60° 
t o 90° t o supp ly t h e v a p o u r r equ i red , a n d t h e h y d r o g e n b r o m i d e should n o t be 
passed t h r o u g h t h e l iquid . F . £>ucelliez a n d A. R a y n a u d found t h a t w h e n d r y 
b romine is a d d e d t o finely-divided nickel , su spended in e the r , a n d t h e r e su l t ing 
N i B r 2 . ( C 2 H 5 ) 2 0 is h e a t e d , a n h y d r o u s nickel b r o m i d e free f rom e t h e r is o b t a i n e d . 
T. W . R i c h a r d s a n d A. S. C u s h m a n o b t a i n e d t h e sa l t of a h igh degree of p u r i t y 
b y subl iming i t i n a porce la in t u b e i n a c u r r e n t of n i t rogen m i x e d w i t h h y d r o g e n 
b romide . Since n ickel b r o m i d e is decomposed b y o x y g e n or w a t e r a t a r e d - h e a t , 
a large excess of h y d r o g e n b r o m i d e shou ld be p r e sen t . J . B . B e r t h e m o t p r e p a r e d 
a soln. of nickel b r o m i d e b y d iges t ing n ickel w i t h b r o m i n e w a t e r ; i t c a n also be 
made- b y dissolving nickel h y d r o x i d e in h y d r o b r o m i c acid . I . BolschakofE found 
t h a t t h e aq . soln. a t t e m p , below —2-5° depos i t s t h e enneahydrate, N iBr 2 -OH 2 O ; 
a n d a t 20° or below 28-5°, t h e hexahydrate, N i B r 2 . 6 H 2 O ; a n d a b o v e t h a t t e m p . , 
s ay a t 58°, t h e trihydrate, N i B r 2 . 3 H 2 O . W h e n t h e green aq . soln. is c o n c e n t r a t e d , 
a n d a l lowed t o crysta l l ize a t o r d i n a r y t e m p . , t h e t r i h y d r a t e a p p e a r s i n de l iquescen t 
needles . P . KusnetzofE p r e p a r e d a dihydrate. 

J . A . A. K e t e l a a r found t h a t t h e h e x a g o n a l l a t t i ce h a s a = 3 - 7 1 A. , a n d c—18-30 A. , 
or if r h o m b o h e d r a l , a== 6-46, a n d c—16° 40 ' ; a n d t h e r e is a n o t h e r s t r u c t u r e w i t h 
a = 2-11 A., c = 6-08 A. , a n d sp . gr. 5*45. V. M. G o l d s c h m i d t a n d co-workers d is ­
cussed t h e la t t i ce s t r u c t u r e . T. W . R i c h a r d s a n d A. S. C u s h m a n obse rved t h a t 
t h e colour of t h e sub l imed b r o m i d e var ies f rom a pa le s t raw-ye l low t o a d a r k 
b ronze -b rown , accord ing t o t h e s t a t e of aggrega t ion . T h e y found t h e sp . gr . t o 
be 4-64 a t 28°/4° ; W . Bi l tz a n d E . B i rk gave 5-042 a t 25°/4°, a n d for t h e mol . vol . , 
43 -34—measured w i t h t o luene . E . E p h r a i m a n d O. S c h u t z discussed t h e mol . 
vol . , a n d t h e c o n t r a c t i o n which a t t e n d s t h e fo rma t ion of t h e c o m p o u n d f rom i t s 
e l emen t s . A. Heydwei l le r g a v e for t h e sp . gr . of aq . soln. a t 18° : 

N i B r 2 . . 4N- 3N- 2N- N- 0 5N- 0-2N- QlN-
S p . gr . . 1-3840 1-2897 1 1 9 4 5 1-0981 1 0 4 9 2 1-0198 1-0099 

E . B e c k m a n n found t h a t t h e mol . w t . , ca l cu la t ed f rom ra is ing of t h e b . p . of quinol ine 
soln. , is n o r m a l . K . Je l l inek a n d R . TJloth s tud ied t h e d issocia t ion press . Accord­
ing t o I . Bolschakoff, t h e e n n e a h y d r a t e m e l t s u n d e c o m p o s e d a t —2-5° ; a n d t h e 
h e x a h y d r a t e a t 28*5° a t which t e m p , i t passes i n t o t h e t r i h y d r a t e . T h e g reen 
c rys ta l s of t h e t r i h y d r a t e were found b y C. F . R a m m e l s b e r g t o lose w a t e r a n d 
become yellow w h e n confined over su lphur i c ac id ; a t 200°, p rac t i ca l ly al l t h e 
w a t e r of h y d r a t i o n is expel led . Accord ing t o W . F i sche r a n d R . Gewehr , t h e 
m . p . is 9 6 3 ; J . T h o m s e n g a v e for t h e h e a t of f o r m a t i o n f rom l iquid b r o m i n e in 
aq . soln. , (Ni ,Br 2 ,Aq. )—71-82 CaIs. Gr. Deniges , H . Fesenfe ld t , J . Gielessen, a n d 
W . N . H a r t l e y s t ud i ed t h e a b s o r p t i o n s p e c t r u m ; P . J o b , t h e c o l o u r ; a n d 
R . W . R o b e r t s , t h e m a g n e t i c r o t a t o r y power . G. Cru t g a v e 36*9 CaIs. for t h e 
h e a t of t h e r eac t i on : N i B r 2 - f - H 2 ^ N i + 2 H B r . T h e h e a t of f o rma t ion of t h e 
a n h y d r o u s b r o m i d e f rom b r o m i n e gas is 61-5 CaIs. ; a n d t h e h e a t of soln. of t h e 
a n h y d r o u s sa l t is 18-9 CaIs. T h e sub jec t w a s discussed b y F . E p h r a i m ; a n d 
t h e ene rgy of t h e molecule , b y G. Beck . A. Heydwei l l e r found t h e eq . e lectr ical 
c o n d u c t i v i t y , A, of aq . soln. a t 18° t o be 

N i B r 8 . . 4N- 3N- 2N- N- 0-5N-
A - . . 37-5 4 5 1 54-5 65-8 73-4 

F o r soln. of a mol . of t h e sa l t in v l i t res , a t 25°, W . A l t h a m m e r gave : 

« . . . 20 80 320 1280 512O 
A . . 99-8 110-3 118-8 124-3 127-6 
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a n d for 0-ObM- a n d 0-01ikf-soln., he r epo r t ed , r espec t ive ly , t h e p e r c e n t a g e h y d r o ­
lysis 0-22 a n d 0-82. W . Isbekoff s t u d i e d t h e decompos i t i on p o t e n t i a l of soln. of 
n icke l b r o m i d e in fused zinc or a l u m i n i u m b r o m i d e . O. L i e b k n e c h t a n d 
A . P . Wil l s g a v e 20 X 1 O - 6 m a s s u n i t for t h e m a g n e t i c suscep t ib i l i ty of a n aq . soln. 
a t 18° ; A. Serres s t u d i e d t h e subjec t . 

Gr. C r u t found t h a t t h e r e d u c t i o n of nickel b r o m i d e b y h y d r o g e n is a revers ib le 
r e a c t i o n , a n d t h e v a l u e of t h e equ i l i b r ium c o n s t a n t over t h e r ange 445° t o 575° 
is 12*5. Accord ing t o J . B . B e r t h e m o t , t h e t r i h y d r a t e read i ly del iquesces w h e n 
e x p o s e d t o a i r t o fo rm a n a q . soln. ; t h e sub l imed b r o m i d e del iquesces m u c h m o r e 
s lowly. T . W . R i c h a r d s a n d A. S. C u s h m a n found t h a t f reshly-subl imed nickel 
b r o m i d e , exposed t o t h e a i r of a r o o m , abso rbed a b o u t 0-1 m g r m . pe r g r a m in 
10 m i n s . J . B . B e r t h e m o t obse rved t h a t nickel b r o m i d e , a t a b r i g h t r e d - h e a t , 
fo rms n icke l ox ide a n d b r o m i n e ; a n d H . O. Schulze a d d e d t h a t when h e a t e d in 
o x y g e n , n icke l b r o m i d e is m o r e or less comple t e ly t r an s fo rmed i n t o t h e oxide . 
T . W . R i c h a r d s a n d A. S. C u s h m a n f o u n d t h a t , in sub l iming t h e sal t in a c u r r e n t 
of h y d r o g e n b r o m i d e a n d n i t rogen , a t a r e d - h e a t , if t r a c e s of air or mo i s tu re be 
p r e s e n t , m o r e or less g reen n icke lous ox ide will be fo rmed unless a n excess of 
h y d r o g e n b r o m i d e be p r e s e n t . W . N . H a r t l e y s t u d i e d t h e del iquescence of t h e 
sa l t . T . W . R i c h a r d s a n d A . S. C u s h m a n found t h a t sub l imed nickel b r o m i d e 
dissolves so v e r y s lowly in w a t e r a t o r d i n a r y t e m p , t h a t i t is sa id t o be " insoluble " ; 
b u t in w a t e r a t 50° , t h e sa l t dissolves m o r e qu i ck ly ; a n d a t 90°, a g r a m requi res 
a n h o u r or t w o for c o m p l e t e d isso lu t ion . T h e p resence of n i t r i c ac id does n o t 
a p p r e c i a b l y h a s t e n t h e d isso lu t ion . T h e h y d r a t e s dissolve r a p i d l y in w a t e r . If 
t h e sub l imed oxide is free f rom oxide , t h e soln. is c lear even a t i t s b . p . A. lS tard 
g a v e for t h e p e r c e n t a g e so lubi l i ty , S, of n ickel b r o m i d e : 

— 21° —6° 19° 38° 58° 77° 98° 100° 140° 
*S" . . 4 7 1 ' 51-7 56-6 58-9 60-5 60-3 6 1 0 6 1 O 60-7 p e r c e n t . 

T h e e q u i l i b r i u m c o n d i t i o n s of t h e different h y d r a t e s — v i d e supra—have n o t been 
w o r k e d o u t . F . F o r s t e r a n d K . Georgi s t u d i e d t h e depos i t i on p o t e n t i a l of nickel 
f rom soln. of t h e b romide—v ide supra. W . Isbekoff s t u d i e d t h e decompos i t ion 
p o t e n t i a l of t h e b r o m i d e i n fused z inc b r o m i d e ; W . K l e m m a n d W . Schi i th , a n d 
S. S. Shaffer a n d N . W . T a y l o r s t u d i e d t h e m a g n e t i c p r o p e r t i e s ; W . K l e m m a n d 
W . Sch i i th found t h e m a g n e t i c suscep t ib i l i ty t o be x X l O 6 = 118 a t 90° K . ; 42-5 
a t 195° K . ; 26-0 a t 293° K . ; a n d 10-1 a t 643° K . ; a n d B . Cabre ra a n d A. D u p e r i e r 
s t u d i e d t h e ac t i on of t e m p , on t h e m a g n e t i c suscep t ib i l i ty . 

Accord ing t o J . B . B e r t h e m o t , a n a q . soln. of n ickel b r o m i d e left in c o n t a c t 
w i t h a i r depos i t s flakes of a n oxide . T . W . R i c h a r d s a n d A. S. C u s h m a n observed 
n o ev idence of t h i s , a n d a t t r i b u t e d t h e r e su l t s t o t h e p resence of a s l ight a d m i x t u r e 
of ox ide w i t h t h e b r o m i d e . J . B . B e r t h e m o t found t h a t t h e sal t is soluble in h y d r o ­
chlor ic ac id , a n d t h a t i t is d e c o m p o s e d b y n i t r i c acid . 

C. F . R a m m e l s b e r g found t h a t p o w d e r e d nickel b r o m i d e v igorous ly a b s o r b s 
d r y a m m o n i a t o fo rm a pa l e v io le t p o w d e r of n i cke lous h e x a m m i n o b r o m i d e , 
N i B r 2 . 6 N H 3 , a n d w h e n a cone . aq . soln. of n ickelous b r o m i d e is w a r m e d w i t h a n 
excess of a q . a m m o n i a , t h e soln. depos i t s a b lue c rys ta l l ine p o w d e r on cooling. 
T . W . R i c h a r d s a n d A. S. C u s h m a n a d d e d t h a t a s imi lar c o m p o u n d is n o t fo rmed 
b y coba l t o r b y m a n y o t h e r m e t a l s , u n d e r s imi lar c i r c u m s t a n c e s , a n d since i t is 
soluble in h o t , cone . a q . a m m o n i a , b u t a l m o s t insoluble in cold aq . a m m o n i a , i t 
affords " a c o n v e n i e n t a n d effectual m e a n s of pur i fy ing n icke l p r e p a r a t i o n s . " 
P . Grroth sa id t h a t t h e oc t ahed ra l c rys t a l s a r e s ingly- ref rac t ing . R . W . Gr. Wyckoff 
a d d e d t h a t c rys t a l s a r e i s o m o r p h o u s w i t h t h o s e of a m m o n i u m ch lo rop l a t i na t e , 
w h i c h h a v e a face-cent red , cub ic space- la t t i ce of t h e ca l c ium fluoride t y p e w i th 
4 m o l s . p e r u n i t cell, a n d a== 10-48 A.—vide supray n icke lous h e x a m m i n o c h l o r i d e . 
G. B . N a e s s a n d O. Hasse l s t u d i e d t h e l a t t i c e s t r u c t u r e a n d found a= 10-34 A., 
a n d g a v e for t h e d i s t ance b e t w e e n t h e N i a n d B r a t o m s , 4-48 A. ; t h e y also s t ud i ed 
t h e sphe re of ac t ion of t h e an ion . L ikewise w i t h A . F e r r a r i a n d F . Giorgi . 
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W . Bi l tz a n d E . B i r k gave a= 10-39 A. , a n d found 1-889 for t h e ap. gr . a t 25°/4° , 
a n d 169-8 for t h e mol . vo l . S. G. M o k r u s c h i n a n d E . I . KriiofE s t u d i e d t h e 
surface energy . W . B i l t z , a n d W . Bi l t z a n d B . F e t k e n h e u e r o b s e r v e d t h e 
following va lues for t h e d i s soc ia t ion press . , p m m . , a n d t h e h e a t of d i s soc ia t ion , 
Q CaIs., a t different t e m p . : 

P 
Q 

84-5° 
4 

16-4 

3 17° 
9 

17-4 

3 58-5° 
7 3 
17-6 

1 7 4 ° 
161-5 

17-6 

1 9 8 ° 
4 8 7 

17-6 

2 0 0 " 
7 0 8 

1 8 0 

2 1 3 ° 
8 2 8 

17-7 

T h e sub jec t w a s d iscussed b y E . Kocs i s , G. Beck , G. L . Clark , W . H i e b e r a n d 
E . L e v y , F . E p h r a i m , a n d F . E p h r a i m a n d O. Schi i tz . R . S a m u e l a n d co -worker s 
s t u d i e d t h e a b s o r p t i o n s p e c t r u m . R . R o b l o b s e r v e d n o luminescence w i t h t h e 
h e x a m m i n e in u l t r a -v io l e t l igh t . F . E p h r a i m a n d P . M o s i m a n n , a n d P . M o s i m a n n 
found t h e so lubi l i ty i n w a t e r t o b e 7-38 g r m s . or 0-023 m o l pe r l i t re . T h e dissocia­
t i o n of t h e h e x a m m i n e : N i B r 2 . 6 N H 3 ^ N i B r 2 . 2 N I I 3 + 4 N H 3 , furnishes n i c k e l o u s 
d i a m m i n o b r o m i d e , N i B r 2 . 2 N H 3 , whose d issoc ia t ion press . , p m m . , a n d h e a t s of 
d issoc ia t ion , Q CaIs., a re : 

V 
Q 

1 9 5 " 
2 

2 2 - 5 

23(V° 
1 4 
2 2 - 7 

2 7 8 " 
8 1 
2 2 - 8 

2 9 5 ° 
142-5 

2 3 0 

3 0 9 ° 
1 9 1 

23-2 

3 2 5 ° 
321-5 

23-3 

3 5 0 ° 
7 0 9 

23-7 
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T h e resu l t s a r e p l o t t e d in F i g s . 336—vide supra, F i g s . 326 a n d 327. A t 760 m m . 
press . , a n d 352°, t h e d i a m m i n e d issocia tes : N i B r 2 . 2 N H 3 ^ N i B r 2 . N H 3 - ( - N H 3 ; a n d 
t h e resu l t ing n i cke lous a m m i n o b r o m i d e , N i B r 2 - N H 3 , h a s a v e r y n a r r o w r a n g e of 

s t ab i l i t y , F i g . 336 . T h e d issoc ia t ion press , g iven b y 
W . Bi l t z a r e 59-7 m m . a t 276° ; 121 m m . a t 299° ; 
a n d 381 m m . a t 336°. W . Bi l tz a n d G. F . H i i t t i g 
gave 15-35 CaIs. p e r N H 3 - m o l . for t h e h e a t of 
f o r m a t i o n of t h e h e x a m m i n e ; 20-40 CaIs. for t h e 
d i a m m i n e ; a n d 20-78 CaIs. for t h e m o n a m m i n e . 
E . R o s e n b o h m f o u n d t h e m a g n e t i c suscep t ib i l i ty of 
t h e h e x a m m i n e t o be 13-89 X l O - 6 m a s s u n i t . 
W . K l e m m a n d W . S c h u t h , a n d S. S. Shaffer a n d 

N . W . T a y l o r s t ud i ed t h e sub jec t . C. F . R a m m e l s b e r g obse rved t h a t t h e 
h e x a m m i n e furnishes n ickel b r o m i d e w h e n i t is h e a t e d ; a n d t h a t i t fo rms a b lue 
soln. w i t h a smal l p r o p o r t i o n of w a t e r , a n d w i t h a n excess of w a t e r , n icke lous 
h y d r o x i d e is p r ec ip i t a t ed , b u t t h e soln. r e m a i n s pa le b lue . 

H . F r a n z e n a n d O. v o n M a y e r found t h a t w h e n a h o t aq . soln. of n icke l b r o m i d e 
is m i x e d w i t h a h o t , 5O p e r cen t . soln. of h y d r a z i n e h y d r a t e , a b lu i sh -whi t e p r e ­
c ip i t a t e is fo rmed, wh ich w h e n w a s h e d w i t h w a t e r , a n d fused, i n v a c u o , furn ishes 
n i c k e l o u s d ihydraz ino bromide , N i B r 2 . 2 N 2 H 4 . T h e b lu i sh -whi t e p o w d e r is freely 
soluble in aq . a m m o n i a a n d di l . ac ids . If 20 g r m s . of n ickel h e x a m m i n o b r o m i d e 
a re w a r m e d on a w a t e r - b a t h w i t h 40 c.c. of 50 p e r cen t , h y d r a z i n e h y d r a t e , a m m o n i a 
is g iven off, a n d a r edd i sh -v io le t c rys t a l l i ne p r e c i p i t a t e is depos i t ed w h i c h w h e n 
w a s h e d success ively w i t h w a t e r , a lcohol , a n d e the r , a n d d r i ed i n v a c u o , fu rn i shes 
n i c k e l o u s tr ihydraz inobromide , N i B r 2 . 3 N 2 H 4 . T h e sa l t f o rms a g reen soln . 
w i t h di l . ac ids . T h e a i r -d r i ed sa l t shows s igns of d e c o m p o s i t i o n in a coup le of 
d a y s ; a n d w h e n h e a t e d i t g ives off h y d r a z i n e , a n d l eaves b e h i n d a n h y d r o u s n i cke l 
b r o m i d e . H . F r a n z e n a n d H . L . L u c k i n g o b t a i n e d hydraz ine n i c k e l o u s t e t ra -
bromide , N i B r 2 ( N 2 H 4 . H B r ) 2 . 4 H 2 O , b y m i x i n g soln. of n ickel b r o m i d e a n d 
h y d r a z i n e h y d r o b romide . 

Acco rd ing t o H . F r e y , w h e n e t h y l o x a l a t e is a d d e d t o f ree ly-d iv ided n icke l 
b r o m i d e a n d sod ium, s u s p e n d e d in l igroin, t r a c e s of n icke l t e t r a c a r b o n y l a r e f o rmed . 
J . B . B e r t h e m o t obse rved t h a t n icke l b r o m i d e is inso lub le in a lcohol , a n d e t h e r ; 
T . W . R i c h a r d s a n d A. S. C u s h m a n , t h a t i t is i n so lub le i n t o l u e n e ; E . B e c k m a n n , 
t h a t i t is soluble i n qu ino l ine ; a n d A . N a u m a n n , t h a t i t is s l igh t ly so lub le in 
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benzon i t r i l e . E . S c h u r m a n n , J . Da l i e tos , a n d A. W e r n e r a n d W . Megerle o b t a i n e d 
c o m p l e x e s w i t h n icke l b r o m i d e a n d e thy lened ia ro ine a n a l o g o u s t o t h o s e o b t a i n e d 
w i t h t h e ch lo r ide , n a m e l y , n i cke l t r i se thy lenediaminobromide , [Ni e n 3 ] B r 2 ; 
a n d O. a n d P . S p a c u p r e p a r e d c a d m i u m n icke l t r i se thy lenediaminobromide , 
[N i e n 3 ] C d B r 4 . A . W e r n e r a n d J . P a s t o r o b t a i n e d a c o m p l e x w i t h p r o p y l e n e -
d i a m i n e , n a m e l y , n i c k e l tr i spropylenediaminobromide , [Ni p n 3 ] B r 2 ; J . F r e j k a 
a n d L . Z a h l o v a , a c o m p l e x w i t h b u t y l e n e d i a m i n e , n a m e l y , n i cke l tr i sbuty lenedi -
a m i n o b r p m i d e , [Ni b n 3 ] B r 2 . H 2 0 ; W . H i e b e r a n d K . R ies , a complex w i t h o - p h e n y l -
enediarnine ; W . H i e b e r a n d E . L e v y , complexes w i t h m o n o e t h y l o l a m i n e , w i th 
d i e t h y l o l a m i n e , a n d w i t h t r i e thy lo lamine ; A. T e t t a m a n z i a n d B . Carli , a com­
p l e x w i t h t r i e t h e n o l a m i n e ; J . V. D u b s k y a n d F . B r y c h t a , a c o m p l e x w i t h 
d i m e t h y l g l y o x i m e ; M. P o n i , c o m p o u n d s w i t h cyc l ic a m i n e s — C 6 H 3 ( C H 3 ) ( N H 2 ) 2 , 
a n d C 1 0 H 6 ( N H g ) 2 ; O. Scag l ia r in i a n d M. R a g n o , c o m p o u n d s w i t h pyridine ; 
K . V a r e t , w i t h p y r i d i n e ; M. R . Menz , w i t h camphid ine ; a n d H . G r o s s m a n n 
a n d F . Hi inse le r , w i t h p h e n y l h y d r a z i n e . G. T . M o r g a n a n d F . H . B u r s t a l l 
p r e p a r e d n i c k e l t r i s -aa ' -d ipyr idy lbromide , [ N i ( C 1 0 H 8 N 2 ) 3 ] B r 2 . 6 H 2 O ; a n d 
F . G. M a n n a n d W . J . P o p e , n i c k e l b is tr iaminotr ie thylenebromide , 
[Ni (N(C 2 H 4 .NH 2 ) 3 } 2 JBr 4 : . W . H i e b e r a n d F . L e u t e r t o b t a i n e d complexes wi th 
a l d o x i m e s a n d k e t o x i m e s ; P . Pfeiffer a n d F . T a p p e r m a n n , w i t h phenant l irol ine . 
Nicke l b r o m i d e is inso lub le i n e ther , a n d K . Schwenze r found t h a t no r educ t i on 
occurs wi th m a g n e s i u m , i n c o n t a c t w i t h t h e b r o m i d e in e the r . J . A. H e d v a l l 
s t u d i e d t h e a c t i o n o n t h e a l k a l i n e e a r t h ox ides . 

O. F . C a m p b e l l p r e p a r e d caes ium n i c k e l tr ibromide , CsNiBr 3 , f rom a soln. of 
12 mols . of caesium b r o m i d e a n d a mol . of n icke l b r o m i d e . I t h a s p rope r t i e s 
s imi la r t o t h o s e of t h e c o r r e s p o n d i n g ch lo r ide (q.v.). A . Mai lhe o b t a i n e d green, 
h e x a g o n a l p l a t e s of copper n i c k e l t r ioxybromide , 3 C u O . N i B r 2 . 4 H 2 O , or, accord ing 
t o A . W e r n e r , C u 2 ( O H ) 4 C u = ( O H ) 2 : : : : N i B r 2 . H 2 O , b y t h e ac t i on of a cold soln. of 
n icke l b r o m i d e o n c u p r i c ox ide . !R. V a r e t f o u n d t h a t t h e h e a t of f o rma t ion of 
mercur i c n i c k e l bromide , 2 H g B r 2 . N i B r 2 , is 3-10 CaIs. a t 18°, a n d of N i B r 2 . H g B r 2 , 
2*81 CaIs. A . Mai lhe o b s e r v e d t h a t m e r c u r i c n ickel o x y b r o m i d e , GNiO.NiBr 2 . 
H g B r 2 . 2 0 H 2 O , is f o r m e d as a g r e e n p o w d e r w h e n a soln. of nickel b r o m i d e a c t s 
on m e r c u r i c ox ide . B . A. IsbekofE a n d W . A . PlotnikofE said, t h a t n icke lous b r o m i d e 
is inso lub le i n a l u m i n i u m b r o m i d e , a n d J . K e n d a l l a n d co-workers obse rved a 
s l ight so lubi l i ty , b u t n o a l u m i n i u m n i c k e l bromide is fo rmed . F . T. F r e r i c h s 
a n d E . F . S m i t h p r e p a r e d d i d y m i u m n i c k e l bromide , 2 1 3 i B r 3 . 3 N i B r 2 . 1 8 H 2 0 , in 
r e d d i s h - b r o w n , hygroscop ic need les f rom a soln. of t h e c o m p o n e n t sa l t s ; a n d also 
l a n t h a n u m n icke l bromide , 2 L a B r 3 . 3 N i B r 2 . 1 8 H 2 O , in a s imi la r m a n n e r . B . R a y -
m a n a n d K . P re i s cooled a m i x e d soln. of s t a n n i c a n d n ickel b romides , a n d o b t a i n e d 
app le -g reen , de l iquescen t c rys t a l s of s t a n n i c n icke l bromide , N i S n B r 6 . 8 H 2 O . 
G. S p a c u a n d J . D i c k p r e p a r e d c o m p l e x sa l t s w i t h h e x a m e t h y l e n e t e t r a m i n e , 
N i U m 6 [ S n B r 6 ] ; w i t h p y r i d i n e , N i P y 6 [ S n B r 5 O H J , a n d N i Py 6 [SnBr 6 J ; a n d piper-
az ine , N i p i 3 [ S n B r 6 ] . 8 H 2 0 ; N i p i 4 [ S n B r 6 J . 8 H 2 0 ; a n d Ni p i 6 [ S n B r 6 J . 8 H 2 0 . 

R E F E R E N C E S . 

1 W. A i thammer , Ueber die Beweglichkeiten der I omen terndrer Elektrolyte, Halle a. S., 1913 ; 
G. Beck, Zeit. anorg. Chem., 182. 332, 1929 ; 206. 416, 1932 ; F . B e e k m a n n , ib., 51. 244, 1906 ; 
J . B . Berfchemot, Joum. Pharm. Chim., (2), 16. 655, 1830 ; Ann. Ghim. Phys., (2), 44. 389, 
1830 ; W. BiItZ, Zeit. Phys. Chem., 82. 688, 1913 ; Zeit. Elektrochern., 29. 348, 1923 ; Zeit. 
anorg. Chem., ISO. 100, 1923 ; W. Biltz a n d F . Birk , ib., 127. 38, 1923 ; W. Biltz a n d B. F e t k e n -
heuer , ib., 83 . 163, 170, 1913 ; 89. 97, 1 9 1 4 ; W. Bil tz a n d G. F . H u t t i g , ib., 109. I l l , 1 9 2 0 ; 
I . Bolschakoff, Journ. Buss. Phys. Chem. Soc, 29. 236, 288, 1897 ; F . Bour ion , Com.pt. Mend., 
145. 243 , 1907 ; B . Cabrera and A. Duper ier , Anal. Pis. Quim., 29. 5, 1931 ; G. F . Campbell , 
Zeit. anorg. Chem., 8. 126, 1895 ; G. L. Clark, Amer. Journ. Science, (5), 7. 1, 1924 ; G. Crut , 
BvZl. Soc. Chim., (4), 35. 550, 729, 1924 ; J . Ual ie tos , Praktika, 3 . 754, 1931 ; G. Denigos, 
Compt. Bend., 188. 55 , 1926 : Bull. Soc. Pharm. Bordeaux, 69. 216, 1926 ; I>. JJobroeerdoff, 
Joum. Buss. Phys. Chem. Soc, 33 . 303, 387, 1901 ; J . V. D u b s k y a n d F . B rych t a , Pub. Masaryk 
Univ., 103, 1928 ; Czeckoslov. Chem. Comm., 1. 137, 1929 ; F . Ducelliez a n d A. R a y n a u d , Compt. 

Com.pt


430 INORGANIC AND THEORETICAL, CHEMISTRY 

Rend., 168. 2002, 1914 ; F . E p h r a i m , Helvetica Chim. Acta, 9. 914, 1926 ; Zeit. Elektrochem., 
29. 248, 1923 ; JP. E p h r a i m a n d P . Mosimann, Ber., 65. 1608, 1922 ; F . E p h r a i m a n d O. Schii tz , 
Helvetica Chim. Acta, 9. 922, 1926 ; A. l&tard, Ann. Chim. Phys., (7), 2. 539, 1894 ; A. F e r r a r i 
a n d F . Giorgi, AtU Accad. Lincei, (6), 9. 1134, 1929 ; H . Fesenfeldt , Zeit. JPhyaik, 64. 7 4 1 , 
1930 ; W . Fischer a n d R. Gewehr, Zeit. anorg. Chem., 222. 303, 1935 ; F . FSrs ter a n d K . Georgi, 
Bodensteirts Festband., 453 , 1931 ; H . F r a n z e n a n d H . L. Luck ing , Zeit. anorg. Chem., 70. 146, 
1911 ; H . F ranzen a n d O. von Mayer , ib., 60. 262, 1 9 0 8 ; J . F r e j k a a n d Z,. Zahlova , Coll. 
Czeck. Chem,. Comm., 2. 639, 1930 ; F . T. Fre r ichs a n d E . F . Smi th , LiebigJs Ann., 191. 358, 1878 ; 
H . F rey , Ber., 28. 2512, 1895 ; J . Gielessen, Ann. Physik, (5), 22. 537, 1935 ; V. M. Goldschmidt , 
T. B a r t h , D. Holmsen , G. L u n d e a n d W. Zachar iasen , Schrift. Akad. OaIo, 1, 1926 ; H . Grossmann 
and F . Hiinseler, Ber., 46. 398, 1905; P . Gro th , Chemische KrystaUographie, Liepzig, 1. 255, 1906 ; 
W. N . H a r t l e y , Trans. Roy. Soc. Dublin, (2), 7. 253, 190O ; (2), 7. 313, 19Ol ; J . A. Hedva l l , 
Zeit. Elektrochem., 36. 853, 1929 ; Zeit. anorg. Chem., 197. 399, 1931 ; A. Heydweil ler , ib., 116. 
42, 1921 ; Ann. Physik, (4), 48. 681 , 1915 ; Zeit. Physik, 4 . 441 , 1921 ; W . Hieber a n d 
F . Lcu t e r t , Ber., 60. B , 2296, 1927 ; W. Hieber a n d E . Levy , Zeit. Elektrochem., 39. 26, 1933 ; 
Zeit. anorg. Chem., 219. 225, 1934 ; W. Hieber a n d K . Ries , Zeit. anorg. Chem., 180. 225, 1929 ; 
W. Hieber , C. Schl ieszmann a n d K . Ries , ib., 180. 89, 1929 ; B . A. Isbekoff and W. A. Plotnikoff, 
ib., 71. 328, 1911 ; AV. Isbekoff, ib., 185. 324, 1 9 3 0 ; K. Je l l inek a n d R. Ulo th , ib., 151. 157, 
1926 ; P . J o b , Compt. Rend., 200. 831 , 1935 ; J . Kenda l l , E . D . Cr i t t enden a n d H . K . Miller, 
Journ. Amer. Chem. Soc., 45. 963, 1923 ; J . A. A. Ke te l aa r , Zeit. Krist., 88. 26, 1934 ; W. K l e m m 
a n d W. Schi i th , Zeit. anorg. Chem., 210. 33, 1933 ; E . Kocsis , Magyar Chem. FoIy., 34. 33 , 1928 ; 
P . Kusnetzoff, Izvesta Don. Oolyt Inst. Novotscherkesk, 1. ii, 389, 1912 ; O. L iebknech t a n d 
A. P . Wills, Ann. Physik, (4), 1. 178, 190O; A. Mailhe, Ann. Chim. Phys., (7), 27. 377, 1902 ; Action 
d'un oxyde ou d'un hydrate mdtallique sur les solutions des sels des autres me"taux. SeIs basiques 
mixtes, Par i s , 1902; Bull. Soc. Chim., (3), 27. 172, 1902; Compt. Rend., 133. 226, 1901 ; F . G. M a n n 
a n d W. J . Pope , Journ. Chem. Soc., 482, 1926 ; O. von Mayer , Ueber Hydrazinverbindungen 
verschiedener Metattsalze,, Heidelberg, 1907; M. JX. ~MLGHZ, Neue Beitrage zur W"erner''schen Synthese, 
Bamberg , 1910 ; S. G. Mokruschim a n d E . V. Kriloff, Journ. Gen. Chem. Russ., 4 . 577, 580, 
1934; G. T. Morgan a n d F . H . Burs ta l l , Nature, 127. 854, 1931 ; Journ. Chem. Soc., 2213, 1 9 3 1 ; 
P . Mosimann, Jahib. Phil. Univ. Bern., 2. 129, 1922 ; G. B . JSTaess a n d O. Hassel , Zeit. Phys. 
Chem., 22. B , 471 , 1933 ; Zeit. anorg. Chem., 211 . 2 1 , 1933 ; A. N a u m a n n , Ber., 47. 1369, 1914 ; 
P . Pfeiffer a n d F . T a p p e r m a n n , Zeit. anorg. Chem., 215. 273, 1 9 3 3 ; M. Pon i , Ann. Univ. Jassy, 
20. 154, 1935 ; C. F . Rammel sbe rg , Pogg. Ann., 55. 243, 1842; T. W. Richa rds a n d A. S. Cush-
m a n , Proc. Ann. Accad., 88. 95, 1897; 84. 327, 1899; Chem. News, 76. 294, 293, 307, 1897; 79. 
163, 174, 185, 1899 ; Zeit. anorg. Chem., 16. 167, 1898 ; 20. 352, 1899 ; R. W. Robe r t s , Phil. 
Mag., (6), 49. 397, 1925 ; R . Rob l , Zeit. angew. Chem., 89. 608, 1926 ; E . Rosenbohm, Zeit. Phys. 
Chem., 93 . 702, 1909 ; R. Samuel , A. A. H . K h a n a n d N. A h m a d , ib., 22. B , 431 , 1933 ; 
G. Scagliarini a n d M. R a g n o , Atti Accad. Lincei, (6), 20. 278, 1934 ; H . O. Schulze, Journ. Prakt. 
Chem., (2), 21 . 407, 1880; E . Schi i rmann, Untersuchungen ilber Nickelaethylendiaminverbindungen, 
Zurich , 1904; K. Schwenzer, Die Reduktion anorganischer Halogenide mittels Magnesium, Bonn , 
1930; A. Serres, Ann. Physique, (10), 20. 441 , 1933; S. S. Shaffer a n d N . W. Taylor , Journ. Amer. 
Chem. Soc, 48. 843, 1926 ; G. a n d P . Spacu, BoI. Soc. Stiinte Cluj, 5. 387, 473, 1931 ; G. Spacu 
a n d J . Dick, ib., 4. 84, 110, 187, 1928 ; A. T e t t a m a n z i a n d B . Carli , Gazz. Chim. Ital., 64. 315, 
1934 ; J . Thomsen , Thermochemische Untersuchungen, Leipzig, 3 . 307, 1883 ; R . Vare t , Compt. 
Rend., 112. 622, 1891 ; 123. 422, 1896 ; 124. 1156, 1897 ; Bull. Soc. Chim., (3), 5. 844, 1891 ; 
A. Werner , Zeit. anorg. Chem,., 2 1 . 229, 1899 ; Ber., 40. 4445, 1902 ; A. Werne r a n d W. Megerle, 
Zeit. anorg. Chem., 2 1 , 213, 1899 ; A. Werne r a n d J . Pa s to r , ib., 21 . 232, 1899 ; R. W. G. Wyckoff, 
Journ. Amer. Chem Soc, 44. 1239, 1922. 

§ 16. Nickelous Iodide 
O. L.. E r d m a n n x o b s e r v e d t h a t if n icke l p o w d e r , r e d u c e d b y h y d r o g e n , is 

h e a t e d w i t h iod ine in a g lass t u b e , or if t h e v a p o u r of iod ine is p a s s e d ove r t h e 
h e a t e d m e t a l , a m i x t u r e of n icke l a n d n icke l iod ide is p r o d u c e d — i f t r a c e s of a i r 
be p r e s e n t , some n icke l ox ide is f o r m e d as well . I f t h i s m i x t u r e is s t r o n g l y h e a t e d 
o u t of c o n t a c t w i t h a i r , a b l a c k s u b l i m a t e of n i c k e l o u s iodide , N i I 2 , is f o rmed . 
C o m p a c t n icke l is sca rce ly a t t a c k e d w h e n h e a t e d w i t h iod ine . M. Gruichard 
o b t a i n e d n icke l iod ide b y a r r a n g i n g n ickel wi re a n d iod ine in a glass t u b e so t h a t 
t h e y a r e s e p a r a t e d b y a n a sbes tos p lug , a n d t h e n e v a c u a t i n g a n d sea l ing t h e 
t u b e . If t h e t u b e is h e a t e d so t h a t t h e iod ine is k e p t a t a b o u t 180°, a n d t h e n icke l 
a t 500° , n ickel iod ide is f o r m e d as a s u b l i m a t e of d a r k g r e y laminae. A c c o r d i n g 
t o C. F . R a m m e l s b e r g , a n d O. L . E r d m a n n , w h e n a soln. of n icke l h y d r o x i d e i n 
h y d r i o d i c ac id is e v a p o r a t e d , i t fu rn ishes c r y s t a l s of t h e h e x a h y d r a t e , N i I 2 . 6 H 2 O ; 
a n d if t h e a q . soln. be e v a p o r a t e d t o d r y n e s s , t h e b l a c k r e s idue w h e n h e a t e d o u t 
of c o n t a c t w i t h a i r , sub l imes w i t h o u t fusion or d e c o m p o s i t i o n . J . L . L a s s a i g n e 
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h e a t e d a m i x t u r e of iod ine a n d nickel , a n d o b s e r v e d t h a t t h e b r o w n p r o d u c t 
d isso lves in w a t e r , fo rming a g reen soln. of n ickel iod ide . 

S u b l i m e d n icke l iod ide , sa id O. L . E r d m a n n , p r e s e n t s " t h e a p p e a r a n c e of 
s t r o n g l y l u s t r o u s , i ron -b l ack laminae, r e sembl ing mica , a n d u n c t u o u s t o t h e t o u c h . " 
J . A . A . K e t e l a a r f o u n d t h a t t h e h e x a g o n a l c rys t a l s h a v e a = 3-89 A. , a n d 
c = 1 9 - 6 3 A . , a n d if r h o m b o h e d r a l , a = 6 - 9 2 A. , a n d <x=16° 20 ' . W . Bi l t z a n d 
E . B i r k g a v e 5-834 for t h e s p . g r . a t 25°/4° , a n d 53-57 for t h e mol . vol . K . J e l l i nek 
a n d R . U l o t h s t u d i e d t h e d i s soc ia t ion press . W . F i scher a n d R . Gewehr gave 
797° for t h e m . p . ; a n d J . T h o m s e n , (Ni , I 2 ,Aq . ) = 4 I -4 CaIs. for t h e h e a t of 
f o r m a t i o n . T h e sub j ec t w a s d i scussed b y E . R a b i n o w i t s c h a n d E . Thi lo , a n d 
F . E p h r a i m a n d O. Schi i tz . G. Den iges , H . Fesenfe ld t , a n d W . N . H a r t l e y 
s t u d i e d t h e a b s o r p t i o n s p e c t r u m . W . R iede l g a v e for t h e electr ical c o n d u c t i v i t y 
of a soln. of a mo l . of t h e sa l t , /z, in v l i t res a t 25° , a n d for t h e degree of ion iza t ion , ct, 

v . . . 2O 80 32O 128O 512O oc 
fj. . . . 100-29 109-51 117-22 122-72 130-2O 128-91) 
a . . . 0-777 0-852 0-909 0-951 1OO 1 OO 

W . A l t h a m m e r c a l c u l a t e d for 0*05Al- a n d 0-01-M-soln. t h e respec t ive pe r cen t age 
h y d r o l y s e s 0-04 a n d 0-15. A c c o r d i n g t o W . R iede l , t h e t r a n s p o r t n u m b e r s of t h e 
a n i o n s for soln. w i t h i>=21-5 a n d 300 a re , r e spec t ive ly , 0-6384 a n d 0-6040 ; a n d 
for t h e c a t i o n s , 0-3616 a n d 0-3960. F o r 0 05M - a n d OOlifcT-soln., t h e H - i o n con­
c e n t r a t i o n s a r e , r e spec t ive ly , 1 0 ~ 5 7 2 a n d 1 0 ~ 5 ' 8 1 ; a n d t h e e.m.f. of t h e cell 
( P t ) H 2 I N i I 2 I K C l s a t . soln. I 0 - I iV-KCLHg 2 Cl 2 | H g , w i t h 0-05M- a n d 0-0IiIZ-NiI2 , a r e , 
r e spec t ive ly , 0-675 a n d 0-684 vo l t . W . K l e m m a n d W . Sch i i th found t h e m a g n e t i c 
su scep t ib i l i t y x X l 0 6 = 2 6 a t —183° ; 17-3 a t —78° ; 125 a t 20° ; 7-50 a t 220° ; 
a n d 6-73 a t 295°. B . C a b r e r a a n d A. D u p e r i e r s t u d i e d t h e effect of t e m p . 

A c c o r d i n g t o O. L . E r d m a n n , if a i r h a s access t o t h e sa l t d u r i n g sub l ima t ion , 
o r if t h e sa l t be h e a t e d i n air , i t fo rms g rey i sh -g reen n icke l ox ide free f rom iodine . 
H . O. Schu lze also n o t e d t h a t t h e iod ide is c o n v e r t e d i n t o oxide w h e n i t is h e a t e d 
in a i r . W h e n nickel i od ide is e x p o s e d t o a i r i t de l iquesces fo rming a r edd i sh -
b r o w n l iqu id , wh ich , on d i l u t i on , becomes green . T h e h y d r a t e d iodide is also 
de l i quescen t . W . N . H a r t l e y s t u d i e d t h e de l iquescence of t h e sa l t . A. retard 
f o u n d t h a t s a t . a q . soln. of n icke l iod ide c o n t a i n : 

— 23° — GQ 11° 16° 43° 80° 85° 90° 
N i I 2 . 51-8 54-3 57-8 5 9 0 64-1 6 5 0 65-2 65-7 p e r c e n t . 

O. L . E r d m a n n o b s e r v e d t h a t w h e n t h e a q . soln. is e v a p o r a t e d t o d r y n e s s , a n d 
t h e r e s idue e x t r a c t e d w i t h w a t e r , t h e r e r e m a i n s a r e d d i s h - b r o w n p o w d e r ; some 
of t h e r e s idue m a y dissolve a long w i t h n icke l iod ide t o fo rm a b rownish -g reen 
i n s t e a d of a g reen soln. T h e soln. t h e n smells of iod ine , i m p a r t s a blue colour t o 
s t a r c h , a n d gives off iod ine w h e n e v a p o r a t e d . A b rowni sh - r ed l iqu id is o b t a i n e d 
b y d iges t ing a n a q . soln. of n ickel iod ide w i t h n ickel h y d r o x i d e , or nickel c a r b o n a t e 
— i n t h e l a t t e r case , c a r b o n d iox ide is g iven off. T h e r edd i sh - b r ow n l iquor is also 
f o r m e d w h e n n icke l h y d r o x i d e is t r i t u r a t e d w i t h a n alcohol ic soln. of iodine . T h e 
r e d d i s h - b r o w n p o w d e r is cons ide red t o be a bas ic sa l t , n i cke lous enneaoxydi iod ide , 
9 N i O - N i I 2 . 1 5 H 2 O . I t d e c o m p o s e s a t a r e d - h e a t g iv ing off iod ine a n d w a t e r 
v a p o u r , a n d l e a v i n g a r e s idue of n icke l ox ide ; i t dissolves i n n i t r i c ac id w i t h t h e 
e v o l u t i o n of iod ine ; a lka l i l ye e x t r a c t s t h e whole of t h e iod ine ; a q . a m m o n i a 
c h a n g e s t h e colour of t h e p o w d e r a d i n g y green , a n d t h e l iqu id becomes b lue ; 
boi l ing a lcohol c o n v e r t s i t i n t o t h e g reen h y d r a t e d ox ide , i t fo rms a yel lowish-
g r e e n soln. w i t h ace t i c ac id ; a n d oxal ic ac id t r a n s f o r m s i t i n t o n icke l o x a l a t e . 
T h e r e is n o t h i n g he re t o e s t ab l i sh t h e chemica l i n d i v i d u a l i t y of t h e oxy iod ide ; 
t h e r e d d i s h - b r o w n l iquor is p r e s u m a b l y h y d r a t e d n icke l ox ide pep t i zed b y t h e 
soln . of n icke l iodide . 

O. L . E r d m a n n , a n d R . G. v a n N a m e a n d W . G. B r o w n said t h a t t h e aq . soln. 
of n i cke l iod ide c a n dissolve a l a rge p r o p o r t i o n of iod ine , fo rming a b rown l iquor 
c o n t a i n i n g p r e s u m a b l y n i cke l poly iodide , a n d g iv ing off t h e excess of iodine w h e n 
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boiled. W . Riede l found t h a t iodine r eac t s w i t h t h e iodide , forming n icke lous 
poly iodide , p r o b a b l y N i I 4 , in aq . soln., a n d t h e c o n d u c t i v i t y cor responding w i t h a 
soln. con ta in ing a mol of N i I 4 i n v l i t res , a t 25°, a n d t h e degrees of ion iza t ion , ct, 

OC 

2 0 
88-85 

0-747 

8 0 
98-50 

0-828 

3 2 0 
106-55 

0-895 

1280 
1 1 4 0 4 

0-958 

5120 
115-0 

0-966 

0 0 

1 1 9 0 3 
• — -

R . F . W e i n l a n d a n d F . Schlegelmilch o b t a i n e d s iskin-green needles of n i cke l 
octochloroiodide, NiCl2-2ICl3 , b y t h e ac t ion of iodine on a soln. of nickel chlor ide . 
Iod ine t r ich lor ide is r e m o v e d b y d iges t ing t h e sa l t w i t h ca rbon t e t r ach lo r ide . 
I J . TschugaefE s tud i ed complex sa l t s of b i v a l e n t m e t a l s a n d organic d i su lph ides . 
Accord ing t o O. L . E r d m a n n , A . Agres t in i , a n d C. F . R a m m e l s b e r g , w h e n a sa t . 
aq . soln. of nickel iodide is t r e a t e d w i t h cone, a m m o n i a , w h i t e flakes a r e fo rmed 
which dissolve slowly w h e n t h e l iquid is w a r m e d t o form a redd i sh l iquid wh ich 
a f t e rwards becomes l igh t b lue . W h e n t h e b lue soln. is cooled, or m i x e d wi th 
alcohol , i t is decolorized a n d depos i t s a pa le b lue , c rys ta l l ine p o w d e r of n i cke lous 
hexammino iod ide , N i I 2 . 6 N H 3 , cons is t ing of o c t a h e d r a be longing t o t h e cub ic 

sy s t em. P . G r o t h also said t h a t t h e c rys ta l s a r e p r o b a b l y 
cubic . R . W . Gr. Wyckoff observed t h a t t h e X - r a d i o g r a m s 
cor respond w i t h a face-cent red l a t t i ce of t h e ca lc ium 
fluoride t y p e , i somorphous w i t h t h e l a t t i ce of a m m o n i u m 
ch lo rop la t ina t e . T h e l eng th of u n i t cell is a = 11-01 A. , 

Too° 2oo° 3000 a n d t h e r e a re 4 mols . p e r u n i t cell. O. B . Naes s 
F ia . 337.—TheDissooia- a n d O. Hasse l s t ud i ed t h e l a t t i ce s t r u c t u r e , a n d g a v e 

tion Pressure of Nick- « = . 10-875 A. , a n d found t h e d i s t ance be tween t h e nickel 
a n d iodine a t o m s t o be 4-71 A. ; t h e y also s t ud i ed t h e 

sphere of ac t ion of t h e an ion . W . Bi l tz a n d K. B i r k gave a^= 10-90 A., a n d 
found t h e sp . gr. t o be 2-113 a t 25°/4°, a n d t h e mol . vol . 196-3. T h e mol . vol . 
was also s tud ied b y W . Bi l t z , a n d F . E p h r a i m . The surface energy was discussed 
b y S. G. Mokrusch in a n d E . I . Kriloff. F . E p h r a i m gave for t h e d issocia t ion 
press . , p m m . , of t h e h e x a m m i n e : 

P • 

T h e resu l t s a re s u m m a r i z e d in F ig . 337—vide supra, F ig . 327. T h e sub jec t w a s 
discussed b y Gr. L . Clark. F o r £>=760 m m . , W . Bi l t z a n d B . F e t k e n h e u e r gave 
t h e dissociat ion t e m p . 235-5°. F . E p h r a i m a n d P . M o s i m a n n found t h e so lubi l i ty 
in w a t e r t o be 1*91 g rms . or 0*0046 mol . pe r l i t re . T h e p r o d u c t of t h e d issocia t ion 
of t h e h e x a m m i n e is n i cke lous d iamminoiod ide , N i I 2 . 2 N H 3 , which , accord ing t o 
W . Bi l tz a n d B . F e t k e n h e u e r , h a s a d issocia t ion press . , p m m . , 

V 

a n d for 30= 760°, t h e d issocia t ion t e m p , is 333°. T h e dissocia t ion of t h e d i a m m i n e 
furnishes nickel iodide , a n d t h e r e is n o ev idence of t h e fo rma t ion of a m o n a m m i n e . 
According t o W . Bi l tz a n d B . F e t k e n h e u e r , t h e h e a t of fo rma t ion of t h e h e x a m ­
mine is 18-5 CaIs. pe r N H 3 - m o l . , a n d for t h e d i a m m i n e , 22-0 CaIs. p e r N H 3 -
molecule . W . Bi l tz a n d G. F . H i i t t i g gave 15*94 CaIs. pe r N H 3 - m o l . , a n d 
19*68 CaIs. for t h e d i a m m i n e . T h e sub jec t was discussed b y F . E p h r a i m , 
F . E p h r a i m a n d O. Shi i tz , E . Kocs is , a n d W . H i e b e r a n d E . L e v y . T h e colour 
of t h e h e x a m m i n e is b lu ish-viole t , t h a t of t h e d i a m m i n e is b r o w n , a n d t h a t of t h e 
a n h y d r o u s iodide is b lack . W . K l e m m a n d W . Schi i th s t ud i ed t h e m a g n e t i c 
p roper t ies of t h e a m m i n e s . J . A . H e d v a l l i nves t iga t ed t h e ac t ion of h e a t on 
mixtures with the alkaline earth oxides. 

H . F r a n z e n a n d H . L . !Lucking p r e p a r e d yel low n i cke l dihydrazinoiodide, 
N i I 2 - 2 N 2 H 4 , by t h e ac t ion of h y d r a z i n e iodide or h y d r a t e on nickel iod ide . 
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J . M o i t e s s i e r o b t a i n e d a c o m p l e x w i t h p h e n y l h y d r a z i n e . B . K o h n l e i n o b s e r v e d 
n o m a r k e d r e a c t i o n w i t h p r o p y l c h l o r i d e . A . W e r n e r , A . W e r n e r a n d W . M e g e r l e , 
a n d E . S c h i i r m a n n s t u d i e d t h e c o m p l e x e s f o r m e d w i t h e t h y l e n e d i a m i n e , n a m e l y , 
nickel trisethylenediaminoiodide, [Ni en3]I2 , analogous with those obtained 
with the chloride (q.v.), and G. and P . Spacu obtained cadmium nickel trisethyl­
enediaminoiodide, [Ni en3]CdI3, and lead nickel trisethylenediaminoiodide, 
[ N i e n 3 ] ( P b I ) 2 . A . W e r n e r a n d J . P a s t o r p r e p a r e d n i c k e l t r i s p r o p y l e n e d i a m i n o -
iodide, [Ni pn3]I2 ; J . Frejka and L. Zahlova, nickel trisbutylenediaminoiodide, 
[Ni bn3]I2 .4H2O ; Gr. T. Morgan and F . H. Burstall, nickel tris-cux'-dipyridyl-
iodide, [Ni(C1 0H8N2)3]I2 .6H20 ; and F . G. Mann and W. J . Pope, nickel bistri-
aminopropanoiodide, [Ni(NH2 .CH2 .CH.NH2 .CH2-NH2]I2 ; nickel bistriamino-
tripropylaminoiodide, [Ni(N(C3H6.NH2)3}2]I2.1 ^H2O , nickel bistriaminotri-
propylaminohydroxyiodide, [Ni{N(C3H6.NH2)3>2]I(OH).2H20, and a complex 
s a l t w i t h p o t a s s i u m i o d i d e ; W . H i e b e r a n d c o - w o r k e r s , a c o m p l e x w i t h O - p h e n y l -
enediamine, and nickel bistriaminotriethylenoiodide, [Ni(N(C2H4.NH2)3}2114. 
3 2 H 2 G . M . R . M e n z s t u d i e d t h e c o m p l e x f o r m e d w i t h c a m p h i d i n e ; W . H i e b e r 
a n d K . R i e s , a c o m p l e x w i t h o - p h e n y l e n e d i a m i n e ; J . V . D u b s k y a n d F . B r y c h t a , 
a c o m p l e x w i t h d i m e t h y l g l y o x i m e ; W . H i e b e r a n d F . L e u t e r t , c o m p l e x e s w i t h 
a l d o x i m e s a n d k e t o x i m e s ; W . H i e b e r a n d E . L e v y , c o m p l e x e s w i t h m o n o e t h y l o l -
amine, with diethylolamine, and with triethylolamine ; F . Garelli and A. Tetta-
m a n z i , c o m p l e x e s w i t h t r i e t h a n o l a m i n e ; a n d O. M o u r e a u a n d C. D u f r a i s s e , t h e 
c a t a l y t i c e f fec t of n i c k e l i o d i d e o n t h e o x i d a t i o n of a c r o l e i n . 

G . F . C a m p b e l l d i d n o t s u c c e e d i n m a k i n g c a e s i u m n i c k e l i o d i d e b y t h e p r o c e s s 
h e e m p l o y e d fo r t h e c o r r e s p o n d i n g c h l o r i d e a n d b r o m i d e . G . S p a c u p r e p a r e d 
nickel cadmium trisethylenediaminoiodide, [Ni Cn3]CdI4. H. DobroserdofT 
obtained mercuric nickel hexaiodide, 2HgI2 .NiI2 .6H2O, by evaporating, in 
v a c u o , a s o l n . of t h e c o m p o n e n t s a l t s . T h e d i r t y g r e e n , h y g r o s c o p i c p r i s m s r e a d i l y 
lo se w a t e r of h y d r a t i o n ; t h e s a l t i s d e c o m p o s e d b y w a t e r ; i t i s s o l u b l e i n a c e t o n e , 
a n d a l c o h o l ; a n d w i t h e t h e r , i t f o r m s t w o l a y e r s . I f t h e m o t h e r - l i q u o r o b t a i n e d 
i n t h e p r e p a r a t i o n of t h i s s a l t b e e v a p o r a t e d , i t f u r n i s h e s g r e y i s h - g r e e n c r y s t a l s of 
m e r c u r i c n i c k e l t e t r a i o d i d e , H g I 2 . N i I 2 . 6 H 2 O , w h i c h a r e n o t d e c o m p o s e d b y 
w a t e r ; a n d t h e y a r e s o l u b l e i n a l c o h o l , a n d e t h e r . F . F p h r a i m a n d P . M o s i m a n n 
reported mercuric nickel amminoiodides : [Ni(NH3)4]I^.HgI2 .4H2O ; [Ni(NH3)I6I2 . 
H g I 2 - B H 2 O ; [ N i ( N H 3 ) 4 ] I 2 . H g I 2 . 2 H 2 0 ; a n d [ N i ( N H i ) 6 ] I 2 - H g I 2 - S H 2 O . A . M o s -
n i e r p r e p a r e d l e a d n i c k e l h e x a i o d i d e , P b I 2 - 2 N i I a . 3 H 2 0 , b y s a t u r a t i n g w i t h l e a d 
i o d i d e a b o i l i n g , c o n e . s o l n . of n i c k e l i o d i d e , a n d e v a j ^ o r a t i n g i n v a c u o . T h e 
g r e e n i s h n e e d l e s a r e d e c o m p o s e d b y w a t e r . T h e t h e r m a l v a l u e of t h e r e a c t i o n 
( P b I 2 , 2 N i I 2 ) = 40 -2 G a l s . ; ( P b N i 2 I 4 , 2 H 2 0 ) = - 5 1 - 3 Ga l s , w i t h l i q u i d w a t e r ; a n d 
t h e h e a t o f s o l n . of o n e p a r t of P b I 2 . 2 N i I 2 . 3 H 2 O i n 4O p a r t s o f w a t e r i s -— 11-1 G a l s . 
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§ 17. Nickel Sulphides 
M. v o n O r l o w s k y , 1 O. S c h u r m a n n , E . F . A n t h o n , W . Guer t l e r , E . V. B r i t z k e 

a n d A. JP. K a p u s t i n s k y , a n d E . S c h u r m a n n d iscussed t h e r e l a t i v e affinity of s u l p h u r 
for t h e m e t a l s of t h e i ron g r o u p . J . L . P r o u s t , a n d H . H o s e obse rved t h a t s u l p h u r 
a n d n icke l c o m b i n e w i t h i ncandescence w h e n t h e y a r e h e a t e d t o g e t h e r ; a n d 
Gr. C. W i n k e l b l e c h a d d e d t h a t c o m b i n a t i o n beg ins a t a t e m p , be low 115°. H e 
also s h o w e d t h a t n icke l d u s t t a k e s fire w h e n p r o j e c t e d i n t o s u l p h u r v a p o u r ; a n d 
a m i x t u r e of n icke l d u s t a n d flowers of s u l p h u r , i n e q u i v a l e n t p r o p o r t i o n s , t a k e s 
fire w h e n t o u c h e d a t one e n d w i t h a g lowing coal . 

A c c o r d i n g t o J . A . Ar fvedson , if h y d r o g e n be p a s s e d ove r r e d - h o t n i cke l 
s u l p h a t e , n i cke l hemisu lph ide , N i 2 S , is formed ; s u l p h u r d iox ide a n d w a t e r a r e 
a t first evo lved , a n d l a t e r on , h y d r o g e n su lph ide . H . R o s e o b t a i n e d t h e h e m i ­
su lph ide b y h e a t i n g a m i x t u r e of h y d r a t e d n icke l su lph ide or d r y n icke l s u l p h a t e 
a n d s u l p h u r in a c u r r e n t of h y d r o g e n . A. M o u r l o t o b t a i n e d i t b y r e d u c i n g n icke l 
s u l p h a t e m i x e d w i t h c a r b o n i n a n e lec t r ic a r c fu rnace ; P . B e r t h i e r , b y h e a t i n g 
n ickel s u l p h a t e in a c a r b o n c ruc ib le a t a w h i t e - h e a t ; A . G a u t i e r a n d L . H a l l o p e a u , 
b y h e a t i n g nickel a t a w h i t e - h e a t i n a c u r r e n t of c a r b o n d i su lph ide ; a n d 
!R. Schne ide r , b y m e l t i n g a m i x t u r e of n icke l s u l p h a t e w i t h six t i m e s i t s w e igh t of 
p o t a s s i u m c a r b o n a t e a n d s u l p h u r . J . P . P o d o l s k y a n d N . M. Z a r u b i n sa id t h a t 
i t is f o r m e d w h e n s u l p h u r a c t s o n n icke l be low 600° . R . Scheue r r e g a r d e d t h e 
h e m i s u l p h i d e as a sol id soln. of n icke l i n t h e m o n o s u l p h i d e . A c c o r d i n g t o H . R o s e , 
t h e p a l e ye l low, or b rass -ye l low m a s s is n o t m a g n e t i c ; L . P l a y f a i r a n d J . P . J o u l e 
g a v e 6-05 for t h e s p . gr . , a n d A. Mour lo t , 5*52. A c c o r d i n g t o A. G a u t i e r a n d 
L . H a l l o p e a u , i t s sp . gr . i s 5-66 a t 0° ; i t is n o t d e c o m p o s e d b y h o t or cold w a t e r ; 
i t is a t t a c k e d w i t h difficulty b y h y d r o c h l o r i c ac id w h e n i t g ives off h y d r o g e n 
s u l p h i d e a n d h y d r o g e n . T h e p r o l o n g e d a c t i o n of h e a t e d c a r b o n d i s u l p h i d e con­
v e r t s t h e h e m i s u l p h i d e i n t o m o n o s u l p h i d e . J . A . Ar fvedson a d d e d t h a t i t d i sso lves 
i n n i t r i c ac id w i t h t h e s e p a r a t i o n of s u l p h u r . T h e r e is n o t h i n g in al l t h i s t o d is ­
p r o v e t h e c o n t r a - s u g g e s t i o n t h a t t h e a l leged n icke l h e m i s u l p h i d e is t h e p r o d u c t of 
a r r e s t e d r e a c t i o n s . H . Ie Cha te l i e r a n d A . Ziegler cons ide r t h a t t h e p r o d u c t of 
t h e a c t i o n of t h e m e t a l o n t h e su lph ide is a s imp le m i x t u r e . K . B o m e m a n n a d d e d 
t h a t wh i l s t n icke l h e m i s u l p h i d e does n o t a p p e a r t o b e c a p a b l e of s e p a r a t e ex i s t ence , 
i t c a n fo rm a s t a b l e c o m p o u n d w i t h fe r rous su lph ide—v ide infra. 

G. Mas ing a n d L . K o c h o b s e r v e d a e u t e c t i c w i t h n icke l a n d n icke l s u l p h i d e , 
N i - N i 3 S 2 , a t 625°. K . B o m e m a n n e x a m i n e d t h e f .p. of m i x t u r e s of n icke l w i t h 
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u p t o 31 pe r cen t , of su lphur , a n d t h e resu l t s a re s u m m a r i z e d in F ig . 338. T h e 
a l leged hemisu lph ide h a s no exis tence u n d e r these c i r cums tances , for i t 
h a s a eu tec t i c s t r u c t u r e . Mix tu re s w i t h over 31 per cent , of su lphu r a re u n s t a b l e 
u n d e r a t m . press . , b u t K . B o m e m a n n showed 
t h a t t h e c o m p o u n d s N i S , Ni 3 S 4 , a n d N i S 2 a re 7600°\ 
fo rmed , a n d t h e y dissocia te below t h e m . p . i40o"\-
W i t h m i x t u r e s in t h e r ange of t h e d i a g r a m , 
F ig . 337, t h e r e a re five series of solid soln. 
wh ich s e p a r a t e f rom t h e fused m i x t u r e s ; t h e 
f .p. c u r v e h a s five b r a n c h e s w i th eu tec t i c 
p o i n t s a t 644° a n d 21-4 pe r cen t , of su lphur , 
a n d a t 812° w i th 30-6 pe r cen t , of su lphur . 
T h e on ly c o m p o u n d capab le of ex is tence in 
c o n t a c t w i t h t h e m o l t e n m i x t u r e s is n icke l 
tr itadisulphide, N i 3 S 2 , me l t i ng a t 787°. 
H . F i n c k e , a n d J . P . P o d o l s k y a n d 
N . M. Z a r u b i n o b t a i n e d i t b y t h e ac t ion of 
s u l p h u r on nickel a b o v e 600°. Accord ing to 
K . B o m e m a n n , t h e ex is tence of n icke l h e x i -
tapentasulphide , N i 6 S 5 , is p robab l e , b u t 
m i x t u r e s of t h i s compos i t ion lose s u l p h u r 
w h e n fused. T h e t h e r m a l t r a n s f o r m a t i o n s in 
t h e solid s t a t e show a well-defined eu tec to id 
a t 520°, a n d 29-7 pe r cen t , of su lphur . K . B o r n e m a n n ' s va lues for t h e sp . gr. 
of t h e p r o d u c t s w i t h S pe r cen t , of s u l p h u r were : 
S . . O 5-7 11-5 17-4 2 1 - 4 2 2 - 3 2 3 - 2 2 4 - 7 
S p . g r . . 8 -86 8 0 1 7 -25 6-62 (S-23 6-17 6-09 5 -98 
S . . 2 6 - 2 2 6 - 6 2 7 - 2 2 7 - 9 2 9 - 1 2 9 - 6 31-O IO 
S p . g r . . />-87 fl-80 .r>-68 5-71 5 -49 5 -65 5-5O 2(>7 

W . Guer t l e r s t ud i ed t h e t e r n a r y s y s t e m : n i cke l - - su lphu r - an t imony . 
A. G. Werner , a n d O. A. S. H o f m a n n descr ibed a minera l occurr ing in acicular 

c rys t a l s in a mine a t J o h a r m g e o r g e n s t a d t as Haarhles ; Xu. A. E m m e r l i n g , 
I i . J . Ha i iy , a n d J . F . L. H a u s m a n n r ega rded t h i s capillary 'pyrites a s a v a r i e t y of 
i ron p y r i t e s un t i l M. H . K l a p r o t h , a n d I ) . I J . C. K a r s t e n r e p o r t e d t h a t t h e minera l 
c o n t a i n e d ne i the r i ron no r su lphur , b u t r a t h e r nickel assoc ia ted wi th arsenic a n d 
some coba l t , a n d in consequence , for a t i m e , t h e mine ra l was called native nickel—-
e.g., b y W . Ha id inge r . A. B r e i t h a u p t , however , was n o t satisfied, a n d said t h a t 
t h e n a t u r e of t h e mine ra l is unbegreiflich. J . A. Arfvedson ana lyzed t h e mine ra l 
a n d found i t t o c o n t a i n 34-26 pe r cen t , of s u l p h u r a n d 04-35 pe r cen t , of n ickel , 
a n d t h e or iginal t e r m was t h e n rev ived . T h e t e r m Haarlcies was modified b y 
F . S. B e u d a n t i n t o harhise ; b y E . F . Glocker, i n t o trichopyrite ; a n d b y E . J . C h a p ­
m a n , i n t o capillose. J . F . L.. H a u s m a n n called i t Nickelkies or nickel pyrites ; 
I i . J a m e s o n , p r i m a t i c nickel py r i t e s , a n d s imilar t e r m s were used by F . MoLs, a n d 
A. B r e i t h a u p t . Var ie t ies were also called red niekel pyrites, a n d yellow nickel 
pyrites b y A . B r e i t h a u p t ; a n d P . G r o t h employed t h e t e r m nickel blende. 
W . H a i d i n g e r app l ied t h e t e r m mi l ler i te—after W . H . Mil ler—which is t h e t e r m 
n o w employed . I t is cur ious t h a t all t h i s per iod of u n c e r t a i n t y and confusion 
shou ld h a v e prevai led for nea r ly half a c e n t u r y . K . T. E iebe r e p o r t e d a v a r i e t y 
f rom t h e L a m m e r i c h s k a u l e mine in Wes te rwa ld , which he called beyrichite . 

T h e occur rence of mi l le r i te in E n g l a n d , W a l e s , S c o t l a n d , a n d I r e l a n d h a s been desc r ibed 
b y O . A . K e n n g o t t , J . H . Coll ins, F . J . N o r t h a n d W . E . H o w a r t h , a n d R . P . Greg a n d 
W . G. L e t t s o m ; i n F r a n c e , b y A . L a c r o i x , a n d K. B a r r e t ; in B e l g i u m , b y A . F i r k e t ; 
in P o r t u g a l , b y A . B r e i t h a u p t ; in I t a l y , b y G. P . J e r v i s , 13. L o v i s a t o , a n d A . Scacch i ; 
in S t i e r m a r k , b y A . H o f m a n n ; in B o h e m i a , b y V . R . v o n Ze j jha rov ich , G. A . K e n n g o t t , 
a n d A . E . R e u s e ; in Silesia, b y F . R o m e r , A . v o n L a s a u l x , a n d U . T r a u b e ; in S a x o n y , 
b y A . B r e i t h a u p t , a n d A . F r e n z e l ; in G e r m a n y , b y H . L a s p e y r e s , G. A . K e n n g o t t , 
H . J o r d a n , I>. F . Wiser , W . T . Cas se lmann , E . Wei s s , T . Haftge, G. S e l i g m a n n , 
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C. JLi. E . L o t t n e r , P . G r o t h , M. v o n I i o e h l , F . S a n d b e r g e r , O . L u e d e c k e , C. F . R a m m e l s b e r g , 
a n d A . B r e i t h a u p t ; in C a n a d a , b y H . H o w , "W. E . B a r l o w , a n d G. C. H o f f m a n n ; i n t h e 
U n i t e d S t a t e s , b y J. D . D a n a , E . L . F l e t c h e r , F . A . G e n t h , W . F . B l a k e , W . R . J o h n s o n , 
a n d A . V . L o o n h a r d ; i n JBrazil, b y F . A . d e S a c h s e n - C o b u r g - G o t h a , a n d S. M e u n i e r ; a n d 
in T a s m a n i a , b y W . F . P e t t e r d . 

Ana lyses r e p o r t e d b y C. E . R a m m e l s b e r g , H . L a s p e y r e s , K . T. L i e b e , W . v o n 
de Marck , F . A . G e n t h , A . V. L e o n h a r d , a n d J . A . Ar fvedson i n d i c a t e t h a t mi l l e r i t e 
is n i c k e l o u s su lphide , N i S , or s i m p l y nickel sulphide ; a n d t h i s a lso ag rees w i t h 
t h e ana ly se s of ar t i f icial p r e p a r a t i o n s b y H . d e S e n a r m o n t , C. F . R a m m e l s b e r g , 
J . L . P r o u s t , a n d J . L . L a s s a i g n e . K . T . L i ebe , a n d F . W . C la rke r e g a r d e d 
beyr ich i t e a s a n i m p u r e nickelos ic su lph ide , N i 3 S 4 , o r 2 N i S . N i S 2 , b u t H . L a s p e y r e s 
showed t h a t beyr i ch i t e , f rom A l t e n k i r c h e n , l ike mi l l e r i t e h a s t h e c o m p o s i t i o n 
(Ni ,Co,Fe)S ; t h e sp . gr . of b e y r i c h i t e is r a t h e r less t h a n t h a t of mi l l e r i t e , b u t t h e 
c rys t a l l ine fo rms a r c t h e s a m e . H e sugges t ed t h a t mi l le r i t e is f o r m e d f rom 
b e y r i c h i t e b y p a r a m o r p h i s m . 

T h e preparat ion Of n icke l su lph ide .—As i n d i c a t e d a b o v e , n icke l su lph ide 
c a n be p r e p a r e d b y t h e d i r ec t u n i o n of s u l p h u r a n d n icke l ; K . B o r n e r a a n n , a n d 
R . Hesse o b t a i n e d n icke l su lph ide in t h i s w a y . R . T u p p u t i o b t a i n e d i t b y t h e 
a c t i o n of s u l p h u r on h e a t e d nickel ox ide , a n d a lso b y h e a t i n g one of t h e h y d r a t e d 
fo rms . J . A. Ar fvedson p r e p a r e d t h e s u l p h i d e b y pa s s ing h y d r o g e n s u l p h i d e ove r 
r e d - h o t n icke l ox ide ; A. G a u t i e r a n d L . H a l l o p e a u , b y pa s s ing a n excess of c a r b o n 
d i su lph ide v a p o u r ove r r e d - h o t n icke l—v ide supra, n icke l h e m i s u l p h i d e ; H . de 
S e n a r m o n t , b y h e a t i n g a m i x t u r e of n icke l ch lor ide a n d p o t a s s i u m s u l p h i d e ; a n d 
H . R a u b i g n y , by h e a t i n g a m i x t u r e of n icke l s u l p h a t e a n d a lka l i s u l p h i d e in a n 
a t m . of h y d r o g e n su lph ide ; F . F o u q u e a n d M. L e v y , b y h e a t i n g , a t 80° , in a 
sealed t u b e , a soln. of n icke l s u l p h a t e w i t h a n a q . soln. of h y d r o g e n su lph ide 
s a t u r a t e d in t h e cold, a n d c o n t a i n i n g a l i t t l e free s u l p h u r i c ac id ; E . W e i n s c h e n k 
b y h e a t i n g a soln. of n ickel s u l p h a t e w i t h a m m o n i u m t h i o c y a n a t e a n d ace t i c ac id 
in a sea led t u b e a t 160°. C. P o u l e n c o b t a i n e d i t i n c r y s t a l s b y h e a t i n g n ickel 
f luoride t o r edness in a c u r r e n t of h y d r o g e n s u l p h i d e . E . D o n a t h , a n d 
G. P . Schwede r n o t e d t h a t n icke l s u l p h i d e is f o rmed w h e n nickel ox ide is h e a t e d 
w i t h fe r rous su lph ide in t h e p re sence of s o m e s lagging m a t e r i a l s , a n d a lso in t h e 
r e d u c t i o n of n ickel s u l p h a t e b y h y d r o g e n , c a r b o n m o n o x i d e , or c a r b o n . E . Gla tze l 
o b s e r v e d t h a t niekel su lph ide r e m a i n s w h e n n icke l t h i o p h o s p h a t e is h e a t e d t o a 
h igh t e m p , in t h e absence of a i r ; C. F . R a m m e l s b e r g , w h e n n icke l t h i o s u l p h a t e 
is h e a t e d ; a n d , a long w i t h n ickel s u l p h a t e , w h e n n icke l h e x a m m i n o d i t h i o n a t e is 
h e a t e d . R . L o r e n z f o u n d t h a t n icke l s u l p h i d e is p r e s e n t in t h e a n o d e s l ime w h e n 
a soln . of p o t a s s i u m ch lor ide is e l ec t ro lyzed w i t h a n icke l a n o d e , a n d a c o p p e r 
su lph ide c a t h o d e . 

H y d r o g e n su lph ide does n o t a c t o n soln. of n icke l s a l t s w h i c h c o n t a i n free 
m i n e r a l ac ids , or m u c h free ace t i c ac id , b u t w i t h n e u t r a l soln. , hydrated n i cke l 
su lphide is p r e c i p i t a t e d . T h e t h e o r y of t h e a c t i o n w a s o u t l i n e d in XO. 57 , 9. N e u t r a l 
soln. of n icke l sa l t s a r e s lowly a c t e d o n b y h y d r o g e n su lph ide , a n d all t h e n icke l 
c a n be p r e c i p i t a t e d if s o d i u m a c e t a t e b e p r e s e n t . T h e p r e c i p i t a t i o n w a s f o u n d b y 
A. Terre i l t o v a r y inve r se ly a s t h e a m o u n t of free ac id p r e s e n t . Oxal ic ac id a n d 
t h e o x a l a t e s a r e w i t h o u t effect, s ince t h e s e f o r m inso lub le o x a l a t e s w h i c h h y d r o g e n 
su lph ide does n o t d e c o m p o s e . A lka l i su lph i t e s , h y d r o g e n s u l p h a t e s , t h i o s u l p h a t e s , 
p h o s p h a t e s , a n d p y r o p h o s p h a t e s , e v e n i n s l igh t ly ac id soln. , e n a b l e h y d r o g e n 
su lph ide t o p r e c i p i t a t e t h e me ta l l i c su lph ides b y d o u b l e d e c o m p o s i t i o n of t h e 
p r i m a r i l y fo rmed nickel sa l t s . A c c o r d i n g t o H . B a u b i g n y , a n d H . V e s t n e r , t h e 
a c t i o n d e p e n d s o n t h e a c i d i t y of t h e soln. ; o n t h e n a t u r e of t h e ac id ; o n t h e 
d u r a t i o n of t h e a c t i o n ; on t h e cone , of t h e h y d r o g e n s u l p h i d e i n t h e l iqu id ; a n d 
o n t h e t e m p . G. B r u n i a n d M. P a d o a s t u d i e d t h e effect of i nc reas ing t h e cone , 
of t h e h y d r o g e n su lph ide on t h e soln. of a n icke l s a l t b y s u p p l y i n g t h a t a g e n t u n d e r 
p re s su re in sea led t u b e s . J . L . R . M o r g a n a n d A . H . G o t t h e l f a lso s h o w e d t h a t 
a s t h e ac id i t y of t h e soln. inc reases , t h e p r o p o r t i o n of t h e n i cke l sa l t p r e c i p i t a t e d 
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a s su lph ide t o t h a t r e m a i n i n g in soln. dec reases . Xi. B r u n e r f o u n d t h a t t h e per iod 
of i n d u c t i o n — i . e . t h e t i m e r e q u i r e d for t h e a p p e a r a n c e of a p r e c i p i t a t e in soln. s a t . 
w i t h h y d r o g e n su lph ide—inc rea se s a s t h e a c i d i t y of t h e soln. i nc reases ; a n d t h e 
r a t e of p r e c i p i t a t i o n of t h e su lph ide decreases as t h e a c i d i t y of t h e so ln . inc reases . 
T h e r e a c t i o n w o u l d be revers ib le were i t n o t for t h e ex i s t ence of o t h e r less so luble 
fo rms of n icke l s u l p h i d e . E q u i l i b r i u m is m a i n t a i n e d on ly w h e n t h e r e l a t i o n s 
b e t w e e n t h e p r e c i p i t a t e d s u l p h i d e a n d t h e m o t h e r - l i q u i d do n o t c h a n g e . F o r if 
t h e p r e c i p i t a t e becomes v e r y m u c h less so luble , t h e r e a c t i o n m a y p roceed v i r t u a l l y 
t o a n e n d so t h a t al l t h e n icke l is p r e c i p i t a t e d . T h u s , H . B a u b i g n y f o u n d t h a t 
n e u t r a l soln. of n icke l s a l t s a r e c o m p l e t e l y p r e c i p i t a t e d in a m o n t h ' s t i m e , n o t , a s 
J . Xi. H . M o r g a n a n d A. H . G o t t h e l f s u p p o s e d , owing t o t h e s lowness of t h e r e a c t i o n 
of h y d r o g e n su lph ide w i t h t h e n icke l in soln. , b u t r a t h e r t o t h e slow r e m o v a l of 
t h e p r e c i p i t a t e n icke l s u l p h i d e f rom t h e s y s t e m as i t s lowly a n d i r revers ib ly c h a n g e s 
t o a n o t h e r inso lub le f o r m . T h e s u b j e c t w a s s t u d i e d b y M. M. H a r i n g a n d 
B . B . Wes t f a l l , A. W . M i d d l e t o n a n d A. M. W a r d , a n d O. Ruff a n d B . H i r s c h . 

W h i l s t c o b a l t a n d nickel su lph ides a r e n o t p r e c i p i t a t e d f rom acidic so lu t ions b y 
h y d r o g e n su lph ide , once t h e s u l p h i d e s h a v e been p r e c i p i t a t e d , t h e y a re n o t so 
r ead i ly so luble in d i l u t e ac ids . I t t he r e fo re follows t h a t t h e su lph ide p r o b a b l y 
u n d e r g o e s s o m e c h a n g e i n t o a less so luble fo rm a s soon a s i t h a s been p r e c i p i t a t e d . 
A. Thiel a n d H . Gessner showed t h a t t h e su lph ide w h i c h is p r e c i p i t a t e d u n d e r o r d i n a r y 
a n a l y t i c a l cond i t i ons cons i s t s of a m i x t u r e of t h r e e fo rms of n icke l s u l p h i d e w h i c h m a y 
be s e p a r a t e d m o r e or less c o m p l e t e l y b y 2-ZV-HCl. Thetx- form, or ct-nickel su lph ide , 
r e a d i l y dissolves in cold 22V-HC1 sa t . w i t h h y d r o g e n s u l p h i d e ; yS-nickel su lphide 
dissolves i n cold 2iV-HCl on ly t o t h e e x t e n t of 0-033 g r m . p e r l i t re ; a n d y - n i c k e l 
su lphide is p r a c t i c a l l y inso lub le in 2TV-HCl. O n t h e o t h e r h a n d , t h e /3-form dis ­
solves v e r y r ead i ly i n boi l ing 22V-HC1, wh i l s t t h e y - f o r m is on ly so luble t o t h e 
e x t e n t of a b o u t 0-013 g r m . p e r l i t r e . T h e a- a n d /3-modifications c a n n o t be 
o b t a i n e d q u i t e free f rom t h e y - fo rm. A su lph ide c o n t a i n i n g 85 pe r cen t , of t h e 
ct-form is o b t a i n e d w h e n di l . soln. of n icke l s a l t s a r e s lowly m i x e d w i t h dii . soln. of 
a lka l i m e t a l su lph ides a t t h e o r d i n a r y t e m p , a n d in t h e absence of air . T h e /3-
su lph ide , m i x e d w i t h a l i t t l e y - s u l p h i d e , is o b t a i n e d w h e n a so lu t ion of n icke l 
a c e t a t e , acidified w i t h ace t i c ac id , is p r e c i p i t a t e d b y h y d r o g e n su lph ide , or b y t h e 
p r e c i p i t a t i o n of ace t i c ac id ic soln. of n icke l s a l t s w h i c h c o n t a i n la rge q u a n t i t i e s of 
a lka l i m e t a l t a r t r a t e s . T h e y - fo rm is o b t a i n e d b y boi l ing t h e m i x e d su lph ides 
w i t h 2JV-HGl, or b y t h e p r e c i p i t a t i o n of a h o t soln . of a n icke l sa l t acidified wi th 
m i n e r a l ac id . T h e ct-sulphide is s t a b l e in t h e a b s e n c e of a i r if k e p t in c o n t a c t 
w i t h p u r e w a t e r . I n c o n t a c t w i t h soln. wh ich d issolve i t t o a s l ight e x t e n t , i t is 
t r a n s f o r m e d i n t o a m i x t u r e of t h e /3- a n d y - fo rms . T h i s c h a n g e is effected b y 
0-22V-acetic ac id in t h e course of a few h o u r s . T h e y3-sulphide is s imi la r ly c o n v e r t e d 
i n t o t h e y - f o r m if s u b j e c t e d t o t h e a c t i o n of boi l ing 22V-acetic ac id for s eve ra l 
h o u r s . I n t h e p re sence of s o d i u m a c e t a t e , t h e a c t i o n is a p p r e c i a b l y r e t a r d e d . I n 
b o t h cases t h e t r a n s f o r m a t i o n of t h e so luble i n t o t h e less soluble fo rm d e p e n d s on 
t h e a c t i o n of a r e a g e n t w h i c h d issolves t h e one form a n d h a s n o a p p r e c i a b l e s o l v e n t 
a c t i o n on t h e o t h e r . T h e y - s u l p h i d e is c rys ta l l ine , a n d t h e /3-form a p p e a r s t o be so , 
b u t n o ev idence h a s b e e n o b t a i n e d w h i c h w o u l d sugges t t h a t t h e a-forra is c ry s t a l l i ne . 
T h e a n o m a l o u s b e h a v i o u r of n icke l su lph ide t o w a r d s ac ids is on ly a p p a r e n t . 
F r e s h l y - p r e c i p i t a t e d n icke l su lph ide is n o t inso lub le in di l . m i n e r a l a c id s , b u t in 
consequence of t h e p resence of t h e a - fo rm, i t d issolves t o a cons ide rab l e e x t e n t . 
N icke l su lph ide m a y b e p r e c i p i t a t e d b y h y d r o g e n s u l p h i d e f rom ac id ic soln. , 
a l t h o u g h t h i s r e ac t i on is c o m p a r a t i v e l y s low. T h e p r e c i p i t a t e d s u l p h i d e which is 
o b t a i n e d u n d e r t h e s e cond i t i ons is i den t i c a l w i t h t h a t w h i c h r e m a i n s b e h i n d w h e n 
f reshly p r e c i p i t a t e d n icke l su lph ide is s u b j e c t e d t o t h e a c t i o n of ac ids of t h e s a m e 
c o n c e n t r a t i o n . T h e differences of so lub i l i ty a r e t o o g r e a t t o be e x p l a i n e d b y 
col loidal cond i t i ons , a n d m u s t be a t t r i b u t e d t o p o l y m e r i z a t i o n . W h e n n icke l 
su lph ide is a t t a c k e d b y ac ids , a p p a r e n t l y well-defined equ i l ib r i a a re r e a c h e d ; b u t 
i t h a s n o t b e e n found possible t o a p p r o a c h t h e s e equ i l ib r i a f rom t h e oppos i t e s ide , 
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f rom h y d r o g e n su lph ide a n d ac id soln. of n icke l , e v e n w h e n t h e co r r e spond ing solid 
su lph ide is a d d e d t o i nh ib i t s u p e r s a t u r a t i o n . 

H y d r a t e d nickel su lph ide is a lso p r e c i p i t a t e d f rom soln. of n icke l sa l t s b y 
colourless soln. of a m m o n i u m su lph ide , ( N H 4 ) 2 S . T h e p r e c i p i t a t i o n is n o t c o m ­
p le te if po lysu lph ides a r e p r e s e n t ; a n d t h e p resence of a m m o n i a w a s also f o u n d 
by A. Lecren ie r t o h i n d e r t h e p r e c i p i t a t i o n . T h e s u b j e c t w a s d i scussed b y 
A. Lecrenier , A- Villiers, G. Chesneau , F . S t o l b a , Li. Moser a n d M. B e h r , L . L . d e 
K o n i n c k , L . L . de K o n i n c k a n d M. L e d e n t ; a n d t h e i n h i b i t i o n of t h e p r e c i p i t a t i o n 
when c i t r a t e s a n d t a r t r a t e s a r e p r e sen t , b y H . DeIfEs, a n d R . E resen ius . A c c o r d i n g 
to A. Thiel a n d H . OhI, t h e b r o w n co lo ra t ion p r o d u c e d b y t h e a d d i t i o n of a m m o ­
n i u m su lph ide t o dil . soln. of n icke l s a l t s a p p e a r s on ly a f te r a n i n t e r v a l . T h e 
effect is n o t d u e t o s u p e r s a t u r a t i o n . T h e ve loc i ty of p r e c i p i t a t i o n inc reases w i t h 
t h e cone, of t h e r e a c t i n g s u b s t a n c e s a n d w i t h t h e t e m p . B o t h a m m o n i a a n d ac ids 
de l ay t h e p r e c i p i t a t i o n . I t is a s s u m e d t h a t t h e first p r o d u c t of t h e r e a c t i o n is 
t h e s imple ot-sulphide, N i S . A p r e c i p i t a t e is on ly p r o d u c e d i m m e d i a t e l y w h e n t h e 
solubi l i ty p r o d u c t for t h i s su lph ide is exceeded . I n o t h e r cases t h e N i S r e m a i n s 
in soln. , s lowly po lymer i z ing t o (NiS) n , w h i c h is less so luble . T h e b r o w n l iqu id is 
a colloidal soln. I n a c c o r d w i t h t h i s h y p o t h e s i s , b y p r e c i p i t a t i n g a n icke l soln. 
w i t h a n excess of colourless a m m o n i u m su lph ide a n d r a p i d l y filtering, a c lear soln. 
m a y be o b t a i n e d , w h i c h g r a d u a l l y b e c o m e s b r o w n . R . L o r e n z o b t a i n e d t h e 
su lph ide b y t h e e lect rolys is of a soln. of a n a lka l i sa l t w i t h a coppe r c a t h o d e a n d 
nickel a n o d e . G. Chesneau r e p o r t e d a b l a c k p r e c i p i t a t e of n i cke l po lysulphide , 
NiS 4 . 4 , t o b e fo rmed b y t h e ac t i on of a soln. of s o d i u m po ly su lph ide , s a t . w i t h 
su lphu r , on a soln. of nickel ch lor ide . A soln. of s o d i u m m o n o s u l p h i d e dissolves 
1-37 gr ins . N i pe r l i t re ; a n d a soln. of s o d i u m p o l y s u l p h i d e , 0-078 g r m . pe r l i t re . 

O. W . Gibbs , a n d F . J . E a k t o r o b s e r v e d t h a t w h e n n e u t r a l soln. of n ickel sa l t s 
a r e boi led w i t h a soln. of s o d i u m t h i o s u l p h a t e , n icke l su lph ide is p r e c i p i t a t e d , a n d 
t h e a c t i o n is v e r y r a p i d in a sealed t u b e a t 120° ; a n d O. B n m c k o b t a i n e d t h e 
su lph ide a s a p r e c i p i t a t e f rom n e u t r a l , a m m o n i a c a l , or ace t i c ac id soln. of a n ickel 
sa l t b y t h e a d d i t i o n of s o d i u m h y p o s u l p h i d e . S. M. K u z m e n k o , a n d O. Ruff a n d 
B . H i r s c h obse rved t h a t w i t h m i x t u r e s of n icke l s u l p h a t e w i t h zinc, l ead , m a n -
g a n o u s , or c o b a l t o u s s u l p h a t e in ge la t ine , t h e less so luble su lph ide t e n d s t o be 
p r e c i p i t a t e d first b y s o d i u m su lph ide . E . B e u t e l a n d A . K u t z e l n i g g s t u d i e d t h e 
anod i c s e p a r a t i o n of su lph ide films. 

C Win iss inger p r e p a r e d a col loidal so lu t ion of n icke l su lph ide b y a d d i n g a 
smal l p r o p o r t i o n of a di l . soln. of h y d r o g e n su lph ide t o a dil . soln. of a nickel sa l t , 
a n d t h e n a few d r o p s of a m m o n i a . T h e g reen i sh -b rown l iquor is eas i ly ox id ized . 
A. Miiller o b t a i n e d a col loidal soln. b y a d d i n g ye l low a m m o n i u m su lph ide t o a 
v e r y dil . a q . soln. of n icke l n i t r a t e . T h e d a r k b r o w n l iquor c o a g u l a t e s in a b o u t 
24 h r s . , b u t if g lycerol be p r e s e n t as a p r o t e c t i v e colloid, t h e soln. m a y be k e p t a 
week w i t h o u t flocculation. J . H a u s m a n n u s e d ge la t ine a s p r o t e c t i v e colloid ; a n d 
A. D u m a n s k y a n d A. B u n t i n , t a r t a r i c ac id . A. L o t t e r m o s e r d iscussed t h e sub jec t . 
P . C. L . T h o r n e a n d E . W . P a t e s f o u n d t h a t t h e soln. is c o a g u l a t e d b y a t m . o x y g e n ; 
a n d t h a t t h e pa r t i c l e s a r e n e g a t i v e l y c h a r g e d . O. F . T o w e r a n d E . E . C h a p m a n 
descr ibed t h e p r e p a r a t i o n of r h y t h m i c r ings of t h e su lph ide . P . B . G a n g u l y a n d 
N . R . D h a r s tud ied t h e c o a g u l a t i o n of t h e colloidal soln. in l igh t . J . V. K a s p a r 
s tud ied t h e c rys t a l s , a n d W . J a n s e n , t h e fibrous fo rms of mi l le r i te . 

T h e physical properties of n i cke l su lphide .—Mil le r i t e u sua l l y occurs in v e r y 
s lender or cap i l l a ry crystals , of ten in r a d i a t i n g g r o u p s s o m e t i m e s m o r e or less 
i n t e r w o v e n . I t a lso occurs i n c o l u m n a r t u f t e d coa t ings , p a r t l y g lobu la r , a n d 
p a r t l y r a d i a t e d . T h e co lour is b rass -ye l low or b ronze-ye l low, m a y b e w i t h a g r e y 
i r idescen t coa t ing . T h e s t r e a k is g reen i sh -b lack ; t h e l u s t r e is me ta l l i c ; a n d t h e 
f r ac tu r e u n e v e n . T h e colour of t h e art if icial s u l p h i d e v a r i e s f rom a d a r k g rey t o 
a brass -ye l low accord ing t o t h e m o d e of p r e p a r a t i o n . A c c o r d i n g t o W . H . Miller, 
t h e c ry s t a l s a r e t r i gona l , a n d h a v e t h e ax i a l r a t i o a : c= 1 : 0-32955 ; a n d 
H . L a s p e y r e s found t h a t bey r i ch i t e c r y s t a l s h a v e a : c = l : 0*3277. C. P a l a c h e 
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a n d H . O. W o o d g a v e for mi l le r i te a : c=l : 0-2183. A c c o r d i n g t o G. R . Lev i a n d 
A. B a r o n i , ct-NiS, p r e c i p i t a t e d b y a m m o n i u m s u l p h i d e , is a m o r p h o u s ; /2-NiS, 
o b t a i n e d f rom soln. acidified w i t h ace t i c ac id , h a s h e x a g o n a l c rys t a l s w i t h 
a = 3 - 4 2 A. , a n d c = 5 * 3 0 A. ; a n d y - N i S , o b t a i n e d f rom soln. acidified w i t h 
s u l p h u r i c ac id , h a s r h o m b o h e d r a l c ry s t a l s , w i t h « = 9 - 6 1 A. , a n d c = 3 * 1 5 A . 
T w i n n i n g of mi l l e r i t e occur s a b o u t t h e (OOOl)-plane ; c l e a v a g e s a r e a s soc i a t ed 
w i t h t h e (1016)-, (0116)-, (1013)-, a n d t h e ( 0 l l 3 ) - f a c e s . A. C. H a w k i n s d e s c r i b e d 
s o m e t w i s t e d c r y s t a l s of mi l l e r i t e . W . F l o r k e s t u d i e d t h e micros tructure , a n d 
t h e corros ion figures. N i t r i c ac id s lowly p r o d u c e s i r idescen t s t a in s on po l i shed 
sur faces of p e n t l a n d i t e a n d mi l l e r i t e ; a n d a soln. of m e r c u r i c ch lor ide p r o d u c e s 
a b r o w n s t a i n in p l aces o n mi l l e r i t e b u t n o t on p e n t l a n d i t e . H . S c h n e i d e r h o h n , 
a n d M. N . S h o r t a n d E . V. S h a n n o n n o t e d t h e genera l i ne r tnes s of po l i shed 
sec t ions t o e t c h i n g l iqu ids—e .g . h y d r o c h l o r i c ac id , p o t a s s i u m c y a n i d e , ferr ic 
ch lo r ide , a n d p o t a s h lye . O b s e r v a t i o n s o n t h e c ry s t a l s were m a d e b y 
V. G o l d s c h m i d t a n d R . Sch rode r , G. A . K e n n g o t t , H . L.aspeyres, T. Hao.ge, 
G. S e l i g m a n n , A . B r e i t h a u p t , J . V. K a s p e r , P . A. d c S a c h s e n - C o b u r g - G o t h a , 
A . J o h n s e n , a n d C P a l a c h e a n d H . O. W o o d . H . W . V. Wi l l ems found t h a t t h e 
X - r a d i o g r a m s c o r r e s p o n d w i t h d i t r i g o n a l d i p y r a m i d s . T h e e l e m e n t a r y r h o m b o -
h e d r o n h a s t h e p a r a m e t e r a = 5 * 6 4 A. , a n d c t = 1 1 6 ° 3 5 ' , a n d i t c o n t a i n s 3 mo l s . 
N . H . IColkmeijer , N . H . K o l k m e i j e r a n d A. L . T . Moesve ld o b t a i n e d s imi la r 
r e s u l t s . O n e s u l p h u r a t o m is s u r r o u n d e d b y t h r e e n icke l a t o m s a t a d i s t a n c e 
2*23 A. , t w o n icke l a t o m s a t a d i s t a n c e 2-43 A. , a n d one n icke l a t o m a t a d i s t a n c e 
3-45 A . W . F . de J o n g a n d H . W . V. W i l l e m s , a n d N . Alsen g a v e a - 3 4 2 A. , 
c=5-30 A. , a n d a : c = l : 1-55 a n d a== 116° 3 6 ' for art i f icial n icke l su lph ide . H . O t t 
g a v e « = 9 - 6 1 A. , a n d c = 3 - 1 5 5 A. , a n d a = 5 - 6 4 7 A. , a n d a== 116° 3 8 ' ; J . C. R o h n e r , 
a -=5-612 A. , a n d a = 1 1 6 ° 3 6 - 2 ' ; a n d W . J a n s e n , a = 5 * 6 5 A. , a n d a = 116-6° for 
t h e r h o m b o h e d r a l f o rms a n d a = 9 * 6 0 A. , a n d c = 3 - 1 5 A. for t h e h e x a g o n a l fo rm. 

G. A. K e n n g o t t g a v e 4*601 for t h e specific grav i ty of mi l le r i te f rom J o a c h i m s -
t h a l , b u t t h i s is t o o low as a r e p r e s e n t a t i v e v a l u e ; O. F . R a m m e l s b c r g g a v e 
5-65 ; W . H . Miller, a n d J . B e c k e n k a m p , 5-26 t o 5-30 ; K . T. L i ebe , 5-3 t o 5-9 ; 
A . B r e i t h a u p t , 5-65 ; a n d A. V. L e o n h a r d , 5-028. T h e v a l u e 5-25 w a s c a l c u l a t e d 
b y H . W . V. Wi l l ems for mi l le r i t e f rom t h e X - r a d i o g r a m d a t a ; N . H . K o l k m e i j e r 
a n d A. I i . T . Moesveld c a l c u l a t e d 5-348 a t 18° ; J . C. R o h n e r g a v e 5-34 a t 30° /4° , 
a n d c a l c u l a t e d 5-43 ; a n d 5*61, b y W . F . d e J o n g a n d H . W . V. Wi l l ems for a r t i ­
ficial su lph ide . K . T. L iebe g a v e 4-7 for t h e sp . gr . of beyr i ch i t e , a n d H . L a s p e y r e s , 
4-699. J . J . S a s l a w s k y d i scussed t h e m o l . vol . W . H . Miller found t h e hardness 
of mi l l e r i t e t o be 3*0 t o 3-5. A. R e i s a n d 1». Z i m m c r m a n n s t u d i e d t h e sub jec t . 
H . V . R e g n a u l t g a v e 0-12813 for t h e specific h e a t of p u r e nickel su lph ide b e t w e e n 
15° a n d 98° ; W . A . T i l den g a v e 0*0972 b e t w e e n —180° a n d 15° ; 0*1248 b e t w e e n 
15° a n d 100° ; a n d 0*1338 b e t w e e n 15° a n d 3 2 4 ° — t h e co r r e spond ing m o l e c u l a r 
h e a t s a r e r e spec t ive ly 8*82, 11*33, a n d 12*14. T h e sub j ec t was d i scussed b y 
I . M a y d e l . W . B i l t z g a v e 797° for t h e m e l t i n g point of n ickel su lph ide , a n d 
f o u n d t h a t i t is n o t inf luenced b y a smal l loss of s u l p h u r . K . F r i e d r i c h g a v e 790° 
for t h e m . p . of t h e t r i t a d i s u l p h i d e , a n d he obse rved a t r a n s f o r m a t i o n p o i n t a t 
545° . J . T h o m s e n g a v e for t h e h e a t of format ion ( N i , S , n H 2 0 ) = 17-39 OaIs., a n d 
a lso 19*37 CaIs. ; (N i (OH) 2 ,H 2 S ,Aq . )= -18*63 CaIs. ; a n d ( N i ( N 0 3 ) 2 , H 2 S , A q . ) 
= —4*9 CaIs. W . H e r z s t u d i e d t h e entropy ; a n d G. Beck , t h e free energy . 

A . de G r a m o n t d i scussed t h e spark s p e c t r u m of mi l le r i te ; A. Mickwi t z , a n d 
H . G. H o w e l l a n d G. D . R o c h e s t e r , t h e adsorpt ion s p e c t r u m ; a n d O. Ste l l ing , 
J . Shea re r , a n d O. L u n d q u i s t , t h e X - r a y s p e c t r u m . R . R o b l o b s e r v e d n o 
l u m i n e s c e n c e in u l t ra -v io le t l ight ; A . K a r l s t u d i e d t h e t r i b o l u m i n e s c e n c e ; a n d 
W . H e r z , t h e v ibrat ion frequency . K . F i s c h b e c k a n d E . E i n e c k e s t u d i e d t h e 
e lectro lyt ic reduct ion of t h e su lph ide . F . Be i je r inck , a n d R . D . H a r v e y f o u n d 
t h e e lectr ical conduct iv i ty of mi l le r i te t o b e good . W . Meissner a n d co -worke r s 
s t u d i e d t h e r e s i s t ance a t v e r y low t e m p . F . S t r e i n t z m e a s u r e d t h e electr ical 
c o n d u c t i v i t y of t h e c o m p r e s s e d p o w d e r . T . W . Case obse rved t h a t t h e 
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e lec t r ica l r e s i s t ance of mi l le r i te is n o t p e r c e p t i b l y inf luenced b y e x p o s u r e t o 
l igh t . S. Veil s tud ied t h e m a g n e t i c propert ies , a n d W . K l e m m a n d W . Sch i i t h 
found t h e m a g n e t i c suscep t ib i l i t y t o b e X X 1 0 « = 2 7 6 a t —191° ; 244 a t —78° ; 248 
a t 20° ; 220 a t 220° ; a n d 230 a t 410° . 

The chemical properties of nickel sulphide.—Gr. F . Hut t ig and R. J u z a 
found t h a t t h e v a p . p ress , of a r g o n is l owered b y n icke l s u l p h i d e . A c c o r d i n g t o 
H . I jaspeyres , no s u l p h u r is g iven off "when mi l l e r i t e is h e a t e d i n a closed t u b e , a n d 
K . T. L iebe ' s s t a t e m e n t t h a t b e y r i c h i t e does d o so is a t t r i b u t e d b y H . L a s p e y r e s 
t o t h e p resence of p o l y d y m i t e i n t h e s p e c i m e n e m p l o y e d . A . M o u r l o t sa id t h a t 
t h e su lph ide is r e d u c e d in t h e e lec t r ic a r c fu rnace . N . P a r r a v a n o a n d G. M a l q u o r i 
found t h e d issoc ia t ion p ress , a t 600° t o b e log Ps2.- J- -A.. Ar fvedson , a n d H . R o s e 
found t h a t n icke l su lph ide is n o t r e d u c e d b y h y d r o g e n a t a r e d - h e a t ; b u t I . a n d 
L . Bellucci showed t h a t c rys t a l l i ne o r a m o r p h o u s , a n h y d r o u s , o r h y d r a t e d n icke l 
su lph ide is easi ly r e d u c e d w h e n h e a t e d w i t h h y d r o g e n . S. M i y a m o t o a lso n o t e d 
t h e r e d u c t i o n of t h e su lph ide b y h y d r o g e n i n a s i lent d i s cha rge . 

H . R o s e obse rved t h a t w h e n ca lc ined in a ir , n icke l s u l p h i d e is ox id ized t o a bas ic 
s u l p h a t e . G. P a v i a sa id t h a t t h e o x i d a t i o n occurs in t w o s t a g e s : first, t h e f o r m a t i o n 
of ox ide a n d t h e s e p a r a t i o n of s u l p h u r , a n d a f t e r w a r d s , t h e o x i d a t i o n of s u l p h u r t o 
su lphu r i c ac id which dissolves some of t h e ox ide . T h e r e a c t i o n s a r e sa id t o be 
acce le ra t ed in sun l igh t . R . S c h e u e r found t h a t t h e s u l p h i d e p r e p a r e d b y w e t p r o ­
cesses oxidizes m o r e r ead i ly t h a n t h a t p r e p a r e d b y d r y processes . S. H . E m m e n s 
s t u d i e d t h e o x i d a t i o n of t h e su lph ides . A c c o r d i n g t o P . d e C l e r m o n t a n d 
H . Guio t , w h e n r e c e n t l y - p r e c i p i t a t e d n icke l su lph ide is s t r o n g l y c o m p r e s s e d , a n d 
t h e n p o w d e r e d b e t w e e n t h e fingers, t h e t e m p , r ises t h r o u g h 35° or 45° , a n d a q . v a p o u r 
is d i sengaged . T h e r ise of t e m p , is d u e t o t h e r a p i d o x i d a t i o n of t h e s u l p h i d e . 
P . de C l e r m o n t found t h a t f r e sh ly -p rec ip i t a t ed , we l l -washed n ickel s u l p h i d e loses 
m o i s t u r e w h e n exposed t o a i r on f i l te r -paper , a n d in 24 h r s . a cqu i r e s a g r een co lour 
owing t o t h e f o r m a t i o n of a bas ic s u l p h a t e . W h e n t h e su lph ide is e x p o s e d u n d e r 
a l aye r of w a t e r severa l c e n t i m e t r e s i n d e p t h , t h e o x i d a t i o n p roceeds m o r e s lowly, 
e x t e n d i n g ove r m o n t h s , whi l s t t h e r e l a t i ve a m o u n t s of t h e inso luble p r o d u c t a n d 
of bas ic s u l p h a t e i n t h e l a t t e r a r e m u c h d imin i shed . Since t h e su lph ide dissolves 
in t h e s u l p h a t e ( though on ly in t h e p resence of s u l p h u r ) t o fo rm a s t ab l e c o m p o u n d , 
t h e o x i d a t i o n of n icke l su lph ide is n e v e r c o m p l e t e . T h e f o r m a t i o n of t h e bas i c 
s u l p h a t e w a s also obse rved b y R . T u p p u t i , H . W . F . W a c k e n r o d e r , a n d W . H e r z . 
W . G l u u d a n d co -worker s showed t h a t i n t h e o x i d a t i o n of p r e c i p i t a t e d n icke l 
su lph ide , free s u l p h u r , a n d nickel s u l p h a t e , t h i o s u l p h a t e , a n d p o l y t h i o n a t e a r e 
fo rmed . J . S. D u n n a n d E . K . R i d e a l f ound t h a t t h e t e m p . coefF. of t h e o x i d a t i o n 
a t 25°, 35° , a n d 45° a r e , r e spec t ive ly , 2-0, 4-0, 7-6 w i t h t h e y - s u l p h i d e , a n d 5-6, 
12-0, a n d 28*4 wi th t h e /?-sulphide. I n t e r m e d i a t e bas ic sa l t s a r e fo rmed , a n d t h e 
r eac t i on is acce l e ra t ed b y so luble v a n a d i u m sa l t s so t h a t nickel s u l p h a t e is p r o d u c e d 
w i t h o u t t h e f o r m a t i o n of i n t e r m e d i a t e bas ic sa l t s . B . B o g i t c h s t u d i e d t h e r o a s t i n g 
of nickel m a t t e s . A c c o r d i n g t o A . Mai l fer t , o z o n e ox id izes n ickel s u l p h i d e first 
t o t h e s u l p h a t e , a n d a f t e r w a r d s t o nickel ic ox ide a n d s u l p h u r t r i o x i d e . 

H . V. R e g n a u l t o b s e r v e d t h a t w h e n h e a t e d t o r ednes s in w a t e r v a p o u r , n i cke l 
su lph ide loses v e r y l i t t l e s u l p h u r . O. Weige l s t a t e d t h a t t h e so lub i l i ty of p r e ­
c i p i t a t e d n ickel su lph ide in w a t e r is 0-000364 p e r cen t . , o r 1 6 - 2 9 X l O - 6 m o l . p e r 
l i t r e a t 18° ; whi l s t t h e so lub i l i ty of mi l le r i t e is 0-00048 p e r cen t . , o r 39-87X IO""6 

m o l . p e r l i t re . L . Moser a n d M. B e h r g a v e 10~ 9 ' 5 ° for t h e so lub i l i ty of n icke l 
s u l p h i d e in w a t e r , a n d 1-1 X l O - 2 7 for t h e so lub i l i ty p r o d u c t . T h e s u b j e c t w a s 
d i scussed b y I . M. KolthofF. J . L . R . M o r g a n a n d A . H . G o t t h e l f f o u n d t h e re la ­
t i v e so lub i l i ty p r o d u c t s of some su lph ides , in mol s p e r l i t r e , i n t h e p re sence of t h e 
S" - ions a n d t h e H S ' - i o n s c o n t a i n e d i n 0 - I iV-K 2 S, t o b e N i , 0-0191 ; Co, 0-0034 ; 
Cu, O-00021 ; a n d P b , 0 000024. A . Mickwi tz o b s e r v e d t h a t w i t h n o r m a l s o d i u m 
s u l p h i d e a s p r e c i p i t a t i n g a g e n t , a sa t . soln. of n icke l s u l p h i d e c o n t a i n s 0-8 X ICM* 
p e r cen t , of N i S , a n d t h e p r e c i p i t a t e is n i c k e l hydroxyhydrosu lphide , N i ( O H ) ( H S ) , 
a n d if a n excess of h y d r o g e n su lph ide is u s e d a s p r e c i p i t a n t , n i c k e l hydrosu lphide , 
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N i ( H S ) 2 , i s fo rmed . H . B a u b i g n y also p r e p a r e d t h e h y d r o s u l p h i d e . P . de Cler­
m o n t a n d J . F r o m m e l f o u n d t h a t h o t w a t e r h y d r o l y z e s t h e f r e sh ly -p rec ip i t a t ed 
s u l p h i d e t o fo rm h y d r o g e n su lph ide a n d n ickel h y d r o x i d e . 

H . R o s e f o u n d t h a t n icke l su lph ide is n o t a t t a c k e d b y ch lor ine i n t h e cold , b u t 
t h e r e is a s low a c t i o n w h e n t h e su lph ide is h e a t e d . A c c o r d i n g t o E . Z ie l insky , 
ch lo r id i za t ion begins a t a b o u t 150°. W . F l o r k e o b s e r v e d t h a t mi l le r i t e is e t c h e d 
b y b r o m i n e v a p o u r . Mil ler i te is sa id t o b e inso lub le in hydrochlor ic ac id . A t 
first s i gh t , i t is r a t h e r cu r ious t h a t a l t h o u g h c o b a l t a n d n ickel su lph ides a r e 
s p a r i n g l y so luble in co ld d i l u t e h y d r o c h l o r i c ac id , n e i t h e r is p r e c i p i t a t e d in t h e 
p r e sence of t h a t r e a g e n t b y h y d r o g e n su lph ide—v ide infra. R . T u p p u t i o b s e r v e d 
t h a t t h e f r e sh ly -p r ec ip i t a t ed s u l p h i d e is a t t a c k e d v e r y s lowly b y h y d r o c h l o r i c 
ac id w i t h t h e e v o l u t i o n of h y d r o g e n s u l p h i d e ; a n d O. W . G ibbs sa id t h a t t h e 
p r e c i p i t a t e , p r e p a r e d b y t h e a c t i o n of a boi l ing soln. of s o d i u m t h i o s u l p h a t e , 
is inso lub le i n boi l ing h y d r o c h l o r i c a n d s u l p h u r i c ac ids . W . H . Cone a n d 
co -worke r s found t h a t t h e r a t e of d i s so lu t ion of n ickel su lph ide in 2iV-HCl is 
d i m i n i s h e d b y t h e p r e s e n c e of h y d r o g e n su lph ide , a n d inc reased b y n a s c e n t 
h y d r o g e n . W . H e r z s t u d i e d t h e r e a c t i o n — v i d e supra, for t h e a l lo t rop ic 
f o r m s of n ickel s u l p h i d e . W . F l o r k e , .and J. Liemberg found t h a t mi l le r i te is 
a t t a c k e d b y a soln. of s o d i u m hypobroni i t e , f o rming s o m e b l a c k nickel pe r ox ide . 

W . H . Cone a n d co -worke r s found t h a t h y d r o g e n su lphide is a d s o r b e d m o r e 
b y n icke l su lph ide t h a n i t is b y t h e c o r r e s p o n d i n g su lph ides of c a d m i u m , l ead , or 
i ron . E . E p h r a i m f o u n d t h a t n icke l su lph ide is r e a d i l y so luble in a soln. of a m m o n i u m 
polysu lphide , b u t is less so luble in colour less a m m o n i u m sulphide . P . B e r t h i e r 
o b s e r v e d t h a t mo i s t , f r e sh ly -p rec ip i t a t ed n icke l su lph ide dissolves in s u l p h u r o u s 
ac id . E . F . S m i t h f o u n d t h a t mi l l e r i t e is d e c o m p o s e d a t 170° b y s u l p h u r m o n o -
ch lo r ide ; a n d H . D a n n e e l a n d F . S c h l o t t m a n n , t h a t t h e su lph ide is n o t a t t a c k e d 
b y su lphury l Chloride a t o r d i n a r y t e m p . , b u t a t 300° t o 350° , 8 t o 9 p e r cen t , is 
a t t a c k e d i n a n h o u r . Mil ler i te , a n d b e y r i c h i t e a r e sa id t o be inso luble in su lphuric 
ac id , a n d t h i s is in a g r e e m e n t w i t h O. W . G i b b ' s o b s e r v a t i o n j u s t i n d i c a t e d . 
W . M a n c h o t a n d co -worke r s s t u d i e d t h e c o m p l e x e s f o r m e d b y n i tr ic Oxide w i t h 
n icke l s u l p h i d e . Mil ler i te , a n d b e y r i c h i t e a r e a t t a c k e d b y n i tr ic ac id , a n d b y 
a q u a reg ia , w i t h t h e s e p a r a t i o n of some s u l p h u r , a n d t h e f o r m a t i o n of s o m e 
s u l p h u r i c ac id , a n d of a g r een soln. of n icke l n i t r a t e . G. P . S c h w e d e r , a n d 
E . D o n a t h found t h a t w h e n mi l le r i te is fused w i t h s o d i u m ni trate , n o n icke l is 
p r o d u c e d , b u t a n icke l m a t t e is fo rmed . H . R o s e o b s e r v e d t h a t when t h e su lph ide 
is h e a t e d i n a c u r r e n t of p h o s p h i n e , n icke l p h o s p h i d e a n d h y d r o g e n su lph ide a r e 
f o r m e d . E . S c h i i r m a n n f o u n d t h a t a soln. of a r sen ic t r i o x i d e h a s n o a c t i o n on 
mi l l e r i t e . N . P a r r a v a n o a n d G. M a l q u o r i s t u d i e d t h e r educ ib i l i t y of t h e s u l p h i d e 
b y c a r b o n : 2 N i S + C = C S 2 4 - 2 N i . G. P . Schwede r , a n d E . D o n a t h sa id t h a t n icke l 
s u l p h i d e a t a r e d - h e a t is n o t r e d u c e d b y p o w d e r e d c a r b o n , or b y carbon m o n o x i d e . 
P . d e C l e r m o n t o b s e r v e d t h a t mo i s t , f r e sh ly -p rec ip i t a t ed n icke l su lph ide freely 
a b s o r b s c a r b o n d iox ide f rom t h e a t m o s p h e r e . J . L e m b e r g r e p o r t e d t h a t h y d r o -
ferr icyanic acid a c t s on mi l le r i t e , f o r m i n g ye l low nickel f e r r i cyan ide , a n d t h a t 
hydroferrocyanic ac id p r o d u c e s app le -g reen n ickel f e r rocyan ide . O. F . W i e d e 
a n d K . A . H o f m a n n p r e p a r e d n i c k e l t r i amminoth iocarbonate , N i C S 3 . 3 N H 3 . 
B . L . M o l d a v s k y a n d Z. I . K u m a r i s t u d i e d t h e c a t a l y t i c a c t i o n of t h e s u l p h i d e on 
t h e h y d r o g e n a t i o n of t h i o p h e n e . 

G. P . Schwede r , a n d E . D o n a t h obse rved t h a t n ickel s u l p h i d e is c o m p l e t e l y 
d e c o m p o s e d w h e n i t is h e a t e d w i t h copper : 2 C u + N i S = C u 2 S + N i ; w i t h a n 
e q u i m o l a r p r o p o r t i o n of copper ox ide , t h e r e a c t i o n m a y p r o c e e d in different w a y s : 
4 C u O + 3 N i S = 2 C u 2 S + N i + 2 N i O + S 0 2 ; o r 4 C u O + 2 N i S = C u 2 S + 2Cu + 2NiO + S 0 2 . 
B . G a r r e f o u n d t h a t t h e r e a c t i o n w i t h i ron beg ins a t 380° , a n d t h e r e is g iven off 
57 CaIs. of h e a t . E . D . Campbe l l sa id t h a t t h e s u l p h i d e c a n n o t diffuse t h r o u g h 
s tee l a t a b r i g h t r e d - h e a t . R . S c h e n c k a n d E . R a u b s t u d i e d t h e r eac t i on w i t h 
n i c k e l ox ide : N i S + 2 N i O ^ 3 N i + S O 2 . T h e y o b s e r v e d t h e f o r m a t i o n of y-so l id 
so ln . b e t w e e n N i 3 S 2 a n d N i S . I n t h e r e a c t i o n w i t h n i c k e l su lphate , N i S + 3 N i S O 4 
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= 4 N i O + 4 S O 2 , t h e v a p . p ress , becom es a p p r e c i a b l e a b o v e 600°, a n d a t t a i n s 1 a t m . 
a t a b o u t 660°. E . F . A n t h o n obse rved t h a t p r e c i p i t a t e d n ickel su lph ide p rec ip i ­
t a t e s su lph ides f rom soln. of copper su lphate , a n d s i lver ni trate . Gr. J a n d e r a n d 
K . R o t h s c h i l d , a n d W . J a n d e r a n d co-workers s t u d i e d t h e r eac t i on w i t h cuprous 
s i l icate : Cu 2 SiO 3 - J -N iS=Cu 2 S-J -N iS iO 3 ; a n d ferrous s i l icate . J . L e m b e r g 
found t h a t w h e n mi l le r i te is t r e a t e d w i t h a n acidified soln. of s i lver su lphate a t 
70°, i t is co loured v io le t -b lue ; E . S c h i i r m a n n , t h a t t h e m e t a t h e t i c a l r e a c t i o n w i t h 
a soln. of cadmium sulphate or lead nitrate is complete ; with soln. of zinc 
sulphate , cobalt n i trate , o r ferrous su lphate , i n comple t e ; a n d no r eac t i on occurs 
w i t h soln. of tha l lous n i trate . E . F . A n t h o n also obse rved t h a t p r e c i p i t a t e d 
nickel su lph ide g ives p r e c i p i t a t e s of su lph ides f rom soln. of c a d m i u m s u l p h a t e , 
lead ace ta te , a n d ferric chloride . H . N . S tokes s t u d i e d t h e a t t a c k b y a soln. of 
ferric ch lor ide . W . F l o r k e obse rved t h a t mi l ler i te is feebly e t c h e d b y a soln. of 
ferric ch lor ide ; a n d s t r o n g l y e t c h e d b y a su lphu r i c ac id soln. of p o t a s s i u m per­
m a n g a n a t e . R . Schenck a n d E . R a u b found t h a t in t h e t e r n a r y s y s t e m N i - S - O , 
nickel r e a c t s r a p i d l y w i t h s u l p h u r d iox ide a t 550°, b u t equ i l i b r i um is e s t ab l i shed 
on ly af te r m a n y d a y s , c o m p l e t e convers ion i n t o n ickel ox ide a n d m o n o s u l p h i d e 
be ing effected. T h e equ i l i b r i um is u n i v a r i a n t , as t h e r e a r e t h r e e solid p h a s e s , 
b u t b y r e m o v i n g p a r t of t h e s u l p h u r d iox ide one of t h e s e d i s a p p e a r s a n d t h e 
equ i l i b r ium becomes b i v a r i a n t . F r o m a cons ide ra t ion of t h e e q u i l i b r i u m d i a g r a m 
a n d from m e a s u r e m e n t s of t h e s u l p h u r d iox ide p r e s s u r e t h e t h r e e p h a s e s a p p e a r 
t o be nickel oxide , n ickel su lph ide , a n d t h e y-sol id soln. W i t h low p re s su re s of 
s u l p h u r d ioxide t h e nickel su lph ide p h a s e d i s a p p e a r s . T h e reverse r eac t i on w i t h 
t h e f o r m a t i o n of n ickel f rom nicke l ox ide a n d su lph ide p roceeds on ly a s far a s t h e 
solid soln. p h a s e below t h e m . p . ( a b o u t 1400°) ; b u n d l e s of fine h a i r c ry s t a l s of 
t h e solid p h a s e , or poss ib ly of N i 3 S 2 , c a n be seen t h r o u g h o u t t h e r e a c t i n g m a s s 
in t h e ea r ly s t ages of t h i s r eac t i on . 

Gr. C. W i n k e l b l e c h sa id t h a t t h e h y d r a t e d su lph ide , p r e c i p i t a t e d f rom soln. of 
n ickel sa l t s b y a yel low soln. of a m m o n i u m su lph ide , c o n t a i n s m o r e s u l p h u r t h a n 
co r r e sponds w i th N i S , a n d i t r e m a i n s b l ack w h e n exposed t o air , dissolves spa r ing ly 
in di l . mine ra l ac ids , a n d is insoluble in ace t i c ac id , a n d in a soln. of a m m o n i u m 
su lph ide . Accord ing t o H . de S e n a r m o n t , w h e n a soln. of n ickel ch lor ide is h e a t e d 
w i t h p o t a s s i u m po lysu lph ide , in a sealed t u b e a t 160°, d a r k g rey n i cke los i c 
sulphide , N i 3 S 4 , is fo rmed . W . F . de J o n g a n d H . W . V . Wil lems found t h a t t h e 
X - r a y spec t r a l l ines of a s a m p l e p r e p a r e d b y H . de S e n a r m o n t ' s p rocess c o r r e s p o n d e d 
w i t h t hose of NiS 2 —v ide Co 3 S 4 . G. N a t t a a n d L . Passe r in i f ound t h a t t h e su lph ide 
h a s a cubic l a t t i ce of t h e spinel t y p e , w i t h a = 9 - 4 1 A . E . A. Ge i tne r o b t a i n e d t h e 
s a m e c o m p o u n d in r h o m b o h e d r a l c r y s t a l s b y h e a t i n g n icke l w i t h s u l p h u r o u s ac id , 
or a n e u t r a l soln. of s o d i u m su lph i t e i n a sea led t u b e a t 200°. I n t h e l a t t e r case 
n ickel ox ide first s e p a r a t e s ou t—v ide infra, p o l y d y m i t e , a n d s y c h n o d y m i t e . 
R . Scheue r w a s u n a b l e t o p r e p a r e n ickel ic su lph ide , N i 2 S 3 , a n d n ickel is he r e 
c o n t r a s t e d w i t h i ron , a n d coba l t . 

L . R . v o n Fe l l enbe rg r e p o r t e d n i cke l disulphide, N i S 2 , t o be fo rmed b y s t r o n g l y 
ign i t i ng a m i x t u r e of n icke l ox ide , s u l p h u r , a n d p o t a s s i u m c a r b o n a t e . T h e d a r k 
i ron-grey p r o d u c t is q u i c k l y d e c o m p o s e d w h e n h e a t e d in ch lor ine , fo rming s u l p h u r 
a n d nickel ch lor ides . J . D e w a r a n d H . O. J o n e s found t h a t a soln. of s u l p h u r i n 
c a r b o n d i su lph ide r e a c t s w i t h n ickel c a r b o n y l , fo rming N i 2 S 3 . I . a n d Li. Bel lucc i 
o b t a i n e d on ly t h e d o u b l e su lph ide K 2 S . 3 N i S , a n d W . F . d e J o n g a n d 
H . W . V. Wi l l ems p r e p a r e d t h e d i su lph ides b y h e a t i n g n icke l su lph ide w i t h 
s u l p h u r for 30 t o 40 h r s . a t 170°, a n d w a s h i n g t h e p r o d u c t w i t h c a r b o n d isu l ­
p h i d e t o r e m o v e free s u l p h u r . T h e X - r a d i o g r a m s of t h e g r ey p o w d e r h a v e e s t a b ­
l i shed t h e ex i s t ence of t h e d i su lph ide a s a chemica l i n d i v i d u a l . T h e cub ic l a t t i c e 
is of t h e p y r i t e t y p e w i t h a== 5-74 A. ; t h e Ni -S a t o m s a r e 2*42 A. a p a r t ; a n d t h e 
s p . gr . is 4 -31 . L . P a u l i n g a n d M. L . H u g g i n s , J . W . G r u n e r , a n d P . Niggl i d i s ­
cussed t h e sub jec t—v ide infra, b r a v o i t e , a n d h e n g l e m i t e . G. K a I b a n d E . Meyer 
d iscussed t h e m i n e r a l s (Ni ,Co)S 2 . Accord ing t o U . A n t o n y a n d G. Magr i , w h e n 
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h y d r o g e n su lph ide or a m m o n i u m p o l y s u l p h i d e is a d d e d t o a n a m m o n i a c a l soln. 
of n icke l a c e t a t e in q u a n t i t y insufficient t o p r e c i p i t a t e al l t h e n ickel a s su lph ide , 
t h e p r e c i p i t a t e o b t a i n e d h a s t h e c o m p o s i t i o n N i S . H . H a r a l d s e n a n d W . K l e m m 
discussed t h e m a g n e t i c b e h a v i o u r . W h e n , h o w e v e r , a n excess of a m m o n i u m 
p o l y s u l p h i d e is a d d e d t o a n a m m o n i a c a l n ickel soln. , t h e p r e c i p i t a t e f o r m e d 
is of v e r y v a r i a b l e compos i t i on , b u t t h e d a r k l iquid a l w a y s c o n t a i n s n i c k e l 
te trasulphide , N i S 4 . Th i s su lph ide , wh ich is o b t a i n e d as a b l a c k p o w d e r , is on ly 
s l igh t ly a t t a c k e d b y h y d r o c h l o r i c ac id , b u t i t r e a c t s v igorous ly w i t h n i t r i c ac id , 
s u l p h u r be ing l i be r a t ed . I n a n a t m . of c a r b o n d iox ide , i t loses s u l p h u r a t 300° , 
be ing c o n v e r t e d i n t o n icke l su lph ide , whi l s t w h e n h e a t e d in w a t e r in p resence of 
a i r i t s lowly oxidizes , g iv ing n icke l s u l p h a t e a n d su lphu r i c acid . H y d r o g e n 
s u l p h i d e soln. h a s no a c t i o n on i t , b u t i t is d isso lved b y a soln. of s u l p h u r or a m m o ­
n i u m po ly su lph ides g iv ing a b r o w n l iqu id . W i t h a m m o n i a soln., i t y ie lds a n 
a z u r e - b l u e l iqu id c o n t a i n i n g n icke l , b u t all t h e s u l p h u r is depos i t ed in a v e r y fine 
s t a t e of d iv is ion . M e a s u r e m e n t s of t h e electr ical c o n d u c t i v i t y of soln. of n ickel 
t e t r a s u l p h i d e in a m m o n i u m s u l p h i d e show t h a t t h e n ickel sa l t is p r e s e n t in a 
col lo idal s t a t e . 

F . E p h r a i r n 2 o b s e r v e d t h a t w h e n nickel s u l p h a t e is a l lowed t o a c t on a soln. 
of a m m o n i u m po ly su lph ide in a n a i r - t i g h t flask for s o m e d a y s , a b l ack c rys ta l l ine 
s u b s t a n c e - — a m m o n i u m n icke l s u l p h i d e — w i t h a c o m p o s i t i o n b e t w e e n N H 4 N i S 5 a n d 
a h ighe r su lph ide is fo rmed ; b u t n o t so w i t h sa l t s of z inc, c a d m i u m , m a n g a n e s e , 
i ron , a n d coba l t . A c c o r d i n g t o Ti. Schne ide r , if h y d r a t e d n icke l s u l p h a t e be m e l t e d 
w i t h n ine t i m e s i t s w e i g h t e a c h of p o t a s s i u m c a r b o n a t e a n d s u l p h u r , a n d k e p t a t a 
r e d - h e a t for 8 t o IO m i n s . ; t h e cold p r o d u c t w a s h e d w i t h air-free w a t e r , a n d t h e n 
w i t h a b s o l u t e a l coho l ; a n d t h e c r y s t a l s finally d r i ed b y press , b e t w e e n b i b u l o u s p a p e r 
a n d in v a c u o over s u l p h u r i c ac id , or in a c u r r e n t of d r y c a r b o n m o n o x i d e — t h e r e 
r e m a i n c r y s t a l s of p o t a s s i u m n icke l te trasulphide , K 2 S . 3 N i S , or K 2 S - N i 2 S - N i S 2 , or 
K 2 N i 3 S 4 . I f less t h a n t h e a b o v e p r o p o r t i o n of p o t a s s i u m c a r b o n a t e a n d s u l p h u r 
be e m p l o y e d , s o m e c r y s t a l s of n icke l h e m i s u l p h i d e a re fo rmed. T h e s ix-s ided 
p l a t e s a r e pa l e b ronze-ye l low, b u t t h e y m a y b e c o m e b ronze -b rown t h r o u g h ox ida ­
t i o n or t h e loss of p o t a s s i u m su lph ide . I . a n d J^. Kellucci a lso p r e p a r e d t h e t e t r a ­
s u l p h i d e . J t . Schne ide r f o u n d t h a t t h e sa l t is u n s t a b l e in a i r or water,, a n d i t 
b r e a k s u p i n acco rd w i t h t h e e q u a t i o n : K 2 S . 3 N i S - f - H 2 — H 2 S - | - K 2 S - | ~ N i 2 S + N i S , 
w h e n i t is h e a t e d in h y d r o g e n ; I . a n d L . Bel lucci cou ld n o t verify t h i s resu l t , a n d 
f o u n d t h e p r o d u c t d e p e n d s on t h e t i m e of h e a t i n g a n d t e m p . Metal l ic n ickel is a 
p r o d u c t of t h e r eac t i on . J . Mi lbaue r o b t a i n e d p o t a s s i u m n icke l decasulphide , 
K 2 N i ] ] S 1 0 , b y fusing for ha l f a n h o u r , a t a r e d - h e a t , a m i x t u r e of n icke l ox ide 
w i t h five t i m e s i t s w e i g h t of a m m o n i a t h i o c y a n a t e , w a s h i n g t h e cold p r o d u c t 
success ive ly w i t h w a t e r a n d a lcohol , a n d d r y i n g a t 100°. T h e d a r k g reen c ry s t a l s 
h a v e a me ta l l i c l u s t r e . Hydro f luo r i c ac id a c t s on t h e c ry s t a l s on ly w h e n w a r m ; 
h y d r o c h l o r i c a c t s s lowly o n t h e sa l t ; su lphu r i c ac id a c t s on ly w h e n w a r m ; a q u a 
reg ia a c t s s lowly in t h e cold ; t h e sa l t is c h a n g e d w h e n w a r m e d wi th a m m o n i u m 
s u l p h i d e ; o rgan ic ac ids , a lka l i lye , a n d a soln. of p o t a s s i u m c y a n i d e , c o p p e r 
s u l p h a t e , or s i lver n i t r a t e h a v e n o ac t i on . 

R . Schne ide r p r e p a r e d s o d i u m n icke l tetrasulphide, N a 2 S . 3 N i S , b y fusing 
n icke l s u l p h a t e w i t h s ix t i m e s i t s w e i g h t each of s o d i u m c a r b o n a t e a n d s u l p h u r a s 
in t h e case of t h e c o r r e s p o n d i n g p o t a s s i u m sa l t . T h e s o d i u m sa l t is r a t h e r d a r k e r 
in co lour t h a n t h e p o t a s s i u m sa l t . K . ' F r i e d r i c h obse rved t h a t in t h e N i 2 S - N a 2 S 
s y s t e m , F i g . 340, t h e eu t ec t i c occurs a t 615° w i t h 82 p e r c en t . N i 2 S , a n d n o com­
p o u n d s a r e fo rmed ; s imi la r ly also w i t h t h e s y s t e m N i 3 S 2 , F i g . 339, w h i c h h a s a 
e u t e c t i c a t 645° a n d 84 pe r cen t , of N i 3 S 2 . H . B r u n n e r a lso p r e p a r e d t h e doub l e 
s a l t . 

W . G u e r t l e r m a d e a p a r t i a l s t u d y of t h e s y s t e m C u - N i - S , b u t t h e r e w a s n o 
e v i d e n c e of t h e f o r m a t i o n of a copper n i cke l su lphide . A. Stansfield a n d 
W . V. F a i t h s t u d i e d t h e c o n s t i t u t i o n of copper -n icke l m a t t e s . I . a n d I J . Bel lucci 
o b t a i n e d b y fusing a t a h igh t e m p , a m i x t u r e of a n icke l sa l t w i th s u l p h u r a n d 
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b a r i u m ox ide , b a r i u m n icke l pentasu lphide , B a S . 4 N i S . M. H o u d a r d h e a t e d a 
m i x t u r e of n ickel a n d a l u m i n i u m in a c u r r e n t of h y d r o g e n su lph ide , a n d a f t e r 
t r e a t i n g t h e p r o d u c t w i t h w a t e r , o b t a i n e d r e d c rys t a l l i ne spang le s wh ich g r a d u a l l y 
b e c a m e b lack , b u t n o defini te a l u m i n i u m n i c k e l su lphide cou ld be i so l a t ed . 
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W . Guer t l e r , a n d W . G u e r t l e r a n d H . S c h a c k s t u d i e d t h e b i n a r y s y s t e m N i - P b S , 
a n d t h e r e su l t s a r e s u m m a r i z e d in F i g . 3 4 1 . T h e r e is a l ead n i c k e l d isulphide , 
N i 3 P b 2 S 2 , m e l t i n g a t 790° , p r o d u c e d . T h e s a m e c o m p o u n d a p p e a r s i n t h e s y s t e m 
N i 3 S 2 - P b , F i g . 342, b u t n o t in t h e s y s t e m P b S - N i 3 S 2 , F i g . 343 . T h e y also m a d e 
a n i n c o m p l e t e s t u d y of t h e t e r n a r y s y s t e m : N i - P b - S . O. Ruff a n d B . H i r s c h 
s t u d i e d t h e sub j ec t . G. Mas ing a n d L . K o c h o b s e r v e d t h a t m a n g a n e s e su lph ide 
fo rms a eu t ec t i c w i t h n ickel a t 1325°, a n d 3 p e r cen t , of su l jmur . 
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J . B . M a c k i n t o s h 3 r e p o r t e d c r y s t a l s of t h e c o m p o s i t i o n F e 4 N i 2 S in t h e h e a r t of 
a shaf t fu rnace s m e l t i n g r o a s t e d n icke l p y r r h o t i t e ; a n d a n ore w a s d e s c r i b e d 
b y W . F . H i l l e b r a n d . T . Scheere r o b t a i n e d a m i n e r a l f rom L i l l h a m m e r , 
S o u t h e r n N o r w a y , w h i c h h e found t o c o r r e s p o n d w i t h a n iron-nickel pyrites, h e n c e 
C- V. S h e p a r d cal led i t nicopyrite; wh i l s t A. W e i s b a c h ca l led i t litthammerite, 
a f t e r t h e loca l i ty w h e r e i t w a s first found . P . A . D u f r e n o y h a d p r e v i o u s l y s u g ­
ges t ed t h e t e r m pent land i te—afte r Mr. P e n t l a n d — a n d t h i s is n o w t h e gene ra l ly 
a c c e p t e d n a m e . A n a l y s e s of t h e m i n e r a l we re r e p o r t e d b y T . Schee re r , J . D . D a n a , 
J . H . L.. V o g t , D . F o r b e s , S. L,. Penfield , C. W . D i c k s o n , R . S t o r e n , F . W . C l a r k e 
a n d C. C a t l e t t , W . F . H i l l e b r a n d , H . L a s p e y r e s , P . G r o t h , T . L.. W a l k e r , a n d 
S. H . E m m e n s . T . Schee re r r e g a r d e d t h e m i n e r a l a s a ferrous n i c k e l su lphide , 
2 F e S . N i S . C. F . R a m m e l s b e r g cons idered i t t o be a n i s o m o r p h o u s m i x t u r e of t h e 



N I C K E L , 4 4 5 

t w o sulphides , (Ni ,Fe)S. T. L . Walke r , a n d C. W . Dickson gave t h e formula 
(Ni 5 Fe) 1 1 S 1 0 . 

P e n t l a n d i t e h a s been , r e p o r t e d i n N o r w a y b y T . S c h e e r e r , a n d J . H". L . V o g t ; i n S w e d e n , 
b y J . H . L . V o g t , a n d G . L a n d s t r o m ; i n S c o t l a n d , b y M . F . H e d d l e , D . F o r b e s , J . G . G o o d -
c h i l d , a n d R . P . G r e g a n d W . P . L o t t s o m ; i n C o r n w a l l , E n g l a n d , b y H,. P - G r e g a n d 
W . P . L e t t s o m ; i n S a x o n y , b y E . G e i n i t z ; i n S o s i a , I t a l y , b y J . H . L . V o g t , G . T s e h e r m o k , 
A . S t e l z n o r , a n d A . B a d o u r e a u ; i n S u d b u r y , C a n a d a , b y S . L . P e n f i e l d , J . I> . D a n a , 
C . W . D i c k s o n , T . L . " W a l k e r , a n d S . H . E m m e n s ; i n t h e s o u t h - e a s t of A l a s k a , b y 
b y A . F . B u d d i n g t o n ; i n S o u t h A u s t r a l i a , b y H . Y . L . B r o w n ; a n d i n T a s m a n i a , b y 
W . F . P e t t e r d . 

A n u m b e r of r e l a t e d m i n e r a l s h a s b e e n r e p o r t e d . T h u s , *T. D . a n d E . S . D a n a , a n d 
S . H . E m m e n s ' a n a l y s e s l e d t h e m t o s u g g e s t t h a t o n e v a r i e t y of n i c k e l - i r o n s u l p h i d e b e 
c a l l e d blueite ; a n d a n o t h e r v a r i e t y wharton i te , b u t S . L . P e n f i e l d s h o w e d t h a t b o t h 
f o r m s a r e n i c k e l i f e r o u s p y r i t e s . T h e folgerite of S . H . E m m e n s , o b t a i n e d n e a r S u d b u r y , 
C a n a d a , w a s s h o w n b y S . L - P e n f i e l d t o b e o n l y p e n t l a n d i t e . A n i c k e l - i r o n s u l p h i d e 
o b t a i n e d b y W . F . P e t t e r d f r o m H e a z l e w o o d , T a s m a n i a , a n d c a l l e d h e a z l e w o o d i t e , i s 
r e l a t e d t o p e n t l a n d i t e ; a n d s i m i l a r l y a l s o w i t h t h e gunnar i te r e p o r t e d b y G . L a n d s t r o m 
t o o c c u r i n R u d a , S w e d e n ; a n d t h e inverarite r e p o r t e d b y M . F . H e d d l e t o o c c u r n e a r 
I n v e r a r y , S c o t l a n d . 

W . H . Newhouse s tud ied t h e sys t em p y r r h o t i t e - p e n t l a n d i t e , or F c S ( S ) n -
(Fe 9Ni)S, a n d t h e resul t s a re s u m m a r i z e d in F ig . 344. P y r r h o t i t e m a y dissolve u p 
t o 13 pe r cent , of nickel in solid soln. W h e n more t h a n 
t h i s p ropor t i on of nickel is p resen t , t h e solid soln. 
b r eaks d o w n in to p y r r h o t i t e a n d p e n t l a n d i t e when t h e 
t e m p , app roaches 600°. Mix tu res w i t h over 15 per cen t , 
of nickel a re immiscible l iquids a t t h e f.p. of p y r r h o t i t e . 
T h e c rys ta l s of p y r r h o t i t e wi th nickel in solid soln. a re 
s u r r o u n d e d b y l iquid p e n t l a n d i t e un t i l a b o u t 870°, 
w h e n p e n t l a n d i t e begins t o crystal l ize in solid soln. 
w i th p y r r h o t i t e ; as t h e t e m p , falls t o a b o u t 600°, t h e 
solid soln. b reaks u p t o form lent icular masses of 
p e n t l a n d i t e wi th in a n d a long t h e borders of t h e c rys ta l s 
of p y r r h o t i t e . These artificial c rys ta l s closely resemble 
those of t h e n a t u r a l c rys ta ls , a n d in consequence , t h e 
n a t u r a l c rys ta l s of th i s t y p e are supposed t o be formed 
by t h e b reak ing d o w n of a n uns t ab l e solid soln. 
K.. B o r n e m a n n ' s obse rva t ions on t h e b ina ry sys t em : N i - N i 3 S 2 , of N i - S , are 
s u m m a r i z e d in !Fig. 346, a n d his obse rva t ions on t h e b i n a r y sys t em F e S - N i 3 S 2 , 
in Fig. 345. There is a compound ferrous nickel tetrasulphide, 2FeS.Ni3S2, 
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which mel t s a t 840°, a n d dissociates cons iderab ly when mel ted . The compound 
forms solid soln. in all p ropo r t i ons w i t h N i 3 S 2 , b u t ferrous sulphide dissolves only 
a v e r y smal l p ropor t i on when in t h e solid s t a t e . There is a n u m b e r of t r a n s ­
fo rmat ions a t lower t e m p . A n e x a m i n a t i o n of t h e s y s t e m : N i 2 S - F e S , F ig . 346, 
shows t h a t a l t hough nickel hemisu lph ide is incapab le of a sepa ra t e exis tence, ye t 
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i t fo rms s t ab le c o m p o u n d s wi th fer rous su lph ide . W h e n in c o n t a c t w i t h t h e fused 
m a s s , t h e on ly s tab le c o m p o u n d is ferrous n icke l trisulphide, 2FeS-Ni 2 S , w h i c h 
m e l t s a t 886°, a n d b r e a k s u p on cooling t o 575°, fo rming fer rous su lph ide a n d 
ferrous n ickel pentasulphide , 3 F e S . 2 N i 2 S ; a n d a t a st i l l lower t e m p , t h e r e is 
a n o t h e r e x o t h e r m a l c h a n g e r e su l t ing in t h e f o r m a t i o n of 4 F e S . N i 2 S . W . G u e r t l e r 
a n d W . Savelsberg also conf i rmed t h e ex i s tence of 2 F e S - N i 3 S 2 a n d of 2 F e S . N i 2 S . 

W . T o n n , a n d R . Vogel a n d W . T o n n m a d e a p a r t i a l s t u d y of t h e t e r n a r y 
s y s t e m : F e - N i - S , or r a t h e r of t h e q u a t e r n a r y s y s t e m : F e - N i - N i 3 S 2 - F e S , a n d 
some of t he i r resu l t s a r e s u m m a r i z e d in F igs . 345 a n d 347 . A t o r d i n a r y t e m p , t h e 
s y s t e m h a s five fields : (i) A'D'P'^ refers t o t h e s y s t e m c o n t a i n i n g fer rous su lph ide 
a n d solid soln. of i ron a n d nickel ; (ii) D'Pf

2V, fe r rous su lph ide , 2FeS-Ni 3 S 2 , a n d 
i ron-nickel solid soln. ; (iii) P ' 2 F ' . P ' 3 , 2 F e S . N i 3 S 2 , a n d i ron-n ickel solid soln. ; 
(iv) P 3 ' C " F ' , 2FeS-Ni 3 S 2 , N i 3 S 2 , a n d i ron-n icke l solid s o l n . ; a n d (v) P'ZC'B', 
N i 3 S 2 , a n d i ron-n icke l solid soln. E1 refers t o t h e eu t ec t i c in t h e i ron- fer rous 
su lph ide s y s t e m , a n d S' refers t o t h e cr i t ica l c h a n g e a t 1407° ; V refers t o t h e 
cr i t ica l p o i n t i n t h e sys t em : F e S - N i 3 S 2 , co r r e spond ing w i t h t h e c o m p o u n d 
2FeS-Ni 3 S 2 ; a n d E4, t o t h e eu tec to id a t 520° in t h e s a m e s y s t e m ; E3 refers t o 
t h e eu t ec to id 535° in t h e s y s t e m : N i - N i 3 S 2 , a n d E2 t o t h e eu tec t i c 675°, a n d W 

is t h e l imi t of t h e sol idus c u r v e a t 645° . 
\f A t t h e j u n c t i o n s of t h e eu tec t i c cu rves O' is 

a t 825° ; G', a t 825° ; a n d W, a t 585° . 
If a t P2' t h e m . p . is 585° ; a t P 3 ' , 480° ; a n d 
a t S', 1407°. I n t h e reg ion A'D'CB', on ly 
t h r e e , viz. b i n a r y i ron-nickel solid soln. , 
e i t he r in t h e <z- or y - c r y s t a l p h a s e acco rd ing 
t o t h e compos i t ion , F e S ; a n d t e r n a r y solid 
soln. of N i 3 S 2 in (FeS) 2 5 Ni 3 S 2 w i t h excess 
n icke l a n d i ron . T h e m e t a l solid soln. fo rms 
eu tec t i c s w i t h b o t h su lph ide phase s . The re 
is a t e r n a r y t r a n s f o r m a t i o n p o i n t a t 825° a t 
which t h e l iqu id c o n t a i n i n g 38 p e r cen t . F e , 
35 pe r cen t . N i , a n d 27 p e r cen t . S, r e a c t s 
w i t h F e S t o form a t e r n a r y solid soln. w i th 
39 pe r cen t . F e , a n d 32 pe r cen t . N i , a n d 

29 pe r cen t . S, a n d a b i n a r y solid soln. w i t h 64 pe r cen t . F e a n d 36 p e r cen t . N i . 
Solid soln. r ich in n ickel a n d s u l p h u r d e c o m p o s e a t 480°, fo rming a t e r n a r y 
e u t e c t o i d con t a in ing 13 pe r cen t . F e , 27 p e r c e n t . S, a n d 60 pe r cen t . Ni , a n d 
cons is t ing of N i 3 S 2 , (FeS) 2 ,N i 3 S 2 , a n d n icke l - i ron solid soln. w i t h 34 p e r c en t . F e . 
F e r r o u s su lph ide r eac t s a t 585° w i t h t h e m i x t u r e c o n t a i n i n g 26 p e r c en t . F e , 
46 p e r c en t . N i , a n d 28 p e r c en t . S t o fo rm Ct-(FeS)2-Ni3S2 , a n d a n i ron-n icke l 
solid soln. w i t h 57 p e r c e n t . F e . These re su l t s show t h e n a t u r e of t h e so-called 
nicke l m a t t e a n d exp l a in t h e p resence t h e r e i n of free m e t a l s imi lar t o t h e ha i r -
coppe r found in c o p p e r m a t t e . Th i s free m e t a l occurs a s leaflets w h e n i t h a s 
s e p a r a t e d d i r ec t ly f rom t h e l iqu id m a s s a n d in hai r - l ike c rys t a l s w h e n i t h a s been 
fo rmed b y t h e d e c o m p o s i t i o n of t e r n a r y solid soln. T h e sub jec t w a s s tud ied b y 
A. Stansf ie ld a n d W . V. F a i t h . 

P e n t l a n d i t e is pa le bronze-yel low a n d o p a q u e , w i t h a meta l l i c l u s t r e , a n d a 
l igh t b r o n z e - b r o w n s t r e a k . Un l ike mi l ler i te , wh ich is an i so t rop ic , p e n t l a n d i t e is 
i so t rop ic . P e n t l a n d i t e be longs t o t h e cubic s y s t e m , a n d , acco rd ing t o T. Scheerer , 
a n d J . H . I J . Vogt , i t s c leavage is oc t ahed ra l , a n d cub ic . I t occurs mass ive or in 
g r a n u l a r aggrega te s . T h e c rys t a l s were e x a m i n e d b y H . E h r e n b e r g , a n d 
J . W . Gr imer . N . Alsen e x a m i n e d t h e X - r a d i o g r a m s a n d f o u n d t h a t t h e cub ic 
m i n e r a l h a s a=^= 10-02 A. ; a n d af te r ca l c ina t ion i t becomes t r i gona l w i t h a== 3-408 A. , 
a n d c = 5 - 4 3 4 A., so t h a t t h e ax i a l r a t i o is a : c—1 : 1-549 ; t h e art if icial m i n e r a l h a s 
a==3-408 A., a n d c = 5 - 5 4 0 A., o r a : c—1 : 626. E a c h F e a n d N i a t o m h a s four 
n e i g h b o u r i n g S-a toms a t a d i s t a n c e of 2-17 A. W . H . N e w h o u s e also e x a m i n e d 

hta. 347.- -The T e r n a r y S y s t e m : 
F e - N i - S . 
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t h e X - r a d i o g r a m s ; a n d R . D . H a r v e y , t h e e lec t r ica l c o n d u c t i v i t y . T . Scheerer 
g a v e 4-6 for t h e sp . gr. ; S. H . E m r a e n s , 4-73 ; D . F o r b e s , 4-5 t o 4-6 ; a n d S. I J . P e n -
field, 4-946 t o 5-006. T h e v a l u e c a l c u l a t e d f rom t h e l a t t i c e d a t a b y N . Alsen is 
4-93 . T h e h a r d n e s s of p e n t l a n d i t e is 3-5 t o 4-0. I t is eas i ly s c r a t c h e d b y a need le ; 
mi l l e r i t e is s c r a t c h e d w i t h difficulty. J . J o I y g a v e 480° for t h e m . p . I t is n o n ­
m a g n e t i c , a n d , a c c o r d i n g t o F . Bei je r inck , a n o n - c o n d u c t o r of e l ec t r i c i ty . 
E . T . W h e r r y f o u n d p e n t l a n d i t e t o be a p o o r r a d i o d e t e c t o r . T h e m i n e r a l is so luble 
i n n i t r i c ac id . F . C a r m i c h a e l s t u d i e d t h e o x i d a t i o n of t h e m i n e r a l b y a i r a n d 
w a t e r . H . S c h n e i d e r h o h n , a n d M. N . S h o r t a n d E . V. S h a n n o n o b s e r v e d t h e 
gene ra l i n e r t n e s s of t h e m i n e r a l t o e t c h i n g l iquids—e.g . hyd roch lo r i c ac id , p o t a s ­
s i u m c y a n i d e , ferric ch lo r ide , p o t a s h lye , a n d m e r c u r i c ch lor ide . T h e e t c h i n g of 
po l i shed sec t ions of t h e m i n e r a l w a s d i scussed b y W . M. D a v y a n d C. M. F a r n h a m , 
a n d J . M u r d o c k . 

J . C. U l l m a n n 4 de sc r ibed a m i n e r a l f rom W e s t p h a l i a , a n d t h e Gr i ineau m i n e 
n e a r S c h u t z b a c h , a n d ca l led i t weisses Speiskoball, a n d F . v o n Kobe l i showed t h a t 
i t w a s a n e w m i n e r a l , w h i c h h e ca l led Nickelwisimilhglanz, a n d l a t e r saynile, a f ter 
t h e loca l i ty S a y n - A l t e n k i r c h e n ; J . Nico l ca l led i t g r i i nan i t e , a n d A. B r e i t h a u p t , 
theopJirastile. H . J jaspeyres cal led i t p o lyd ymi t e f rom rroXvs, m a n y ; StSw/xos*, 
t w i n s — i n a l lus ion t o t h e p o l y s y n t h e t i c t w i n n e d fo rms . 

T h e occu r r ence of t h e m i n e r a l in t h e R h i n e j ) rovinces w a s d iscussed by R . H u n d t , 
H . L a s p e y r e s , A. L . Sack , A . E i c h l e r a n d co -worke r s , F . v o n K o b e l l , C. F . R a m m e l s -
be rg , e t c . ; a t S u d b u r y , C a n a d a , b y F . W . Cla rke a n d C. C a t l e t t , W. F . H i l l e b r a n d , 
a n d J . H . L . Vog t ; a n d s o u t h - e a s t of A l a s k a , b y A. F . B u d d i n g t o n . A n a l y s e s 
m a d e b y F . v o n K o b e l l c o r r e s p o n d e d w i t h JBi 2S 3 .12(Ni,Co,Fe) 2S 3 , a n d f rom l a t e r 
w o r k h e f a v o u r e d B i 2 S 3 - R 2 S 3 ; M. I J . F r a n k e n h e i m f a v o u r e d N iS . (N i ,B i ) 2 S 3 ; a n d 
C. F . R a m m e l s b e r g " (Bf ,Ni ,Co ,Fe) 2 S 3 . (B i ,Ni ,Co ,Fe)S , or R 3 S 4 . H . L a s p e y r e s 
s h o w e d t h a t b i s m u t h is n o t a neces sa ry c o n s t i t u e n t , b u t is p r e s e n t a s an i m p u r i t y 
in t h e f o r m of b i s m u t h i n i t e , a n d h e f a v o u r e d t h e fo rmu la (Ni ,Co,Fe) 4 S 5 , a n a l o g o u s 
w i t h (Cu ,Ni ,Co ,Fc ) 4 S 5 , for s y c h n o d y m i t e . F . W . C la rke a n d C. Ca t f e t t ' s r e su l t s 
c o r r e s p o n d w i t h N i 3 F e S 5 , or R 4 S 5 . F . Z a m b o n i n i , a n d E . T. W h e r r y a n d 
W . F . F o s h a g r ev iewed t h e a n a l y s e s , a n d g a v e N i 3 S 4 , Jlickelosic su lphide , a n d 
t h i s is in a g r e e m e n t w i t h t h e o b s e r v a t i o n s of M. N . S h o r t a n d E . V. S h a n n o n . 
P o l y d y m i t e is t h u s cons ide red t o be t h e e n d - m e m b e r of t h e i s o m o r p h o u s ser ies , 
(Ni ,Co ,Fe) 3 S 4 , free f rom c o b a l t a n d i ron ; j u s t a s l inmei te , Co 3 S 4 , is cons ide red a s 
a n o t h e r e n d - m e m b e r free f rom n icke l a n d i ron . T h e c o r r e s p o n d i n g t e r m i n a l 
m e m b e r of t h e t r i a n g u l a r (Fe ,Co,Ni) 3 S 4 -ser ies , n a m e l y , F e 3 S 4 , h a s n o t been r e p o r t e d . 

T h e o p a q u e m i n e r a l m a y be w h i t e w i t h a t i nge of yel low, b u t i t is u sua l ly 
s i lver -grey , pas s ing i n t o s tee l -grey as t h e p r o p o r t i o n of c o n t a i n e d coba l t inc reases . 
T h e m i n e r a l occurs c o m p a c t , a n d also in o c t a h e d r a l or t a b u l a r c r y s t a l s be longing 
t o t h e cub ic s y s t e m . P o l y s y n t h e t i c t w i n n i n g occurs a b o u t t h e ( l l l ) - p l a n c . T h e 
c u b i c c l eavage is n o t wel l -deve loped . G. Menzer f o u n d t h a t t h e X - r a d i o g r a m s of 
p o l y d y m i t e , s y c h n o d y m i t e , a n d l inne i t e a r e a l m o s t iden t i ca l , a n d co r r e spond w i t h 
a f ace -cen t r ed cub ic cell w i t h e igh t Ni 3 S 4 -molecu les p e r u n i t cell. T h e cell is v e r y 
l ike t h a t of m a g n e t i t e . T h e p a r a m e t e r a = 9-405 A. ; W . F . de J o n g g a v e 
« = 9 - 6 5 A . W . W i t t e b o r g also s t u d i e d t h e c r y s t a l s . F . v o n K o b e l l g a v e 5*14 for 
t h e s p . gr . of a n i m p u r e v a r i e t y ; F . W . Clarke a n d C. C a t l e t t , 4-54 ; a n d H . Jjas­
p e y r e s , 4-82. T h e h a r d n e s s is b e t w e e n 4 a n d 5 , a n d t h e m i n e r a l is r ead i ly s c r a t c h e d 
b y a need le . A. d e G r a m o n t s t u d i e d t h e s p a r k s p e c t r u m . F . Be i je r inck obse rved 
t h a t i t is a good c o n d u c t o r of e lec t r i c i ty . T . W . Case o b s e r v e d t h a t e x p o s u r e t o 
l i gh t h a d n o effect o n t h e e lec t r ica l r e s i s t ance . E . T . W h e r r y f o u n d p o l y d y m i t e 
t o b e a fair r a d i o - d e t e c t o r . M. N . S h o r t a n d E . V . S h a n n o n f o u n d t h a t w i t h t h e 
e t c h i n g t e s t s n i t r i c ac id p r o d u c e s a s l ight effervescence a n d d a r k e n s t h e m i n e r a l ; 
h y d r o c h l o r i c ac id d a r k e n s in co lour ; a n d n e g a t i v e r e su l t s were o b t a i n e d w i t h 
so ln . of p o t a s s i u m c y a n i d e , a n d m e r c u r i c ch lo r ide , a n d p o t a s h lye . F . Ca rmichae l 
s t u d i e d t h e o x i d a t i o n of t h e m i n e r a l b y a i r a n d w a t e r . 

T h e p o l y d y m i t e f rom t h e K e y W e s t m i n e i n N e v a d a , a n d t h e Vermi l ion m i n e 
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in O n t a r i o differs f rom t h e p o l y d y m i t e of W e s t p h a l i a in some respec t s . W . L i n d -
g r e n a n d W . M. D a v y n a m e d i t v io lar i te—from violaris, v i o l e t — a n a l lus ion t o t h e 
v io le t -grey colour on pol ished surfaces of t h e m i n e r a l in ve r t i ca l ly reflected l igh t . 
T h e violet colour, however , is n o t cons idered b y M. N . S h o r t a n d E . V. S h a n n o n 
t o be a genera l cha rac t e r i s t i c . I t s compos i t i on a p p r o x i m a t e s N i 3 F e S 6 , a n d if t h e 
i ron be d e d u c t e d a s a d m i x e d p e n t l a n d i t e , t h e r e r e m a i n s N i S 2 . A. F . B u d d i n g t o n 
observed i t s p r o b a b l e occur rence in t h e nickel i ferous p y r r o t i t e depos i t s of S o u t h -
E a s t e r n Alaska . Violar i te occurs a s nodu le s a n d i r r egu la r ly - shaped a r ea s in cha lco-
p y r i t e s ; a n d , s u r r o u n d i n g t h e v io la r i t e a r ea s , t h e r e a r e zones of mi l le r i te . T h e 
b o u n d a r y b e t w e e n t h e mi l le r i te a n d c h a l c o p y r i t e is s h a r p a n d defini te , whi l s t t h a t 
be tween mil ler i te a n d v io la r i t e is h a z y a n d i r regu la r . M. N . S h o r t a n d E . V. S h a n ­
n o n obse rved t h a t v io la r i t e is i so t rop ic i n po la r ized l igh t , b u t in some spec imens , 
t h e a r ea s b e t w e e n t h e i somet r i c c leavage c r a c k s a p p e a r a s smal l in t e r lock ing g ra in s 
of weak a n i s o t r o p i s m a n d d iverse op t i ca l o r i en t a t i on . I n t h e e t ch ing t e s t s on t h e 
pol ished mine ra l , t h e r e is a slow effervescence w i t h n i t r i c ac id w i t h t h e p r o d u c t i o n 
of b r o w n t o b lack s t a in s ; hydroch lo r i c ac id is co loured yel low or g reen ; b u t 
n e g a t i v e r e su l t s were o b t a i n e d w i t h soln. of p o t a s s i u m c y a n i d e , ferric ch lor ide , a n d 
mercu r i c chlor ide , a n d w i th p o t a s h lye. F . W . Cla rke a n d C. C a t l e t t conc luded 
t h a t t h e mine ra l is iden t ica l w i t h p o l y d y m i t e w h e n a n y a l lowance is m a d e for t h e 

p resence of c h a l c o p y r i t e , M. N . S h o r t a n d 
E . V. S h a n n o n found t h a t t h e m i n e r a l 
a p p r o x i m a t e s F e S - N i 2 S 3 , or (Fe ,Ni ) 3 S 4 , a n d i t 
is t h u s a m e m b e r of t h e (Co,Fe ,Ni) 3 S 4 - family . 
T h e y also showed t h a t t h e m i n e r a l f rom 
J u l i a n , California, is t h e s a m e as v io la r i t e 
f rom t h e Vermi l ion m i n e , O n t a r i o , in sp i t e 
of i t s l ack ing t h e v io le t colour . 

W . G u e r t l e r 5 a n d co-workers s t u d i e d 
t h e s y s t e m : N i 3 S 2 - C o 5 S 4 , a n d t h e r e su l t s 
a re s u m m a r i z e d in F ig . 348. T h e r e is n o 
ev idence of t h e f o r m a t i o n of a cobal t n i cke l 
sulphide . W . Gue r t l e r a n d H . Schack 
also m a d e a n i n c o m p l e t e s t u d y of t h e 
t e r n a r y s y s t e m : Co—Ni-S. G. K a I b a n d 
E . Meyer s t u d i e d t h e occu r rence of 
(Co,Ni)S 2 ; a n d W . A. T a r r , t h e l innae i t e 
groups—v ide 1 4 . 67 , 22. 

H . L a s p e y r e s 6 desc r ibed a m i n e r a l f rom t h e K o h l e n b a c h m i n e , i n t h e S iegen 
d i s t r i c t . I t is r e l a t e d w i t h car ro l l i t e , a n d w i t h p o l y d y m i t e . T h e m i n e r a l w a s 
cal led s y c h n o d y m i t e — f r o m o-i^i/os-, c r o w d e d , m a n y ; a n d 8tSvfjLos, t w i n s — i n 
a l lus ion t o t h e po ly s y n t h e t i c t w i n n i n g c h a r a c t e r i s t i c a lso of p o l y d y m i t e . T h e 
ana lyses b y H . L a s p e y r e s , a n d W . S t a h l h a v e been r e p r e s e n t e d b y (Co,Ni ,Cu) 4 S 5 . 
H . L a s p e y r e s s u p p o s e d t h e s a l t s t o be d e r i v a t i v e s of a coba l t i c or a nickel ic su lpho -
ac id (SH) 2(Co,Ni)—S-(Co 9Ni)(SH) 2 , b u t t h e r e is n o ser ious ev idence in f a v o u r of 
t h e h y p o t h e s i s . A n a l y s e s we re a lso m a d e b y G. B e r g , w h o d id n o t agree w i t h t h e 
R 4 S 4 - fo rmula . F . Z a m b o n i n i showed t h a t t h e m i n e r a l is b e t t e r r e p r e s e n t e d b y t h e 
car ro l l i t e f o rmu la R 3 S 4 — b o t h mine ra l s a r e s l igh t ly deficient in s u l p h u r owing , 
poss ib ly , t o t h e p resence of impur i t i e s , a n d t o a sma l l loss of s u l p h u r b y s e c o n d a r y 
c h a n g e s . T h i s is a lso i n h a r m o n y w i t h t h e X - r a d i o g r a m s b y G. Menzer , a n d 
W . F . d e J o n g a n d A. H o o g . W i t h t h e t y p e f o r m u l a R 3 S 4 , H . L a s p e y r e s 
r e p r e s e n t e d c u b a n i t e b y Cu(FeS 2 J 2 , a n d cano l i t e c a n be r e g a r d e d a s t h e 
c o r r e s p o n d i n g coba l t sa l t Cu(CoS 2 ) 2 , a n d s y c h n o d y m i t e a s (Co,Cu,Ni) 3 S 4 , o r 
(Co,Cu,Ni){(Co,Cu,Ni)S 2} 2 ; j u s t a s P . G r o t h a n d K . Mie le i tner cons ide red t h e 
ser ies : linnaeite, (Co,Ni ,Fe){(Co,Ni ,Fe)S 2 } 2 ; p o l y d y m i t e , (Ni ,Co,Fe){(Ni ,Co,Fe)S 2 } 2 ; 
ca r ro l l i t e , Cu(CoS 2 ) 2 ; b a r r a c a n i t e C u ( F e S 2 ) 2 ; a n d d a u b r ^ e l i t e , F e ( C r S 2 ) 2 . F o r 
s iegeni te , (Ni ,Co,Fe) 3 S 4 , w i t h m o r e nickel t h a n c o b a l t , vide c o b a l t su lph ide . 
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F I G . 348. T h e B i n a r y S y s t e m : 
N i 3 S 2 - C o 5 S 4 . 
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H . L a s p e y r e s f o u n d s y c h n o d y m i t e t o occu r in sma l l , s t ee l -g rey o c t a h e d r a l 
c r y s t a l s be long ing t o t h e cub i c s y s t e m . I t a lso occurs m a s s i v e . T h e c r y s t a l s 
e x h i b i t p o l y s y n t h e t i c t w i n n i n g a b o u t t h e ( l l l ) - p l a n e , a n a l o g o u s w i t h p o l y d y m i t e . 
G. Menze r f o u n d t h e X - r a d i o g r a m s of s y c h n o d y m i t e , p o l y d y m i t e , a n d linneeite a r e 
a l m o s t i den t i ca l . T h e e l e m e n t a r y cell is a f ace -cen t red c u b e , w i t h t h e p a r a m e t e r 
a = 9-434 A. , a n d t h e r e a r e e igh t R3S4-HIoIeCuIeS in t h e u n i t cell. A c c o r d i n g t o 
H . L a s p e y r e s , t h e sp . gr . is 4-758. T h e m i n e r a l is inso luble in h y d r o c h l o r i c ac id , 
a n d fo rms a r ed soln. w i t h n i t r i c ac id . 

W . F . H i l l e b r a n d 7 desc r ibed a m i n e r a l f rom M i n a r a g r a , P e r u , which is r e g a r d e d 
a s a h i g h l y n ickel i ferous p y r i t e , (Fe 5 Ni)S 2 , c a r r y i n g a b o u t 4-31 p e r cen t , of 
v a n a d i u m . H e cal led i t bravo i t e—af te r J . J . B r a v o . A. F . B u d d i n g t o n o b s e r v e d 
i t i n t h e n ickel i ferous d e p o s i t s s o u t h - e a s t of A l a s k a ; a n d Gr. K a I b a n d E . Meyer , 
a t Meche rn i ck , G e r m a n y . R . Z u c k e r t s t u d i e d t h e f o r m a t i o n of coba l t -n icke l 
p y r i t e s of J o a c h i m s t h a l , B o h e m i a . B r a v o i t e occurs in sma l l g ra ins a n d c ry s t a l 
f r a g m e n t s , a p p a r e n t l y o c t a h e d r a l , a n d also in p y r i t o h e d r o n s . T h e colour is pa l e 
ye l low ; i t is w h i t e r t h a n p y r i t e ; a n d a c q u i r e s a f a in t r e d d i s h t a r n i s h on e x p o s u r e 
t o a i r . G. K a I b a n d E . Meye r o b s e r v e d t h a t t h e c r y s t a l s f rom Mechern ick h a v e a 
zona l s t r u c t u r e espec ia l ly a p p a r e n t on po l i shed sur faces . Zones of a v io le t -co loured 
m i n e r a l a l t e r n a t e w i t h brass -ye l low zones . T h e b o u n d a r i e s of t h e zones a r e 
pa ra l l e l w i t h t h e p y r i t o h e d r a l p l a n e s . T h e c o m p o s i t i o n of b o t h zones a p p r o x i ­
m a t e s (Fe 9 Ni)S 2 . W . F . de J o n g a n d H . W . V. Wi l l ems o b s e r v e d N i S 2 , 53-82 ; 
CoS 2 , 7-12 ; a n d F e S 2 , 39-08 p e r cen t . ; a n d t h a t t h i s s u l p h i d e fo rms a c o m p l e t e 
ser ies of solid soln. w i t h t h e p y r i t e s t r u c t u r e ; a n d t h e l e n g t h of t h e basa l edge of t h e 
space - l a t t i c e is 5-57 A. , t h e a r i t h m e t i c a l m e a n of t h e va lues for t h e l a t t i ces of t h e t w o 
c o m p o n e n t s . G. K a I b a n d E . M e y e r o b s e r v e d t h a t t h e v io le t zones h a v e n o t all t h e 
s a m e t i n g e , a n d t h e co lour is p r o b a b l y d u e t o t h e p resence of different p r o p o r t i o n s 
of n icke l a n d i ron . M. N . S h o r t a n d E . V. S h a n n o n obse rved no i n d i c a t i o n of 
c l eavage in t h i s m i n e r a l ; i t s h a r d n e s s is a b o v e 5-5, s ince i t c a n n o t be s c r a t c h e d b y 
a need l e . N i t r i c ac id fumes t a r n i s h a po l i shed face of t h e m i n e r a l , a n d t h e i r idescen t 
s t a i n s e m p h a s i z e t h e zona l s t r u c t u r e . N e g a t i v e r e su l t s were o b t a i n e d w i t h h y d r o ­
chlor ic ac id , soln. of p o t a s s i u m h y d r o x i d e , p o t a s s i u m c y a n i d e , ferric ch lor ide , a n d 
m e r c u r i c ch lo r ide . A . F . B u d d i n g t o n ' s d e s c r i p t i o n of b r a v o i t e f rom M i n a r a g r a 
is t h e s a m e as t h a t of v io l a r i t e . 

M. H e n g l e i n desc r ibed a m i n e r a l f rom t h e Vic to r i a m i n e , Miiscn, W e s t p h a l i a . 
I t w a s cal led heng le in i t e . A n a l y s e s c o r r e s p o n d w i t h t h e p y r i t i c s t r u c t u r e , 
(Fe ,N i ,Co)S 2 . I t occurs a s a confused a g g r e g a t e of cub ic c rys t a l s , wh ich show t h e 
fo rms of t h e c u b e , o c t a h e d r o n , a n d t h e p e n t a g o n a l - d o d e c a h e d r o n . T h e co lour is 
s t ee l -g rey ; t h e l u s t r e is me ta l l i c ; a n d t h e s t r e a k g rey i sh -b lack . T h e c l eavage 
pa ra l l e l t o t h e faces of t h e c u b e is d i s t i nc t . T h e sp . gr . is 4-716 a t 19° t o 20° ; 
a n d t h e h a r d n e s s , 5-0 t o 5-5. W h e n t h e m i n e r a l is h e a t e d , i t g ives off s u l p h u r ; 
a n d i t is d e c o m p o s e d b y n i t r i c ac id . 

W . R . Schoe l l e r a n d A . R . P o w e l l 8 r e p o r t e d a m i n e r a l f rom t h e v i c i n i t y of Vi l l aman ia* 
S p a i n , a n d t h e y ca l led i t villamanlte. T h e a n a l y s i s c o r r e s p o n d s w i t h (Cu ,Ni ,Fe ,Co) (S ,So) 2 , 
so t h a t i t b e l o n g s t o t h e p y r i t e s f ami ly . T h e m i n e r a l c o n t a i n s c r y s t a l s a n d r a d i a t i n g 
f ibres so t h a t t h e r e a r e d o u b t s a b o u t i t s h o m o g e n e i t y . IC. T h o m s o n cons ide r s i t t o b e a 
m i x t u r e a n d n o t a m i n e r a l o g i c a l i n d i v i d u a l . 
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§ 18. Nickel Sulphates 
A n h y d r o u s n i c k e l o u s su lphate , N i S O 4 , or s i m p l y nickel sulphate, w a s p r e p a r e d 

b y J . Li. G a y L u s s a c 1 b y h e a t i n g t h e h y d r a t e d sa l t t o du l l r edness . A. lS tard sa id 
t h a t t h e a n h y d r o u s sa l t is d e p o s i t e d in a c rys t a l l i ne s t a t e b y e v a p o r a t i n g a soln . 
of t h e sa l t in cone , s u l p h u r i c ac id . P . K l o b b , a n d C. Lep ie r r e a n d M. I^achaud 
o b t a i n e d c r y s t a l s of t h e sa l t b y m i x i n g t h e h y d r a t e d s u l p h a t e , c a r b o n a t e , or ox ide 
w i t h a n excess of a m m o n i u m s u l p h a t e , a n d h e a t i n g t h e mixtxire o u t of c o n t a c t 
w i t h t h e flame gases , a n d in a p a r t i a l l y closed c ruc ib le , u n t i l t h e a m m o n i u m 
s u l p h a t e h a d vo la t i l i zed . T h e c r y s t a l s o b t a i n e d b y t h e a m m o n i u m s u l p h a t e 
p rocess a r e c i t ron-ye l low, o r c a n a r y - y e l l o w o c t a h e d r a ; a n d C. Liepierre a n d 
M. L a c h a u d a d d e d t h a t if a m m o n i u m h y d r o s u l p h a t e is e m p l o y e d , t h e a n h y d r o u s 
n i cke l s u l p h a t e a p p e a r s in fusiform, p r i s m a t i c c ry s t a l s . T h e difference in t h e t w o 
f o r m s is d u e t o t h e p r e sence of a b o u t 0-5 p e r c e n t , of free s u l p h u r i c ac id in t h e fusi­
f o r m c r y s t a l s . O. F . R a m m e l s b e r g o b t a i n e d t h e a n h y d r o u s sa l t b y h e a t i n g 
h y d r a t e d n icke l d i t h i o n a t e , o r h e x a m m i n o d i t h i o n a t e w h e n s o m e n icke l su lph ide 
m a y also be fo rmed . F . W . O. de Con inck p r e p a r e d t h e a n h y d r o u s sa l t b y t r i ­
t u r a t i n g n icke l ox ide w i t h s o d i u m h y d r o s u l p h a t e . A . Mai l fer t n o t i c e d t h a t t h e 
a n h y d r o u s s u l p h a t e is f o r m e d w h e n n icke l s u l p h i d e is ox id ized b y ozonized a i r . 

A n a q . soln. of n icke l s u l p h a t e is o b t a i n e d b y d isso lv ing n ickel , t h e ox ide , 
h y d r o x i d e , or c a r b o n a t e i n di l . s u l p h u r i c ac id ; a n d t h e e v a p o r a t i o n of t h e a q . 
so ln . a t o r d i n a r y t e m p , furn ishes c r y s t a l s of t h e hcptahydrate, N i S O 4 . 7 H 2 O . 
A n a l y s e s of t h e h e p t a h y d r a t e we re m a d e b y R . T u p p u t i , R . Ph i l l ips , R . F u l d a , 
FJ. Mi t scher l i ch , J . C. Gr. de M a r i g n a c , T . T h o m s o n , e t c . ; t h e h e x a h y d r a t e b y 
R . Ph i l l i p s , J . I . P i e r r e , E . Mi tscher l ich , J . O. G. de Mar ignac , a n d B . D . S tee le 
a n d F . M. G. J o h n s o n ; a n d of t h e a n h y d r o u s sa l t , b y R . T u p p u t i , a n d P . B e r t h i e r . 
M. J . F o r d o s a n d A . Gelis o b s e r v e d t h a t t h e h e p t a h y d r a t e is fo rmed a l o n g w i t h 
o t h e r p r o d u c t s w h e n s u l p h u r o u s ac id a c t s on n icke l . A . Terre i l r e c o m m e n d e d t h e 
fol lowing p rocess for p r e p a r i n g t h i s sa l t : 

C o m m e r c i a l n icke l is d i s so lved i n aqua, r eg ia , a n d t h e so ln . e v a p o r a t e d a l m o s t t o d r y ­
n e s s : o n t r e a t m e n t of t h e r e s i d u e w i t h w a t e r , s o m e i ron a r s e n a t e r e m a i n s i n so lub le a n d 
is s e p a r a t e d b y f i l t r a t ion . T h e c o p p e r is p r e c i p i t a t e d f rom t h e so ln . b y i n t r o d u c i n g s o m e 
i r o n t a c k s , a n d t h e i ron in t h e so ln . is p e r o x i d i z e d ; t h e n a q u a n t i t y of s u l p h u r i c a c i d is 
a d d e d sufficient t o c o n v e r t a l l t h e i r o n a n d n i cke l j j r e sen t i n t o s u l p h a t e s , t h e so ln . is 
e v a p o r a t e d t o d r y n e s s , a n d t h e r e s i d u e is t r e a t e d w i t h w a t e r , y i e l d i n g a so ln . f rom w h i c h 
t h e i r o n is p r e c i p i t a t e d b y b a r i u m c a r b o n a t e . T h e f i l t r a t e o n e v a p o r a t i o n d e p o s i t s 
c r y s t a l s of p u r e n icke l s u l p h a t e . 

D . W e i n b e r g e r d i scussed t h e pur i f ica t ion of t h e sa l t . M a n y o t h e r processes a r e 
avai lable—e .g . , H . P . Corson ' s p rocess . H . B a u b i g n y r e c o m m e n d e d t h e fol lowing 
process : 
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A so ln . of n ickel n i t r a t e is t r e a t e d w i t h a n a m r n o n i a c a l so ln . of a m m o n i u m c a r b o n a t e 
a n d fi l tered f rom t h e p r e c i p i t a t e d i ron o x i d e . T h e so ln . is bo i led t o d r i v e off t h e a m m o n i a , 
n e u t r a l i z e d w i t h s u l p h u r i c a c i d , a n d t h e d o u b l e s u l p h a t e is r ec rys t a l l i z ed a few t i m e s . I t 
is t h e n h e a t e d t o du l l r e d n e s s , a n d t r e a t e d w i t h a l i t t l e w a t e r , a n d so ln . , acidif ied w i t h 
ace t i c ac id , is t r e a t e d w i t h h y d r o g e n s u l p h i d e t o r e m o v e t h e c o p p e r . T h e f i l t r a t e is 
m i x e d w i t h n i t r i c a c i d , a n d e v a p o r a t e d t o d r y n e s s . T h e p r o d u c t is ca lc ined , d i s so lved 
in n i t r i c ac id , a n d t h e so ln . t r e a t e d w i t h a n exces s of p o t a s s i u m a c e t a t e , a n d t h e n w i t h 
s o d i u m n i t r i t e . Af t e r s t a n d i n g a few d a y s , t h e so ln . is f i l tered t o r e m o v e t h e p r e c i p i t a t e d 
c o b a l t s a l t , a n d t h e f i l t r a t e is t r e a t e d w i t h h y d r o c h l o r i c a c i d , a n d e v a p o r a t e d . T h e 
r e s idue is t r e a t e d w i t h a m m o n i u m o x a l a t e . T h e r e s u l t i n g n i cke l o x a l a t e is c o n v e r t e d 
i n t o s u l p h a t e b y t r e a t m e n t w i t h s u l p h u r i c a c i d . 

A. C r o n s t e d t n o t e d i n 1751 t h a t t h i s sa l t w h i c h h e ca l led nickel-viktril occurs 
as a d e e p g reen efflorescence on t h e kupfe rn i cke l of t h e c o b a l t m i n e s of He l s ing -
l a n d . T . B e r g m a n sa id : niccolum vitriolatum interdum e miner is sulphuratis 
fatiscenlibus genitum, a n d t h e t e r m nickel vitriol w a s app l i ed t o i t d u r i n g t h e first 
ha l f of t h e n i n e t e e n t h c e n t u r y . F . v o n K o b e l l t h e n t e r m e d i t pyromelin ; b u t 
D . A . Casa res h a d p r ev ious ly n a m e d i t morenosita—after S t . M o r e n o — a n d hence 
i t is n o w cal led morenos i t e . A . M. Alc iba r w r o t e o n t h e sub j ec t . 

T h e o c c u r r e n c e of m o r e n o s i t e in t h e !Rhenish Sch ie fe rgeb i rge w a s d e s c r i b e d b y 
JrI.. L a s p e y r e s ; in B a y r e u t h , b y F . v o n K o b e l l ; i n Riesche lsdorf , b y K,. F u l d a ; i n Sco t ­
l a n d , b y .J. Gr. Goodch i ld ; in Z e r m a t t , S w i t z e r l a n d , b y F . P i s a n i ; in Monzai 'd, A lge r i a , 
b y A . L a c r o i x ; in G-alicia, S p a i n , b y D . A . C a s a r e s ; in J o a c h i m a s t a l , B o h e m i a , b y 
F . XTlrich ; in t h e "Wallace m i n e , L a k e H u r o n , a n d in t h e G a p n icke l m i n e , L a n c a s t e r Co. , 
P e n n s y l v a n i a , b y J . H>. D a n a ; in t h e Phoen ix m i n e , N a p a Co. , Cal i forn ia , b y G-. T . B e c k e r ; 
a n d in S a n Miguel , P e r u , b y A . Pva imondi . A n a l y s e s we re r e p o r t e d b y Pv. F u l d a , a n d 
F . P i s a n a . 

A n u m b e r of h y d r a t e s h a v e b e e n r e p o r t e d . R . T u p p u t i o b s e r v e d t h a t a t 12-5° 
one p a r t of h y d r a t e d n icke l s u l p h a t e d issolves in t h r e e p a r t s of w a t e r ; C. v o n 
I I a u e r , t h a t a t 11° t o 14°, a s a t . a q . soln. c o n t a i n e d 28-84 p e r c en t . N i S O 4 , a n d a t 
18° t o 20°, 30-77 p e r c e n t . ; C. H . Griffiths, t h a t a s a t . soln. a t 112-5° h a s G5 pe r 
cen t , of N i S O 4 ; a n d E . Tob le r , t h a t 100 g r m s . of w a t e r d issolve 30-4 g r ins . N i S O 4 
a t 2° ; 41 g r m s . a t 23° ; 52 g r m s . a t 50° ; 57-2 g r m s . a t 60° ; a n d 61-9 g r m s . a t 
70° . More e x a c t m e a s u r e m e n t s were m a d e b y A. l l l tard, a n d b y B . D . S tee le a n d 
F . M. G-. J o h n s o n . E . RudorfT g a v e for t h e ice-l ine 12-7 rjer cen t , of N i S O 4 a t 
—1-60° ; 17-7 pe r cen t , a t —2-95° ; a n d 20-6 p e r cen t , a t —4-15° , w h i c h is t h e 
e u t e c t i c t e m p e r a t u r e . O b s e r v a t i o n s were m a d e b y I . K o p p e l a n d H . W e t z e l , 
F . RudorfT, A. C h r e t i e n a n d R . R o h m e r , N . V. Tantzoff, Li. H a c k s p i l l a n d 
A. P . Kieffer, 0 . M o n t e m a r t i n i a n d L . L o s a n a , R . M. C a v e n a n d W . J o h n s t o n , 
G. J . Mulde r , A . a n d H . B e n r a t h , R . L a t t e y , a n d E . C. V i l b r a n d t a n d 
J . A . R e n d e r . M. A. R a k u z i n a n d T). A. B r o d s k y s t u d i e d t h e t h e r m a l d e h y d r a t i o n 
of t h e sa l t . B . D . Stee le a n d F . M. G. J o h n s o n g a v e for t h e p e r c e n t a g e so lubi l i ty , 
S, a n d t h e solid p h a s e s , F i g . 349 , 

0° 15° 
S . - . 21-4 25-5 

NiSC)4.7H2O 

A. J5 ta rd o b s e r v e d t h a t t h e p e r c e n t a g e so lub i l i ty a t 119° is 49-4 p e r cen t . , a n d 
t h a t t h e r e is a p r o b a b i l i t y of a t r a n s f o r m a t i o n i n t o t h e d i h y d r a t e n e a r t h i s t e m p , 
s ince t h e so lub i l i ty dec reases t o 36-3 p e r cen t , a t 163°, a n d a t 230°, is n e a r l y zero . 
T h e r e s u l t s a r e s u m m a r i z e d in F i g . 349. 

T . G r a h a m sa id t h a t a p a l e yel low monohydrate, N i S O 4 - H 2 O , r e m a i n s w h e n a 
h i g h e r h y d r a t e is h e a t e d t o 103-3°, a n d t h a t t h e o d d m o l . of w a t e r pe r s i s t s u p t o 
279-4°. H . Lescoeur o b t a i n e d t h e m o n o h y d r a t e a s a p r e c i p i t a t e b y a d d i n g cone , 
s u l p h u r i c ac id t o a soln. of n icke l s u l p h a t e . R . R o h m e r o b s e r v e d t h a t b o t h t h e 
m o n o h y d r a t e a n d t h e a n h y d r o u s sa l t c a n be p r e p a r e d a t 25° in t h e p re sence of 
su lphu r i c ac id . B . D . S tee le a n d F . M. G. J o h n s o n f o u n d t h a t t h e p a l e g r een 
dihydrate, N i S O 4 . 2 H 2 O , s e p a r a t e s f rom a s a t . soln . of n icke l s u l p h a t e a t 131° ; 

31-5° 32-3° 53 3° 70° 99° 110° 
30-2 30-4 34-5 37-3 43-3 46-5 

NiSO 4 . 6H a 0 (blue) NiSO4 .6H2O (green) 



N I C K E L 4 5 5 

a n d A. l£ t a rd , t h a t t h e d i h y d r a t e is p r e c i p i t a t e d from a s a t . aq . soln. of n ickel 
s u l p h a t e b y t h e a d d i t i o n of cone , su lphur i c ac id . C. A. Li. de B r u y n r epo r t ed a 
tetrahydrate, N i S O 4 . 4 H 2 O , b y recrys ta l l iz ing n icke l s u l p h a t e from su lphu r i c ac id 
of sp . gr . 1-4. T h e t e t r a h y d r a t e is m e t a s t a b l e , a n d i t w a s found b y R . R o h m e r 
t o ex is t a t 25° in c o n t a c t w i t h soln. w i t h less t h a n 43 p e r cen t , of H 2 S O 4 . T h e 
pentahydrate, N i S O 4 . 5 H 2 O , ana logous t o p e n t a h y d r a t e d fe r rous s u l p h a t e , h a s n o t 
been p r e p a r e d , b u t J . W . R e t g e r s found t h a t t h e r e is a n a r r o w range of solid soln. 
of t h e p e n t a h y d r a t e w i t h p e n t a h y d r a t e d cupr ic su lpha te—v ide infra. A c c o r d i n g 
t o J . C. O. de Mar ignac , a n d G. N . Wyrouboff , t h e hexahydrate, N i S O 4 . 6 H 2 O , is 
d i m o r p h o u s — o n e form, t h e <x-hexahydrate, occurs in b lue , or b lu ish-green, q u a d r a t i c 
o r t e t r a g o n a l c rys t a l s , a n d t h e o t h e r , t h e fi-hexaliydrate, i n green, monoc l in ic 
c ry s t a l s . B . D . Steele a n d F . M. G. J o h n s o n found t h e t r a n s i t i o n t e m p , t o be 
53-3°, a n d t h e r a n g e s of s t ab i l i t y a r e i n d i c a t e d in F ig . 363 . H . J . B r o o k e , 
R . Ph i l l ips , a n d J . I . P i e r r e o b t a i n e d t h e b lue , t e t r a g o n a l ot-form from soln. con­
t a i n i n g a n excess of ac id , s ay b y e v a p o r a t i n g , a t 15° t o 18°, a n aq . soln. of t h e 
n ickel s u l p h a t e m i x e d w i t h half i t s 
w e i g h t of su lphur i c ac id ; a n d J40o

{ 
C. A. I J . d e B r u y n , su lphu r i c ac id of 
s p . gr . 1-3 t o 1*4. P . G r o t h gave for 120 
t h e ax ia l r a t i o s a : c = l : 1-912. 
C. v o n H a u e r e m p l o y e d cone . 106 
hydroch lo r i c in p lace of su lphu r i c 
ac id . E . Mi tscher l ich o b t a i n e d i t 80a\ 
f rom n e u t r a l soln. b e t w e e n 15° a n d 
20° ; a n d J . C. G. d e Mar ignac , eor 

b e t w e e n 30° a n d 40° . R . Ph i l l ips 
sa id t h a t w h e n t h e h e p t a h y d r a t e is 40 
exposed t o a i r , i t loses w a t e r a n d 
fo rms t h e h e x a h y d r a t e ; a n d 20' 
E . Mi t scher l i ch , t h a t t h e h e p t a ­
h y d r a t e w h e n p l aced on p a p e r a n d 0' 
exposed t o s u n l i g h t for 2 or 3 d a y s 
is c o n v e r t e d i n t o a n a g g r e g a t e of 
q u a d r a t i c b i p y r a m i d s . TL). D o b r o -
serdoff, h o w e v e r , showed t h a t sun ­
l igh t h a s n o effect on t h e h e p t a ­
h y d r a t e p r o v i d e d t h e c ry s t a l s a r e 

L /ces \Jine 

^ 

.§ S ^ 

^4 • 75° 

<i0-2° 

A 
'34-5° 

c.72~(r> 

10 

F i a . 349.-

20 30 40 50 
Per cent, of NiSO4 

- T h o So lub i l i t y Cu rves of N ieke lous 
S u l p h a t e in W a t e r . 

c o n t a i n e d in a space s a t u r a t e d w i th w a t e r v a p o u r , a n d m a i n t a i n e d a t a low t e m p . 
T h e obse rved p h e n o m e n o n is the re fore a s imple case of efflorescence. T h e g reen , 
monoc l in ic /3-form was o b t a i n e d b y J . C. G. de Mar ignac b y t h e i so the rma l c ry s t a l ­
l i za t ion of n e u t r a l soln. of n ickel s u l p h a t e a t 50° t o 70° ; I . K o p p e l a n d H . W e t z e l 
sa id a t 53-3°, a n d B . D . Steele a n d F . M. G. J o h n s o n , 60° t o 70°. J . C. G. de 
M a r i g n a c sa id t h a t l a rge , s t ab l e c r y s t a l s a r e o b t a i n e d f rom soln. of nickel s u l p h a t e 
c o n t a i n i n g some nickel ch lor ide a n d free hydroch lo r i c ac id . T h e c rys t a l s shou ld 
be d r i ed a t 40° t o 50° . T h e green , t r a n s p a r e n t c rys t a l s a r e s t ab le a t 40° , b u t a t 
o r d i n a r y t e m p , t h e y become blue , a n d o p a q u e . R . Re in i ckc s t u d i e d t h e n a t u r e 
of t h e h y d r a t e s . 

The physical properties of nickel sulphate.—Anhydrous nickelous sulphate 
occur s in c i t ron-ye l low or ye l lowish-green, o c t a h e d r a l crysta ls . T h e h e p t a h y d r a t e 
fo rms emera ld -g reen , r h o m b i c c r y s t a l s which , acco rd ing t o J . C. G. de Mar ignac , 
h a v e t h e ax i a l r a t i o s a : b : c = 0 - 9 8 1 5 : 1 : 0-5656 ; H . G. K . W e s t e n b r i n k g a v e 
0-9804 : 1 : 0-5631. R . W . Cai rns a n d E . O t t ' s X - r a d i o g r a m s showed n o ev idence 
of t h e ex i s t ence of t w o c rys t a l l i ne fo rms of n ickel s u l p h a t e . C. W i n t h e r s tud ied 
the e x t i n c t i o n coeff. of soln. Morenos i te occur s in ac icu la r c rys ta l s a n d t h i n 
p r i s m s ; t h e r e a r e a lso f ibrous fo rms , a n d i t a lso occurs as a n efflorescence ; t h e 
co lour r a n g e s from app le -g reen t o g reen i sh -wh i t e . T h e s t r e a k is w h i t e w i t h a 
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g r e e n t i n g e . T h e c l e a v a g e o n t h e (OlO)-face is c o m p l e t e . L . R o y e r s t u d i e d t h e 
o v e r g r o w t h s on mica . T h e corros ion figures w e r e found b y E . B la s ius t o 
r e semb le those o b t a i n e d w i t h h e p t a h y d r a t e d m a g n e s i u m s u l p h a t e . H . D u f e t 
o b s e r v e d t h a t t h e c rys t a l s a r e i s o m o r p h o u s w i t h t h e r h o m b i c c r y s t a l s of h e p t a ­
h y d r a t e d m a g n e s i u m , a n d z inc s u l p h a t e s . A . des Clo izeaux g a v e for t h e opt ic 
ax ia l ang l e 2 ^ = 6 4 ° 2 4 ' w i t h r ed l i gh t ; a n d W . v o n L a n g , 2,E= 64° 12 ' ; w h i l s t 
H . D u f e t gave 2 V= 41° 5 4 ' , a n d H . Topsoe a n d C. Chr i s t i ansen gave 2 F== 41° 5 6 ' . 
O b s e r v a t i o n s on t h e c r y s t a l s were a lso m a d e b y E . Mi t scher l i ch , C. F . R a m m e l s -
berg , L . de B o i s b a u d r a n , a n d C. A. L . d e B r u y n . A c c o r d i n g t o E . S. v o n FederofF, 
t h e r e is a monoc l in ic modi f ica t ion of t h e h e p t a h y d r a t e w h i c h is o b t a i n e d in a n 
u n s t a b l e fo rm b y c r y s t a l l i z a t i o n f rom a s u p e r s a t u r a t e d soln. of t h e h e p t a h y d r a t e , 
a n d i t r a p i d l y c h a n g e s i n t o t h e o r d i n a r y r h o m b i c fo rm. G. N . Wyroubof f sug ­
ges ted t h a t t h e h e p t a h y d r a t e m a y be t r i m o r p h o u s — r h o m b i c , monoc l in ic , a n d 
r h o m b o h e d r a l ; a n d S. D u r k a c z found t h a t N i S O 4 - ^ H 2 O , a n d CuSO4 .TiH2O a r e 
i s o t r i m o r p h o u s , a n d furn ish t h e solid soln . w i t h O t o 10-37 p e r cen t . N i S O 4 . 5 H 2 O 
a r e t r ic l in ic ; t h o s e w i t h 42-53 t o 60-57 p e r c e n t . N i S O 4 . 7 H 2 O a re monoc l in ic ; 
a n d t h o s e wi th 93-58 t o 100 p e r cen t . N i S ( J 4 . 7 H 2 O a r e r h o m b i c . E . D i t t l e r s t u d i e d 
n icke l s u l p h a t e a s soc ia ted w i t h m a n g a n e s e a n d m a g n e s i u m s u l p h a t e s . L . C. J a c k ­
son, a n d F . M. J a g e r a n d H . H a g a e x a m i n e d t h e X - r a d i o g r a m s . H . G. K . W e s t e n -

b r i n k f o u n d t h e l a t t i c e d imens ions of t h e h e p t a h y d r a t e t o 
be a = l l - 8 6 A . , 6 = 1 2 0 8 A. , a n d c=-6-81 A. , a n d t h e r e a r e 
4 mol s . p e r cell. C. A . Beeve r s a n d C. M. S c h w a r t z inferred 
t h a t t h e r h o m b i c fo rm of t h e h e p t a h y d r a t e h a s six 
H 2 0 - m o l e c u l e s a r o u n d t h e N i - a t o m , fo rming an a l m o s t r e g u l a r 
o c t a h e d r o n . T h e S 0 4 - g r o u p is t e t r a h e d r a l . E a c h S 0 4 - g r o u p 
is in c o n t a c t w i t h s ix N i -g roups ; e ach N i - g r o u p is in c o n t a c t 
w i t h S 0 4 - g r o u p s , a n d also t w o n e i g h b o u r i n g N i -g roups . T h e 
s e v e n t h w a t e r molecule is a s soc ia t ed w i t h nickel b y t w o 
pos i t ive b o n d s . L . C. J a c k s o n ' s o b s e r v a t i o n s on t h e m a g n e t i c 
suscep t ib i l i t y f a v o u r e d t h e a s s u m p t i o n t h a t t h e n icke l a t o m s 
a r e a r r a n g e d o n t h e space - l a t t i ce a s i n d i c a t e d in F i g . 350 . 
C. A. B e e v e r s a n d H . L i p s o n g a v e for t h e t e t r a g o n a l fo rm 
of t h e h e x a h y d r a t e a = 9 - 6 1 A. , a n d c = 1 8 - 3 A. wi th 4 mo l s . 
pe r u n i t cell, a n d t e t r a h e d r a l S 0 4 - g r o u p s , a n d o c t a h e d r a l 

t^eaHoptaahydrata! N i ( 6 H 2 0 ) g r o u p s , B . B Corey a n d R^ W . O . Wyckoff 
d i scussed t h e sub jec t . T h e b lue or b lu i sh-green , t e t r a g o n a l 

c r y s t a l s of t h e a - h e x a h y d r a t e , d i scovered b y E . Mi t scher l i ch , were f o u n d wi th t h e 
ax i a l r a t i o a : c = l : 1-9061 ; A. Scacchi g a v e 1 : 1-9119. T h e (OOl)-cleavage is 
per fec t , a n d t h e (10O)-cleavage imper fec t . E . B l a s i u s , a n d H . B a u m h a u e r s t u d i e d 
t h e cor ros ion figures. T h e c r y s t a l s we re a l so e x a m i n e d b y H . J . B r o o k e , 
J . C. G. de M a r i g n a c , F . E . R e u s c h , P . G r o t h , C. F . R a m m e l s b e r g , a n d 
G. N . WyroubofT. T h e g r e e n o r e m e r a l d - g r e e n monoc l in i c p r i s m s of t h e 
/ 3 - h e x a h y d r a t e , d i scove red b y J . C. G. de M a r i g n a c , were f o u n d t o h a v e t h e a x i a l 
r a t i o s a : b : c = 1-3723 : 1 : 1-6763, a n d £ , 98° 17 ' . T h e c ry s t a l s a r e a lso s imi la r 
t o t h o s e of t h e c o r r e s p o n d i n g m a g n e s i u m sa l t . A. Scacchi obse rved n o c l eavage 
p l a n e s . L . de B o i s b a u d r a n e x a m i n e d t h e effect of i n o c u l a t i n g sa t . soln . of t h e 
h e x a h y d r a t e w i t h c r y s t a l s of different k i n d s ; W . E . G a r n e r , t h e g r o w t h of 
t h e c r y s t a l s ; a n d G. T a m m a n n a n d H . E . v o n Gronoff, t h e c ry s t a l l i z a t i on of 
s u p e r s a t u r a t e d soln. 

H . S c h r o d e r f o u n d t h a t t h e specific grav i ty of t h e un fused a n h y d r o u s s u l p h a t e 
is 3-652 t o 3-696 ; L . P l a y f a i r g a v e 3-526 ; T . E . T h o r p e a n d J . I . W a t t s , 3-418 a t 
15°, a n d t h e mol . vol . , 44-6. F o r t h e h e p t a h y d r a t e , H . K o p p g a v e 2 0 3 7 ; H . Schiff, 
1-931 ; E . Moles a n d M. Crespi , 3-543 a t 25°/4° ; B . Gossner , 1 -953; C. P a p e , 
1-877 a t 16° ; O. P e t t e r s s o n , 1-955 a t 14° ; E . Moles a n d M. Crespi , 1-976 a t 25° /4° ; 
a n d T . E . T h o r p e a n d J . I . W a t t s , 1-947 a t 15°, a n d 144-6 for t h e m o l . v o l . 
H . G. K . W e s t e n b r i n k ca l cu l a t ed 1-882 f rom t h e l a t t i c e d a t a — o b s e r v e d 1-953. 

!Fi«. 350. A r r a n g e ­
m e n t of t h e Nicke l 
A t o m s o n t h e 
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R . F u l d a g a v e for morenos i t e 2-004 ; a n d E . G i in the r , 1-937. F o r t h e t e t r a g o n a l 
< i -hexahydra t e B . Gossner gave 2-064 ; H . Topsoe , 2 0 7 4 ; a n d T . E . T h o r p e a n d 
J- I- W a t t s , 2-031 a t 15° ; for t h e monoc l in ic iS -hexahydra te , B . Gossne r g a v e 
2-036 ; a n d H . Topsoe , 2 0 4 2 ; a n d E . Moles a n d M. Crespi , for t h e m o n o h y d r a t e , 
2-885 a t 25°/4° . O b s e r v a t i o n s on t h e sp . gr . of a q . soln. of nickel s u l p h a t e were 
m a d e b y A . B r o m e r , G. C h a r p y , G. D r e y e r , F . F l o t t m a n n , J . A . G r o s h a n s , 
F . F o u q u e , G. T. Ger l aeh , E . K le in , J . G. MacGregor , I1. M o n d a n d R . Nas in i , 
W . W . J . Nicol , a n d G. Q u i n c k e . T h e genera l r e su l t s a t 18° a r e : 

N i S O 4 . 1 4 8 IO 14 1 8 p e r c e n t . 
S p . g r . . 1 -0091 1 0 4 1 5 1 -0852 1 1 0 8 5 1 1 5 7 5 1 -2090 

The International Critical Tables g a v e for t h e effect of t e m p . , t h e sp . gr. of t h e soln. : 

0 ° 18° 20° 2 5 ° 
p e r c e n t . . 1 0 1 0 7 1 -0091 1 0 0 8 9 1 -0073 

S r ) p r ^ , , . 1 0 2 1 5 1 0 1 9 8 1 0 1 9 6 1 0 1 7 7 
^ ^ • f e * | 4 , , . 1 0 4 3 5 1 - 0 4 1 5 1 -0413 1-0389 

1 -0630 1 0 6 2 5 1 -0610 4 
W . W . J . Nicol d i scussed t h e mol . vol . of a q . soln . ; a n d E . N . G a p o n , t h e mol . 
vol . of t h e h y d r a t e s . G. D r e y e r g a v e for t h e t e m p , of m a x i m u m densi ty for 0-5, 
1-0, a n d 1-5 pe r cen t , soln. , r e spec t ive ly , 3-27°, 2-55°, a n d 1-83°. J . N . R a k s h i t 
f o u n d t h e vo l . c o n t r a c t i o n in t h e p r o d u c t i o n of N i S O 4 . n H 2 0 w i t h n—l, 6, 7, 60, 
a n d 100 t o be, r e spec t ive ly , 6-1 , 23-6, 2 6 0 , 42-3, a n d 44-9. P . A. F a v r e a n d 
C. A . Va l son found for t h e v o l u m e o b t a i n e d by d iv id ing t h e t o t a l we igh t of w a t e r 
a n d sa l t b y t h e sp . gr . of soln. w i t h iV-g ram-cqu iva len t s pe r k g r m . of w a t e r , a t 
23-5°, a n d t h e inc rease i n vo l . w i t h e a c h success ive e q u i v a l e n t of sa l t : 

JV- 2JV- 3JV- 4JV- RJV- O J V - SN-
(Sp. frr. . 1 -079 1 1 5 3 1-224 1-292 1-358 1-421 

K i S O 4 . . { V o l u m e . 9 9 9 1 0 0 2 1 0 0 7 1 0 1 4 1 0 2 2 1 0 3 1 c . c . 
l^Vol. i n c r . 1 3 5 7 8 9 c . c . 
f S p . g r . . 1 0 7 3 1-136 1-19O 1-238 1-28O 1 3 1 7 1-378 

N i S O 4 . 7 H 2 O ^ V o l u m e . 1 0 6 2 1 1 2 7 1 1 9 4 1 2 6 2 133O 14OO 1 5 4 1 c . c . 
(̂  V o l . i i i c r . 6 2 6 5 6 7 6 8 6 8 7O 71 c . c . 

F . F l o t t m a n n found t h e sp . gr . of a 1 p e r c en t . soln. a t 15°, 20°, a n d 25° t o be 
r e spec t ive ly 1-0099, 1-0089, a n d 1 0 0 7 7 . J . N . R a k s h i t , a n d E . Moles a n d M. Crespi 
d i scussed t h e mol . vol . of t h e w a t e r of h y d r a t i o n . S. O k a m e a s u r e d t h e surface 
t e n s i o n of soln. G. T a m m a n n s t u d i e d t h e inner pressure of soln. T h e hardness 
of t h e c r y s t a l s of m o r e n o s i t e is 2-2 on M o h s ' scale . T h e v i scos i t ies of a q . soln. 
c o n t a i n i n g N-, 0-5iV-, 0-25iV-, a n d 0-12SiV-NiSO4 , a t 25°, obse rved b y J . W a g n e r , 
a r e , r e spec t ive ly , 1-3615, 1-1615, 1-0751, a n d 1-0323 (wa te r u n i t y ) . O b s e r v a t i o n s 
were m a d e b y M. M a t s u i a n d S. Ogur i , w h o found a b r e a k a t 31-8° co r r e spond ing 
w i t h t h e pas sage f rom t h e h e p t a - t o t h e h e x a - h y d r a t e . E . D i t t l e r d iscussed t h e 
diffusion of t h e sa l t in solid c rys t a l s ; a n d J . J . Co leman , aq . soln. C. P a p e g a v e 
0-216 for t h e specific h e a t of t h e a n h y d r o u s s u l p h a t e ; 0-237, for t h e m o n o h y d r a t e ; 
a n d 0 -341 , for t h e h e p t a h y d r a t e . H . K o p p g a v e 0-313 for t h e sp . lit . of t h e h e p t a -
h y d r a t e , a n d 82-3 for t h e mol . h t . T h e sub jec t was d iscussed by I . M a y d e l . 
S. P a g l i a n i gave for t h e s p . h t . , c, of soln. of a mol . of N i S O 4 w i t h n mo l s of H 2 O , 
c X 102—96-f-18(w—y). J . C G. de Mar ignac g a v e for soln. w i t h 50 a n d 20O mols 
of w a t e r p e r mol of sa l t , 0-8371, a n d 0-9510, r e spec t ive ly . T h e sub j ec t was 
d i scussed b y J . P e r r e u , N . de Ko los sowsky , a n d K . J a u c h . 

B . D . Stee le a n d F . M. G. J o h n s o n found t h e eu tec t i c t emperature of t h e 
h e p t a h y d r a t e is —4-15°, F i g . 349 ; a n d I . K o p p e l a n d H . W e t z e l gave —3-9°. 
F . RudorfE m a d e o b s e r v a t i o n s o n t h i s sub jec t ; B . D . S tee le a n d F . M. G. J o h n s o n 
found the transition temperature for NiSO 4 .7H 2 O^NiSO 4 .6H 2 O (blue)H-sat. 
soln. , t o b e 31-5° ; I . K o p p e l a n d H . W e t z e l o b t a i n e d a s imi la r resu l t ; N . V. T a n t -
zoff g a v e 31-55° ; a n d M. M a t s u i a n d S. Ogur i , 31-8°. B . D . Steele a n d 

Sp.gr
fSp.gr
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F . M. G. J o h n s o n g a v e for N i S 0 4 . 6 H 2 0 ( b l u e ) ^ N i S 0 4 . 6 H 2 0 (green) , 53-3° ; 
N . V. Tantzoff g a v e 36-7° for t h e t r a n s f o r m a t i o n f rom t h e h e p t a h y d r a t e t o t h e 
g reen h e x a h y d r a t e . A c c o r d i n g t o B . D . S tee le a n d F . M. G. J o h n s o n , t h e t r a n s ­
f o r m a t i o n N i S O 4 . 6 H 2 O ( g r e e n ) ^ N i S 0 4 . 2 H 2 0 - f - s a t . soln. , occurs p r o b a b l y b e t w e e n 
118° a n d 131°. A c c o r d i n g t o A . F o c k , t h e r h o m b i c c r y s t a l s of t h e h e p t a h y d r a t e , 
a t r o o m t e m p . , pa s s i n t o t h e t e t r a g o n a l h e x a h y d r a t e a t 33° , a n d i n t o t h e m o n o -
clinic h e x a h y d r a t e a t 60° . W . A . T i lden g a v e 98° t o 100° for t h e m e l t i n g po int 
of t h e h e p t a h y d r a t e . T h e i d e a t h a t t h e h e p t a h y d r a t e loses a mol . of w a t e r o n 
e x p o s u r e t o sun l igh t , d u e t o R . Ph i l l i p s , J . C. G. d e M a r i g n a c , E . Mi t scher l i ch , a n d 
C. v o n H a u e r , w a s s h o w n b y D . DobroserdofE t o be a s imple case of efflorescence. 
F . Kraff t f ound t h a t w h e n t h e h e p t a h y d r a t e is p l aced i n t h e v a c u u m , c o r r e s p o n d i n g 
w i t h t h a t for t h e c a t h o d e l igh t , 6 mol s . of w a t e r a r e los t i n 45 h r s . , a n d t h e s e v e n t h 
mol . is los t a t 280° . H . v o n B l u c h e r found t h a t t h e a n h y d r o u s sa l t in a i r a b s o r b s 
m o i s t u r e u n t i l t h e h e x a h y d r a t e is fo rmed . T h e d i s soc ia t ion pressure w a s s t u d i e d 
by G. W i e d e m a n n , M. Copisa row, D . G. R . Bonne l l a n d L . W . B u r r i d g e , 
a n d H . D e b r a y ; a n d W . T. M u l l e r - E r z b a c h o b s e r v e d t h a t t h e v a p o u r p r e s s u r e 
of t h e sa l t r e l a t i ve t o t h a t of w a t e r (un i ty ) is 0-65, i t t h e n falls t o 0 0 0 0 7 
f rom 0-003, a n d is i m p e r c e p t i b l e a f te r 2 m o n t h s , w h e n a mo l . of w a t e r h a s 
been los t . E . W i e d e m a n n f o u n d t h a t w h e n t h e h e p t a h y d r a t e is h e a t e d in 
a d i l a t o m e t e r , t h e r e is a r egu l a r e x p a n s i o n f rom 20° t o 65° , a n d a t 65° t h e r e 
is a l a rge e x p a n s i o n a t t e n d e d b y t h e loss of w a t e r , t h e e x p a n s i o n t h e n p r o c e e d s 
r e g u l a r l y u p t o 95° ; on cool ing, t h e c o n t r a c t i o n p r o c e e d s r egu l a r ly t o 30° , 
a n d t h e or ig inal h y d r a t e is r e p r o d u c e d . C. v o n H a u e r obse rved t h a t t h e sa l t 
loses a b o u t 4 mols . of w a t e r a t 100° ; T . G r a h a m , t h a t 6 mol s . a r e los t a t 103-3°, 
a n d t h e r e m a i n i n g mol . of w a t e r a t 279-4° ; a n d J . I . P i e r r e , t h a t t h e s a l t g r a d u a l l y 
becomes greenish-ye l low a n d a n h y d r o u s a t 200° t o 250°. R . T u p p u t i sa id t h a t a t 
a st i l l h ighe r t e m p . , t h e s u l p h a t e d e c o m p o s e s , w i t h o u t m e l t i n g , t o fo rm a bas ic 
sa l t , a n d a t a r e d - h e a t n e a r l y all t h e ac id is d r i v e n off. H . O. H o f m a n a n d 
W . Wanjukof f o b s e r v e d t h a t t h e d e c o m p o s i t i o n of t h e a n h y d r o u s s u l p h a t e c o m ­
m e n c e s a t a b o u t 702° , a n d p roceeds ene rge t i ca l ly a t 764° . A . D i t t e f o u n d t h a t 
t h e d e c o m p o s i t i o n beg ins a t 440° ; F . W a r l i m o n t , a t 600° ; a n d G. M a r c h a l , a t 690° . 
K. F r i e d r i c h a n d A. Bl ickle obse rved t h a t t h e t e m p , a t w h i c h t h e d i ssoc ia t ion p ress , 
is e q u a l t o 1 a t m . is 840° , a n d G. M a r c h a l , 883° . K . F l i c k sa id t h a t t h e sa l t d e c o m ­
poses a t 850° a n d 760 m m . p ress . G. M a r c h a l o b s e r v e d t h e p a r t i a l p ress , of s u l p h u r 
d iox ide , JP1SO2* s u l p h u r t r i o x i d e , JPso3, a n d o x y g e n , -Po2, w h e n t h e t o t a l p ress , 
is JP m m . : 

r 
- ^ S O 3 

A o 2
3 

/»o," 

700° 
12-6 

1-4 
7-4 
3 -7 

740° 
26-5 

2 - 6 
15-9 

7-9 

780° 
78-O 

8-5 
46-3 
2 3 1 

820° 
195-O 

22-5 
115-O 

57-5 

8OO ° 
46OO 

56-1 
269-2 
134-6 

900° 
1030 
132-4 
598-4 
299-2 

945° 
2200-0 

2 8 9 0 
1 2 7 4 0 

6 3 6 0 

H . H . W i l l a r d a n d R . I ) . F o w l e r , L.. W o h l e r a n d K . F l i ck , a n d K . F l i c k s t u d i e d 
t h e s e p a r a t i o n of m e t a l s b a s e d on differences in t h e r a t e s of t h e r m a l d e c o m p o s i t i o n 
of t h e i r s u l p h a t e s . I . B e n c o w i t z a n d H . T. H o t c h k i s s s t u d i e d t h e lower ing of t h e 
vapour pressure of t h e h e x a h y d r a t e . 

W . M u l l e r - E r z b a c h f o u n d t h e r e l a t i ve vapour pressure of w a t e r a n d t h e 
h e p t a h y d r a t e is 0-56, a n d t h e difference b e c o m e s i n a p p r e c i a b l e a f te r t h e s a l t h a s 
los t a mo l . of w a t e r . H . Lescoeur o b s e r v e d t h a t t h e v a p . p ress , of a s a t . a q . soln . 
is a b o u t 14-4 m m . a t 20° . W . C. S c h u m b s t u d i e d t h e d i s soc ia t ion p res s , of t h e 
h e p t a h y d r a t e . G. T a m m a n n found t h a t soln. of 11-31 , 26-41 , a n d 39-05 g r m s . of 
N i S O 4 p e r IOO g r m s . of w a t e r l owered t h e v a p . p ress , of w a t e r a t 100°, 7-4, 17-4, 
a n d 32-6 m m . r e spec t ive ly ; a n d t h e l ower ing of t h e v a p . p re s s . , p m m . , of soln . 
w i t h 25 a n d 45 g r m s . of N i S O 4 i n 100 g r m s . of w a t e r , w e r e : 

P\45 . 

30° 
1 0 
2-5 

50° 
2 - 8 
7-O 

70° 
6-7 

16-6 

eo° 
13-4 
33-2 

9 5 ° 
15-5 m m . 
38-6 , . 
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C. Die te r i c i , a n d I . B e n c o w i t z d iscussed t h e lower ing of t h e v a p . p ress , of soln. 
T h e lower ing of t h e f reez ing po int , 0° , of w a t e r for soln. w i t h C g r m s . of N i S O 4 
p e r 100 g r m s . of w a t e r for C<Z0-2028 w a s m e a s u r e d b y H . H a u s r a t h , a n d for soln. 
w i t h C < ; 0 - 7 4 3 g r m . b y H . C. J o n e s : 

C . . 0-006874 0 0 4 6 5 5 0-2028 0-743 2-245 5-975 14-94 
0° fall . 0-001583° 0-00960° 0-03585° 0-130° 0 3 2 0 ° 0 7 2 0 ° 1-724° 

T h e r e is a m i n i m u m in t h e c u r v e for t h e mol . lower ing of t h e f .p. for 0 -869M-NiSO 4 , 
a n d w i t h t h e m o s t cone , soln. , i t is less t h a n t h a t of w a t e r . Th i s is t a k e n t o m e a n 
t h a t t h e n icke l s u l p h a t e is po lymer i zed in such soln. t o a n e x t e n t which m a s k s a n y 
i on i za t i on which m a y h a v e occu r r ed . C o n s e q u e n t l y , t h e mol . lower ing of t h e f .p . 
is less t h a n w o u l d be p r o d u c e d b y t h e c o m p l e t e l y non- ion ized , a n d n o n - p o l y m e r i z e d 
s u l p h a t e . O b s e r v a t i o n s on t h e s u b j e c t were a lso m a d e by N . Tarug i a n d G. B o m -
b a r d i n i , Li. R o y e r , a n d L . K a h l e n b e r g . K. P l a k e , a n d I J . K a h l e n b e r g also 
m e a s u r e d t h e ra i s ing of t h e bo i l ing point , #° , of soln. w i t h C g rms . of N i S O 4 in 
100 g r m s . of w a t e r , a n d found : 

O . . 2-766 1 1 1 9 6 2 3 1 4 3 34-461 37-735 
0° r i se . 0-096° 0-336° 0-738° 1-389° 1-734° 

T h e h e a t Of f o r m a t i o n of h e p t a h y d r a t e d n ickel s u l p h a t e is, a cco rd ing t o 
J . T h o m s e n , (Ni ,0 2 ,S0 2 , 7H<>0)—162-53 CaIs. ; ( N i , 0 , S 0 3 , A q . ) - - 8 6 - 9 5 CaIs. ; 
(Ni 5 H 2 SO 4 3 Aq. ) ^ 18-59 C a I s . ; a n d (Ni (OH) 2 , SO a ,Aq . ) —26-11 CaIs. R . S c h e n c k 
a n d K. R a u b g a v e 232 CaIs. for t h e h e a t of f o r m a t i o n NiSO 4 . T h e h e a t of 
neu tra l i za t ion of J N i ( O I i ) 2 b y J I I 2 S O 4 aq . is 12-336 CaIs. O. Marcha l ca lcu la ted 
62-8 CaIs. for t h e h e a t of d i s soc ia t ion of t h e s u l p h a t e a t 800° t o 900°. I \ A. F a v r e 
a n d C. A . Valson g a v e for t h e h e a t of so lu t ion of a m o l of t h e h e p t a h y d r a t e in 
w a t e r —3-888 CaIs. ; a n d J . T h o m s e n g a v e —4-25 CaIs. for a mol of t h e h e p t a ­
h y d r a t e in 800 mol s of w a t e r , a n d —2-42 CaIs. for a mol of t h e h e x a h y d r a t e . 
J . P e r r e u , a n d E . P l a k e m e a s u r e d t h e h e a t s of d i l u t i on of a q . soln. 

T h e absorpt ion Spectrum h a s b e e n p r ev ious ly d iscussed . J . Ange r s t e in , 
T . Swensson , W . V. B h a g w a t , a n d Y . S h i b a t a m a d e o b s e r v a t i o n s on t h e sub jec t . 
H . M. V e r n o n s t u d i e d t h e c h a n g e s in co lour which occur on d i lu t ion , a n d on ra i s ing 
t h e t e m p . E . J . H o u s t o n also m a d e o b s e r v a t i o n s on t h e co lour of t h e aq . soln. 
H . l l e g g e , E . Miiller, a n d E . L o h r a a n n s t u d i e d t h e e x t i n c t i o n coefL ; a n d 
M. P a d o a a n d N . V i t a , t h e t r a n s p a r e n c y of t h e soln. H . Topsoc a n d C. Chr i s t i ansen 
o b s e r v e d t h a t t h e b lue , t e t r a g o n a l h e x a h y d r a t e h a s t h e indices of refract ion 
a > = 1-5078 a n d e=1-4844 for t h e C-line ; co= 1-5109 a n d €= 1-4873 for t h e jD-line ; 
a ;—1-5173 a n d e ^ 1-4930 for t h e JP-line ; a n d c o = 1-5228 for t h e <7-line. T h e 
bi ref r ingence of t h e g reen , monoc l in ic h e x a h y d r a t e w a s found b y C N . WyroubofY 
t o be n e g a t i v e . A. des Clo izeaux f o u n d t h e birefr ingence of t h e h e p t a h y d r a t e 
t o b e n e g a t i v e . V. v o n L a n g g a v e for t h e i n d e x of re f rac t ion of t h e h e p t a ­
h y d r a t e , 1-4660, 1-4672, a n d 1-4700, respec t ive ly , for red , yel low, a n d green 
l i gh t ; a n d H . Topsoe a n d C. Chr i s t i ansen gave a = 1-4669, £=^1-4888, a n d 
y = 1-4921 for t h e ZMine ; a n d a = 1-4729, £ ^ 1 - 4 9 4 9 , a n d y= 1-4981 for t h e T^-line ; 
a n d H . D u f e t g a v e for t h e ZMine <x=l -4693 , / 3 = 1 - 4 8 9 3 , a n d y==l -4928. F . F l o t t -
m a n n found t h e re f rac t ion i n d e x of a 1 p e r cen t . soln. of n icke l s u l p h a t e a t 15°, 
20° , a n d 25° t o be , r e spec t ive ly , 1-33540, 1-33497, a n d 1-33451. O b s e r v a t i o n s 
were a lso m a d e b y J . H . G l a d s t o n e a n d AV. H i b b e r t . W . V e t h a k e c o m p a r e d t h e 
m o l . r e f rac t ion of soln. of n ickel s u l p h a t e a n d of i t s c o m p l e x sa l t s w i t h a m m o n i a . 
E . K . P ly l e r , O. L u n d q u i s t , a n d M. I s h i n o a n d K . K o j i m a s t u d i e d t h e X - r a y 
s p e c t r u m . L . L o n g c h a m b o n found t h a t t h e r o t a t i o n of t h e p l a n e of po la r i za t ion 
of t h e h e p t a h y d r a t e in t h e d i r ec t ion of t h e o p t i c a x e s is 6-1° for A~579^i/x. 
W . K o n i g , R . W . R o b e r t s a n d co -worker s , a n d Li. L o n g c h a m b o n s t u d i e d t h e 
m a g n e t i c r o t a t o r y power . H . C J o n e s found t h a t t h e re f rac t ive indices , /x, of 
soln . w i t h C mols of n icke l s u l p h a t e pe r l i t re inc rease r egu la r ly w i th c o n c e n t r a -



460 INORGANIC AND THEORETICAL CHEMISTRY 

t i o n , so t h a t t h e cu rve r e p r e s e n t i n g t h e v a r i a t i o n of t h e i n d e x of r e f rac t ion w i t h 
c o n c e n t r a t i o n is n e a r l y a s t r a i g h t l ine : 

a . 
fM . 

0-048 
1-32711 

0-146 
1-32980 

0-290 
1-33436 

0-386 
1-33726 

0-483 
1-33978 

0-579 
1-3432O 

0-869 
1-35038 

0-965 
1-35285 

F . F l o t t m a n n s t u d i e d t h e s u b j e c t ; A. H u b e r , F . Al l i son a n d E . J . M u r p h y , t h e 
m a g n e t o - o p t i c a l p r o p e r t i e s ; P . Niggl i , t h e reflexion m a x i m a ; T. Swensson , t h e 
pho toe l ec t r i c p r o p e r t i e s of t h e s u l p h a t e ; a n d H . Nis i , a n d P . K r u s h a m u r t i , t h e 
Raman effect. 

S. B . E l i n g s a n d P . T e r p s t r a s t u d i e d t h e p iezoe lectr ic i ty of c r y s t a l s of t h e 
b e p t a h y d r a t e . E . F r a n k e f o u n d t h e eq . e lectr ical conduct iv i ty , A, of soln. of a n 
eq . of n icke l s u l p h a t e in v l i t res of w a t e r , a t 25° , t o be : 

V 
A 

. 32 

. 66-7 
64 
77-4 

128 
88-2 

256 
98-9 

512 
109-3 

1024 
117-4 

a n d H . C. J o n e s a d d e d t h a t t h e c o n d u c t i v i t y inc reases r e g u l a r l y f rom t h e m o s t 
di l . soln. t o t h e m o s t cone . soln. e m p l o y e d . O b s e r v a t i o n s were m a d e b y E . B o u t y , 
E . K l e i n , N . T a r u g i a n d Gr. B o m b a r d i n i , a n d K . M u r a t a . A. D e u b n e r a n d 
A . D o b e n z i g s t u d i e d t h e increase in t h e c o n d u c t i v i t y w h e n s o d i u m ch lor ide is 
a d d e d t o t h e so lu t ion . U . RieckhofF a n d H . Z a h n s t u d i e d t h e h igh f r e q u e n c y 
c o n d u c t i v i t y . H . C. J o n e s a n d C A . J a c o b s o n f o u n d for t h e m o l . c o n d u c t i v i t y , /u,, 
of soln. w i t h a mo l of n ickel s u l p h a t e in v l i t r es of w a t e r a t 0° a n d 25° ; w i t h 
t h e co r r e spond ing t e m p , coeff., a ; a n d t h e percentage i o n i z a t i o n , ct : 

v . . 2 8 32 128 512 1024 2048 

J °° M\25^ 
( 00-10° 

a ]0°-25° 
I25°-35° 
i o° 

a\25°. 

28-77 
54-58 
O-96 
1-08 
O 98 

26-6 
26-2 

40-38 
77-06 
1-38 
1-50 
1-39 
37-5 
36-9 

54-78 
103-5 

1-84 
2 O l 
1-95 

5()-6 
49-6 

73-95 
140-3 

2-59 
2-69 
2-81 

68-3 
67-2 

9 3 1 2 
177-5 

3-16 
3-52 
3-6O 

8 6 O 
85-1 

100-4 
193-8 

3-44 
3-93 
4-08 

92-7 
92-9 

108-3 
208-7 

3-72 
4-21 
4-52 

100-0 
IOOO 

O. A. L . de B r u y n a n d C. L . J u n g i u s , a n d Gr. B r u n i a n d A. Manuc l l i m a d e o b s e r v a ­
t i o n s on t h e c o n d u c t i v i t y of a lcohol ic soln. L . K a h l e n b e r g a n d co -worke r s ca lcu­
l a t e d 0-048 p e r cen t , for t h e hydrolys i s of 0-5iV-NiSO4 a t 55-5° ; a n d H . G. D e n h a m , 
for soln. w i t h a mo l of t h e sa l t in 4 t o 64 l i t res of w a t e r a t 32° , 0 0 4 4 p e r c e n t . 
N i * 4 - 2 H 2 O ^ N i ( O H ) 2 ~ f - 2 H - , w h e r e t h e e q u i l i b r i u m c o n s t a n t K=I-I X 10~13. 
H e n c e c o b a l t s u l p h a t e is less h y d r o l y z e d t h a n n icke l s u l p h a t e in a q . soln. R . S a x o n 
s t u d i e d t h e e lec t ro lys is of soln. of t h e s u l p h a t e a s soc i a t ed w i th o t h e r m e t a l s u l p h a t e s . 
T h e e lec trodepos i t ion of n icke l f rom soln. of t h e s u l p h a t e w a s s t u d i e d b y R . B o t t g e r , 
E . a n d A. C. Becque re l , R . K a y s e r , G. Gore , J . Powe l l , a n d M. Hess—v ide supra. 
D . J . G. I v e s s t u d i e d t h e e l e c t r o m e t r i c t i t r a t i o n of t h e s u l p h a t e . J . B . O ' S u l l i v a n 
buffered a soln. of n icke l s u l p h a t e w i t h a c e t a t e , p h o s p h a t e , a n d b o r a t e , a n d f o u n d 
t h a t t h e v a l u e of P11 w a s lowered f rom 5 . T h e e l ec trodepos i t ion potent ia l (qv.) 
w a s s t u d i e d b y F . F o r s t e r a n d K . Georgi ; t h e p o t e n t i a l - c u r r e n t c u r v e , b y 
J . L iger , a n d N . NekrassofT a n d co -worke r s ; a n d t h e e l ec t rodepos i t i on of n icke l 
f rom soln. of t h e s u l p h a t e h a s b e e n p r e v i o u s l y d i scussed . J . B . O 'Su l l i van s t u d i e d 
t h e e l ec t rome t r i c t i t r a t i o n of buffered soln . A . Coehn a n d M. Glase r m e a s u r e d t h e 
a n o d i c decompos i t i on c u r v e s for n i cke l s u l p h a t e in a q . soln . , a n d i n soln . s l i gh t ly 
a lka l i ne o r ac id ic . I . L i fschi tz a n d S. B . H o o g h o u d t s t u d i e d t h e Becquere l effect 
i n u l t r a -v io l e t l ight . E lec tros teno lys i s h a s been p r o d u c e d w i t h soln . of c o b a l t 
s u l p h a t e b u t n o t w i t h soln. of n icke l s u l p h a t e . J . M. Mer r i ck o b t a i n e d w h a t h e 
ca l led nickel subsulphate a s a film o n e l ec t rodepos i t ed n icke l . A . C. B e c q u e r e l 
o b s e r v e d t h a t w h e n a soln. of n icke l s u l p h a t e , t r e a t e d w i t h a l i t t l e a lka l i h y d r o x i d e 
t o n e u t r a l i z e t h e excess of ac id , is e lec t ro lyzed , a w h i t e p r e c i p i t a t e w i t h a ye l low 
c r u s t is fo rmed. R . S a x o n s t u d i e d t h e e l ec t rodepos i t i on of n icke l f rom m i x e d 
soln . of n icke l a n d c o b a l t s u l p h a t e s . N . Isgar ischef l a n d N . K u d r j a w z e f l s t u d i e d 
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t h e effect of a n a l t e r n a t i n g c u r r e n t on t h e e lec t ro lys is of soln. of n icke l s u l p h a t e . 
E. Bouty discussed the thermoelectric force of aq. soln. 

J . Gra i l i ch a n d V. v o n L a n g , H . Nis i , H . Mosler , C. J . G o r t e r a n d co-workers , 
R . A. F e r e d a y , E . C. W i e r s m a , B . C a b r e r a a n d co -worker s , W . J . d e H a a s a n d 
E . C. W i e r s m a , H . Mosler , K . 8 . K r i s h n a n a n d co-workers , R . H . W e b e r , A. Ser res , 
P . T h e o d o r i d e s , D . S. K o t h a r i , a n d G. F o e x s t u d i e d t h e m a g n e t i c properties of 
h y d r a t e d n ickel s u l p h a t e . T h e p a r a m a g n e t i s m para l l e l t o t h e ve r t i c a l ax i s w a s 
f o u n d b y J . Gra i l ich a n d V. v o n L a n g t o be s t ronges t , a n d t h a t para l le l t o t h e 
6-axis , w e a k e s t . W . F i n k e m e a s u r e d 
t h e m a g n e t i c suscep t ib i l i t y of t h e h e p t a -
h y d r a t e i n t h e different ax ia l d i r ec t i ons , 
a n d for a, 6, a n d c, r e spec t ive ly , 
o b t a i n e d 29-Ox lO"®, 2 9 - 2 3 x 1 0 - 6 , a n d 
29-95 X 1 O - 0 m a s s u n i t . G. J a g e r a n d 
S. M e y e r g a v e for t h e m a g n e t i c sus­
c e p t i b i l i t y of a q . soln. 25 X 10~~6 m a s s 
u n i t a t 18° ; O. L i e b k n e c h t a n d 
A. P . Wil ls , 28 X 10-6 m a s s u n i t a t 18° ; 
J . K o n i g s b e r g e r , 3 3 X 10~6 m a s s u n i t a t 
22° ; G. Q u i n c k e , 34 X 1 O - 0 m a s s u n i t a t 
19° ; a n d G. Meslin, 19 X 1 O - 6 m a s s u n i t . 
W . F i n k e g a v e for t h e c r y s t a l s of t h e 
h e p t a h y d r a t e , 1 8 X l O - 6 vo l . u n i t . 
L . C. J a c k s o n ' s r e su l t s for t h e rec ip roca l 
of t h e mo l . m a g n e t i c suscep t ib i l i t y of 
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I<\ICJ. 3/> 1.——Xlio E f f e c t of T o n i p e r a t n r o o n 
t h e M o l e c u l a r M a g n e t i c * S u s c e p t i b i l i t y of 
N i c k e l S u l p h a t e . 

t h e h e p t a h y d r a t e , a n d of t h e a n h y d r o u s sa l t , a r e s u m m a r i z e d in F i g . 3 5 1 . 
W . J . de H a a s a n d E . C. W i e r s m a , S. D a t t a , R . A. F e r e d a y , J . F o r r e s t , K. B . J a m e s , 
E . F . H e r r o u n , A . Ser res , B . B a v i n k , G. F o e x , E . C. S tone r , a n d W . S u c k s m i t h 
s t u d i e d t h e sub j ec t . T. I s h i w a r a m e a s u r e d t h e magnetic* suscep t ib i l i ty , x m a s s 
u n i t s , of a n h y d r o u s n icke l s u l p h a t e a t low t e m p . , a n d K . H o n d a and T. I s h i w a r a 
a t h igh t e m p . , a n d found : 
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W . K o n i g m o u l d e d t h e sa l t i n ge l a t i n a n d m e a s u r e d t h e suscep t ib i l i t y w h e n 
d e f o r m e d . B . C a b r e r a a n d A. D u p e r i e r a lso s t u d i e d t h e effect of t e m p , on t h e 
m a g n e t i c suscep t ib i l i t y . C. J . G o r t e r a n d co -worke r s cou ld n o t verify t h e exis t ­
ence of t h e a n o m a l i e s o b s e r v e d b y L . C. J a c k s o n a n d H . K. Onnes . U . S a m u r a e a s , 
a n d E . W . R . S teac ie a n d C. F . B . S t e v e n s found t h a t t h e r a t e of c rys t a l l i za t ion 
of t h e s u l p h a t e f rom a n a q . soln. is acce le ra t ed in a m a g n e t i c field. 

The chemical properties of nickel sulphate.— A. Dobroserdofl found tha t the 
c r y s t a l s of t h e s u l p h a t e a r e n o t d e c o m p o s e d b y e x p o s u r e t o l ight . I f t h e c r y s t a l s 
o c c u p y o n l y a sma l l p o r t i o n of t h e c o n t a i n i n g vessel , t h e y lose w a t e r w i t h t h e 
f o r m a t i o n of t h e h e x a h y d r a t e , w h e t h e r t h e y a re exposed t o l igh t or n o t . O n t h e 
o t h e r h a n d , t h e y a r e n o t c h a n g e d , e v e n b y s t r o n g l ight , if t h e s u r r o u n d i n g a i r is 
s a t u r a t e d w i t h w a t e r v a p o u r or if t h e c ry s t a l s a r e in c o n t a c t w i t h filter p a p e r 
m o i s t e n e d w i t h t u r p e n t i n e , o r if t h e y c o m p l e t e l y fill t h e vessel c o n t a i n i n g t h e m . 
G. P . S c h w e d e r , a n d E . D o n a t h obse rved t h a t w h e n n ickel s u l p h a t e is h e a t e d in 
h y d r o g e n , s o m e n icke l su lph ide is fo rmed ; J-. H . Weibe l s t u d i e d t h e r e a c t i o n , a n d 
S. M i y a m o t o n o t e d t h a t sa l t is r e d u c e d b y h y d r o g e n in t h e s i lent d i s cha rge . 
L . M e y e r o b s e r v e d t h a t t h e s u l p h a t e a c t s as a ca r r i e r of o x y g e n in c a t a l y z e d re­
a c t i o n s . G. Gire found bas ic n i t r a t e s a r e p r e c i p i t a t e d f rom t h e so lu t ion b y 
m a g n e s i u m . A . Mai l fer t sa id t h a t t h e a n h y d r o u s s u l p h a t e is s lowly a t t a c k e d b y 
o z o n e , forming s o m e nickel ic ox ide . 

K . J a b l c z y n s k y a n d co -worke r s f o u n d t h a t t h e r a t e of d i s so lu t ion in wa ter a n d 
n o n - a q u e o u s s o l v e n t s follows t h e s a m e ru les a s t h o s e of less soluble s a l t s ; a n d 
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F . F o r e m a n found t h a t s t e a m is d e c o m p o s e d b y t h e h e a t e d s u l p h a t e . T h e solu­
b i l i t y of t h e sa l t in w a t e r h a s been p r ev ious ly d iscussed ; a n d , a s i n d i c a t e d a b o v e , 
t h e sa l t in aq . soln. is v e r y s l igh t ly h y d r o l y z e d . J . T r a u b e a n d W . v o n B e h r e n 
found t h a t s u b m i c r o n s of t h e sa l t a r e d e v e l o p e d d u r i n g d i sso lu t ion . R . T u p p u t i 
t h o u g h t t h a t a bas ic s u l p h a t e is f o r m e d d u r i n g t h e p a r t i a l r o a s t i n g of n icke l 
s u l p h a t e ; J . M. Merr ick , b y t h e e lec t ro lys is of a soln. of n ickel s u l p h a t e ; 
O. L.. E r d m a n n , b y ign i t i ng n icke l a m m i n o s u l p h a t e ; a n d J . J . Berze l ius , b y p r e ­
c ip i t a t i on f rom soln. of t h e s u l p h a t e b y t h e a d d i t i o n of a n a m o u n t of a lka l i h y d r o x i d e 
insufficient for c o m p l e t e p r e c i p i t a t i o n . A. Marsha l l a d d e d t h a t un less a l a rge 
excess of a m m o n i u m sa l t or free a m m o n i a is p r e s e n t , di l . a m m o n i a c a l soln. of n icke l 
s u l p h a t e a r e a p t t o depos i t a bas ic s u l p h a t e ; i n one case , 60 p e r cen t , of t h e n icke l 
in soln. w a s p r e c i p i t a t e d a s N i S O 4 . 8 N i O . 1 6 H 2 O . J . H a b e r m a n n o b t a i n e d n i cke l 
oxysu lphate , 7 N i O - S O 3 . 1 0 H 2 O , in a s imi la r m a n n e r ; a n d P . de C le rmon t o b t a i n e d 
7 N i O . S 0 3 . n H 2 0 , b y expos ing m o i s t n icke l su lph ide t o t h e a t m o s p h e r e . W . F e i t -
k n e c h t found t h a t t h e l a t t i c e of N i S O 4 . 3 N i ( O H ) 2 c o r r e s p o n d s w i t h a l t e r n a t e l aye r s 
of h y d r o x i d e a n d n o r m a l sa l t . D . S t r o m h o l m r e p o r t e d a n a m o r p h o u s p r o d u c t , 
6NiO-SO 3 ; a n d N . A t h a n a s e s c o , pa l e , microscopic need les of 6 N i O . 5 S O 3 . 4 H 2 O , 
formed b y boi l ing a soln. of t h e n e u t r a l s u l p h a t e w i t h one-fifth p a r t of n icke lous or 
b a r i u m c a r b o n a t e for 5 t o 8 h r s . , a n d t h e n h e a t i n g t h e f i l t ra te in a sea led t u b e a t 
230° t o 240°. S. U . P i cke r ing r e p o r t e d t h e f o r m a t i o n of 5NiO.3SO 3 , of 5 N i O . 2 S O 3 , 
a n d of 5NiO-SO 3 , w h e n alkal i lye is a d d e d t o a soln. of n icke l s u l p h a t e . AU t h i s 
is u n s a t i s f a c t o r y ev idence of t h e f o r m a t i o n of t h e ex i s t ence of a n o x y s u l p h a t e a s a 
chemica l i nd iv idua l . A c c o r d i n g t o H . F u c h s , w h e n n icke l h y d r o x i d e is s h a k e n 
w i t h soln. of 5 t o 25 g r m s . of h y d r a t e d n ickel s u l p h a t e in 100 g r m s . of soln. , u n t i l 
e q u i l i b r i u m is a t t a i n e d , t h e r e is f o rmed a bas ic sa l t w h i c h c a n be d r i ed on a p o r o u s 
t i l e . I t s c o m p o s i t i o n c o r r e s p o n d s w i t h n i cke l t e troxysu lphate , N i S O 4 . 4 N i O . 
1 4 H 2 O , or [ (H 2 O-H 2 O) 2 -N i - (ONi -H 2 OZH 2 O) 4 ]SO 4 (H 2 O) 2 ; t h e sa l t w a s a lso 
o b t a i n e d b y G. Gire . T h e v a p . p ress , c u r v e of t h i s sa l t shows t h a t 4 mols . of 
w a t e r a r e los t ove r cone , s u l p h u r i c ac id t o f o r m t h e decahydrate, [ ( H 2 O - H 2 O ) 2 N i . 
( O N i - H 2 O ) 4 ] S O 4 ( H 2 O ) 2 ; a n d a t 100°, 5 mol s of w a t e r a r e g iven oil . T h e ennea-
hydrate is accord ing ly t a k e n t o be t h e m o r e s t a b l e fo rm. R y s h a k i n g t h e t e t r o x y ­
s u l p h a t e w i t h soln. c o n t a i n i n g 2-5 t o 25 g r m s . of h y d r a t e d n ickel s u l p h a t e in 
100 g r m s . of w a t e r un t i l e q u i l i b r i u m a t t a i n e d t h e r e is f o rmed nickel d i o x y s u l p h a t e , 
N iSO 4 . 2NiO. 1 0 H 2 O . W . v o n B e h r e n a n d J . T r a u b e s t u d i e d t h e s u b m i c r o n s of t h e 
s u l p h a t e in a q . soln. 

E . J . Mills a n d co-workers d iscussed t h e s i m u l t a n e o u s p r e c i p i t a t i o n of n icke l 
a n d m a n g a n e s e c a r b o n a t e s , a n d of n ickel a n d c a d m i u m c a r b o n a t e s , b y a d d i n g 
s o d i u m c a r b o n a t e t o soln. of t h e s u l p h a t e . A c c o r d i n g t o G. W a t s o n , w h e n 
hydrogen dioxide is a d d e d t o a n a m m o n i a c a l , n o t a n acidified, soln. of n icke l 
s u l p h a t e , o x y g e n is e v o l v e d — b u t n o ev idence of t h e f o r m a t i o n of a p e r o x i d e w a s 
obse rved . A . W . H o t h e r s a l l a n d K . A. F . H a m m o n d , a n d K . K u l i n a n d A. W a s s e r -
m a n n s t u d i e d t h e r e a c t i o n . C. H e n s g e n obse rved t h a t t h e a n h y d r o u s s u l p h a t e 
is n o t a t t a c k e d b y h y d r o g e n chloride a t o r d i n a r y t e m p . , or a t 100°. R . J . K a n e 
found t h a t a mol . of n ickel s u l p h a t e a b s o r b s a mol . of h y d r o g e n ch lor ide w i t h t h e 
evo lu t ion of h e a t . T h e gas is g iven off on e x p o s u r e t o a i r . T h e a q . soln. y ie lds 
c rys t a l s of t h e h e p t a h y d r a t e d s u l p h a t e . F . E p h r a i m sa id t h a t t h e s u l p h a t e does 
n o t u n i t e a d d i t i v e l y w i t h h y d r o g e n ch lo r ide . D . Cos t eanu a n d A. S t . Cocosinschi 
s t u d i e d t h e a c t i o n of hydroch lo r i c ac id . S. E . M o o d y found t h a t t h e h y d r o l y s i s 
of soln. of n ickel s u l p h a t e b y m i x t u r e s of p o t a s s i u m iodide a n d iodate is i n 
accord w i t h t h e e q u a t i o n : 3 N i S 0 4 + 5 K I + K I 0 3 + 3 H 2 0 = = 3 N i ( O H ) 2 - f - 3 K 2 S 0 4 + 3 I 2 , 
a n d t h a t t h e r eac t i on is c o m p l e t e if t h e l i b e r a t e d iod ine is r e m o v e d b y a c u r r e n t 
of h y d r o g e n . 

P . d e C le rmon t n o t e d t h a t a soln. of n icke l s u l p h a t e h a s a pe r cep t i b l e s o l v e n t 
a c t i o n on flowers of su lphur . H . B a u b i g n y o b s e r v e d t h a t w h e n t h e s u l p h a t e i s 
h e a t e d w i t h a n a q . soln. of h y d r o g e n su lphide i n a sea led t u b e , c ry s t a l s of n icke l 
s u l p h i d e a r e fo rmed . H y d r o g e n s u l p h i d e p r e c i p i t a t e s f r om t h e n e u t r a l , d i l . o r 
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cone . so ln . of n icke l s u l p h a t e , n i n e - t e n t h s of t h e n icke l a s su lph ide i n 48 h r s . , a n d 
i n 32 d a y s , a l l t h e n icke l is p r ec ip i t a t ed - I t is all t h e s a m e w h e t h e r t h e soln. be 
s a t . a t 0° or a t 30° ; t h e p r e c i p i t a t i o n p r o c e e d s m o r e s lowly w i t h t h e m o r e di l . 
so ln . of h y d r o g e n su lph ide . T h e su lphu r i c ac id w h i c h is l i b e r a t e d in t h e r e a c t i o n : 
N i S 0 4 + H 2 S a q . ^ ^ N i S 4 - H 2 S 0 4 a q . , r e t a r d s t h e p r e c i p i t a t i o n of t h e su lph ide . 
E . P i e t s c h a n d co -worker s s t u d i e d t h e a c t i o n of a n a lcohol ic or a l coho l -e the r soln. 
of h y d r o g e n su lph ide . J . Mye r s o b s e r v e d t h a t w h e n n icke l s u l p h a t e is h e a t e d w i t h 
p o t a s s i u m sulphide , n icke l a n d a lka l i po ly su lph ide a r e fo rmed . J . K e n d a l l a n d 
A. W . D a v i d s o n o b s e r v e d n o ev idence of t h e f o r m a t i o n of nickel hydrosulphale ; 
a n d t h e y f o u n d t h a t t h e n e u t r a l sa l t is s l igh t ly soluble in cone , s u l p h u r i c a c i d — 
t h e c lea r ye l low soln. c o n t a i n s 0*25 mo l . pe r cen t , of N iSO 4 , a n d furn ishes , on 
c rys ta l l i z ing , solid N i 2 S O 4 . A m i x t u r e c o n t a i n i n g 0-29 mol . p e r cen t , of n icke l 
s u l p h a t e d i d n o t al l d issolve , e v e n o n boi l ing . L.. McCulloch also n o t e d t h e s p a r i n g 
so lub i l i t y of n icke l s u l p h a t e in s u l p h u r i c ac id . C. M o n t e m a r t i n i a n d L . L o s a n a 
s t u d i e d t h e so lub i l i ty of t h e sa l t in s u l p h u r i c ac id , a n d in soln. of p o t a s s i u m 
s u l p h a t e . H . B r i n t z i n g e r a n d H . O s s w a l d s t u d i e d t h e c o m p l e x s u l p h a t e s 
[ N i 2 ( S O 4 ) ] 4 - . N icke l s u l p h a t e u n d e r g o e s a n u m b e r of m e t a t h e t i c a l r e a c t i o n s — 
e.g., C. F . R a m m e l s b e r g o b s e r v e d t h a t w h e n s t r o n t i u m th iosu lphate is a d d e d t o 
t h e soln . of n icke l s u l p h a t e , n icke l t h i o s u l p h i t e a p p e a r s w h e n t h e soln. is e v a p o r a t e d ; 
a n d J . T. N o r t o n , t h a t w h e n t h e s u l p h a t e is h e a t e d w i t h s o d i u m t h i o s u l p h a t e in 
a sea led t u b e a t 140° t o 200° , n icke l su lph ide a n d s u l p h u r a r e fo rmed . 

A c c o r d i n g t o E . C F r a n k l i n a n d C. A . K r a u s , a n h y d r o u s n icke l s u l p h a t e is 
inso lub le i n l i qu id a m m o n i a . W . R . H o d g k i n s o n a n d C. C. F r e n c h s t u d i e d t h e 
r e d u c t i o n of t h e s u l p h a t e w h e n i t is h e a t e d in a m m o n i a gas . H . R o s e sa id t h a t 
t h e a n h y d r o u s s u l p h a t e a b s o r b s a m m o n i a gas w i t h i n t u m e s c e n c e , a n d t h e deve lop ­
m e n t of m u c h h e a t , f o rming n i c k e l h e x a m m i n o s u l p h a t e , N i S O 4 . 6 N H 3 , or 
[ N i ( N H 3 ) 6 J S 0 4 . M. A . R a k u z i n a n d co -worke r s , E . Kocs i s , a n d O. R . F o z a n d 
Xi. Ie B o u c h e r s t u d i e d t h e a m m i n o s u l p h a t e s . A c c o r d i n g t o H . R o s e , t h e pa l e 
v io le t h e x a m m i n e g ives off a m m o n i a , w a t e r , a n d a m m o n i a su lph i t e w h e n i t is 
m o d e r a t e l y h e a t e d , a n d t h e ye l low res idue d issolves i n w a t e r e x c e p t for some 
r e d u c e d n icke l . T h e a m m i n e m a y be b l a c k e n e d b y a s u d d e n r ise of t e m p , owing 
t o t h e p re sence of r e d u c e d n icke l . F . Miiller g a v e 146° for t h e t e m p , of d i ssoc ia t ion 
—v ide infra. F . E p h r a i m o b s e r v e d t h a t t h e d e c o m p o s i t i o n press . , p m m . , of t h e 
f r e s h l y - p r e p a r e d a n d a g e d (6 m o n t h s ) h e x a m m i n e s differ : 

100-50 311° 322-5° 131-5° 134° 
F r e s h p . . 170 257 441 073 752 

91° 109-8° 123-5° 135 144-5 
A g e d p . . 6 2 190-8 338 525 81O 

E . L o h m a n n , a n d Y . S h i b a t a s t u d i e d t h e a b s o r p t i o n s p e c t r u m ; W . V e t h a k e , t h e 
m o l . r e f r ac t i on ; a n d R . A . F e r e d a y , a n d D . M. Rose , t h e m a g n e t i c p r o p e r t i e s . 
A c c o r d i n g t o H . R o s e , t h e h e x a m m i n e dissolves in w a t e r , fo rming a b lue soln. , a n d 
a p r e c i p i t a t e of g r e e n n icke l h y d r o x i d e . P . M o s i m a n n found t h e so lub i l i ty in 
w a t e r t o be 14-22 g r m s . or 0-055 mo l . of n icke l s u l p h a t e p e r l i t re . H . M. D a w s o n 
a n d J . M c C r a e s t u d i e d t h e f o r m a t i o n of t h e a m m i n e s in a q . soln. ; a n d S. G. Mo-
k r u s c h i n a n d E . I . Kriloff, t h e surface ene rgy . 

A c c o r d i n g t o F . E p h r a i m , t h e t h e r m a l d e c o m p o s i t i o n of t h e h e x a m m i n e 
fu rn i shes n i c k e l t e t r a m m i n o s u l p h a t e , N i S O 4 . 4 N H 3 , a n d t h e r e is n o percej>tible 
difference in t h e d i s soc ia t ion p ress . , p m m . , of t h e p r o d u c t s de r ived f rom t h e 
f r e s h l y - p r e p a r e d a n d t h e aged h e x a m m i n e : 

136° 1515° 163-5° 170-5° 175° 
p . . . 8 8 143 350 550 717 

T h e t e t r a m m i n e is b e s t o b t a i n e d b y h e a t i n g t h e h e x a m m i n e t o 135° t o 137°. 
D . M. Bose s t u d i e d t h e m a g n e t i c p rope r t i e s . T h e p r o d u c t of t h e decompos i t i on 
of t h e t e t r a m m i n e is p a l e ye l low n i c k e l d i a m m i n o s u l p h a t e , N i S O 4 . 2 N H 3 . T h e 
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d i a m m i n e is bes t o b t a i n e d b y h e a t i n g t h e h e x a m m i n e o r t e t r a m m i n e t o 177*5°. 
W . V . B h a g w a t s t u d i e d t h e a b s o r p t i o n s p e c t r u m . T h e d i a m m i n e a t 335° y ie lds 
n i c k e l m o n a m m i n o s u l p h a t e , N i S O 4 - N H 3 ; a n d t h i s , in t u r n , a b o v e 380° , y ie lds 
n i c k e l h e m i a m m i n o s u l p h a t e , 2 N i S O 4 - N H 3 . K . J . S. K i n g a n d co-workers p r e p a r e d 
nickel aquopentamminosulpnate, [Ni(NH 3) 5(H 20) JSO4. O. L. E rdmann found t h a t 
cone . a q . a m m o n i a colours b lue a n a q . soln. of n icke l s u l p h a t e ; a n d c r y s t a l s of 
nickel diaquotetramminosulphate, N iS0 4 . 4HN 3 . 2H 2 0 , or [Ni(NH3J4(H2O)2]SO4 , 
a r e f o r m e d w h e n t h e s o l n . i s c o o l e d , w h e n i t i s c o n c e n t r a t e d b y e v a p o r a t i o n i n 
v a c u o o v e r s u l p h u r i c a c i d , o r b y t r e a t m e n t w i t h a l c o h o l . T h e s a l t c a n b e r e c r y s t a l -
l i z e d b y d i s s o l v i n g i t i n t h e s m a l l e s t r e q u i r e d p r o p o r t i o n o f w a r m w a t e r , a n d 
c o o l i n g . T h e d a r k b l u e p r i s m a t i c c r y s t a l s c r u m b l e t o a l i g h t b l u e p o w d e r o n 
e x p o s u r e t o a i r , o r i n v a c u o . W h e n h e a t e d i n a g l a s s t u b e , a m m o n i a , a m m o n i u m 
s u l p h a t e , a n d a g r e e n i s h - g r e y p o w d e r , p r e s u m a b l y b a s i c n i c k e l s u l p h a t e , a r e 
f o r m e d . Y . S h i b a t a s t u d i e d t h e a b s o r p t i o n s p e c t r u m . A c c o r d i n g t o O . L . E r d ­
m a n n , t h e c o n e . a q . s o l n . g i v e s off a m m o n i a w h e n i t i s b o i l e d , a n d d e p o s i t s g r e e n 
f l a k e s o f n i c k e l h y d r o x i d e c o n t a m i n a t e d w i t h s u l p h a t e . T h e s a l t i s i n s o l u b l e i n 
a l c o h o l e v e n w h e n d i l u t e d w i t h w a t e r . G . A n d r e r e p o r t e d t h e a q u o a m m i n e 
2 N i S O 4 . 5 N H 3 . 7 H 2 O — t h a t i s , [ N i 2 ( N H 3 ) 5 ( H 2 0 ) 7 ] ( S 0 4 ) 2 — t o b e f o r m e d i n p a l e v i o l e t , 
d e l i q u e s c e n t n e e d l e s , b y p a s s i n g a m m o n i a t h r o u g h a w e l l - c o o l e d s o l n . o f n i c k e l 
s u l p h a t e . E . K o c s i s s t u d i e d t h e s e s a l t s . 

T . C u r t i u s a n d F . S c h r a d e r a d d e d h y d r a z i n e h y d r a t e t o a s o l n . o f n i c k e l 
s u l p h a t e , a n d o b t a i n e d n i c k e l t r i h y d r a z i n o s u l p h a t e , N i S O 4 . 3 N 2 H 4 , a s a p a l e 
r e d d i s h - v i o l e t p r e c i p i t a t e w h i c h d o e s n o t d i s s o l v e i n a n e x c e s s o f t h e p r e c i p i t a n t . 
A s i m i l a r p r e c i p i t a t e i s o b t a i n e d b y h e a t i n g a n a q . s o l n . o f h y d r a z i n e n i c k e l s u l p h a t e . 
H . F r a n z e n a n d O . v o n M a y e r o b t a i n e d t h e t r i h y d r a z i n e s u l p h a t e b y a d d i n g 
h y d r a z i n e h y d r a t e t o a n a m m o n i a c a l s o l n . of n i c k e l s u l p h a t e . C . P a a l a n d 
L . F r i e d e r i c i a l s o s t u d i e d t h e a c t i o n o f h y d r a z i n e o n n i c k e l s u l p h a t e ; a n d S . D a t t a , 
t h e m a g n e t i c s u s c e p t i b i l i t y o f t h e s a l t s . P . E p h r a i m a n d P . M o s i m a n n , a n d 
R . U h l e n h u t h a d d e d h y d r o x y l a m i n e t o a c o l d , s a t . s o l n . o f n i c k e l s u l p h a t e , a n d 
n o t e d t h a t t h e b l u e s o l n . f i r s t f o r m e d s o o n b e c o m e s r e d , a n d a f t e r t h e r e d s o l n . 
h a s s t o o d f o r s o m e t i m e , i t d e p o s i t s r e d , t r i c l i n i c c r y s t a l s of n i c k e l h e x a h y d r o x y l -
a m i n o s u l p h a t e , [ N i ( N H 2 O H ) 6 ] S O 4 . T h e a d d i t i o n o f a f e w d r o p s of a l c o h o l 
f a v o u r s t h e s e p a r a t i o n o f t h e c r y s t a l s , b u t i f t o o m u c h a l c o h o l i s e m p l o y e d , t h e 
c r y s t a l s a r e i m p u r e , a n d if t h e s o l n . a r e n o t s u f f i c i e n t l y c o n c e n t r a t e d , t h e p r e c i p i ­
t a t e i s w h i t e . T h e s a l t d e c o m p o s e s w h e n w a s h e d w i t h w a t e r , o r a l c o h o l , a n d a 
w h i t e p o w d e r i s f o r m e d . W h e n t h e s a l t i s h e a t e d , i t s w e l l s u p , b e c o m e s b l u e , a n d 
t h e n a l m o s t w h i t e . W . M a n c h o t a n d c o - w o r k e r s o b s e r v e d t h a t s o l n . w i t h 14*449 
a n d 2 8 - 9 9 8 g r m s . o f N i S O 4 p e r 1OO c . c . d i s s o l v e , r e s p e c t i v e l y , 2 4 - 9 a n d 14*2 c . c . o f 
n i t r o u s o x i d e p e r 1 0 0 c . c . C . P a a l a n d L . F r i e d e r i c i f o u n d t h a t s o d i u m h y p o -
p h o s p h i t e a c t s o n a n a q . s o l n . o f n i c k e l s u l p h a t e , p r o d u c i n g a n i c k e l p h o s p h i d e . 

A c c o r d i n g t o J . L . G a y L u s s a c , w h e n a m i x t u r e o f a n h y d r o u s n i c k e l s u l p h a t e 
a n d c a r b o n i s h e a t e d , e q u a l v o l s , o f c a r b o n a n d s u l p h u r d i o x i d e s a r e e v o l v e d , a n d 
t h e r e r e m a i n s n i c k e l m i x e d w i t h a l i t t l e s u l p h i d e . E . D o n a t h , a n d Gr. P . S c h w e d e r 
a l s o n o t e d t h a t t h e s a l t i s r e d u c e d w h e n i t i s h e a t e d i n a c u r r e n t o f c a r b o n 
m o n o x i d e . J . H . W e i b e l s t u d i e d t h e r e a c t i o n . W . M a n c h o t a n d c o - w o r k e r s 
o b s e r v e d t h a t s o l n . w i t h 11*42 a n d 22*84 g r m s . o f N i S O 4 p e r 1OO c . c . d i s s o l v e , 
r e s p e c t i v e l y , 60*1 a n d 38*5 c . c . o f a c e t y l e n e p e r 1 0 0 c . c . K . M a s a k i s t u d i e d t h e 
a c t i o n o f p o t a s s i u m c y a n i d e ; S . P a p i e r m e i s t e r o b s e r v e d t h a t a c o m p l e x a m m i n e 
i s f o r m e d w h e n m e r c u r i c c y a n i d e i s a d d e d t o a n a l c o h o l i c s o l n . o f n i c k e l s u l p h a t e . 
C . A . Hi. d e B r u y n o b s e r v e d t h a t a f t e r a n h y d r o u s n i c k e l s u l p h a t e h a d b e e n i n 
c o n t a c t w i t h a b s o l u t e m e t h y l a l c o h o l f o r 8 t o 9 m o n t h s , o n l y 1*34 p e r c e n t , w a s 
d i s s o l v e d . W i t h h y d r a t e d a l c o h o l , t h e c o m p l e x n i c k e l o u s s u l p h a t e t r i a l c o h o l a t e , 
N i S O 4 . 3 C H 3 O H . 3 H 2 0 , i s f o r m e d . T h e s o l u b i l i t y o f t h i s c o m p l e x , r e p r e s e n t e d b y 
S p e r c e n t . N i S O 4 i n t h e s a t . s o l n . , a t 1 4 ° , i s : 

C H 3 O H . . 1OO ^ 97-5 9 5 90 88 8 5 p e r c e n t . 
# . . 3*72 0*77 0*455 0-7O 1-25 1*93 
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100 p a r t s of a b s o l u t e m e t h y l a lcohol dissolve 46 p a r t s of t h e h e p t a h y d r a t e a t 17°, 
a n d 24-7 p a r t s a t 4° ; 100 p a r t s of 93-5 pe r cen t , m e t h y l a lcohol dissolve 1 0 1 p a r t s 
of t h e h e p t a h y d r a t e a t 4° , a n d 100 p a r t s of 93-5 p e r cen t , m e t h y l a lcohol dissolve 
2 p a r t s of t h e h e p t a h y d r a t e a t 4° . T h e so lubi l i ty , JS p e r c e n t . N i S O 4 , of t h e 
h e p t a h y d r a t e in a q . soln. of m e t h y l a lcohol a t 14°, is : 

C H 3 O H 1 0 0 9 5 8 5 8 2 8O 6 0 4O 2O 0 p o r c e n t . 
& • • 1 6 - 8 1 1 6 1-52 0 - 8 3 0 - 6 5 3 0 - 8 0 5 2 - 7 8 13-7 2 6 4 

T h e m i n i m u m occurs w i t h 80 p e r cen t , a lcohol . W i t h t h e a,- a n d /3 -hexahydra t e s 
a s solid p h a s e s , t h e so lub i l i ty , JS p e r cen t , of N i S O 4 , i n m e t h y l a lcohol a t 14°, is : 

C H 8 O H . IOO 9 5 8 5 8O 6O 4O 2 0 O p e r c e n t . 
M a . . 12 -4 6 -5 0 - 3 1 5 0 - 2 5 0 - 4 6 2 - 4 3 14-7 26-O 

\fi . . 15-7 1 O O 0 - 6 1 0 - 4 1 5 0 - 7 5 3 - 1 1 14-1 2 7 - 2 

T h e solubi l i t ies of t h e t e t r a h y d r a t e , a t 10°, i n 10O, 80 , 50 , 20, a n d 0 pe r cen t , of 
a q . m e t h y l a lcohol a r e , r e spec t ive ly , 7-38, 0-66, 1-43, 14-8, a n d 25-1 pe r cen t . 
N icke l s u l p h a t e is m o r e soluble in e thy l a lcoho l t h a n i t is in m e t h y l a lcohol ; 
100 p a r t s of a b s o l u t e e t h y l a lcohol d issolve 1-3 g r ras . of t h e h e p t a h y d r a t e a t 4° , 
a n d 2-2 g r m s . a t 17°. G. C. G ibson a n d co -worke r s g a v e for t h e so lubi l i ty of 
N i S O 4 i n a lcohol , S g r m . of sa l t p e r g r a m of a lcohol : 

15° 2 5 ° 3 5 ° 45» 55> 
^ / M e t h y l a l c o h o l . 0 - 0 0 0 6 1 0 0 0 0 8 1 O-OOllO 0 - 0 0 1 5 7 0 - 0 0 2 2 2 

\ E t h y l a l c o h o l . 0 0 0 0 1 7 0 - 0 0 0 2 0 0 0 0 0 2 2 O-O0O25 

K . P . M a c E l r o y a n d W . H . K r u g found t h a t n ickel s u l p h a t e is v e r y s l igh t ly soluble 
in a c e t o n e , b u t A. N a u m a n n , a n d W . E i d m a n n sa id t h a t i t is inso luble . F . W . O. de 
Con inck f o u n d t h a t 100 g r m s . of a s a t . soln. in g lyco l c o n t a i n 9-7 g r m s . N i S O 4 , 
a t o r d i n a r y t e m p . A. K e c o u r a o b s e r v e d t h a t w i t h ace t ic anhydride , n ickel 
s u l p h a t e fo rms N i S O 4 . ( C 2 H 3 0 2 ) 2 0 . H 2 O . J . P e r s o z sa id t h a t glacial acet ic ac id 
p r e c i p i t a t e s n icke l s u l p h a t e f rom i t s a q . soln. A. N a u m a n n found nickel s u l p h a t e 
t o be inso lub le in m e t h y l ace ta te , a n d also in e thy l ace ta te , a n d W . Wis l i cenus 
a n d W . S t o e b e r a d d e d t h a t a n a m m o n i a c a l soln. of n icke l s u l p h a t e fo rms a bas ic 
sa l t w h e n t r e a t e d w i t h e t h y l a c e t a t e . S. G la s s tone a n d co -worke r s s t u d i e d i t s 
effect on t h e so lub i l i ty of e t h y l s u l p h a t e in w a t e r . M. D u y k obse rved t h a t n ickel 
s u l p h a t e is r e d u c e d t o a b r o w n ox ide b y s u g a r s . S. H a k o m o r i s t u d i e d t h e ac t i on 
of oxa l i c ac id , a n d of Citric ac id o n n icke l s u l p h a t e ; a n d J . P . M a t h i e u , t h e 
action of tartaric acid. 

F . K . V. K o c h s t u d i e d t h e d i s t r i b u t i o n of pyridine b e t w e e n benzene a n d a n 
a q . soln . of n icke l s u l p h a t e . F . R e i t z e n s t e i n , G. S p a e u a n d R . R i p a n , L . P i n -
cussohn, H. von Euler, and W. Lang studied nickel trispyridinosulphate, 
[Ni(C 5H 5N) 3 ]S0 4 .2H 20 ; and J . Dalietos, nickel pyridinosulphate, [Ni(C5H5N)]SO4. 
G. Spacu and R. ^Ripan prepared potassium nickel aquoquinquiespyridino-
sulphate, [Ni py 5 (H 2 0) ] (KS0 4 ) 2 ; and U. Pomilio prepared nickel bisquinolino-
SUlphate, N i ( C 9 H 7 N ) 2 S O 4 . A . W e r n e r a n d W . Megerle , E . S c h i i r m a n n , a n d 
J . D a l i e t o s o b s e r v e d t h a t e t h y l e n e d i a m i n e fo rms w i t h n ickel s u l p h a t e , n i cke l 
tetraquoethylenediaminosulphate, [Ni en(H 2 0) 4 ]S0 4 , and E. Rosenbohm 
m e a s u r e d t h e m a g n e t i c su scep t ib i l i t y of t h e sa l t . A. W e r n e r a n d W . S p r u c k , a n d 
A. G r i i n b e r g p r e p a r e d n i c k e l t r i se thy lened iaminosu lphate , [Ni en 3 JSO 4 ; 
J . A n g e r s t e i n s t u d i e d t h e a b s o r p t i o n s p e c t r u m ; a n d E . !Rosenbohm, t h e 
m a g n e t i c su scep t ib i l i t y ; a n d A . Gr i inberg , s o m e r e a c t i o n s of t h e sa l t . 
J . D a l i e t o s a n d E . * L o h m a n n , r e p o r t e d n i cke l d i a q u o b i s e t h y l e n e d i a m i n o -
SUlphate, [ N i e n 2 ( H 2 0 ) 2 ] S 0 4 . P . Pfeiffer a n d F . T a p p e r m a n n s t u d i e d t h e 
complex wi th phenanthroline. L». TschugaefE found t h a t trimethylenediamine 
forms nickel bistrimethylenediaminosulphate, [Ni(NH2 .CH2 .CH2 .CH2 .NH2)2 [SO4; 
a n d R . C e r n a t e s c u a n d M. Papaf i l , t h a t p h e n y l e n e d i a m i n e forms n i cke l 
bisphenylenediaminosulphate, [Ni{o-C6H4(NH)2}]S04; W. Hieber and E. Levy, 
a complex with monoethylolamine ; A. Tet tamanzi and B . Carli, one 
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with triethanolamine ; K. A. Jensen, and K. A. Jensen and E. Rancke-
Madsen, a complex with thiosemicarbazide ; A. Werner and J . Pastor 
found t ha t propylenediamine forms nickel trispropylenediaminosulphate, 
[Ni(C3H6N2H4)3]S04 ; F . G. Mann and W. J . Pope, nickel bistriaminopropano-
sulphate, [Ni(NH2 .CH2 .CH(NH2) .CH2 .NH2)2]S04 .5H20 ; J . Frejka and L. Zahl-
ova, nickel trisbutylenediaminosulphate, [Ni bn 3 ]S0 4 .4H 2 0 ; W. Hieber and 
co-workers, o-phenylenediamine ; F . M. Jager and J . A. van Dijk, dipyridyl ; 
G. Spacu and R. Ripan, potassium nickel diaquobisbenzylaminosulphate, 
[Ni(NH2 .CH2 .C6Hg)2(H2O)2 | (KS0 4 ) 2 ; and M. R. Menz, a complex with hexa-
methylenetetramine. E. Thilo and H. Heilborn obtained with diacetyldioxime, 
the unstable complex, nickel bisdiacetyldioximosulphate, [Ni(CH3CNOH)2]SO4 ; 
G. Ponzio, nickel bismethylhydroxyglyoximosulphate, [Ni(C3H6O3Ng)2]SO4 ; 
D. Tombeck, a complex with aniline, namely, nickel hexaiiilinosulphate, 
[Ni(C6H5 .NH2)6]S04 ; and H. Schjerning, and J . Moitessier, a complex with phenyl-
hydrazine, namely, nickel phenylhydrazmosulphate, Ni(C6H5-N2H3)SO4-H2O, 
and a complex with both aniline and phenylhydrazine. P . C. and N. Ray prepared 
a complex with ethylphosphonium sulphate. L. Meyer observed tha t no complex 
is formed with thiocarbamide either in alcoholic or aq. soln. ; and K. A. Jensen, 
compounds with thiosemicarbazide. M. R. Menz prepared a complex with 
camphidine ; and G. Canneri, one with guanidine. M. Berthon studied the 
adsorption of the salt from aq. soln. by silica gel. 

According to G. Gire, and E. S. Hedges and J . E . Myers, a magnesium-nickel 
couple is formed when magnesium is dipped in a soln. of nickel sulphate. R. Kre-
mann and co-workers found tha t zinc and cadmium will precipitate nickel from aq. 
soln. of the sulphate a t room temp., and the precipitate contains both nickel, and 
nickel hydroxide. The proportion of hydroxide decreases with a rise of temp. , 
and increases with the ratio of the zinc or cadmium to the precipitated nickel. 
M. Centnerszwer and W. Heller, and J . A. N. Friend and J . S. Tidmus studied the 
dissolution of zinc in soln. of nickel sulphate ; and M. J . Salauze, the reduction of 
the soln. by aluminium ; and T. Heymann and K. Jellinek, the reaction with 
cobalt : Co+Ni ' '^Ni-f-Co*' . E. J . Mills and J . J . Smith studied the mutual 
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( N H 4 ) 2 S 0 4 - N i S 0 4 - H 2 0 . H 2 O a t 25-51°. 

precipitation of nickel and cobalt hydroxides by the addition of sodium hydroxide 
to a mixed soln. of nickel and cobalt sulphates ; E . J . Mills and B. Hunt , nickel 
and cadmium sulphates ; E . J . Mills and J . H . Becket, nickel and manganese 
sulphates ; W. Schopper, the precipitation of nickel hydroxide from a soln. of the 
sulphate by quicklime or limestone ; A. W. Wellings, the t i t rat ion of the soln. 
with standard barium hydroxide ; and L. S. Levy, the adsorption of the salt by 
manganese dioxide. R. Schenck and E . R a u b studied the reaction of the salt 
with nickel sulphide (q.v.) ; O. Ruff and B. Hirsch, the action of ferrous sulphide, 
of manganese sulphide, and of zinc sulphide. 

The double salts of nickel sulphate.—H. F . Link,2 and E. Mitscherlich 
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obtained ammonium nickel disulphate, (NH 4 ) 2 Ni(S0 4 ) 2 .6H 2 0, from mixed soln. 
of t h e c o m p o n e n t sa l t s , a n d t h e p rocess w a s desc r ibed in d e t a i l b y O. A s c h a n , 
R . M. C a v e n , S. P . L,. Sorensen , C. Ki inze l , L . T h o m p s o n . P . B i rve l l , a n d G. D e l v a u x . 
A . B e n r a t h ' s s t u d y of t h e s y s t e m (NH 4 ) 2 S 0 4 - N i S 0 4 - H 2 0 is s u m m a r i z e d in F i g . 352. 
T h e r eg ion of f o r m a t i o n of t h e 1 : 1 : 6 d o u b l e sa l t is s t i pp led , a n d Ni6« , Ni6/§, a n d 
N i 7 , r e spec t i ve ly , refer t o t h e ct- a n d yS-hexahydrates , a n d t h e h e p t a h y d r a t e of 
n icke l s u l p h a t e . R . M. C a v e n a n d W . K . G a r d n e r ' s r e su l t s a r e s u m m a r i z e d i n 
F i g . 3 5 3 . 

T h e b lu i sh-green c r y s t a l s of t h e doub l e sa l t were found b y A. M u r m a n n a n d 
L . R o t t e r t o b e monoc l in ic p r i s m s w i t h t h e ax i a l r a t io s a : b : c = 0 - 7 3 7 0 : 1 : O 5 0 3 2 , 
a n d y8=107° 4 ' . O b s e r v a t i o n s were a lso m a d e b y J . C G. de M a r i g n a c , a n d 
H . d e S e n a r m o n t . A . E . H . T u t t o n g a v e 0-7373 : 1 : 0-5000, a n d £ = 1 0 6 ° 5 7 ' . 
T h e h a b i t is p r i s m a t i c , pa ra l l e l w i t h t h e (Ol l ) - face . T h e (001)- a n d ( l lO)-faces 
a r e s o m e t i m e s s t r i a t e d . T h e c l eavages pa ra l l e l t o t h e (2Ol)- a n d t h e (010)-faces 
a r e good . T h e o p t i c a x i a l ang les a r e : 

IA- C- N a - T l - C d - jF-lii ies 
2 H „ - - 76° 3O' 76° 2 8 ' 76° 8 ' 75° 5O' 75° 4O' 75° 2 9 ' 
2 H 0 . . 82° 2 4 ' 82° 2O' 81° 5O' 81° 2 4 ' 81° 5 ' 80° 5O' 
2Va - • 8t>° 2 7 ' 86° 2 8 ' 80° 3 3 ' 86° 3 7 ' 80° 4 0 ' 80° 4 3 ' 

E . Mi t scher l i ch obse rved t h a t t h e c r y s t a l s a r e i s o m o r p h o u s w i t h t hose of a m m o n i u m 
m a g n e s i u m s u l p h a t e , a n d w i t h t h e c o r r e s p o n d i n g a m m o n i u m coba l t s u l p h a t e . 
A c c o r d i n g t o A. E . H . T u t t o n , t h e molecu la r d i s t a n c e r a t i o s , i.e. t h e top ica l ax ia l 
r a t i o s , a r e x - */* :

 O J = 6 - 1 4 2 6 : 8-3312 : 4 1 6 5 6 . T h e sp . gr . is 1-923 a t 20 o / 4 ° . 
F . L.. P e r r o t g a v e 1-922 for t h e sp . gr . ; L . T h o m p s o n , 1-801 ; H . K o p p , 1-915 ; 
a n d H . Sch rode r , 1-921. T h e sub j ec t w a s d iscussed b y J . A. G r o s h a n s . 
A. E . H . T u t t o n g a v e 203-91 for t h e mo l . vol . , a n d F . L . P e r r o t , 205. G. Qu incke 
g a v e 1-041 a t 19°/4°, for t h e sp . gr . of a 4-89 p e r cen t . a q . soln. Accord ing t o 
W . A . T i lden , t h e sa l t , w h e n h e a t e d , g ives oil w a t e r w i t h o u t me l t ing . R . M. Caven 
a n d J . F e r g u s o n o b s e r v e d t h e v a p . p ress . , p m m . , of t h e h e x a h y d r a t c , t o be : 

33-5° 43 -2° 53-7° 0 8 8° 7 2 8° 
p . . . 1 - 6 4 1 9-2 24-3 31-9 

or log ^ = 2 - 3 7 0 + 2 4 3 7 T - i —1,249,600T~2, t h e d i h y d r a t e is fo rmed w h e n t h e sa l t 
is h e a t e d . T h e h e a t of h y d r a t i o n of t h e d i h y d r a t e is 15-4 CaIs. pe r mol . of w a t e r 
v a p o u r . T h e sub jec t w a s d i scussed b y F . E p h r a i m a n d P . W a g n e r . E . R o u y e r 
e x a m i n e d t h e e l e v a t i o n of t h e b . p . of m i x e d soln. of t h e c o m p o n e n t sa l t s . 
A. E . H . T u t t o n g a v e for t h e r e f rac t ive ind ices : 
a . . 1-4900 1-4921 1-4949 1-4970 1-4993 1-5007 1-5000 
p . . 1-4975 1-4980 1-6007 1-5037 1-5052 1-5009 1-5123 
y . . 1-5040 1-5051 1-5081 1-511O 1-5125 1-5142 1-5190 

T h e m e a n v a l u e for N a - l i g h t is 1-5012. H . de S e n a r m o n t g a v e 1-499. A c c o r d i n g 
t o A . E . H . T u t t o n , t h e gene ra l f o rmu la for t h e re f rac t ive i n d e x , /3, co r r ec t ed t o a 
v a c u u m , is ) 8 = l - 4 8 7 3 - | - 4 7 2 , 9 5 2 A - 2 + 2 1 2 , 9 6 0 , 0 0 0 , 0 0 0 A - 4 - f . . . T h e a- indices a r e 
r e p r o d u c e d v e r y c losely if t h e c o n s t a n t 1*4873 is r educed t o 1-4813 ; a n d t h e 
y - i nd i ce s , if t h i s c o n s t a n t be 1*4946. A t 70°, t h e re f rac t ive indices a re dec reased 
by 0-0018° for ct, t o 0-0022° for y for a 55° rise of t e m p . T h e doub l e re f rac t ion for 
N a - l i g h t is y—<z=0-0132. T h e sp . r e f rac t ions w i t h t h e /z 2 - formula for t h e C(IJa)-
a n d H y ( n e a r (?)-rays a r e , r e spec t ive ly , a = 0 - 1 5 0 9 , a n d 0-1545. 

A c c o r d i n g t o W . P f a n h a u s e r , t h e e lectr ical c o n d u c t i v i t y of t h e m o r e cone . soln. 
of t h e s a l t i n a q . soln. is less t h a n t h e s u m of t h e c o n d u c t i v i t i e s of t h e c o n s t i t u e n t 
s a l t s , a n d t h i s i n d i c a t e s t h a t c o m p l e x ions a r e fo rmed . T h i s is conf i rmed b y 
m e a s u r e m e n t s of t h e t r a n s p o r t n u m b e r s , w h i c h show t h a t in t h e sa t . soln. , a t 18°, 
N H ^ ' - i o n s a n d N i ( S 0 4 ) 2 " - i o n s a r e p r e s e n t ; b u t w i t h m o r e di l . soln. N H 4 ' - , N i " - , 
a n d S O - " - i o n s a r e fo rmed . T a k i n g t h e ca lomel e l ec t rode as —0-56 vo l t , t h e 
e l e c t r o d e p o t e n t i a l s of t h e fol lowing m e t a l s i n iV-NiS0 4 , a n d iV- (NH 4 ) 2 Ni(S0 4 ) 2 , 
w e r e , r e s p e c t i v e l y : n icke l , —0-041 a n d — 0 0 6 0 v o l t ; l ead , — 0 0 0 5 a n d — 0-007 
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vo l t ; zinc, 0-482 a n d 0-493 vo l t ; copper , —0-569 a n d —0-591 vol t ; a n d nickelic 
h y d r o x i d e , —1-135 a n d —-1-152 vo l t s . Po l a r i za t i on occurs in t h e electrolysis of 
soln. of nickel su lpha t e or of t h e double sa l t w i th nickel e lectrodes . T h e lower 
va lue , 1-06 vol ts , cor responds w i th t h e decompos i t ion of wa te r , a n d t h e evo lu t ion 
of oxygen a t t h e anode ; a n d t h e h igher va lue , a b o u t 2-3 vo l t s in neu t r a l , a n d 1-9 
vol t s in acidic soln., is due t o t h e fo rmat ion of nickelic s u l p h a t e a t t h e a n o d e , a n d 
i t s immed ia t e hydro lys i s t o nickelic h y d r o x i d e . T h e depos i t ion of nickel in t h e 
electrolysis of a soln. of t h e sa l t was s tud ied b y R . B o t t g e r , E . GaifEe, M. Hesz , 
M. Mar t in a n d M. D e l a m o t t e , H . Meidinger, J . M. Merrick, S. P . Sharp ies , a n d 
E . Stolba—vide supra. H . Moehle gave 0-983 X 1O - 6 m a s s u n i t for t h e magne t i c 
suscept ib i l i ty of t h e sa l t ; a n d W- F i n k e gave for t h e t h r e e axia l d i rec t ions , 
a = 19-57 X 1O - 6 , 6 = 1 5 - 7 5 X 10 - « , a n d c = 17-98 X 1O -* m a s s u n i t for t h e h e x a h y d r a t e . 
B . W . B a r t l e t t , A. Serres , I . I . R a b i , N . S. K r i s h n a n a n d co-workers , a n d R . A. Fe re -
d a y s tud ied t h e subjec t . L . C. J a c k s o n ' s resul ts for t h e effect of t e m p , are ind ica ted 
in F ig . 351 . 

H . F . L i n k found t h a t t h e sa l t dissolves in a b o u t four t imes i t s weight of cold 
w a t e r ; a n d m e a s u r e m e n t s of t h e solubi l i ty were m a d e b y G. Quincke . C. v o n 
H a u e r sa id t h a t a soln. sa t . a t 20° con ta ins 9-4 pe r cent , of t h e a n h y d r o u s sa l t ; 
13-2 pe r cent , a t 40° ; 18-6 per cent , a t 60° ; a n d 23-1 pe r cent , a t 80°. J . Locke 
found t h a t a l i t re of wa te r , a t 25°, dissolves 75-7 g rms . of a n h y d r o u s sal t . E . Tobler 
found t h e solubil i ty, S g rms . of a n h y d r o u s sa l t pe r 100 g rms . of wa te r , t o be : 
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T h e d a t a a re s u m m a r i z e d in F ig . 354, a n d t h e solubi l i ty in mols . per l i t re can be 
r ep resen ted b y (141+3-20+O-O50 2 )X 10~4 . A. W . Well ings s tud ied t h e t i t r a t i o n 

of t h e sa l t w i th a s t a n d a r d soln. of b a r i u m 
h y d r o x i d e . L . T h o m p s o n found t h a t t h e 
sa l t is nea r ly insoluble in a soln. of 
a m m o n i u m su lpha t e . E . Alber t s s tud ied t h e 
ac t ion of ca rbon d ioxide ; a n d B . V. N e -
rasoff, t h e adso rp t i on of t h e sal t from soln. 
b y charcoa l . According t o G. Andr£ , 
ammonium nickel hexamminosulphate, 
( N H 4 ) 2 N i ( S 0 4 ) 2 . 6 N H 3 . l i H 2 0 , is formed when 
a m m o n i a is passed i n t o a soln. of a m m o n i u m 
s u l p h a t e ca r ry ing nickel oxide in suspension 
in t h e p ropo r t i ons of a mol . of t h e oxide t o 
2 mols . of t h e a m m o n i u m su lpha t e , a n d t h e 
resu l t ing l iquid hea t ed , a n d t h e n al lowed 
t o cool. T h e s a m e sa l t is p roduced w h e n 
a m m o n i a is passed i n t o a soln. of t h e t w o 

su lpha tes in eq. p ropor t ions . T h e b lue , r h o m b i c p r i sms effloresce v e r y r a p i d l y 
on exposure t o air , a n d a m m o n i a is g iven off. T h e sa l t is decomposed b y a n 
excess of w a t e r w i th t h e sepa ra t ion of nickel h y d r o x i d e . Y . S h i b a t a s tud ied t h e 
abso rp t i on s p e c t r u m of t h e sa l t . 

O. Lepie r re a n d M. L a c h a u d o b t a i n e d a m m o n i u m n icke lous pentasulphate , 
2(NH 4 J 2 SO 4 .3NiSO 4 , b y fusing a n h y d r o u s nickel s u l p h a t e or t h e oxide , h y d r o x i d e , 
or c a r b o n a t e wi th five t o six t i m e s i t s we igh t of a m m o n i u m s u l p h a t e . T h e d e e p 
yel low, t e t r a h e d r a l , cubic c rys ta l s c a n be r ap id ly washed b y cold wa t e r , a n d 
alcohol . T h e crys ta l s soon become h y d r a t e d in c o n t a c t w i t h wa te r , a n d m u c h 
h e a t is deve loped . W h e n h e a t e d w i t h a m m o n i u m s u l p h a t e yel low o c t a h e d r a of 
a n h y d r o u s nickelous s u l p h a t e a r e formed. H . G r o s s m a n n a n d B . Schiick p r e p a r e d 

W 75 20 
Per cent, solubility 

F i o . 354 .—The Solub i l i ty of A m m o ­
nium. Nicke l S u l p h a t e . 
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g r e e n t r ic l in ic c r y s t a l s of e t h y l e n e d i a m i n e n i c k e l d i su lphate , C 2 H 4 ( N H 2 ) 2 N i ( S 0 4 ) 2 . 
6 H 2 O ; a n d T . C u r t i u s a n d F . S c h r a d e r o b t a i n e d h y d r a z i n e n i c k e l d i su lphate , 
( N 2 H 5 ) 2 N i ( S 0 4 ) 2 , f rom m i x e d soln. of t h e c o m p o n e n t sa l t s . T h e p a l e a p p l e - g r e e n 
p r e c i p i t a t e c o n t a i n s microscopic p r i s m s . T h e sa l t is s t a b l e a t 100°, b u t w h e n 
h e a t e d t o a h ighe r t e m p , in a d r y t u b e , i t d e c o m p o s e s w i t h t h e e v o l u t i o n of n i t r o g e n , 
a n d s u l p h u r d iox ide , a n d l eaves b e h i n d a m i x t u r e of n icke l s u l p h a t e a n d o x i d e . 
W a t e r a t 18° d issolves 0-36 p e r cen t , of t h e sa l t . T h e sa l t is inso lub le i n h y d r o ­
ch lor ic ac id ; i t is d e c o m p o s e d b y n i t r i c ac id w i t h t h e e v o l u t i o n of ga s ; a n d i t 
f o rms a b l u e soln. w i t h a q . a m m o n i a . W h e n t h e a m m o n i a c a l soln. is h e a t e d , i t 
d e p o s i t s n icke l t r i h y d r a z i n e s u l p h a t e . 

J . L . P r o u s t , Li. Gmel in , E . Mi t scher l i ch , a n d R . T u p p u t i p r e p a r e d p o t a s s i u m 
n i c k e l d i su lphate , K 2 N i ( S 0 4 ) 2 . 6 H 2 0 , f rom m i x e d soln. of t h e c o m p o n e n t sa l t s , or 
f r om a soln . of n icke l ox ide or c a r b o n a t e in a n a q . soln. of p o t a s s i u m h y d r o s u l p h a t e . 
F . R . Mal le t r e p o r t e d ye l lowish -b rown , t e t r a h e d r a l c r y s t a l s of t h e a n h y d r o u s sa l t 
t o be f o r m e d b y fusing a m i x t u r e of t h e c o m p o n e n t sa l t s i n t h e o r e t i c a l p r o p o r t i o n s . 
T h e s a l t c h a n g e s t o t h e h e x a h y d r a t e o n e x p o s u r e t o a i r . R . M. Caven , C. M o n t e -
m a r t i n i a n d L . L o s a n a , a n d O. A s c h a n s t u d i e d t h e f o r m a t i o n of t h e sa l t . 
R . M. C a v e n a n d W . J o h n s t o n f o u n d t h a t w i t h t h e s y s t e m K 2 S O 4 - N i S O 4 - H 2 O , 
a t 25° , t h e solubi l i t ies , exp re s sed in g r a m s p e r 100 g r m s . of soln. , or i n mols p e r 
l i t r e in F i g . 355 , a r e : 
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T h e r e su l t s of A. B e n r a t h ' s s t u d y of t h e s a m e s y s t e m a r e s u m m a r i z e d in F ig . 35G. 
T h e reg ion of f o r m a t i o n of t h e 1 : 1 : 6 sa l t is s t i pp l ed ; NiGa., NiG/3, a n d Ni7 refer, 
r e spec t ive ly , t o t h e ex- a n d / 3 - h e x a h y d r a t e s , a n d t h e h e p t a h y d r a t e of n ickel s u l p h a t e . 
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F i o s . 355 a n d 3 5 6 . — T h e T e r n a r y S y s t e m : K 3 S O 4 - N i S O 4 - H 2 O . 

$6/3 

C. M o n t e m a r t i n i a n d L . L o s a n a s t u d i e d t h e q u a t e r n a r y s y s t e m : N i S I O 4 - K 2 S O 4 -
H 2 S O 4 - H 2 O , b e t w e e n 0° a n d 25°, a n d obse rved t h e solid p h a s e s N i S O 4 , N i S O 4 . 2 H . , 0 , 
K H S O 4 - H 2 O , K H S O 4 J I 2 S O 4 , K 2 S O 4 - K H S O 4 - H 2 O , a n d K 2 S 0 4 . N i S 0 4 . 6 H 2 0 . 
A . M u r m a n n a n d L . R o t t e r f o u n d t h a t t h e b r i g h t g reen , or b lu i sh -g reen t r a n s ­
p a r e n t , t a b u l a r , or p r i s m a t i c c r y s t a l s a r e monoc l in ic , w i t h t h e ax ia l r a t i o s a : b : c 
0-7374 : 1 : 0-4965, a n d £ = 1 0 5 ° O' ; a n d A. E . H . T u t t o n , 0-7379 : 1 : 0-5020, a n d 
^3= 105° 0 ' . O b s e r v a t i o n s were a lso m a d e b y C. F . R a m m e l s b e r g , H . J . B r o o k e , 
a n d H . d e S e n a r m o n t . T h e o p t i c ax i a l ang les were f o u n d b y A. E . H . T u t t o n t o be : 

2JS7 
2Ha 
2HC 
2Va 

Ia-
130° 18 ' 

66° 5 3 ' 
91° 6 ' 
75° 2 1 ' 

C-
130° 2 3 ' 

66° 4 7 ' 
90° 5 6 ' 
75° 19 ' 

ISTa-
130° 5 7 ' 

«6° 2 6 ' 
90° 3 3 ' 
75° 16 ' 

Tl-
131° 3 4 ' 

66° 6 ' 
90° 7 ' 
75° 1 3 ' 

132° 2 2 ' 
65° 3 7 ' 
89° 9 ' 
75° 9 ' 

A r ise of 50° increases t h e op t i c ax i a l ang le for N a - l i g h t b y a b o u t 2-5°. T h e t o p i c 
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axial ratios are x '• 0
 : < * > = 6 0 1 7 0 : 8-1542 : 4-0934. H. Kopp gave 2124 for the 

sp. gr. ; H. Schroder, 2-212 to 2-231 ; and A. E. H. Tutton, 2-237 at 20°/4°, and the 
mol. vol. 193-99. The mol. vol. was discussed by F. Ephraim and P. Wagner. 
L». Playfair and J. P. Joule gave for the sp. gr. of the dihydrated salt, 2-897 ; and 
H. Schroder, 3-086. The crystals are stable in air, and, according to C. von Hauer, 
they lose only 0-12 per cent, of water at 100°. F. Rudorfr studied the rate of 
diffusion of 10 grms. of the salt in 100 grms. of water, and, after 12 hrs., found for 
100 parts of nickel, 299 parts in the difTusate, and 133 parts of potassium in the 
salt. IJ. Gmelin, and J. I. Pierre observed that the salt fuses to a brown liquid 
at a low red-heat, and, on cooling, a yellow, crystalline mass is formed, which, 
according to H. Schroder, has a sp. gr. of 3-086, and when in contact with cold 
water, it gradually dissolves. The brown, anhydrous salt gradually gives the green 
hexahydrate when it is exposed to a moist atmosphere. At a bright red-heat, the 
salt decomposes into a mixture of nickel and potassium sulphate. R. M. Caven 
and J. Ferguson found the vap. press., p mm., of the hexahydrate to be : 

33-8° 4 5 1 ° 55-8° 64-8° 76-2° 
p . . . 6 - 2 14-6 31-2 54-6 9 8 1 

or log ^=0-981 -f-3329T-I— 1,039,000T-2, as it passes into the dihydrate. The 
heat of hydration of the dihydrate is 14-1 CaIs. per mol. of water vapour. 
A. E. H. Tutton observed that the refractive indices for light of different wave­
lengths, are : 

Li- C- Na- Tl- F- G-raya 
a . . 1-4809 1-4813 1-4830 1-486O 1-4889 1-4933 
£ . . 1-4889 1-4893 1-4916 1-4941 1-4972 1-5051 
y . . 1-5022 1-5026 1-5051 1-5077 1-5109 1-5153 

and the mean value for Na-light is 1-4934. The double refraction y—<x=0-0215. 
The indices of refraction are lowered by about 0-0012 for 50° rise of temp. H. de 
Senarmont gave 1-490 for the mean index of refraction. A. E. H. Tutton found 
that the sp. refraction, with the /u,2-formula for the C(Ha)- and the Hy (near G)-
raysare, respectively, a.=01273, and 0-1300; £=0-1290, and 0-1318; andy= 0-1321, 
and 0-1349 ; the mol. refractions with the /x2-formula, a—55-23, and 56-41 ; 
fi^= 56-00, and 57-2O ; and y= 57-31, and 58-53 ; the mol. refractions with the 
/,(,-formula, <x=93-37, y3—94-92, and y—97-50—mean=95-26 ; the sp. dispersions 
for the G- and (7-rays, «=0-0027, £=0-0028, and y=0-0028 ; and the mol. dis­
persion, a=l-18, /3=1-20, andy=l-22. J. M. Merrick studied the electrolysis of 
a soln. of the salt. H. Moehle gave 0-685 X 10—1 mass unit for the magnetic sus­
ceptibility of the salt. IST. S. Krishnan and co-workers, and R. A. Fereday studied 
the subject ; and A. A. Lutheroth measured the effect of temp, on the magnetiza­
tion. R. Tupputi found that the salt dissolves in eight to nine times its weight 
of cold water ; C. von Hauer found the percentage solubility of the anhydrous 
salt to be 8-7 at 20° ; 12-3 at 40° ; 17-6 at 60° ; and 22-0 at 80°. J. Locke 
found that, at 25°, a litre of water dissolves 68-8 grms. of the anhydrous salt. 
E. Tobler gave for the solubility, S grms. of anhydrous salt per 100 grms. of water : 

0° 10° 20° 30° 36° 49° 60° 75° 
/S . . 5 - 3 8-9 13-8 18-6 20-4 27-7 35-4 45-6 

R. Lattey gave for the percentage solubility, S3 

0° 10° 20° 30° 50° 70° 90° 100° 
# . . 3-26 4-31 5-61 7 1 7 11-02 15-88 21-74 2 5 0 4 

The data are summarized in Fig. 357, and the solubility in mols per litre can be 
represented by (99+2-820-f-0-03802) X 10~*. F. R. Mallet prepared potassium 
nickel trisulphate, K2Ni2(S04)3. H. Brintzinger and H. Osswald showed that in 
the sulphates of bivalent metals containing an excess of alkali or ammonium 
sulphates, the ions are of the type : [Ni2(SO4,)*]"". 
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R . B u n s e n a n d G. KirchhofE j i r epa red rub id ium n icke l d isulphate , 
R b 2 N i ( S 0 4 ) 2 . 6 H 2 0 , f rom a m i x e d soln. of t h e c o m p o n e n t sa l t s . A . B e n r a t h ' s 
s t u d y of t h e t e r n a r y s y s t e m : R b 2 S O 4 - N i S O 4 - H 2 O is s u m m a r i z e d in F ig . 358 . 
T h e reg ion of f o r m a t i o n of t h e 1 : 1 : 6 sa l t is s t ipp led , a n d Ni6ot, N i 6 £ , a n d Ni7 , 
r e spec t ive ly , d e n o t e t h e a- a n d £ - h e x a h y d r a t e s , a n d t h e h e p t a h y d r a t e of n ickel 
s u l p h a t e . F . R . Mal le t p r e p a r e d c ry s t a l s of t h e a n h y d r o u s sa l t b y fusing a m i x t u r e 

LA 
5 10 15 20 25 

Per cent, solubility 

Fio. 357. The Solubility of Potassium 
Nickel Sulphate. 

7: 1:6H^6 

RbJSO+ 

Ni? 

Ni„oc 

J/V/6/3 

40 60 80 NiSO4 

Fxo. 358. Tlio Ternary System 
Kb2SO4-NiSO4-Tf2O. 

of t heo re t i c a l p r o p o r t i o n s of t h e c o m p o n e n t sa l t s . T h e d a r k green, t a b u l a r o r 
p r i s m a t i c , monoc l in ic c r y s t a l s of t h e h e x a h y d r a t c were found b y A. K. H . T u t t o n 
t o h a v e t h e ax ia l r a t i o s a : b : c=0-7350 : 1 : 0-5022, a n d £ = 1 0 6 ° 3 ' . T h e op t i c 
ax i a l ang les a r e : 

!Li- C- N a - T l - *'-]jglit 
2E . . . 156° 3' 157° O' 158° 5' 
2Hn . . 73° 1' 72° 54' 72° 32' 72° 7' 71° 34' 
2Ffo . . 86° 15' 8(5° 7' 85° 46' 85° 31' 85° 15' 
2 7« . . 82° 5' 82° 4' 82° O' 81° 56' 81° 48' 

T h e ax ia l ang le 2/? inc reases b y a b o u t 1-5° for 50° rise of t e m p . T h e top ic ax i a l 
r a t i o s a r e X '• */J : t o = 6 - 1 0 6 5 : 8-3081 : 4 1 7 2 3 . T h e sp . gr . is 2-586 a t 20°/4°, a n d 
t h e mol . vol . is 203-43. F . E p h r a i m a n d P . W a g n e r d iscussed t h e mol. vol . 
R . M. C a v e n a n d J . F e r g u s o n found t h e v a p . press . , p m m . , of t h e h e x a h y d r a t e , 
t o be : 

32-5° 40 1° 49-6° 58-3° 74-8° 
p . . . 3 0 5-5 lU-5 19-9 55-7 

a n d log 7?= 10-563— 2937 T~i — 44 ,740T~ 2 , a s i t passes t o t h e d i h y d r a t c . 
of h y d r a t i o n of t h e d i h y d r a t e is 14-4 CaIs. p e r mol . of w a t e r v a p o u r , 
t o A. E . H . T u t t o n , t h e re f rac t ive indices a re : 

a 

Y 

Li-
1-4868 
1-4933 
1-5023 

C-
1-4872 
1-4937 
1-5027 

Na-
1-4895 
1-4961 
1-5052 

Tl-
1-4920 
1-4987 
1-5078 

F-
1-4949 
1-5017 
1-5HO 

T h e h e a t 
Acco rd ing 

a-iight 
1-4996 
1-5062 
1-5156 

w h e r e t h e m e a n v a l u e is 1-4969 ; a n d t h e doub le re f rac t ion of N a - l i g h t is y—a, 
= 0-0157. T h e ind ices a r e lowered b y a b o u t 0 0 1 5 for 50° r ise of t e m p . T h e 
sp . r e f rac t ions for t h e C[Ha)- a n d t h e Hy (near 6?)-rays, w i t h t h e /u,2-formula, a r e , 
r e spec t ive ly , a = 0 - 1 1 1 3 , a n d 0-1137 ; £ = 0 - 1 1 2 5 , a n d 0-1149 ; a n d y = 0 1 1 4 3 , a n d 
0-1167 ; t h e mol . re f rac t ions , <x=58-53, a n d 59-79 ; £ = 5 9 - 1 9 , a n d 60-46 ; a n d 
y = 6 0 - 1 0 , a n d 61-40 ; t h e mo l . re f rac t ions w i t h t h e /Lc-formula c t = 9 9 - l l , £ = 1 0 0 - 4 3 , 
a n d y — 1 0 2 - 2 6 — m e a n 1 0 0 - 6 0 ; t h e sp . d i spers ions w i t h t h e /x2-formula cL=/3='y 
= 0 - 0 0 2 4 ; a n d t h e mol . d i spers ions , a = l - 2 6 , £ = 1 - 2 7 , a n d y = 1-30. F . L.. P e r r o t 
o b t a i n e d t h e re f rac t ive indices ' ex= 1-48963, £ = 1 - 4 9 6 6 6 , a n d y = 1-50582 for ISTa-
l igh t . J . L o c k e found t h a t a l i t re of w a t e r a t 25° dissolves 59-8 g r m s . of t h e 
a n h y d r o u s sa l t . 
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R. Bunsen and Gr. KirchhofE prepared csesium nickelous disulphate, 
Cs2Ni(SO4J2-GH2O, from a mixed soln. of the component salts. F . R. Mallet 
prepared crystals of the anhydrous salt by fusing a mix ture of the component salts 
in theoretical proport ions. The br ight green, monoclinic prisms of the hexahydrate 
were found by A. E . H . Tu t t on to have the axial rat ios a : b : c=0-7270 : 1 : 0 4 9 8 4 , 
and y3=107° 2' . The optic axial angle, 2Va, is : 

1.1- C- Na- Tl- .F-light 
2H„ . . 78° 20' 78° 15' 78° 1' 77° 43' 77° 19' 
2H0 . - 82° 59' 82° 55' 82° 27' 81° 59' 81° 11' 
2 Va • • 87° 15' 87° 17' 87° 21' 87° 29' 87° 40' 

The topic axial rat ios are x '• */» : co=6-2097 : 8*5416 : 4*2572. The sp. gr. is 2-872 
a t 20°/4°, and the mol. vol. 215-90. F . E p h r a i m and P . Wagner discussed the 
mol. vol. R. M. Caven and J . Ferguson found t he vap . press., p mm. , of the 
hexahydra te to be : 

350° 44-2° 48-7° 550° 65-7° 82 0° 
p . . 4-8 9 0 12-6 18-9 35-4 75-2 

or log jt>=—1-7304-4798T-1 —1,249,000-2 , as i t passes to the d ihydra tc . The hea t 
of hydra t ion of the d ihydra te is 13-4 cals. per mol. of water vapour . According 
to A. E . IT. Tu t ton , the refractive indices are : 

1,1- C- Na- Tl- F- tt-light 
a. . . 1-5061 1-5065 1-5087 1-5112 1-5146 1-5192 
/3 . . 1-5100 1-5104 1-5129 1-5154 1-5187 1-5235 
Y • . 1-5133 1-5137 1-51G2 1-5189 1-5221 1-5266 

where the mean value is 1-5126 for Na-light , and the double refraction is y—a 
= 0-0075. The indices are lowered by abou t 0-0016 for 50° rise of t emp . The sp. 
refractions for the C(Hn)- and the Hy (near 6r')-rays, wi th t h e /n2-formula, are, 
respectively, <x=01035, and 0-1057 ; £ = 0 - 1 0 4 2 , and 0-1064 ; y=-0-1048, and 
0-1070 ; t he mol. refractions, « = 6 4 - 2 0 , and 65-55; /3=64-61, and 66-00 ; and 
y=64-97, and 66-34 ; t he mol. refractions with the ^.-formula, a = 109-35, £ = 1 1 0 - 1 9 , 
and y—110-91—mean 110-15 ; t he sp. dispersions with the/x2-formula arc a= /3—y 
= 0 0 0 2 2 ; and the mol. dispersions, a ,= 1-35, £ = 1 - 3 9 , and y = l - 3 7 . J . Locke 
found t h a t a litre of water a t 25° dissolves 255-8 grms. of the anhydrous salt . 

0 T ? F 3 ~' 4 5 6~ 0 7 2 3 4 5 6 7 100 75 50 25 0 
MoIs of NiSO4 MoIs Na2SO4 NiSO4 Na2SO4 

F i o s . 359 and 360.—Mutual Solubilities of Sodium F i a . 361.—Equi l ibr ium in tho Te rna ry 
a n d Nickelous Sulphates . Sys tem : Na 1 1 SO 4 -NiSO 4 -H 8 O a t 97°. 

C. F . Rammelsberg was unable t o prepare a l i thium nickelous sulphate. 
J . Koppel and H . Wetzel, R . M. Caven, O. Aschan, a n d H . Wetzel prepared 
sodium nickelous disulphate, N a 2 N i ( S 0 4 ) 2 . 4 H 2 0 , as a pale green crystall ine 
powder, by melt ing together eq. proport ions of t h e hydra ted salts a t 30° ; a n d 
their observations on the system : Na 2 SO 4 -N iSO 4 -H 2 O, are summarized in 
Figs. 359 and 360. Corresponding soln. are designated wi th similar let ters in bo th 
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d i a g r a m s , t hose w i t h o u t t h e d a s h refer t o n ickel s u l p h a t e ; t hose w i th t h e dash 
t o s o d i u m s u l p h a t e . T h e cu rves FG a n d F'G' refer t o t h e solubil i t ies of m i x t u r e s 
of t h e c o m p o n e n t su lpha te s ; GJ a n d G'J'9 t o t h e solubi l i ty of t h e complex sal t 
N a 2 S 0 4 . N i S 0 4 . 4 H 2 0 ; GH a n d G'H', t o t h a t of a m i x t u r e of t h e complex sa l t a n d 
nickel s u l p h a t e ; GKL a n d G'K'JL\ t o t h a t of a m i x t u r e of t h e complex sa l t and sod ium 
s u l p h a t e ; OABb t o t h e solubi l i ty of nickel s u l p h a t e ; OCDE, t o t h e solubi l i ty of 
n ickel s u l p h a t e ; A, t o t h e eu tec t i c of N iSO 4 . 7H 2 O 
a n d ice ; a n d C, t o t h e eu tec t i c of Na 2 SO 4 - IOH 2 O 
a n d ice. T h e t e m p , of f o r m a t i o n of t h e complex 
sa l t is 16-5° ; t h e t r a n s f o r m a t i o n t e m p , of deca-
h y d r a t e d sod ium s u l p h a t e in t h e presence of nickel 
sulx>hate is 31-8° ; t h e eu tec t i c w i t h a m i x t u r e of t h e 
t w o h y d r a t e d s u l p h a t e s is —5-1°. O. Aschan s tud ied 
t h e f o r m a t i o n of t h e sa l t . A. a n d H . B e n r a t h 
e x a m i n e d t h e t e r n a r y s y s t e m a t 97°, a n d t h e following 

Na2SO4 80 

F i o . 3 6 2 . T h e T e r n a r y S y s t e m 
N a 2 S O 4 - N i S O 4 - H 2 O . 

/Va2SO4 80 20 NiSO4 

3 6 3 . T l i o T e r n a r y S y s t e m : 
N a 2 S 0 4 - N i S 0 4 r l 2 6 . 

is a select ion of t h e i r resu l t s for t h e soln. in which t h e p r o p o r t i o n s of sod ium and 
nickel s u l p h a t e s a r e expressed in pe r cen t ages b y weigh t ; x deno tes t h e mol . 
p r o p o r t i o n of N iSO 4 in t h e m i x t u r e ; a n d M-, t h e n u m b e r of mols . of w a t e r per 
mol . of sa l t : 

N i S O 4 
N a 2 S O 4 
x . 
M 

O 
3 0 - 5 0 

O 
1 8 - 5 6 

2 - 3 0 
2 9 1 2 

6 -78 
17 -32 

6 -49 
2 7 - 6 2 
1 7 - 7 5 
15 -49 

1 6 - 3 3 
1 6 - 4 5 
4 7 - 6 2 
16 -87 

3 3 - 7 3 
6 -49 

8 2 - 6 7 
1 2 - 5 9 

4 3 18 
3 1 4 

92-7O 
9-9O 

43-4O 
1-61 

9 5 - 3 5 
10-37 

4 5 - 5 7 

10O-00 
10-69 

Na 2 SO 4 INa2Ni(S04)2 .41iaO NiSO4-GH2O 

T h e re su l t s a re p l o t t e d in F ig . 301 , where t h e d o t t e d curve refers t o t h e sp . gr. of 
t h e soln. A. B e n r a t h ' s r esu l t s a t different t e m p , a re summar i zed in F igs . 362 a n d 
3 6 3 . R . M. Caven a n d W . K . G a r d n e r also s tud ied t h e subjec t . 

Some doub le sa l t s of copper a n d nickel su lpha te s h a v e been repor ted , b u t t he i r 
ex i s tence a s chemica l i nd iv idua l s h a s n o t been es tab l i shed in view of t h e t e n d e n c y 
of t he se sa l t s t o fo rm i somorphous m i x t u r e s , or solid soln. A. Sco t t r e p o r t e d 
copper n i cke lous tr isulphate , CuSO 4 . 2NiSO 4 . 2H 2 O, t o be formed b y a d d i n g 
130 c.c. of cone, su lphur ic ac id t o a soln. of 100 g r m s . of h e p t a h y d r a t e d nickel 
s u l p h a t e a n d 90 g r m s . of h e p t a h y d r a t e d copper s u l p h a t e i n 200 c.c. of w a t e r ; 
w a s h i n g t h e c rys ta l s t w o or t h r e e t i m e s w i t h dil . su lphur i c ac id (1 : 1), a n d t h e n 
w i t h a m i x t u r e of d r y e the r a n d abso lu te a lcohol ; a n d d ry ing over su lphur ic ^acid, 
i n v a c u o . T h e pa le yel lowish-green dihydrate a p p e a r e d homogeneous ; A. K t a r d 
o b t a i n e d t h e trihydrate ; a n d H . Dufe t , a n d L . de B o i s b a u d r a n , t he keptahydrate, 
b y t h e s low evapo ra t i on , a t a low t e m p . , of m i x e d soln. of t h e componen t sa l t s . 
T h e monocl in ic p r i sms h a d t h e ax ia l r a t io s a : 6 : c = 1*7161 : 1 : 1-5480, a n d 
/ ? = 105° 12 ' . C. v o n H a u e r r epo r t ed a henicosihydrate t o be formed b y s p o n t a n e -
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ously evapo ra t i ng a mixed soln. of t h e c o m p o n e n t Baits a t o r d i n a r y t e m p . A. l^ ta rd 
obtained rose-coloured crystals of copper nickelous diliydropentasulphate, 

2(CuSO 4 -NiSO 4 ) .H 2 SO 4 , b y h e a t i n g in a sealed t u b e 
a t 200°, a soln. of t h e mixed sa l t s in t h e smal les t 
possible p ropo r t i on of wa te r , a n d a large excess of 
cone , su lphur ic acid . 

Accord ing t o E . Mitscherl ich, w h e n t h e p r o p o r t i o n 
of copper su lpha t e in t h e soln. is c o m p a r a t i v e l y 
smal l , t h e c rys ta l s of t h e solid which a re depos i t ed 
a r e monocl inic like h e p t a h y d r a t e d ferrous s u l p h a t e , 
b u t w h e n t h e p ropor t i on of copper s u l p h a t e in t h e 
soln. is large, tr icl inic c rys ta l s l ike p e n t a h y d r a t e d 
cupr ic s u l p h a t e a r e formed. C. Wel tz ien a d d e d 
t h a t t h e tr icl inic c rys ta l s h a v e t h e mola r r a t i o 
N i O : C u O = 1*23, a n d t h e passage from t h e t r ic l inic 
t o t h e monocl inic form occurs w h e n t h e p ropo r t i on 
of N iO increases f rom 1*2 t o 18-3 pe r cen t . 
H . J . Brooke , a n d A. Fyfe e x a m i n e d t h e monocl inic 

c rys ta l s , a n d G. N . WyroubofE m a d e some obse rva t ions on t h e subjec t . A. E o c k 
o b t a i n e d t h e following resul ts , expressed in mol . pe rcen tages , a t 35° : 

/ ' 

Tt 'tragon a/ 

• 

•M! 

£/ 

35° 

S 
K 20 

O 
O 20 40 60 80 100 

MoI. per cent. CuSO4 in crystals 
F i a . 364. T h e F o r m a t i o n of 

Solid. So lu t ions of Cupr ic a n d 
Nicke l S u l p h a t e s a t 35°. 

I t h o m b i c T e t r a g o n a l 

1-57 
98-43 

0-35 
99-65 

7-69 
92-31 

2-12 
97-88 

11-66 
88-34 

4-77 
95-23 

16-92 
83-08 

6-52 
93-48 

25-63 
74-37 
13-88 
8 2 1 2 

27-9O 
72-1O 
18-77 
81-23 

S o l u t i o n { N Y f £ ; '. 
Cryetals{£YfS4

4 \ 

I t will be remembered-—-vide supra—that t h e r h o m b i c sphenoids of h e p t a h y d r a t e d 
nickel s u l p h a t e a t r o o m t e m p , pass i n t o t h e t e t r a g o n a l h e x a h y d r a t e a t 33° ; a n d 
above 60°, t h e c rys ta l s pa s s i n t o t h e monocl inic form. Crys ta l s w i th over 94-91 
mol . per cen t , of copper su lpha t e , a n d less t h a n 5-09 pe r cent , of nickel s u l p h a t e 
were tr icl inic. These resul t s a re summar i zed in F ig . 364. A t 67°, t h e c rys ta l s in 
t h e following sys tems were monocl inic : 

S o I u t i o n { £ ? f £ 
CrystalS{g?fO. 

2-65 
97-35 

0-93 
99-07 

8-31 
91-69 

2-86 
97-14 

13-55 
86-45 

3-92 
9 6 0 8 

16-39 
83-61 

6-66 
93-34 

24-46 
75-54 
22-32 
77-68 

A. R e c o u r a r e p o r t e d bas ic coppe r n ickel s u l p h a t e s t o be fo rmed b y a d d i n g cupr i c 
h y d r o x i d e t o a q . soln . of n ickel s u l p h a t e ; w i t h a cold soln. , t h e b lue flocculent p r e c i p i t a t e 
h a d t h e compos i t ion 20C\. iO.NiSO4 .nH2O, a n d w i t h a bo i l ing soln. , 16CuO.5NiSO4-TiH2O. 
A. Mai lhe o b t a i n e d b y t h e a c t i o n of a soln. of n icke l s u l p h a t e on u n d r i e d 4 C u O . H 2 O , a t 
80°, copper nickelous dioxysulphate, 2CuO. N i S O 4 . 6 H 2 O — w i t h bo i l ing soln . , copper 
nickelous trioxydlsulphate, 3CuO.2NiSO 4 . 10H 2 O, or, acco rd ing t o A. W e r n e r , 
Cu 2 (OH) 4 Cu : ( O H ) 2 N i ( S O 4 J 2 N i . 7 H 2 O . T h e d e c a h y d r a t e a p p e a r s i n green , r h o m b i c 
p l a t e s . W h e n in t h e cold soln. , t h e dodecahydrate -was fo rmed in green , h e x a g o n a l p l a t e s . 
A. Fyfe , a n d W . A. E n d r i s s s t u d i e d t h e s e s a l t s . 

H. Vohl reported tha t the triple salt ammonium copper nickel sulphate, 
2 ( N H 4 ) 2 S 0 4 . C u S 0 4 . N i S 0 4 . 1 2 H 2 0 , is fo rmed f rom a n a q . soln. of t h e com­
p o n e n t sal ts , b u t E . B a r c h e t d o u b t e d i t s exis tence a s a chemica l ind iv idua l , a n d 
regarded i t as a solid soln. of t h e c o m p o n e n t sa l t s . T h e t e r n a r y s y s t e m : O u S O 4 -
(NH 4 ) 2Ni(S0 4 ) 2—H 2O, was s tud ied b y R. L a t t e y , a n d A. F o c k . R . L a t t e y ' s resu l t s 
a r e summar i zed in F ig . 365. The re is n o ev idence of t h e t e r n a r y sal t . T h e a r ea 
EFGLK is t h e s a t u r a t i o n surface of t h e n icke l doub le sa l t ; GHL, t h a t of t h e 
copper a m m o n i u m double sal t ; ADKLH, t h a t of C u S 0 4 . 5 H 2 0 ; DBEK, t h a t of 
N i S 0 4 . 7 H 2 0 ; a n d FCG, t h a t of (NH 4 J 2 SO 4 . D . Osterse tzer s t ud i ed t h e solid soln. 
of a m m o n i u m copper su lpha t e a n d a m m o n i u m nickel s u l p h a t e . H . Vohl also 
r epo r t ed potass ium copper nickel sulphate , 2 K 2 S 0 4 . C u S 0 . N i S 0 4 . 1 2 H 2 0 , t o be 
formed in a similar m a n n e r ; a n d A. B e t t e , f rom a m i x e d soln. of p o t a s s i u m copper 



N I C K E L 475 

s u l p h a t e a n d p o t a s s i u m nicke l s u l p h a t e . T h e pa le g reen c r y s t a l s a r e said t o be 
s t a b l e i n a i r ; t o g ive off w a t e r w h e n h e a t e d ; t o d issolve in four t i m e s t h e i r w e igh t 
of w a t e r ; a n d t o be inso luble in a lcohol . 

J . d ' A n s obse rved t h a t w h e n t h e t r ip l e s u l p h a t e , 0 a 2 M g K 2 ( S O 4 ) 4 . 2 H 4 O , or 
p o l y h a l i t e , is t r e a t e d w i t h a soln. of n ickel s u l p h a t e , t h e m a g n e s i u m is rej>laced b y 
n icke l t o f o r m p o t a s s i u m c a l c i u m n i c k e l su lphate , C a 2 N i K 2 ( S O ^ ) 4 . 2 H 2 O , or nickel-
polyhalite. S. V. P i c k e r i n g o b t a i n e d n ickel oxysulj>hate m i x e d w i t h v e r y l i t t l e 
c a l c i u m s u l p h a t e w h e n a soln. of n icke l s u l p h a t e is t r e a t e d w i t h ca l c ium h y d r o x i d e . 
Gr. K l a t z o r e p o r t e d t h e f o r m a t i o n of bery l l ium n i c k e l o u s su lphate , (Be ,Ni )SO 4 . 
4 H 2 O , f rom a n e u t r a l soln. of t h e c o m p o n e n t sa l t s . 
T h e tetrahydrate fu rn i shes wel l - formed, q u a d r a t i c 
( t e t r a g o n a l ) c r y s t a l s . Monocl inio c r y s t a l s of t h e 
hexahydrate were also o b t a i n e d , a n d r h o m b i c 
c r y s t a l s of t h e heptahydrate. A. N . C a m p b e l l a n d 
N . S. Y a n i c k o b s e r v e d n o ev idence of t h e 
formation of a calcium nickel sulphate in their 
s t u d y of t h e s y s t e m : C a S O 4 - N i S O 4 - H 2 O a t 45° 
t o 90° . P . B . S a r k a r a n d N . K a y p r e p a r e d 
ammonium beryllium nickelous fluosulphate, 
( N H 4 ) 2 B e F 4 . N i S 0 4 . 6 H 2 0 ; a n d also p o t a s s i u m 
beryllium nickelous fluosulphate, K 2 BeF 4 . 
NiSO 4 -GH 2 O. H . SehifE r e p o r t e d m a g n e s i u m 
nickelous sulphate, MgSO4.3NiSO4.28H2O, of sp. 
gr . 1-877, t o be fo rmed f rom a soln. of t h e 

F I G . 365.—The System : (NHJ 2 SO 4 -NiSO 4 -CuSO 4 -H 2 O. 
c o m p o n e n t sa l t s , b u t t h e p r o d u c t w a s p r o b a b l y a solid soln. of t h e t w o s u l p h a t e s , 
( M g , N i ) S 0 4 . 7 H 2 0 . E . Mi t scher l ich n o t e d t h e i s o m o r p h i s m b e t w e e n nickel a n d 
m a g n e s i u m s u l p h a t e s ; H . D u f e t m e a s u r e d t h e indices of re f rac t ion of solid soln. 
of t h e t w o sa l t s ; a n d J . M. T h o m s o n , t h e seeding of s a t . soln. of m a g n e s i u m 
s u l p h a t e w i t h c ry s t a l s of h e p t a h y d r a t e d n icke l s u l p h a t e . H . D u f e t showed t h a t 
t h e r e is a c o n t i n u o u s series of r h o m b i c s p h e n o i d a l c r y s t a l s of solid soln. of t h e 
t w o sa l t s , a n d t h e re f rac t ive indices al l fall r egu la r ly b e t w e e n t h e va lues for t h e 
t e r m i n a l m e m b e r s — - h e p t a h y d r a t e d m a g n e s i u m s u l p h a t e 1-4554, a n d h e p t a h y d r a t e d 
n i cke l s u l p h a t e 1-4893. H . Voh l r e p o r t e d t r i p l e s a l t s : a m m o n i u m m a g n e s i u m 
n i c k e l o u s su lphate , 2 ( N H 4 ) 2 S 0 4 . M g S 0 4 . N i S 0 4 . 1 2 H 2 0 , in emera ld -g reen c rys ta l s ; 
and likewise also with potassium magnesium nickelous sulphate, 2K2SO4 . 
MgSO4-NiSO4.12H2O. 
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R. Tupputi reported zinc nickelous sulphate, ZnSO4-NiSO4.13H2O, to be 
formed by crystallization from the soln. obtained by dissolving zinc in an acidic 
soln. of nickel sulphate. J. I. Pierre obtained the crystals from a soln. of the 
component salts. According to R. Tupputi, the pale green rhombic crystals have 
a sharp, astringent, metallic taste, and they readily effloresce in air. The crystals 
dissolve in three to four times their weight of cold water. A. lStard reported zinc 
nickel hydrosulphate, 2(ZnSO4-NiSO4)ZH2SO4, to be formed by treating a cone, 
soln. of equimolar proportions of the component salts with cold, cone, sulphuric 
acid in a sealed tube at 200°. H. Vohl reported the triple salts : ammonium zinc 
nickelous sulphate, 2(NH4)2S04.ZnSO4.NiSO4.12H2O, in emerald-green, mono-
clinic, tabular and columnar crystals, which lose all their water at 180° ; and 
potassium zinc nickelous sulphate, 2K2SO4-ZnSO4-NiSO4.12H2O, also in emerald-
green crystals. A. Scott reported the existence of a cadmium nickelous sulphate. 

A. E ta rd reported aluminium nickelous hydrosulphate, A12(S04)3.2NiSO4. 
H2SO4, to be formed as a yellow, insoluble, crystalline mass, by heating a cone, 
soln. of equimolar proportions of aluminium and nickel sulphates with cone, 
sulphuric acid in a sealed tube at 200°. R. M. Caven and T. C. Mitchell observed 
no evidence of the formation of a complex aluminium nickel sulphate at 30°. 
Expressing solubility concentrations in grams per 1OO grms. of soln., they found : 
A l 2 ( S O J 3 
N i S O 4 

Solid phase 

28-86 
0 

25-82 
4-74 

21-95 
10-87 

21-3O 
12-91 

20-79 
13-29 

8-70 
22-56 

5-29 
2 6 0 3 

O 
30-77 

Al2(SO4VM]Er2O N i S 0 4 . n H 2 0 

/V1-; ex 

Ni9 /3 

G. Werthcr prepared thallous nickelous disulphate, Tl2Ni(S04)2.6H20, from a 
soln. of the component salts. A. Benrath's 
study of the system : Tl2SO4-NiSO4-H2O is 
summarized in Fig. 366, the region of formation 
of the 1 : 1 : 6 double salt is stippled ; Nie«.> 
Ni0/3, and Ni7, respectively, denote the a,- and 
y3-hexahydrates, and the heptahydrate of nickel 
sulphate. F. R. Mallet prepared crystals of the 
anhydrous salt by fusing a mixture of theoretical 
proportions of the component salts. The bright 
green crystals of the hexahydrate were found 
by G. Werther to be monoclinic prisms with 

„ the axial ratios a : b : c=0-743 : 1 : 0*499, and 
^ ? ' ^ r i , ^ ^ o n a w y o y S t e m : /3=106° 39'. Observations were also made by 
1I2SO4-N1SO4-H2O. c F Rammelsberg; and A. E. H. Tutton 

gave 0-7404 : 1 : 0-4997, and £=106° 23' ; and for the optic axial angles : 
IA- C- Na- Tl- Cd- f l i g h t 

2K . . 109° 5 5 / 110° 5 ' 112° 3 ' 113° 5 5 ' 115° 2 0 ' 117° 5 ' 
2 / / « . 59° 1 5 ' 59° 2O' 59° 4 2 ' G0° 7 ' 60° 2 2 ' 60° 3 8 ' 
2H0 . 114° 3 3 ' 1 1 4 ° 2 2 ' 113° 9 ' 1 1 1 ° 5 6 ' 311° 9 ' 110° 1 7 ' 
2 F « . 60° 5 2 ' 60° 5 8 ' 61° 3 7 ' 62° 17 ' 62° 4 3 ' 63° 1 1' 

The sp. gr. is 3-770 at 20°/4o ; the mol. vol., 201-97 ; the topic axial ratios x
 : 1 A -" <*> 

— 61354 : 8-2865 : 4-1408 ; and the refractive indices : 

80 NiSO4 

Y 

IA-
1-5944 
1-6144 
1-6184 

C-
1-5900 
1-6150 
1-6190 

Na-
1-6024 
1-6183 
1-6224 

Tl-
1-6063 
1-6222 
1-6264 

Cd-
1-6086 
1-6252 
1-6290 

F-
1-6115 
1-6280 
1-6324 

67-light 
1-6191 
1-6385 
1-64OO 

The mean value for Na-light is 1-6144, and the double refraction y—a=0*0200. 
The values of fi, corrected to a vacuum, are reproduced by P= 1-6041 -+-402,008A-2 

4-3,637,200,000,00OA 4 + . . . ; and the values of a are reproduced if the constant 
1-6041 is diminished by 00160 and the values ofy if 1-6041 be increased to 1-6082. 
The sp. refractions for the /x2_ f o r m u l a f o r t h e C(Ha)- and the H y (near G?)-rays, are, 
respectively, a=00906, and 00931 ; £=0-0926, and 00950 ; and y=00931 , and 
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0-0956 ; t h e mol . r e f rac t ions , a== 69-00, a n d 70-86 ; / 3 = 7 0 - 4 8 , a n d 72-37 ; a n d 
y = 7 0 - 8 5 , a n d 72-76 ; t h e mol . re f rac t ions w i t h t h e /Lt-formula a r e a = 1 2 0 - 9 8 , 
£ = 1 2 4 - 2 1 , a n d y — 1 2 5 - 0 2 — m e a n 1 2 3 - 4 0 ; t h e sp . d i spers ions w i t h t h e ^ - f o r m u l a , 
c t = 0 - 0 0 2 5 , £ = 0 - 0 0 2 4 , a n d y=-0-0025 ; a n d t h e mol . d i spers ions , a = 1-86, £ = 1 - 8 9 , 
a n d y—1-91. T h e c r y s t a l s were f o u n d b y G. W e r t h e r t o be s t ab l e in a i r , a n d t o 
lose t h e i r w a t e r of h y d r a t i o n a t 120° ; J . F . Wi l l em found v i r t u a l l y n o w a t e r is 
los t a t 100°, a n d n e a r l y all a t 150°. Accord ing to G. W e r t h e r , t h e d e h y d r a t e d sa l t 
m a y be h e a t e d t o 300° w i t h o u t decompos i t i on ; i t m e l t s below a r e d - h e a t ; a n d 
d e c o m p o s e s a t a b r i g h t r e d - h e a t . T h e d e h y d r a t e d sa l t is yel low w h e n cold, a n d 
o r a n g e - r e d w h e n m e l t e d . T h e sa l t c a n be recrys ta l l izcd f rom a q . soln. J . L o c k e 
f o u n d t h a t a t 25° a l i t re of w a t e r dissolves 46-1 gr ins , of t h e a n h y d r o u s sa l t . 

A . l £ t a r d r e p o r t e d c h r o m i c n i c k e l o u s hydrosulphate , C r 2 ( S 0 4 ) 3 . N i S O 4 . 2 H 2 S O 4 . 
3 H 2 O , t o be f o r m e d b y h e a t i n g a cone . soln. of e q u i m o l a r p a r t s of t h e c o m p o n e n t 
s a l t s w i t h a l a rge excess of cone , s u l p h u r i c ac id in a sealed t u b e a t 200°. T h e 
green ish-ye l low c r y s t a l s a r e inso lub le in w a t e r . 

H . Vohl reported the triple salts : ammonium manganous nickelous sulphate, 
2 ( N H 4 ) 2 S 0 4 . M n S 0 4 . N i S 0 4 . 1 2 H 2 0 , in e m e r a l d - g r e e n c rys t a l s which lose w a t e r a t 
180° ; and potassium manganous nickelous sulphate, 2K,,S04.MnSO4.NiSO4. 
12H2O. 

H . F . L i n k r e p o r t e d f errous n i c k e l o u s su lphate t o be fo rmed in green c rys ta l s 
f r o m a soln. of t h e c o m p o n e n t sa l t s . T h e r h o m b i c c rys t a l s c r u m b l e to a yel low 
p o w d e r on e x p o s u r e t o a i r . J . W . R e t g e r s s t u d i e d t h e solid soln. fo rmed b y t h e 
h e p t a h y d r a t e d fe r rous a n d n icke lous s u l p h a t e s . !Rhombic c rys t a l s a r e fo rmed 
w i t h 0 t o 21-10 p e r c en t . F e S O 4 . 7 H 2 O , a n d w i t h 100 t o 78-90 pe r cen t . N i S O 4 . 7 H 2 O ; 
a n d monoc l in ic c r y s t a l s w i t h 49-63 t o 1OO p e r cen t . F e S O 4 . 7 H 2 O , a n d 50-37 t o 
0 p e r c e n t . N i S O 4 . 7 H 2 O . A. lS ta rd also p r e p a r e d ferrous n i c k e l o u s hydrosu lphate , 
2 F e S O 4 - N i S O 4 - H 2 S O 4 , b y h e a t i n g a cone . soln. of e q u i m o l a r p a r t s of t h e com­
p o n e n t sa l t s w i t h a n excess of cone , su lphu r i c ac id in a scaled t u b e a t 200°. H . Vohl 
reported ammonium ferrous nickelous sulphate, 2(NH4)2S04 .FeSO4 .NiSO4 . !2H2O, 
i n e m e r a l d - g r e e n c ry s t a l s ; a n d l ikewise p o t a s s i u m ferrous n i c k e l o u s su lphate , 
2 K 2 S 0 4 . F e S 0 4 . N i S 0 4 . 1 2 H 2 0 . A. lS ta rd p r e p a r e d ferric n i c k e l o u s hydrosulphate , 
F e 2 ( S 0 4 ) 3 . N i S O 4 . 2 H 2 S O 4 , b y h e a t i n g a cone . soln. of t h e c o m p o n e n t sa l t s w i th a 
l a rge excess of cone , s u l p h u r i c ac id in a sea led t u b e a t 200°. T h e yel low c rys ta l s 
a r e inso lub le in w a t e r . 

A . S c o t t o b t a i n e d coba l tous n i c k e l o u s su lphate , CoSO 4 -NiSO 4 .2PI 2 O, in p ink 
c r y s t a l s , b y a d d i n g cone . sult>luiric ac id t o a soln. of eq . p r o p o r t i o n s of t h e com-

35 r 
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/ 
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G 

2O 40 60 
CoSO4 

FiO. 367.—^-Diagram. F ia . 368.—«m-Piagram. 
p o n e n t s a l t s . Accord ing t o G. B r u g e l m a n n , w h e n e q u a l vols , of cold, sa t . soln. of 
c o b a l t ch lo r ide a n d nickel s u l p h a t e a re m i x e d , a n d a l lowed t o e v a p o r a t e s p o n t a n e ­
ous ly , t h e c r y s t a l s c o n t a i n s u l p h a t e s of b o t h m e t a l s , whi l s t t h e chlor ides r e m a i n 
i n so ln . A . B e n r a t h a n d co-workers s t u d i e d t h e s y s t e m of solid soln. and o b t a i n e d 
t h e r e s u l t s s u m m a r i z e d in F i g s . 367 a n d 368 . I n F i g . 368 , A d e n o t e s t h e h e p t a -



4 7 8 I N O R G A N I C A N D T H E O R E T I C A L , C H E M I S T R Y 

h y d r a t e s of coba l t a n d n icke l w i t h x, 53-6 ; m, 26-9 a t 0° ; B9 C o 7 - C o 6 , w i t h x, 
1OO ; tn, 17-5, a t 41-5° ; E9 N i 7 - N i 6 ( m o n o c l i n i c ) , w i t h x, O ; m, 19-4, a t 31-5° ; 
F9 N i 6 (mo i ioc l i n i c ) -N i 6 ( t e t r agona l ) , x, 0 ; m, 16-3, a t 52-5° ; G9 C o 6 - C o 1 , X9 1OO ; 
m, 13-8 a t 71-0° ; H9 N i 6 ( t e t r a g o n a l ) - N i 1 , w i t h x, 0 ; w , 10-6, a t 103° ; C9 C o 7 -
N i 7 - ( C o , N i ) 6 ( t e t r a g o n a l ) , x, 46-5 ; tn9 19-5, a t 21° ; Z), N i 7 - N i 6 ( m o n o c l i n i c ) -
(Co ,Ni ) 6 ( t e t r agona l ) , X3 35 ; w , 19-5, a t 26° . H . Vohl o b t a i n e d a m m o n i u m 
CObaltous n i c k e l o u s su lphate , 2 (NH 4 )2SO 4 -CoSO 4 -NiSO 4 . 12H 2 O, in d i r t y g reen i sh-
g rey c o l u m n s a n d p l a t e s ; a n d p o t a s s i u m coba l tous n i c k e l o u s s u l p h a t e , 
2 K 2 S O 4 - C o S O 4 - N i S O 4 . 1 2 H 2 O , i n d i r t y g rey i sh -g reen c o l u m n s a n d p l a t e s . 
J . M. T h o m s o n cou ld find n o jus t i f i ca t ion for r e g a r d i n g t h o s e p r o d u c t s a s c h e m i c a l 
i nd iv idua l s ; t h e y h a v e t h e c h a r a c t e r of sol id soln. 

S. R . B e n e d i c t 3 r e p o r t e d n i cke l i c su lphate , p r e s u m a b l y N i 2 ( S 0 4 ) 3 , t o be 
fo rmed in soln. w h e n f r e sh ly -p rec ip i t a t ed nickel ic h y d r o x i d e is t r e a t e d w i t h a 
n e a r l y s a t . soln . of p o t a s s i u m h y d r o s u l p h a t e . T h e soln. is so powerful a n ox id iz ing 
a g e n t t h a t h e s u p p o s e d i t t o c o n t a i n e i t he r a s imple or c o m p l e x nickel ic s u l p h a t e — 
vide supra, n ickel ic ox ide . A s i n d i c a t e d in c o n n e c t i o n w i t h t h e e lec t ro lys is of 
a m m o n i u m n icke lous s u l p h a t e , W . P f a n h a u s e r a s s u m e d t h a t w i t h h i g h e r v o l t a g e s , 
n ickel ic s u l p h a t e is f o rmed m o m e n t a r i l y a t t h e a n o d e , a n d i m m e d i a t e l y h y d r o l y z e d 
to nickel ic h y d r o x i d e . C. T u b a n d t a n d W . R i e d e l f ound t h a t t h e soln . of t h e 
a l leged nickel ic s u l p h a t e , o b t a i n e d b y S. R . B e n e d i c t , is r ea l ly a soln. of n i cke lous 
s u l p h a t e in p e r m o n o s u l p h u r i c ac id , a n d t h a t t h e r e d co lour w h i c h S. R . B e n e d i c t 
o b s e r v e d is d u e t o t h e p re sence of m a n g a n e s e ox id ized t o p e r m a n g a n a t e b y t h e 
n ickel ic ox ide . T h e y c o n c l u d e d t h a t all a t t e m p t s t o p r e p a r e a n ickel ic sa l t a r e 
vollig ergebnislos, a n d m u s t be r e g a r d e d a s aussichtlos. R . H . W e b e r d i scussed t h e 
m a g n e t i c p r o p e r t i e s . 

P . C. R a y a n d P . B . S a r k a r 4 p r e p a r e d monoc l in ic c r y s t a l s of a m m o n i u m n i c k e l 
sulphatofluoberyllate, (NH4) 2 BeF 4 . NiSO4 .6H2O, and also potassium nickel 
su lphatof luoberyl la te , K 2 B e F 4 . N i S O 4 . 6 H 2 O , e a c h of w h i c h is a m e m b e r of a n 
i s o m o r p h o u s series w i t h Co, F e , Mn , Cd, Zn , a n d Mg in p l ace of N i . T h e sa l t s 
we re s t u d i e d b y H . Seifer t . 
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§ 19. Nickel Carbonates 

H . de S e n a r m o n t 1 p r e p a r e d a n h y d r o u s n i c k e l carbonate , 3STiCO3, b y h e a t i n g 
a n a q . soln. of n ickel ch lor ide w i t h c a l c i u m c a r b o n a t e in a sealed t u b e for 18 h r s . 
a t 150° ; a n d also f rom a soln. of n ickel ch lor ide a n d s o d i u m c a r b o n a t e s a t u r a t e d 
w i t h c a r b o n d iox ide , h e a t e d i n a sealed t u b e a t 140°. J . K r u s t i n s o n s f o u n d t h a t 
t h e c a r b o n a t e so p r e p a r e d c o n t a i n s s o m e n icke l ch lor ide ; a n d ana logous ly w i t h 
c o b a l t n i t r a t e . J . P . L a r o c h e a n d J . P . P a a t a lso o b t a i n e d i t b y t r e a t i n g t h e 
o x a l a t e w i t h p o t a s h - l y e or soda - lye in s a t . soln. a t 100°. A. F e r r a r i a n d C. Colla 
cou ld n o t p r e p a r e t h e n o r m a l c a r b o n a t e . M. Sergeeff sa id t h a t p r e c i p i t a t i o n is 
b e s t effected a t t h e b . p . w i t h a n excess of s o d i u m c a r b o n a t e . T . N a n t y o b t a i n e d 
t h e trihydrate, N i O O 3 . 3 H 2 O , b y a d d i n g a soln. of p o t a s s i u m h y d r o c a r b o n a t e t o a 
soln . of n icke l ch lor ide a t o r d i n a r y t e m p . — v i d e infra, p o t a s s i u m nicke l c a r b o n a t e . 
H . S t . C Devi l le r e p o r t e d t h e hexahydrate, N i C O 3 . 6 H 2 O , t o be fo rmed in r h o m b o -
h e d r a l o r monoc l in ic p r i s m s b y t h e a c t i o n of s o d i u m or a m m o n i u m h y d r o c a r b o n a t e 
o n a soln. of n ickel n i t r a t e . I t is difficult t o w a s h t h e s o d a a w a y f rom t h e p r e ­
c i p i t a t e w h e n s o d i u m h y d r o c a r b o n a t e is e m p l o y e d . E . Miiller a n d A. L u b e r found 
t h a t a n a q . soln. of c a r b o n d iox ide r e a c t s w i t h n icke l r eve r s ib ly a n d for a g iven 
t e m p , a n d p ress . , the cone , of t h e d i s so lved m e t a l is a c c u r a t e l y r e p r o d u c i b l e . 



484 I N O R G A N I C A N D T H E O R E T I C A L , C H E M I S T R Y 

Nicke l is dissolved a s n i c k e l hydrocarbonate , N i ( H C 0 3 ) 2 , w h i c h c a n n o t b e o b t a i n e d 
i n t h e solid form, b u t c rys ta l l ine N i C O 3 , a n d N i C O 3 . 6 H 2 O c a n be p r e p a r e d . T h e 
h e x a h y d r a t e r ead i ly loses i t s w a t e r of h y d r a t i o n . R . A . F e r e d a y s t u d i e d t h e 
m a g n e t i c suscep t ib i l i ty of t h e c a r b o n a t e . 

J . L . P r o u s t , H . Rose , a n d H . Moissan f o u n d t h a t w h e n t h e c a r b o n a t e is h e a t e d 
i n air , i t forms some nickel ic ox ide . B . S reb row found t h a t t h e d e c o m p o s i t i o n 
t e m p e r a t u r e is Io we red b y t h e p re sence of ox ides of M n , F e , Co, N i , a n d Mg. 
K . K . Ke l l ey a n d C T . A n d e r s o n s t u d i e d t h e sub jec t . H . d e S e n a r m o n t o b s e r v e d 
t h a t t h e a n h y d r o u s c a r b o n a t e furn ishes pa l e green , t r a n s p a r e n t , mic roscop ic r h o m -
bohed ra . I t is n o t a t t a c k e d in t h e cold b y cone , hyd roch lo r i c ac id . N . C. N a g 
found t h a t in t h e p re sence of s o d i u m a c e t a t e , b r o m i n e fo rms a b r o w n i s h - r e d soln. 
which, w h e n boi led, depos i t s a v io le t p r e c i p i t a t e of n ickel d iox ide . A c c o r d i n g t o 
J . Gibson , if excess of s o d i u m c a r b o n a t e is a d d e d t o a soln. of a n icke l sa l t , t h e 
resu l t ing m i x t u r e b e h a v e s different ly on a d d i t i o n of b r o m i n e , a cco rd ing t o t h e 
q u a n t i t y of b r o m i n e a d d e d . I f a la rge excess of b r o m i n e is a d d e d , p a r t of t h e nickel 
goes i n t o soln. , p a r t r e m a i n s und i s so lved a s pa le -green c a r b o n a t e ; if a smal le r 
p r o p o r t i o n of b r o m i n e is a d d e d , so as t o h a v e excess of s o d i u m c a r b o n a t e , t h e 
n ickel is c o m p l e t e l y c o n v e r t e d i n t o p e r ox ide . C. F . R a m m e l s b e r g o b s e r v e d t h a t 
t h e c a r b o n a t e dissolves in a soln. of p a r a p e r i o d i c ac id fo rming a g r een l iqu id . 
L . R . v o n Fe l l enbe rg found t h a t w h e n h e a t e d w i t h s u l p h u r a n d p o t a s s i u m c a r b o ­
n a t e , n ickel d i su lph ide is fo rmed . H . A. F r a s c h found t h a t t h e c a r b o n a t e r e a c t s 
w i t h a m m o n i a a n d a lkal i ch lor ides in a c c o r d w i t h t h e e q u a t i o n : NiCO 3 -J -GNH 3 
- f - 2 N a C l = N i ( N H 3 ) 6 0 2 - f - N a 2 C 0 3 . L . S a n t i o b s e r v e d t h a t t h e c a r b o n a t e is d e c o m ­
posed b y a n aq . soln. of a m m o n i u m ch lor ide , c a r b o n d iox ide a n d a m m o n i a a r e 
evolved , a n d a soln. of nickel ch lor ide r e m a i n s . R . E m e r s o n w a s u n a b l e t o confi rm 
t h e p h o t o s y n t h e t i c a c t i v i t y of n icke l c a r b o n a t e i n i t s a c t i o n on c a r b o n d iox ide 
for t h e p r o d u c t i o n of o x y g e n a n d c a r b o h y d r a t e s r e p o r t e d b y E . C. C. B a I y a n d 
co-workers . H . G o l d s c h m i d t a n d K . L . S y n g r o s pas sed a i r t h r o u g h a soln. of n ickel 
ch lor ide a n d h y d r o x y l a m i n e h y d r o c h l o r i d e a n d o b t a i n e d ye l lowish-green n i c k e l 
hydroxylamine hydroxycarbonate, 2Ni(OH) 2 .4NiC0 3 .5NH 2OH.7H 20, which 
exp lodes w h e n h e a t e d ; t h e f i l t ra te f rom t h i s sa l t , w h e n exposed t o t h e c o n t i n u e d 
a c t i o n of a i r , depos i t s a pa le g reen sa l t , 2 N i ( O H ) 2 . 4 N i C O 3 . 6 N H 2 O H . 6 H 2 O . T h e 
mine ra l zarat i te , N i C O 3 . 2 N i ( O H ) 2 . 4 H 2 O , was syn thes i zed b y M. Fenog l io b y t h e 
a c t i o n of a soln. of n ickel chlor ide on n e s q u e h o n i t e , M g C O 3 . 3 H 2 O . T h e sp . gr . 
is 2-664, a n d t h e i n d e x of ref rac t ion of t h e i so t ropic sa l t is 1*58 t o 1*60. 

T h e c ry s t a l s of a n h y d r o u s nickel c a r b o n a t e a r e inso luble in n i t r i c ac id . N . R . D h a r 
a n d co-workers , G. R a o a n d N . R . D h a r , a n d G. M a c K i n n e y s t u d i e d t h e c a t a l y t i c 
a c t i o n of t h e c a r b o n a t e on t h e p h o t o r e d u c t i o n of c a r b o n d iox ide t o fo rm a l d e h y d e . 
G. T. Morgan and F . H. Burstall prepared nickelous tris-aa'-dipyridylcarbonate, 
[ N i ( C 1 0 H 8 N 2 ) 3 ] C O 3 . 6 H 2 O , b y pas s ing c a r b o n d iox ide t h r o u g h a soln. of n icke lous 
t r i s - a a / - d i p y r i d y l h y d r o x i d e . N . A . Y a j n i k a n d F . C. T r e h a n a s t u d i e d t h e a c t i o n 
of t h e c a r b o n a t e on t h e p h o t o c h e m i c a l r e d u c t i o n of suga r s . 

F . Ageno a n d E . Val la f o u n d t h a t a l i t r e of w a t e r a t 25° d issolves 0-0925 g r m . 
of nickel c a r b o n a t e ; a n d t h e h y d r o l y s i s in t h e a q . soln. in a n a t m . of c a r b o n 
d iox ide is 98-92 p e r c e n t . J . L . P r o u s t n o t e d t h a t b o t h n icke l ox ide a n d h y d r o x i d e 
a b s o r b c a r b o n d iox ide f rom a t m . a i r a n d t h e r e b y a c q u i r e a g r e e n co lour . 
P . N . R a i k o w found t h a t a n excess of c a r b o n d iox ide c o n v e r t s n icke l h y d r o x i d e 
i n t o a n icke l h y d r o c a r b o n a t e , N i 3 H 2 ( C 0 3 ) 4 . T h i s sa l t is fa i r ly so lub le in a soln . 
s a t u r a t e d w i t h c a r b o n d iox ide , b u t n icke l c a r b o n a t e is d e p o s i t e d a s t h e g a s e scapes 
f rom t h e soln. 

N icke l c a r b o n a t e r ead i ly fo rms bas ic s a l t s . T h i s m i g h t b e a n t i c i p a t e d f rom 
t h e r e a d y h y d r o l y s i s of t h e sa l t . I n m o s t cases i t is h i g h l y p r o b a b l e t h a t t h e 
p r o d u c t s w h i c h h a v e b e e n r e p o r t e d a r e e q u i v a l e n t t o s t ages se lec ted b y c h a n c e in 
t h e process of hyd ro ly s i s . Accord ing t o P . C. L . T h o m e , a soln . of n icke l c a r b o n y l 
in t o luene d e p o s i t s a bas ic c a r b o n a t e on e x p o s u r e t o a i r . B . Si l l imann de sc r ibed 
w h a t he cal led hydrate of nickel, a n d emerald nickel a s a n o c c u r r e n c e o n t h e c h r o m i t e 
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a t T e x a s , P e n n s y l v a n i a ; A . Casares , a s a n i n c r u s t a t i o n o n some nickel i ferous 
m a g n e t i t e n e a r C a p e H o r t e g a l , Gal ic ia , S p a i n ; a n d o t h e r occur rences were 
r e p o r t e d b y W . W . B e c k , O. B . Boggi ld , R . L,. Codazzi , J . D . D a n a , T . H . G a r r e t t , 
J . G. Goodch i ld , R . P . G r e g a n d W . G. L e t t s o m , L . L . IwanofT, P . W . Jereinejeff , 
R . D . O. J o h n s o n , T. P e t e r s e n , W . F . P e t t e r d , A. R a i m o n d i , E . W e i n s c h e n k , a n d 
V. R . v o n Z e p h a r o v i c h . A c c o r d i n g t o E . Cohen, a n i n c r u s t a t i o n of z a r a t i t e w a s 
o b s e r v e d on a m e t e o r i t e f rom D n i e p r o w s k . Ana lyses were r e p o r t e d b y R . D . T h o m ­
son , B . S i l l iman, J . L . S m i t h a n d G. J . B r u s h , a n d C. F . R a m m e l s b e r g ; t h e y 
i n d i c a t e t h a t t h e c o m p o s i t i o n a p p r o x i m a t e s n i c k e l t e t rahydroxycarbonate , 
NiC0 3 . 2 ]S r i (OH) 2 . 4H 2 0 , or 3 N i O . C 0 2 . 6 H 2 0 . P . G r o t h r e p r e s e n t e d t h e c o m p o s i t i o n 
b y t h e fo rmu la ( N i O H ) 2 C O 3 . N i ( O H ) 2 . 4 H 2 O . W . F e i t k n e c h t found t h a t t h e space -
l a t t i c e of N i C O 3 . 3 N i ( O H ) 2 c o r r e s p o n d s w i t h a l t e r n a t e l ayers of n o r m a l sa l t a n d 
h y d r o x i d e . M. Fenog l io f o u n d t h e m i n e r a l is i so t rop ic , a n d t h e cubic l a t t i c e h a s 
a = 6-15 A. , a n d t h e r e is 1 mo l . p e r u n i t cell. T h e sp . gr . is 2-649. G. A. K e n n g o t t 
p r o p o s e d t o call t h e m i n e r a l texasite, b u t t h e p r io r sugges t ion of A. Casares t o call 
i t zara t i t e—afte r S. Z a r a t e of S p a i n — h a s been a d o p t e d . Z a r a t i t e occurs as a n 
i n c r u s t a t i o n or in sma l l s t a l a c t i t i c o r m a m m i l l a r y masses , s o m e t i m e s p r i s m a t i c w i t h 
r o u n d e d s u m m i t s ; a n d s o m e t i m e s mass ive a n d c o m p a c t . Z a r a t i t e is t r a n s l u c e n t 
or t r a n s p a r e n t , a m o r p h o u s a n d i so t rop ic , b u t W . W . B e c k sa id t h a t t h e z a r a t i t e 
f rom Ufa , Russ i a , showed s igns of a c rys t a l l i ne s t r u c t u r e in po la r ized l igh t . T h e 
co lour is emera ld -g reen ; t h e s t r e a k is a pa l e r co lour . T h e sp . gr . r a n g e s f rom 
2-57 t o 2-69 ; a n d t h e h a r d n e s s , 3-0 t o 3-25. E . S. L.arsen found t h e i n d e x of 
r e f r ac t ion 1-56 t o 1*61 in N a - l i g h t . F . S lav ik g a v e 1-565 t o 1-566 ; a n d A. P e l l o u x , 
1-56. T h e bi refr ingence is feeble. I t r ead i ly d issolves wi th effervescence in h o t , 
d i l . hyd roch lo r i c ac id . 

Alkal i c a r b o n a t e s p r e c i p i t a t e f rom soln. of n ickel sa l t s pa le app le -g reen n e c k s , 
w h i c h , a f te r wash ing , a n d d r y i n g , s o m e t i m e s fo rm a loose, e a r t h y , pa le g reen m a s s , 
a n d s o m e t i m e s , p a r t i c u l a r l y a f te r w a s h i n g w i th boi l ing w a t e r , a c o m p a c t , d a r k 
g reen m a s s w i t h a concho ida l , w a x y f r ac tu r e . T h e p r e c i p i t a t e is a l w a y s basic , a n d 
t h e c o m p o s i t i o n d e p e n d s on t h e p r e c i p i t a n t — a l k a l i c a r b o n a t e or h y d r o c a r b o n a t e 
— o n t h e c o m p o s i t i o n a n d t e m p , of t h e m i x t u r e , on t h e t e m p , of t h e w a s h - w a t e r , 
a n d t h e a m o u n t of w a s h i n g which is m a d e . Th i s is s h o w n b y t h e o b s e r v a t i o n s of 
R . W e b e r , H . Rose , P . B e r t h i e r , a n d J . Lefor t . 

A c c o r d i n g t o J . S e t t e r b e r g , t h e r a t i o IvTiO : GO2 : H 2 O i s 1 : 2 - 2 1 2 4 : 2 - 3 3 1 , w h e n p r e ­
c i p i t a t e d b y p o t a s s i u m h y d r o c a r b o n a t e a n d d r i e d i n a i r ; 1 : 1-441 : 2 - 9 7 3 , -when p r e c i p i ­
t a t e d b y p o t a s s i u m c a r b o n a t e a n d d r i e d i n a i r ; 1 : 1-079 : O-90O, w h e n p r e c i p i t a t e d b y 
p o t a s s i u m h y d r o c a r b o n a t e f r o m a b o i l i n g c o n e . s o l n . of n i c k e l c h l o r i d e ; 1 : 0 - 3 0 2 : 1 -338 , 
w h e n a d i J . s o l n . of n i c k e l s a l t i s t r e a t e d w i t h , a s l i g h t e x c e s s of p o t a s s i u m c a r b o n a t e a n d 
w a s h e d w i t h c o l d w a t e r , if w a s h e d w i t h h o t w a t e r t h e r a t i o i s 1 : 0 - 3 5 7 : 1-184 ; 1 : 0 - 7 3 4 : 
0 - 7 5 9 , w h e n p r e c i p i t a t e d f r o m a m o d e r a t e l y c o n e , b o i l i n g s o l n . b y a n e x c e s s of p o t a s s i u m 
c a r b o n a t e a n d d r i e d i n a i r ; 1 : O-179 : 0 - 6 9 4 , w h e n t r e a t e d i n t h e s a m e w a y b u t w i t h 
m o r e d i l . s o l n . , w a s h e d w i t h b o i l i n g w a t e r , a n d d r i e d i n a i r ; a n d 1 : 0 - 2 2 5 : 1-490, w h e n 
p r e c i p i t a t e d f r o m a m o d e r a t e l y c o n e . s o l n . b y p o t a s s i u m c a r b o n a t e , a n d d r i e d i n a i r . 

H . R o s e o b s e r v e d t h a t t h e basic c a r b o n a t e is insoluble in w a t e r , or ca rbon ic 
ac id ; i t is so luble in ac ids , a n d in soln. of a m m o n i u m c a r b o n a t e , or p o t a s s i u m 
c y a n i d e , a n d in w a r m soln. of a m m o n i u m chlor ide , b u t spa r ing ly soluble in soln. 
of s o d i u m c a r b o n a t e . J . Spi l ler no t i ced t h a t t h e p resence of s o d i u m c i t r a t e 
p r e v e n t s t h e p r e c i p i t a t i o n of t h e bas ic c a r b o n a t e . D . S t r d m h o l m s t u d i e d t h e 
a c t i o n of soln. c o n t a i n i n g s o d i u m c a r b o n a t e , h y d r o c a r b o n a t e , or h y d r o x i d e in 
v a r y i n g p r o p o r t i o n s on soln . of n ickel sa l t s , a f te r e q u i l i b r i u m h a s b e e n a t t a i n e d , 
a n d t h e r e su l t s i n d i c a t e d t h e p r o b a b l e ex i s tence of a bas ic sa l t wi th t h e z a r a t i t e 
r a t i o 3 N i O . C O 2 - ^ H 2 O . T. N a n t y a l so s t u d i e d t h e r eve r s ib le r eac t ion b e t w e e n 
p o t a s s i u m h y d r o c a r b o n a t e a n d a n ickel sa l t in a q . soln. I . I . W a n i n a n d 
A. A . T s c h e r n o y a r o v a s t u d i e d t h e a c t i o n on benza l ch lo r ide . 

A c c o r d i n g t o R . T u p p u t i , n ickel c a r b o n a t e d issolves i n a n a q . soln. of a m m o n i u m 
c a r b o n a t e , fo rming a g reen i sh -b lue soln. , a n d whei l t h i s soln. , or a n a m m o n i a c a l 
so ln . of n icke l h y d r o x i d e is exposed t o a i r , p a l e g reen , inso luble flakes of a m m o -
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n i u m n i c k e l carbonate , poss ib ly ( N H 4 ) H C O 3 . N i C O 3 . 4 H 2 O , a r e d e p o s i t e d . 
H . S t . C. Devi l le found t h i s t o be t h e c o m p o s i t i o n of t h e p r e c i p i t a t e o b t a i n e d b y 
a d d i n g a n excess of a m m o n i u m h y d r o c a r b o n a t e t o a soln. of n ickel n i t r a t e , a n d 
a l lowing t h e m i x t u r e t o s t a n d for s o m e t i m e . T h e app l e -g r een c r y s t a l s lose w a t e r 
in a n e v a c u a t e d des icca tor . 

Nickel oxide does n o t d issolve in fused s o d i u m c a r b o n a t e before t h e b l o w p i p e 
n a m e . H . Rose obse rved t h a t w h e n a soln. of n icke l n i t r a t e is t r e a t e d w i t h a n 
excess of s o d i u m h y d r o c a r b o n a t e , N a 2 C O 3 . 2 N a H C O 3 , a p a l e g reen p r e c i p i t a t e 
c o n t a i n i n g a b o u t 3*6 t o 8-8 p e r cen t , of s o d i u m is o b t a i n e d . I n t h e op in ion of 
H . St . C. Devi l le , t h i s p r o d u c t is n o t a chemica l i n d i v i d u a l , b u t he o b t a i n e d s o d i u m 
n icke l carbonate , N a 2 C O 3 - N i C O 3 - I O H 2 O , b y g r a d u a l l y m i x i n g a soln. of n icke l 
n i t r a t e w i t h a cone . soln. of s o d i u m h y d r o c a r b o n a t e so t h a t t h e l a t t e r is a l w a y s in 
excess . T h e f locculent p r e c i p i t a t e soon fo rms smal l , g rass -g reen c ry s t a l s a p p r o x i ­
m a t i n g t o t h e r h o m b o h e d r a l fo rm. T h e s a l t N a 2 C O 3 . N i C O 3 . 4 H 2 O w a s also p r e ­
p a r e d b y M. P . A p p l e b e y a n d K . W . L a n e . B y s imi la r ly t r e a t i n g n icke l n i t r a t e 
w i t h p o t a s s i u m h y d r o c a r b o n a t e , K 2 C O 3 . 2 K H C O 3 , h e o b t a i n e d app le -g reen , ac i cu la r 
c ry s t a l s of p o t a s s i u m n i c k e l carbonate , K 2 C O 3 . N i C O 3 . 4 H 2 O ; W . C. R e y n o l d s 
o b t a i n e d t h e s a m e c o m p o u n d b y cool ing a h o t soln. of a n icke l sa l t a n d p o t a s s i u m 
c a r b o n a t e ; a n d b y us ing p o t a s s i u m h y d r o c a r b o n a t e , K H C O 3 , a s p r e c i p i t a n t , 
H . R o s e , a n d H . S t . C. Devi l le o b t a i n e d d a r k green , r h o m b i c p r i s m s of p o t a s s i u m 
n i c k e l hydrocarbonate , K H C O 3 . N i C O 3 . 4 H 2 O . Th i s s a l t is d e c o m p o s e d b y w a t e r , 
a n d i t w a s the re fore w a s h e d w i t h a soln. of p o t a s s i u m h y d r o c a r b o n a t e a n d d r i e d 
b e t w e e n b ibu lous p a p e r , or o n a p o r o u s t i l e . I t loses a b o u t 32-7 p e r cen t , in 
we igh t a t 100°, a n d w h e n ca lc ined fo rms n icke l ox ide . Th i s sa l t w a s a lso p r e p a r e d 
b y M. P . A p p l e b e y a n d K . W . L a n e . T. N a n t y f o u n d t h a t t h e c o m p o s i t i o n of 
t h e p r e c i p i t a t e p r o d u c e d a t o r d i n a r y t e m p , b y p o t a s s i u m h y d r o c a r b o n a t e a n d a 
soln. of a n icke l s a l t d e p e n d s solely on t h e cone , of t h e t w o sa l t s . O n t h e o n e 
h a n d , t h e t r i h y d r a t e , N i C 0 3 . 3 H 2 0 , m a y b e p r e c i p i t a t e d , or else N i C O 3 . K H C O 3 . 4 H 2 O , 
or a m i x t u r e of t h e t w o . 

O. F . W i e d e a n d K . A . H o f m a n n 2 p r e p a r e d n i c k e l t r i a m m i n o t h i o c a r b o n a t e , 
N i C S 3 . 3 N H 3 , b y g e n t l y w a r m i n g a m i x t u r e of n icke lous h y d r o x i d e , a m m o n i a , a n d 
c a r b o n d i su lph ide . I t c rys ta l l izes i n t r a n s p a r e n t , r u b y - r e d needles , is s p a r i n g l y 
so luble in w a t e r , b u t easi ly in s o d i u m h y d r o x i d e w i t h a n i n t e n s e , ye l lowish- red 
co lo ra t ion , a n d , w h e n h e a t e d , gives oii c a r b o n d i su lph ide . O n e x p o s u r e t o t h e a i r , 
i t g ives off p a r t of t h e a m m o n i a a n d c a r b o n d i s u l p h i d e . 

R E F E R E N C E S . 
1 F . Ageno and E . Valla, AtU Accad. IAncei, (5), 20. ii, 706, 1911 ; M. P . Applebey a n d 

K . W. Lane , Journ. Chem. Soc, 113. 609, 1918 ; E . C. C. BaIy, J . B . Davies , M. R . J o h n s o n 
a n d H . Shanassy , Proc. Roy. Soc., 116. A, 197, 1927 ; E . C. C. BaIy a n d N . R. Hood , ib., 122. 
A, 393, 1929 ; W. W. Beck, Proc. Muss. Min. Ges., (2), 6. 310, 1890 ; I*. Ber th ier , Ann. Chim. 
Phys., (2), 13. 61 , 1 8 2 0 ; O. B . Boggild, Medd. Gronland, 32. 175, 3 9 0 5 ; A. Casares, Min. 
Revista, 304, 1850 ; 176, 1851 ; R . L. Codazzi, Mineralizadores y minerales metalicos de Colombia, 
Bogota , 1905 ; E . Cohen, Mitt. Nat. Ver. New-Vorpommern, 35 . 1, 1903 ; J . D. D a n a , A System 
of Mineralogy, New York , 1058, 1069, 1892 ; H . St . C. Deville, Ann. Chim. Phys., (3), 33 . 96, 
1851 ; (3), 35. 446, 1852 ; N . R . D h a r , G. R a o a n d A. R a m , Trans. Faraday Soc, 27. 554, 
1931 ; R. Emerson , Journ. Gen. Physiol., 13. 163, 1929 ; W. F e i t k n e c h t , Helvetica Chim. Acta, 
16. 427, 1933 ; L. R . von Fel lenberg , Pogg. Ann., 50. 75, 1840 ; M. Fenogl io , Period. Min. 
Roma, 5. 33, 265, 1934 ; R . A. F e r e d a y , Proc. Phys. Soc, 44. 274, 1932 ; A. F e r r a r i a n d C. Colla, 
AtU Accad. Lincei, (6), 10. 594, 1929 ; H . A. F r a s c h , German Pat., D.R.P. 164725, 1901 ; 
T. H. Gar re t t , Amer. Journ. Science, (2), 15. 332, 1853 ; J . Gibson, Proc. Roy. Soc. Edin., 17. 
56, 1890 ; H . Goldschmidt a n d K . L. Syngros , Zeit. anorg. Chem., 5. 142, 1894 ; J . G. Good-
child, B.A. Rep., 648, 1901 ; R. P . Greg a n d W. G. L e t t s o m , Manual of the Mineralogy of Great 
Britain and Ireland, London , 295, 1858 ; P . Gro th , Tabellarische Uebersicht der Mineralien, 
Braunschweig, 62, 1898 ; L. L. Iwanoff, Jub. Coll. Min. Inst., Ekaterinoslaff, 122, 1924 ; 
K . A. Jensen and E . Rancke-Madsen , Zeit. anorg. Chem., 219. 243 , 1934 ; P . W . Jeremejeflf, 
Proc. Russ. Min. Ges., (2), 16. 299, 1880 ; R . D. O. J o h n s o n , Eng. Min. Journ., 8 1 . 794, 1907 ; 
K . K. Kelley and C. T . Anderson , Bull. Bur. Mines, 384, 1935 ; G. A. K e n n g o t t , Das Mohs'sche 
MtneraUystern, Wien, 1853 ; J . Krus t i n sons , Zeit. anorg. Chem., 212. 45 , 1933 ; J . P . La roche 
and J . P . P a a t , Dingier's Journ., 235. 444, 1880 ; E . S. Larsen , Bull. U.S. Geol. Sur., 679, 



NICKEL 487 

1921 ; J . L e f o r t , Journ. Pharm. CMm., (3 ) , 1 5 . 2 1 , 1847 ; Compt. Rend., 2 7 . 2 6 8 , 1848 ; 
G . M a c K i n n e y , Journ. Amer. Chem. Soc, 5 4 . 1 6 8 8 , 1932 ; E . J . Mil ls a n d J . H . B i c k e t , Phil. 
Mag., (5 ) , 1 3 . 169, 1882 ; H . M o i s s a n , Ann. Chim. Phys., (5 ) , 2 1 . 199 , 1880 ; G . T . M o r g a n 
a n d E . H.. B u r s t a l l , Journ. Chem. Soc, 2 2 1 3 , 1931 ; E . M u l l e r a n d A . L u b e r , Zeit. anorg. Chem., 
187 . 2 0 9 , 1930 ; N . C. N a g , ib., 1 3 . 16, 1897 ; T . N a n t y , Ann. Chim. Phys., ( 8 ) , 2 7 . 5, 1912 ; 
(8) , 2 8 . 7 7 , 191 3 ; A . P e l l o u x , Period, mineral, 2 . 4 4 , 1931 ; W . F . P e t t e r d , Catalogue of the 
Minerals of Tasinania, L a u n c e s t o n , 1896 ; T . P e t e r s e n , Neues Jahrb. Min., 8 3 6 , 1867 ; 
J . L . P r o u s t , Journ. Phys., 5 7 . 1 6 9 , 1 8 0 3 ; 6 3 . 4 4 2 , 1806 ; Gehlen's Journ., 2 . 5 3 , 1803 ; 3 . 
4 3 5 , 1804 ; P . N . R a i k o w , Chem. Ztg., 3 1 . 1 4 1 , 1907 ; A . R a i r a o n d i , Mineraux du P&rou, 
P a r i s , 1878 ; C. E . R a m m e l s b e r g , Handbuch der Mineralchemie, L e i p z i g , 244 , 1 8 7 5 ; Pogg. 
Ann., 184 . 5 1 4 , 1868 ; G. R a o a n d N . R . D h a r , Journ. Phys. Chem., 3 5 . 1 4 1 8 , 1931 ; 
W . C. R e y n o l d s , Journ. Chem. Soc, 78 . 2 6 2 , 1898 ; Chem. News] 77 . 126 , 1898 ; Proc. Chem. 
Soc., 1 4 . 5 4 , 1 8 9 8 ; H . R o s e , Journ. prakt. Chem., (1 ) , 5 5 . 2 2 2 , 1 8 5 2 ; Pogg. Arm., 8 4 . 5 6 3 , 
1851 ; L . S a n t i , Boll. Chim. Pharm., 4 3 . 6 7 3 , 1904 ; H . d e S e n a r m o n t , Ann. Chim. Phys., ( 3 ) , 
3 0 . 138 , 1 8 5 0 ; M. Sergeeff, Masloboino ZMr. DeIo, 1 1 , 1 9 2 8 ; Buss. Oil Pat Ind., 1. 1 1 , 1 9 2 8 ; 
J . S e t t e r b e r g , Pogg. Ann., 1 9 . 5 6 , 1830 ; E . V. S h a n n o n , Amer. Min., 9 . 2 0 8 , 1924 ; B . S i l l i m a n , 
Amer. Journ. Science, (2 ) , 8 . 4 0 7 , 1847 ; (2 ) , 6 . 2 4 8 , 1848 ; E . S l a v i k , Amer. Min., 1 1 . 2 7 9 , 
1926 ; J . L . S m i t h a n d G. J . B r u s h , Amer. Journ. Science, (2 ) , 1 6 . 5 2 , 1853 ; J . Sp i l i e r , Journ. 
Chem. Soc, 10 . 110, 1858 ; Chem. Neivs, 8 . 2 8 0 , 1 8 6 3 ; 1 9 . 166 , 1869 ; B . S r e b r o w , Zeit. KoIl., 
7 1 . 2 9 3 , 1935 ; 13. S t r o m h o l m , ArMv Kemi Min. Oeol., 2 . 16 , 1906 ; A . T e t t a m a n z i a n d B . C a r l i , 
Gazz. CMm. IUiI., 6 4 . 3 1 5 , 1934 ; R . D . T h o m s o n , PMl. Mag., (3 ) , 3 1 . 5 4 1 , 1847 ; P . C. L . T h o r n e , 
Journ. Chem. Soc, 125 . 1967 , 1 9 2 4 ; R . T u p p u t i , Ann. Chim. Phys., (1 ) , 78 . 1 3 3 , 1 8 4 0 ; (1 ) , 
7 9 . 1 5 3 , 1841 ; I . I . W a n i n a n d A . A . T s c h e r n o y a r o v a , Journ. Puss. Phys. Chem. Soc, 5 9 . 
8 9 1 , 1927 ; R . W e b e r , Pogg. Ann., 112 . 6 1 9 , 1861 ; E . W e i n s c h e n k , Zeit. Kryst., 26 . 4 2 4 , 1896 ; 
N . A . Y a j n i k a n d E . C. T r e h a n a , Journ. CMm. Phys., 2 8 . 5 1 7 , 1931 ; V. R . v o n Z e p h a r o v i c h , 
Mineralogisches Lexicon fur das Kaiserthum Oestebeich, W i e n , 2 . 2 4 9 , 1873 . 

2 O. E . W i e d o a n d K . A. H o f m a n n , Zeit. anorg. Chem., 1 1 . 3 7 9 , 1896. 

§ 20. Nickel Nitrate 
A n a q . s o l n . of n i c k e l o u s n i t r a t e , N i ( N 0 3 ) 2 , i s f o r m e d b y d i s s o l v i n g t h e m e t a l , 

t h e o x i d e , t h e h y d r o x i d e , o r t h e c a r b o n a t e i n n i t r i c a c i d ; e v a p o r a t i o n of t h e 
a q . s o l n . f u r n i s h e s t h e h y d r a t e d s a l t , a n d i t i s t h e n p o s s i b l e t o d e h y d r a t e t h e p r o d u c t 
t o y i e l d t h e y e l l o w a n h y d r o u s s a l t . T h e s e f a c t s w e r e k n o w n t o T . B e r g m a n , 1 a n d 
J . L . P r o u s t . T h e d e h y d r a t i o n of t h e h y d r a t e d n i t r a t e b y h e a t y i e l d s a b a s i c s a l t , 
o r o x i d e . A . Gruntz a n d F . M a r t i n s a i d t h a t t h e a n h y d r o u s n i t r a t e i s o b t a i n e d b y 
t h e a c t i o n of n i t r i c a n h y d r i d e , o r of a s o l n . of t h i s a n h y d r i d e i n n i t r i c a c i d , o n t h e 
h y d r a t e d s a l t s . A n h y d r o u s n i c k e l n i t r a t e i s a p a l e g r e e n i s h - y e l l o w p o w d e r ; a n d 

F i o . 369 .—The Solubi l i ty of Nicke lous F T « . 370 .—The T e r n a r y S y s t e m : N i ( N O s ) 2 -
N i t r a t e . H N O 3 - H 2 O a t 25°. 

t h e a q . s o l n . i s g r e e n . R . T u p p u t i s a i d t h a t a t o r d i n a r y t e m p , t h e s a l t d i s s o l v e s 
i n t w i c e i t s w e i g h t of w a t e r . T h e p e r c e n t a g e s o l u b i l i t y , S, o f t h e s a l t i n w a t e r , 
w a s m e a s u r e d b y R . F u n k , a n d F . M y l i u s a n d R . F u n k . 

— 7 4° — 2 0 ° — 2 7 ° — 2 0 ° - 1 6 ° 0 ° 40° 55° 70° 95° 
S . 18-O 34 -7 38-7 39-7 4 0 - 8 4 4 - 3 f>4-8 O i l 63 -9 77-2 

> „ - > * ^ '*• v " w ' 

Ice line N i ( N 0 8 ) 8 . 9 H 2 0 Ni(NO3)a.0TTaO Ni(NO s) 2 .3H aO 
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T h e d a t u m for —7-4° is b y F . Rudor f i , a n d t h e t r ans i t i on t e m p , were o b t a i n e d by 
in te rpo la t ion . T h e eutect ic temperature is t h u s a t —27°, w i th t h e solid phases 
ice a n d t h e enneahydrate, N i ( N 0 3 ) 2 . 9 H 2 0 ; t h e t r ans i t i on t e m p e r a t u r e f rom t h e 
e n n e a h y d r a t e t o t h e hexahydrate, N i ( N 0 3 ) 2 . 6 H 2 0 , is n e a r —16° ; a n d t h e t r ans i t i on 
t e m p , from t h e h e x a h y d r a t e t o t h e t r i h y d r a t e , N i ( N 0 3 ) 2 - 3 H 2 0 , is n e a r 55°. 
J . M. Ordway r epo r t ed a n u n s t a b l e form of t h e h e x a h y d r a t e w i th a solubi l i ty 62*8 
a t 56-7°. The ranges of s t ab i l i ty of t h e h y d r a t e s a re ind ica t ed in F ig . 369. T h e 
cone. aq . soln. a t o r d i n a r y t e m p , depos i t s c rys ta l s of t h e h e x a h y d r a t e . Observa­
t ions were also m a d e b y A. S iever t s a n d L. Schreiner , a n d I . Schumpe l t . A. Siever ts 
a n d Li. Schreiner s t ud i ed t h e t e r n a r y s y s t e m N i ( N O 3 J 2 - H N O 3 - H 2 O a t 25°, a n d t h e 
resul ts are s u m m a r i z e d in F ig . 370. The r ange of exis tence of t h e enneahydrate, 
t h e hexahydrate, t h e tetrahydrate, a n d t h e dihydrate a re ind ica ted . 

The crystals of t h e h e x a h y d r a t e are emera ld-green p la tes , a n d , according t o 
J . C. G. de Mar ignac , t h e y belong t o t h e monocl inic sys t em, a n d h a v e t h e ax ia l 
ra t ios a : b : e = 0 - 5 8 3 4 : 1 : 0-9567, a n d £ = 1 0 1 ° 26 ' . T h e c rys ta l s were also dis­
cussed b y C. F . R a m m e l s b e r g . J . Markowska s tud ied t h e solid soln. formed wi th 
h e x a h y d r a t e d m a g n e s i u m n i t r a t e . P . A. F a v r e a n d C. A. Valson gave 1-993 for 
t h e specific gravity of t h e h e x a h y d r a t e ; F . W . Clarke gave 2-065 a t 14° a n d 2 0 3 7 
a t 22° ; a n d J . Garc ia -Viana a n d E . Moles, 2 0 0 2 a t 25°/4°. T h e sp. gr. of aq . soln. 
a t 17*5°, found b y B . F r a n z for soln. : 

N i ( N O s ) 2 . 5 IO 15 2O 2 5 3O 3 5 4O p e r c e n t . 
S p . g r . . 1 0 4 6 3 1-0903 1-1375 1 1 9 3 5 1-2534 1-3193 1-3896 1-4667 

J . W a g n e r gave for N-, 0-52V-, 0-252V-, a n d 0-1252V-Ni(NO3)2, a t 25°, t h e respec t ive 
sp. gr. 1-0755, 1 0 3 8 1 , 1-0192, a n d 1-0096. H . C. J o n e s a n d J . N . Pea rce gave for 
soln. wi th ikf-mols of sa l t per l i t re , a t 20° : 

M . . O O l 0 - 0 5 O I O 0 - 5 0 I O 1-5 2-O 
S p . g r . . 1 0 0 1 5 2 1 1 0 0 7 7 9 2 1 0 1 5 3 0 7 1-07611 1-14562 1-22134 1-29459 

Measuremen t s were m a d e b y G. T. Ger lach, A. Heydwei l ler , A. Bromer , B . F r a n z , 
and I . T r a u b e . The Inter national Critical Tables gave for different t e m p . , 
N i ( N 0 3 ) 2 . 1 6 10 16 2O 2 5 3O 3 5 p e r c e n t . 

{18° 1-0070 1-0508 1 0 8 8 2 1-1484 1-1914 1-2493 1-3114 1-3777 

2 0 ° 1 0 0 6 5 1 0 5 0 3 1-0877 1-1480 1-1910 1-249O 1-3110 1-377O 
2 5 ° 1 0 0 5 5 1 0 4 9 4 1 0 8 5 0 1-143O 1-1860 1-243O 1-304O 1-37OO 

The subjec t was discussed by J . A. Groshans . G. D r e y e r gave for t h e lowering of 
t h e t e m p , of m a x i m u m density of wa te r , 3-96°, b y p p e r cen t . soln. of N i ( N 0 3 ) 2 , 

p . . . 0182 0-370 0-758 1-556 1-593 
Lowering . . 0-28° 0-57° 1-15° 2-42° 2-49° 

According t o P . A. F a v r e a n d C A. Valson, for soln. w i th iV-gram-equiva lents of 
N i ( N 0 3 ) 2 pe r l i t re a t 24-4°, t h e sp . gr. , t h e vol . , v, o b t a i n e d b y d iv id ing t h e t o t a l 
weight of sal t a n d w a t e r b y t h e sp . gr. , a n d Sv, t h e increase in vol . p r o d u c e d b y 
successive add i t i ons of a n eq. of t h e sa l t , a re : 

f Sp. gr. 
N i ( N O 3 ) J V o l u m e 

V. V o l . I r i c r . . 

{ S p . g r . 
V o l u m e 
V o l . I n c r . 

G. T a m m a n n s tud ied t h e inner pressure of soln. J . W a g n e r gave for t h e v i s ­
cosit ies of N-, 0-52V-, 0-25N-, a n d 01252V-soln., a t 25°, respect ively , 1-1800, 1 0 8 4 0 , 
1-0422, a n d 1-0195 (wa te r un i ty ) . E . R o n a s tud ied t h e diffusion of nickel n i t r a t e 
in aq . soln. a t 18°, a n d found for t h e diffusion coeff., JD, in 0-0682V-aq. soln. a n d 
004132V-HNO 3 , in 004132V-aq. soln. a n d 012V-HNO 8 ; a n d 001082V-aq. soln. a n d 

1 
1-073 
1017 

17 
. 1-069 

1071 
71 

2 
1141 
1036 

19 
1-128 
1144 
73 

3 
1-205 
1057 

21 
1179 
1218 
74 

4 
1-266 
1079 

22 
1-224 
1292 
74 

5 
1 324 
1101 

22 

1-264 
1367 
75 

6 
1-378 
1124 c.c. 

23 c.c. 

1-299 
1442 c.c. 
75 c.c. 
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0 1 0 I i V - H N O 8 , r e spec t ive ly , 0-802, 0-646, a n d 0-719. T h e h y d r a t e g ives off m o i s t u r e 
w h e n h e a t e d . M. A. R a k u z i n s t u d i e d t h e efflorescence of t h e c rys ta l s—v ide infra. 
A c c o r d i n g t o J . L . P r o u s t , i n t h e t h e r m a l d e c o m p o s i t i o n of h y d r a t e d nickel 
n i t r a t e , a bas ic n i t r a t e , a n d l a t e r , n ickel oxide a r e fo rmed ; a n d J . J . Berze l ius 
a d d e d t h a t some nickel p e r o x i d e m a y be fo rmed. A. G u n t z a n d F . M a r t i n obse rved 
t h a t t h e a n h y d r o u s sa l t beg ins t o evo lve n i t r o u s fumes a t 105° t o 110° ; a n d 
J . Ga rc i a -V iana a n d E . Moles a d d e d t h a t t h e loss of n i t r i c ac id occurs w h e n t h e 
d e h y d r a t i o n is ca r r i ed b e y o n d t h e loss of 4 mols . J . C. G. de Mar ignac g a v e for 
t h e Specific hea t , b e t w e e n 24° a n d 55°, of aq . soln. w i t h 25 , 50 , a n d 200 mols . of 
w a t e r p e r mo l . of sa l t , r e spec t ive ly , 0-7171, 0-8228, a n d 0-9409. T h e sub jec t w a s 
d i scussed b y K . J a u c h , a n d N . de Kolossowsky . H . Lescoeur found t h a t t h e 
v a p o u r pressure of a s a t . soln. of n icke l n i t r i t e a t 20° is a b o u t 8-5 m m . G. T a m -
m a n n m e a s u r e d t h e lower ing of t h e v a p . press , of w a t e r b y nickel n i t r a t e , a n d 
found for soln. w i t h 10-15, 40-16, a n d 80-25 g r m s . of t h e a n h y d r o u s sa l t p e r 
100 g r m s . of w a t e r a t 100°, r espec t ive ly , 18-2, 102-3, a n d 255-8 m m . H . C. J o n e s 
a n d co-workers found t h e l o w e r i n g of t h e freez ing po int of wa t e r , S0, b y t h e 
d isso lu t ion of C g r m s . of t h e a n h y d r o u s n i t r a t e p e r 100 g r m s . of wa t e r , t o be : 

O . . . 0 1 8 2 7 1-370 4-568 13-7O 27-41 
80 (fall) . . 0-1299° 0-3644° 1-251° 4-213° 10-576° 

O b s e r v a t i o n s were m a d e b y F . Riidorff, C. Die te r ic i , a n d F . Myl ius a n d R . F u n k , 
F i g . 369. E . N . G a p o n s t u d i e d some re l a t ions of t h e bo i l ing po int of a q . soln. of 
t h e n i t r a t e . J . M. O r d w a y found t h a t t h e b . p . of t h e s a t . a q . soln. is 136-7°, a n d 
t h a t w i t h a c o n t i n u o u s boi l ing t h e soln. r e m a i n s c lear un t i l less t h a n 3 mols . of 
w a t e r a r e p r e s e n t p e r mol . of a n h y d r o u s sa l t , a n d t h e n some n i t r a t e is d e c o m p o s e d . 
H e also g a v e 56-7° for t h e m e l t i n g po int of t h e h e x a h y d r a t e . R . F u n k , a n d 
W . A. T i lden d iscussed t h i s sub jec t . Acco rd ing t o J . G. V i a n a a n d E . Moles, in 
t h e d e h y d r a t i o n of t h e h e x a h y d r a t e , n i t r i c ac id is los t on ly af te r 4 mols . of w a t e r 
h a v e been g iven oft t o fo rm a sa l t of o r t h o n i t r i c ac id . 

Acco rd ing t o J . T h o m s e n , t h e h e a t of f o r m a t i o n of t h e h e x a h y d r a t e in 
a q . soln. is ( N i , 0 , N 2 0 5 , A q . ) = 83-37 C a I s ; ( N i , | 0 2 , 2 H N 0 3 , A q . ) —83-42 C a I s . ; 
(Ni,N2 ,3O2 ,6H2O)=120-71 CaIs. The heat of neutralization, JNi(OH)2 , by 
H N 0 3 a q . is 10-546 CaIs. A. G u n t z a n d F . M a r t i n g a v e 11-88 CaIs" for t h e h e a t 
Of s o l u t i o n of t h e a n h y d r o u s n i t r a t e in 200 mols . of w a t e r a t 18° ; a n d for a mol . 
of t h e h e x a h y d r a t e in 400 mols . of w a t e r , J . T h o m s e n g a v e —7-47. J . T h o m s e n 
a lso found for N i ( N 0 3 ) 2 A q . - h H 2 S = N i S H - 2 N H 0 3 a q . —4-9 CaIs. 

W . V. B h a g w a t , J . Ange r s t e in , a n d H . E m s m a n n m e a s u r e d t h e absorpt ion 
spectra of soln. of nickel n i t r a t e — v i d e supra. H . M. V e r n o n s tud ied t h e changes 
in co lour wh ich occur on d i lu t ing , a n d on ra is ing t h e t e m p , of aq . soln. E . J . H o u s ­
t o n o b s e r v e d t h a t t h e pa le green , aq . soln. becomes greenish-yel low w h e n h e a t e d . 
H . C. J o n e s a n d F . H . G e t m a n found t h e ind ices of refract ion of a q . soln. , /x, 
w i t h M mo l s . of t h e n i t r a t e p e r l i t re , t o be : 

M . 0-0761 1 1 5 2 2 0-3044 0-6088 0-7610 1-0654 1-2176 1-522O 
fj. . . 1-32782 1-32989 1-33378 1-34277 1-34667 1-35463 1-35870 1-36653 

F . All ison a n d E . J . M u r p h y s t u d i e d t h e m a g n e t o - o p t i c a l properties of t h e sa l t . 
T h e e lectr ical conduct iv i ty of soln. w i t h £ N i ( N 0 3 ) 2 in v l i t res a t 25° , were 

f o u n d b y E . F r a n k e t o be : 

v . . . 32 64 128 256 512 1024 
A 94-48 99-86 103-9 108-6 110 8 113 3 

a n d A. R o s e n h e i m a n d V. J . Meye r g a v e for soln. w i t h a mol of t h e sa l t in v l i t res 
of w a t e r , or a lcohol , a t 25° : 

v . . . 6 4 128 256 512 1024 
/Water . 213 226 234 241 246 

^(Alcohol . 19-5 22-5 26-2 29-1 31-5 
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H . C. J o n e s a n d J . N . P e a r c e m e a s u r e d t h e m o l . c o n d u c t i v i t y , /x, a n d c a l c u l a t e d 
t h e co r re spond ing p e r c e n t a g e i on i za t ion , a : 
v . 0-5 1 0 2 0 IO 2O 40 100 
[JU . 35-61 57-38 71-44 87-84 93-57 100-31 106-77 
a . 30-38 48-95 60-95 74-94 79-83 85-58 91-1O 

T h e sub jec t was d iscussed b y S. J a k u b s o h n a n d M. R a b i n o w i t s c h , W . H . B a n k s 
a n d co-workers , a n d A. Heydwe i l l e r . E . R o n a s t u d i e d t h e mobi l i ty of t h e i o n s ; 
A. A. Groen ing a n d H . P . C a d y , t h e decompos i t i on p o t e n t i a l . H . C. J o n e s a n d 
co-workers ca l cu l a t ed t h e s o l v a t i o n of soln. w i t h C mols pe r l i t re f rom t h e c o n d u c ­
t i v i t y a n d f .p. d a t a . L e t t h e degree of so lva t ion be r e p r e s e n t e d b y t h e n u m b e r 
of mols . of w a t e r in c o m b i n a t i o n w i th a mol . of sa l t if a l i t re of t h e soln. a t t h a t 
c o n c e n t r a t i o n c o n t a i n e d 1000 g r m s . of w a t e r . 
C . . 0 0 7 6 1 0-3044 0-7610 1-2176 1-5220 2 0 0 0 0 2-5000 
S o l v a t i o n . 2 8 1 25-4 21-1 2 0 1 18-8 17-4 15-6 

A. K l e m e n c a n d H . F . H o h n s t u d i e d t h e e lect rolys is ; a n d E . B o u t y , t h e 
thermoe lec tr i c force of aq . soln. O. L i e b k n e c h t a n d A. P . Wil ls g a v e 24 X 10~° 
m a s s u n i t for t h e m a g n e t i c suscept ibi l i ty of soln. of t h e n i t r a t e a t 18° ; a n d 
G. J a g e r a n d S. Meyer , 25 X 10~ 6 m a s s u n i t . P . P h i l i p p , L . A . WeIo , A . D u p e r i o r , 
R . B . J a m e s , a n d 33. Cab re ra a n d co-workers s t u d i e d t h e sub jec t . 

Acco rd ing t o W . Ipateefr" a n d B . Muromtzeff , w i t h h y d r o g e n u n d e r a press , of 
50 t o 250 a t m . , a n d a t a b o u t 200°, a soln. of n ickel n i t r a t e , in gold t u b e s , furn ishes 
Ni(NO 3 ) , , .4NiO.2HoO, m i x e d w i t h some n icke l ox ide if t h e t e m p , r ises t o 270° ; in 
q u a r t z ' t u b e s , b e t w e e n 200° a n d 240°, N i ( N 0 3 ) 2 . 5 N i O , is depos i t ed ; a t 245° , 
N i ( N 0 3 ) 2 . 3 N i O , is f o rmed ; a n d b e t w e e n 330° a n d 360° , n ickel ox ide is p r o d u c e d . 
J . H . Weibe l s t u d i e d t h e r e a c t i o n ; a n d S. M i y a m o t o , t h e r e d u c t i o n b y h y d r o g e n 
in t h e s i lent d i scha rge . J . C. G. de M a r i g n a c obse rved t h a t c ry s t a l s of t h e n i t r a t e 
do n o t de l iquesce i n air i n d r y w e a t h e r , a n d R . T u p p u t i s h o w e d t h a t t h e c r y s t a l s 
of t h e h e x a h y d r a t e effloresce s l igh t ly or de l iquesce r a p i d l y in a i r a cco rd ing t o t h e 
degree of h u m i d i t y of t h e a t m o s p h e r e . T h e sub jec t w a s s t u d i e d b y W . R i i c k e r t , 
a n d M. A . R a k u z i n . A . Mailfer t obse rved t h a t t h e h e x a h y d r a t e is s lowly a t t a c k e d 
b y o z o n e . T h e so lubi l i ty of t h e sa l t in w a t e r h a s been d iscussed. O u r k n o w l e d g e 
of t h e n a t u r e of t h e basic sa l t s is u n s a t i s f a c t o r y . J . L . P r o u s t n o t e d t h a t w h e n 
t h e h y d r a t e is h e a t e d a t a low t e m p . , i t fo rms a bas ic sa l t , a n d J . H a b e r m a n n 
o b t a i n e d a p r e c i p i t a t e of n i c k e l oxyn i t ra te , 8 N i O . 2 N 2 O 6 . 5 H 2 O , b y a d d i n g a soln . 
of t h e n o r m a l sa l t t o insufficient a lka l i lye t o p r e c i p i t a t e all t h e n ickel . G. R o u s s e a u 
a n d Gr. T i t e h e a t e d h y d r a t e d nickel n i t r a t e w i t h f r a g m e n t s of qu i ck l ime in a sealed 
t t i be a t 350° , a n d o b t a i n e d g reen c r y s t a l s of 5 N i O . N 2 O 5 . 4 H 2 O , which a r e n o t 
d e c o m p o s e d b y boi l ing w a t e r . W . F e i t k n e c h t f o u n d t h a t t h e l a t t i ce of N i ( N 0 3 ) 2 . 
4 N i ( O H ) 2 c o r r e s p o n d e d w i t h a l t e r n a t e l a y e r s of n o r m a l sa l t a n d h y d r o x i d e . 
R . Schwarz obse rved t h a t n i c k e l a m m i n o c h l o r o n i t r a t e , 6 N i ( N O 3 ) 2 . N i C l 2 . 3 0 N H 3 . 
1 6 H 2 O , c a n be p r e p a r e d b y t h e a c t i o n of a m m o n i a o n a soln. of t h e c o m p o n e n t 
sa l t s . T h e azu re -b lue , o c t a h e d r a l c r y s t a l s a r e soluble in w a t e r , b u t t h e a q . so ln . 
decomposes w i t h t h e s e p a r a t i o n of n icke l h y d r o x i d e a n d t h e l i be ra t i on of a m m o n i a . 
A . G u n t z , F . F r i ed r i chs , R . Ta f t a n d H . B a r h a m , a n d E . C. F r a n k l i n a n d C. A . K r a u s 
obse rved t h a t t h e h e x a h y d r a t e is so luble i n l iqu id a m m o n i a . T h e s u b j e c t w a s 
s t u d i e d b y F . F r i ed r i chs . H . H u n t a n d L . B o n c y k sa id t h a t i t is inso luble in l i qu id 
a m m o n i a a t 25°. A . G u n t z a n d F . M a r t i n p r e p a r e d pa l e v io le t c r y s t a l s of n i c k e l 
e n n e a m m i n o n i t r a t e , N i ( N 0 3 ) 2 . 9 N H 3 , b y t h e a c t i o n of f ine ly-divided n icke l o n a 
soln. of s i lver n i t r a t e in l iqu id a m m o n i a . T h e c o m p o u n d loses a m m o n i a w h e n 
h e a t e d s lowly, or i n v a c u o , b u t before al l t h e a m m o n i a is evo lved , s o m e n i t r o u s 
fumes a re fo rmed . T h e sa l t is d e c o m p o s e d b y w a t e r , p r e c i p i t a t i n g n icke l h y d r o x i d e . 
H . J . S. K i n g a n d co-workers p r e p a r e d n i c k e l h e x a m m i n o n i t r a t e , [ N i ( N H 3 ) 6 ] ( N Q 3 ) 2 , 
a n d m e a s u r e d t h e depress ion of t h e f .p. in soln . O. Li. E r d r a a n n , a n d A. L a u r e n t 
o b t a i n e d n i cke l d i a q u o t e t r a m m i n o n i t r a t e , [N i (NHa) 4 (H 2 O) 2 ] (NOa) 2 , b y s t r o n g l y 
cooling, or b y a d d i n g a lcohol t o a cone . soln. of n icke l n i t r a t e in a q . a m m o n i a . 
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O- L . E r d m a n n a d d e d t h a t t h e sapph i re -b lue , t r a n s p a r e n t , r e g u l a r o c t a h e d r a give 
off a m m o n i a w h e n e x p o s e d t o air , a n d s lowly c r u m b l e t o a b lu i sh -whi t e p o w d e r 
w h i c h del iquesces in m o i s t a i r . T h e sa l t fuses w h e n h e a t e d , first g iv ing oil w a t e r 
a n d a m m o n i a , a n d a f t e r w a r d s n i t r o u s v a p o u r s w i t h a s l ight d e t o n a t i o n , l eav ing 
b e h i n d a res idue of n icke lous ox ide . W h e n h e a t e d in air , or on a p l a t i n u m foil, 
t h e sa l t b u r n s w i t h a v igo rous d e t o n a t i o n leav ing b e h i n d b lack n icke lous ox ide 
m i x e d w i t h a l i t t le p e r o x i d e . T h e sa l t is freely soluble in cold w a t e r , a n d s o m e w h a t 
so luble in di l a lcohol . T h e b lue a q . soln. gives off a m m o n i a w h e n boiled, a n d flakes 
of h y d r a t e d n icke lous ox ide , a n d a m m o n i u m n i t r a t e a r e fo rmed in t h e l iqu id . 
T h e di l . soln. decomposes q u i c k l y e v e n as i t beg ins t o boil , b u t t h e cone . soln. 
r e m a i n s b lue even w h e n boi led. Gr. A n d r e failed t o p r e p a r e t h e d i a q u o t e t r a m m i n e , 
b u t o b t a i n e d t h e h y d r a t e d h e x a m m i n e , 2[Ni(NHa) 6](NO 3)O-SH 2O, b y pas s ing 
a m m o n i a i n t o a soln. of n i cke l n i t r a t e , o r i n t o a soln. of a m m o n i u m n i t r a t e ho ld ing 
n icke l ox ide i n suspens ion . i t . W . G. WyckofE cons ide red t h a t some m i s t a k e h a s 
b e e n m a d e in a s s u m i n g t h a t t h e d i a q u o t e t r a m m i n e is fo rmed because he a l w a y s 
o b t a i n e d t h e h e x a m m i n o n i t r a t e , N i ( N 0 3 ) 2 . 6 N H 3 , i n b lue , i so t ropic o c t a h e d r a , b y 
a d d i n g a n excess of cone . a q . a m m o n i a t o a n aq . soln. of nickel n i t r a t e . F . E p h r a i m 
o b t a i n e d t h e h e x a m m i n e b y t h e a c t i o n of d r y a m m o n i a on t h e a n h y d r o u s n i t r a t e . 
E . Kocs i s , a n d F . C. K r a c e k a n d co-workers s t u d i e d t h e s t r u c t u r e of t h e h e x a m m i n e . 
R . W . G. Wyckoff found t h a t t h e X - r a d i o g r a m s of t h e c rys t a l s cor respond w i t h a 
l a t t i c e r e sembl ing t h a t of t h e h e x a m m i n o h a l i d e s w i t h 4 a t o m s of n ickel for each 
e l e m e n t a r y cell, a n d h a v i n g t h e N H 3 - g r o u p s s imi la r ly o r ien ted , b u t w i t h t h e 
h a l o g e n g r o u p s r ep laced b y N 0 3 - g r o u p s . T h e s ide of t h e un i t , cub ic cell is 
« = 1 0 - 9 6 A. F . E p h r a i m a n d P . M o s i m a n n , a n d P . M o s i m a n n found t h e so lubi l i ty 
in w a t e r t o be 44-55 g r m s . or 0-156 mol . p e r l i t re . 

T. W . B . We l sh a n d H . J . B r o d e r s o n found t h a t 100 c.c. of a n h y d r o u s hydraz ine 
dissolve 3 g r m s . of a n h y d r o u s n ickel n i t r a t e a t r o o m t e m p . ; a n d , accord ing t o 
H. Franzen and O. von Meyer, nickelous trihydrazinonitrate, Ni(NO s)2 .3N2H4 , 
is f o rmed w h e n 12 g r m s . of t h e d i a q u o t e t r a m m i n o n i t r a t e a r e t r e a t e d wi th 20 c.c. 
of 50 pe r cen t , h y d r a z i n e h y d r a t e a n d t h e m i x t u r e w a r m e d on a w a t e r - b a t h . T h e 
c r y s t a l s a r e w a s h e d success ively w i t h w a t e r , a lcohol , a n d e the r , a n d d r i ed in v a c u o 
o v e r s u l p h u r i c ac id , a n d p o t a s s i u m h y d r o x i d e . T h e sa l t a lso fo rmed as a r edd i sh -
v io le t p r e c i p i t a t e on a d d i n g 10 c.c. of h y d r a z i n e t o a soln. of 10 g r m s . of nickel 
n i t r a t e in 100 c.c. of w a r m w a t e r , a n d a l lowing t h e m i x t u r e t o s t a n d on a w a t e r -
b a t h . T h e b lue soln. becomes n e a r l y colourless as t h e c ry s t a l s a r e depos i t ed . 
T h e reddish-v io le t p o w d e r is insoluble in w a t e r ; a n d i t is d e c o m p o s e d b y h o t 
w a t e r ; i t is soluble in dil . ac ids ; i t exp lodes v igorous ly w h e n h e a t e d in a porce la in 
c ruc ib le . A . D i t t e obse rved t h a t nickel n i t r a t e is b u t spa r ing ly soluble in n i tr ic 
acid. 

J . H . Weibe l s t u d i e d t h e a c t i o n of carbon m o n o x i d e . R . T u p p u t i sa id t h a t 
t h e h e x a h y d r a t e is so luble i n a l coho l . F . W . O. de Coninck showed t h a t g l yco l 
dissolves 7-5 p e r c en t . N i ( N 0 3 ) 2 a t r o o m t e m p . A . N a u m a n n found t h a t t h e 
n i t r a t e is inso luble in benzoni tr i l e ; K . P . M c E l r o y a n d W . H . K r u g , t h a t t h e 
h e x a h y d r a t e is s l igh t ly so luble i n a c e t o n e ; a n d A. N a u m a n n , t h a t i t is insoluble 
in e t h y l ace ta te , a n d v e r y s p a r i n g l y soluble in m e t h y l ace tate . A. V. D u m a n s k y 
a n d B . Gr. Zaprometof f s t u d i e d t h e c o m p l e x e s w i t h tartrates , a n d w i t h m a n n i t o l . 
J . Da l i e to s , a n d H . W e r n e r a n d W . S p r u c k obse rved t h a t w i t h e thy lene d i a m i n e , 
t h e r e is fo rmed n i c k e l t r i se thy lened iaminoni tra te , [Ni e n 3 ] ( N 0 3 ) 2 , in d a r k viole t 
p l a t e s whose a b s o r p t i o n s p e c t r u m w a s s t u d i e d b y J . Ange r s t e in ; A. R o s e n h e i m 
and V. J . Meyer, t h a t with thiocarbamide i t forms nickelous thiocarbamido-
ni trate , N i (CSN 2 H 4 ) (NOa) 2 , in greenish-ye l low p r i s m s ; J . Moitessier , t h a t w i t h 
phenylhydrazine i t forms nickel tetraphenylhydrazine, Ni(N03)2 .4C6H5N2H4 , in 
p a l e b lue , microscopic , r h o m b o i d a l p l a t e s ; J . F r e j k a a n d L . Zah lova p r e p a r e d 
nickel trisbutylenediaminonitrate, [Ni bn 3 ] (N0 3 ) 2 .H 2 0 , in red crystals ; M. Papafil, 
and R. Cernatescu and co-workers, phenylenediamines ; and M. Poni, compounds 
with cyclic amines—C6H3(CH3)(NH2)2 , and C 1 0H 6 (NH 2 ) 2 . G. T. Morgan and 
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F . H B u r s t a l l observed t h a t w i t h ctci'-dipyridyl, n icke l n i t r a t e fo rms n i c k e l t r i s -
ctct'-dipyridylnitrate, [ N i ( C 1 0 H 8 N 2 ) 3 J ( N O 3 ) 2 . 6 H 2 O ; a n d H . J . S. K i n g a n d co­
worke r s p r e p a r e d n i cke l hexapyr id inoni trate , [N i (C 5 H 5 N) 6 ] (NOa) 2 , a n d m e a s u r e d 
t h e depress ion of t h e f .p. of t h e sa l t . W . H i e b e r a n d E . L e v y s t u d i e d t h e c o m p l e x 
w i t h monoe thy lo lamine ; K . A . J e n s e n a n d E . R a n c k e - M a d s o n , o n e w i t h t h i o -
s e m i c a r b a z i d e ; A. T e t t a m a n z i a n d B . Carl i , o n e w i t h t r i e t h a n o l a m i n e ; 
K . A. J e n s e n , n ickel xanthogenon i t ra te . J . E . H e c k a n d M. G. Mellon o b s e r v e d 
t h e r h y t h m i c p rec ip i t a t i on f rom soln. of t h e n i t r a t e i n silica a n d a g a r - a g a r gels 
con ta in ing d i c y a n d i a m i d i n e s u l p h a t e , p h e n y l t h i o h y d a n t o i c ac id , a n d d i m e t h y l -
g loxime. I . W . Schmoss o b s e r v e d t h a t ye l low phosphorus in a n a t m . of c a r b o n 
d ioxide , w h e n boiled w i t h a n alcohol ic soln. of n icke l n i t r a t e fo rms pa le g r een 
nickel p h o s p h a t e . A c c o r d i n g t o S. P a p i e r m e i s t e r , a soln. of n ickel n i t r a t e y ie lds a 
complex sa l t w h e n t r e a t e d w i t h mercur i c Cyanide, n a m e l y , N i ( N O g ) 2 . 2 H g C y 2 . 6 £ H 2 0 . 
T. H e y m a n n a n d K. Je l l inek s tud ied t h e r e a c t i o n w i t h cobal t : N i " - f - C o ^ N i + C o " . 

A. Mai lhe r e p o r t e d copper n i c k e l t r ioxyni tra te , N i ( N 0 3 ) 2 . 3 C u 0 . 3 H 2 0 , or , 
acco rd ing t o A. W e r n e r , C u 2 ( O H ) 4 C u : ( O H ) 2 . N i ( N 0 3 ) 2 , t o be fo rmed b y boi l ing 
h y d r a t e d coppe r ox ide w i t h a soln. of n ickel n i t r a t e . T h e green , h e x a g o n a l p r i s m s 
a re i s o m o r p h o u s w i t h t h e co r r e spond ing z inc sa l t . W . A . E n d r i s s s t u d i e d t h i s 
sa l t . T . K o e p p l o w n a s t u d i e d t h e solid soln. of n i c k e l - z i n c n i trates . A n u m b e r 
of doub le n i t r a t e s w i t h t h e r a r e e a r t h sa l t s h a v e been f o r m e d b y m i x i n g soln. of 
t h e c o m p o n e n t sa l t s . F . T . F r e r i c h s a n d E . F . S m i t h r e p o r t e d l a n t h a n u m n i c k e l 
n i trate , 2 L a ( N 0 3 ) 3 . 3 N i ( N O 3 ) 2 . 3 6 H 2 0 , a n d G. J a n t s c h p r e p a r e d N i 3 [ L a ( N O a ) 6 1 2 . 
2 4 H 2 O , in pa le green , h e x a g o n a l c rys t a l s , of sp . gr . 2-146 a t 0° /4° , a n d m . p . 110-5° ; 
100 c.c. of a s a t . soln. in n i t r i c ac id of sp . gr . 1-325 c o n t a i n 8-03 g r m s . of t h e h y d r a t e d 
sa l t a t 16°. G. J a n t s c h p r e p a r e d c e r o u s n i c k e l n i trate , N i 3 [ C e ( N 0 3 ) 6 J 2 . 2 4 H 2 0 , 
in d a r k g reen c ry s t a l s of sp . gr . 2-173 a t 0° /4° , a n d m . p . 108-5° ; 100 c.c. of a s a t . 
soln. in n i t r i c ac id of sp . g r . 1-325 c o n t a i n 7-53 g r m s . of t h e h y d r a t e d s a l t a t 16°. 

R . J . Meye r a n d R . J a c o b y , M. H o l z m a n n , 
a n d H . Zschiesche p r e p a r e d eer ie n i c k e l 
n i trate , N i [ ; C e ( N 0 3 ) 6 ] . 8 H 2 0 , in b r o w n c rys t a l s 
f rom a soln. of t h e c o m p o n e n t s a l t s in n i t r i c 
ac id . R . J . Meyer a n d R . J a c o b y o b t a i n e d 
thorium nickel nitrate, Ni (Th(N0 3 ) 6 ] .8H 2 0, 
in pa l e g reen c r y s t a l s . F . T . F r e r i c h s 
a n d 111. F . S m i t h r e p o r t e d a didyniiurn 
nickel n i t r a t e , 2 D i ( N 0 3 ) 3 . 3 N i ( N 0 3 ) 2 . 3 6 H 2 0 . 
G. J a n t s c h p r e p a r e d p r a s e o d y m i u m n i c k e l 
n i t ra te , N i 3 [ P r ( N 0 3 ) 6 ] 2 . 2 4 H 2 0 , i n d a r k g reen 
c r y s t a l s , of sp . gr . 2-195 a t 0° /4° , a n d 
m . p . 108° ; 100 c.c. of a s a t . soln. in n i t r i c 
ac id of sp . gr . 1-325 c o n t a i n 9-28 g r m s . 
of t h e h y d r a t e d sa l t a t 16°. G. J a n t s c h 
obtained neodymium nickel nitrate, 

N i 3 [ N d ( N 0 3 ) 6 ] . 2 4 H 2 0 , in b lu i sh -g reen c r y s t a l s of s p . g r . 2-202 a t 0° /4° , a n d 
m . p . 105-6° ; 100 c.c. of a s a t . soln. in n i t r i c ac id of s p . gr . 1-325 c o n t a i n 11-66 
g r m s . of t h e h y d r a t e d sa l t a t 16°. G. J a n t s c h p r e p a r e d s a m a r i u m n i c k e l n i t ra te , 
N i 3 [ S m ( N 0 3 ) 6 ] 2 . 2 4 H 2 0 , in g reen c r y s t a l s of sp . gr . 2-272 a t 0° /4° , a n d m . p . 92-2° ; 
100 c.c. of a s a t . so ln . in n i t r i c ac id of s p . gr . 1-325 c o n t a i n 29-11 g r m s . of t h e 
h y d r a t e d sa l t . G. U r b a i n p r e p a r e d g a d o l i n i u m n i c k e l n i t ra te , 2 G d ( N O a ) 3 . 
2Ni (NOg) 2 . 24H 2 O, or , a c c o r d i n g t o G. J a n t s c h , N i 3 [ G d ( N 0 3 ) 6 ] 2 2 4 H 2 0 , in g r e e n 
c rys t a l s of s p . gr . 2-356 a t 0° /4° , a n d m . p . 72-5° ; 100 c.c. of a s a t . soln . i n 
n i t r i c ac id of sp . gr . 1-325 c o n t a i n 40-08 g r m s . of t h e h y d r a t e d sa l t a t 16°. 
G. U r b a i n a n d H . L a c o m b e o b t a i n e d b i s m u t h n i c k e l n i t ra te , N i 3 [ B i ( N 0 3 ) 6 ] 2 . 2 4 H 2 0 , 
in green c r y s t a l s of sp . gr . 2-51 a t 16°/16°, a n d m . p . w i t h o u t d e c o m p o s i t i o n a t 69° . 
G. J a n t s c h a d d e d t h a t 100 c.c. of a s a t . so ln . i n n i t r i c a c i d of s p . g r . 1*325 c o n t a i n 
46-20 g r m s . of t h e h y d r a t e d sa l t a t 16°. A . L a n c i e n o b t a i n e d u r a n y l n i c k e l 
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nitrate, 2UO2(NOa)2.10Ni(NO3)2, in greenish-yellow crystals. T. Koepplowna 
studied the solid soln. of manganese-nickel nitrates. A. Benrath and W. Thie­
mann studied the cobalt-nickel nitrates. The results, summarized in Fig. 371, 
show solid soln. of the two salts, and the conditions of equilibrium of the hydrates . 
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§ 21 . Nickel Phosphates 
R . T u p p u t i i o b s e r v e d t h a t n i c k e l o r t h o p h o s p h a t e — a c c o r d i n g t o t h e a n a l y s e s 

of C F . R a m m e l s b e r g , N i 3 ( P 0 4 ) 2 . 8 H 2 0 — i s p r e c i p i t a t e d in t h e fo rm of a p p l e - g r e e n 
p l a t e s or e m e r a l d - g r e e n c rys ta l l ine g ranu le s , w h e n a soln. of a n icke l s a l t is t r e a t e d 
w i t h s o d i u m h y d r o p h o s p h a t e . W . S k e y cou ld n o t o b t a i n t h e c rys ta l l ine sa l t . 
T h e ear l ier w o r k e r s r e g a r d e d i t a s t h e h e p t a h y d r a t e , b u t F . E p h r a i m a n d C R o s s e t t i 
s h o w e d t h a t i t is o c t o h y d r a t e d . H . B a s s e t t a n d W . L . Bedwel l p r e p a r e d t h i s sa l t . 
N . S. Kurnakof f a n d I . A . A n d r e e v s k y f o u n d a r r e s t s a t 110°, 220°, a n d 260° on 
t h e d e h y d r a t i o n c u r v e . C. F . R a m m e l s b e r g found t h a t t h e s a l t a f ter ca l c ina t ion 
is s l igh t ly s in te red , a n d yel low ; M. S t r u v e obse rved t h a t t h e d e h y d r a t e d sa l t does 
n o t lose w e i g h t a t a r e d - h e a t , b u t i t is b r o w n e d b y t h e o p e r a t i o n ; s ince t h e r e s idue 
h a s t h e compos i t i on 5 N i O . 2 P 2 O 5 , h e infer red t h a t t h e sa l t h a s t h e c o m p o s i t i o n 
N i 3 ( P 0 4 ) 2 . 2 N i H P O 4 . H e also found t h a t a t a w h i t e - h e a t , t h e p h o s p h a t e is r e d u c e d 
t o p h o s p h i d e , a n d H . R o s e showed t h a t t h i s a lso is t h e case w h e n t h e p h o s p h a t e 
is h e a t e d in h y d r o g e n . R . A. F e r e d a y s t u d i e d t h e m a g n e t i c suscep t ib i l i t y . 
Accord ing t o C F . R a m m e l s b e r g , t h e o r t h o p h o s p h a t e is inso luble in w a t e r , a n d 
freely so luble in ac ids . F . E p h r a i m a n d A. S c h a r e r p r e p a r e d complexes w i t h 
ha l ide acids—e.g . , N i 3 ( P 0 4 ) 2 . 2 H 2 0 . 6 H C l , a n d ( N i 3 ( P 0 4 ) 2 . 2 H 2 0 . 7 H B r . H . R o s e 
f o u n d t h a t t h e p h o s p h a t e is so luble i n a soln. of a n icke l sa l t ; R . T u p p u t i , t h a t 
i t is inso lub le in a soln . of s o d i u m h y d r o p h o s p h a t e , a n d s l igh t ly soluble in a h o t 
soln. of a m m o n i u m h y d r o p h o s p h a t e ; a n d A . N a u m a n n , t h a t i t is inso lub le in 
m e t h y l a n d e t h y l a c e t a t e s . R . T u p p u t i f o u n d t h a t if a soln. of t h e o r t h o p h o s p h a t e 
in a q . a m m o n i a be boi led u n t i l a m m o n i a is n o longer evo lved , pa le a p p l e - g r e e n 
flecks c o n t a i n i n g n icke l , p h o s p h o r i c ac id , a n d a m m o n i a s e p a r a t e o u t . O. L . E r d -
m a n n n o t e d t h a t w h e n a lcohol is a d d e d t o a n a m m o n i a c a l soln . of n i cke l o r t h o ­
p h o s p h a t e , a p a l e b lu i sh -g reen p r e c i p i t a t e c o n t a i n i n g ammonia s e p a r a t e s o u t , a n d 
if a l a y e r of a lcohol is p o u r e d ove r t h e a q . soln. , c ry s t a l s of t h e a m m i n e a r e fo rmed . 
J . P e r s o z o b s e r v e d t h a t if t h e a m m o n i a c a l soln. of n icke l o r t h o p h o s p h a t e b e exposed 
t o a i r , t h e who le of t h e n icke l s e p a r a t e s a s a g r e y p r e c i p i t a t e w h i c h c h a n g e s t o a 
g reen colour . N . A . Y a j n i k a n d F . C. T r e h a n a s t u d i e d t h e a c t i o n of t h e c a r b o n a t e 
on t h e p h o t o c h e m i c a l r e d u c t i o n of s u g a r s . W . M u t h m a n n a n d H . H e r a m h o f t r i e d 
nickel p h o s p h a t e a s a porce la in p i g m e n t . 
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H. Debray prepared ammonium nickel orthophosphate, (NH4)NiPO4.2H2O, 
b y h e a t i n g t o 80° a m i x e d soln. of n ickel s u l p h a t e a n d a n excess of a m m o n i u m 
p h o s p h a t e , a n d d iges t ing t h e p r e c i p i t a t e w i t h t h e m o t h e r - l i q u o r for c r y s t a l s of t h e 
dihydrate. G. Chance l o b t a i n e d t h e hexahydrate, b y a d d i n g a m m o n i u m p h o s p h a t e 
t o a soln . of a n icke l sa l t , a n d d iges t ing t h e p r e c i p i t a t e w i t h t h e p r e c i p i t a n t in 
o r d e r t o c o n v e r t i t i n t o t h e c rys ta l l ine s t a t e . T h e sa l t fo rms n icke l p y r o p h o s p h a t e 
w h e n ca lc ined ; i t is so luble i n a q . a m m o n i a , a n d in ac ids ; a n d H . D e b r a y n o t e d 
t h a t boi l ing w a t e r d e c o m p o s e s i t i n t o nickel a n d a m m o n i u m p h o s p h a t e s . 
L . O u v r a r d o b t a i n e d p o t a s s i u m n i c k e l or thophosphate , K N i P O 4 , b y fusing n icke l 
ox ide w i t h p o t a s s i u m p y r o p h o s p h a t e , h y d r o p h o s p h a t e , or o r t h o p h o s p h a t e ; or 
n ickel o r t h o p h o s p h a t e a n d p o t a s s i u m chlor ide . T h e r h o m b i c c rys ta l s a r e soluble 
in ac ids . L . O u v r a r d also o b t a i n e d monocl in ic c ry s t a l s of 2 K 3 P O 4 . N i 3 ( P 0 4 ) 2 , b y 
m e l t i n g p o t a s s i u m m e t a p h o s p h a t e w i t h n icke l ox ide . H . G r a n d e a u also o b t a i n e d 
p o t a s s i u m nicke l p h o s p h a t e s b y fusing nickel o r t h o p h o s p h a t e wi th p o t a s s i u m 
s u l p h a t e . H . B a s s e t t a n d W . L . Bedwel l p r e p a r e d t h e h y d r a t e s K N i P O 4 . 6 H 2 O , 
a n d K N i P O 4 - H 2 O . J . J . Berze l ius h e a t e d nickel ox ide w i t h microcosmic sa l t in 
t h e b lowp ipe flame a n d obse rved t h a t t h e b lue co lo ra t ion d i s a p p e a r s as t h e glass 
cools . Xi. O u v r a r d o b t a i n e d r h o m b i c p r i s m s of s o d i u m n icke l or thophosphate , 
N a N i P O 4 , b y fusing s o d i u m m e t a p h o s p h a t e w i t h a n excess of n ickel oxide in t h e 
p resence of s o d i u m chlor ide . If t h e n icke l ox ide be n o t in excess , c rys t a l s of 
N a 3 P O 4 - N a N i P O 4 , i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g zinc sa l t , a re p roduced . 
H . D e b r a y r e p o r t e d c rys t a l s of t h e he/plahydrale, N a N i P O 4 . 7 H 2 O , t o be fo rmed by 
a d d i n g s o d i u m h y d r o p h o s p h a t e t o a soln. of a n ickel sa l t , a n d d iges t ing t h e p re ­
c i p i t a t e w i t h t h e m o t h e r - l i q u o r for some t i m e . Th i s sa l t was a lso i n v e s t i g a t e d b y 
H . B a s s e t t a n d W . L.. Bedwel l . 

W . S k e y p r e p a r e d m a g n e s i u m n icke l or thophosphate , b y a d d i n g a solul)le 
p h o s p h a t e t o a soln. of a sa l t of n ickel in t h e p resence of e n o u g h ac id t o k e e p t h e 
l iqu id ac idic . T h e ge l a t i nous p r e c i p i t a t e becomes c rys ta l l ine if i t is a l lowed t o 
s t a n d for a few d a y s in t h e m o t h e r - l i q u o r . H . R o s e also o b t a i n e d i t b y a d d i n g 
a n excess of a m m o n i a t o a n acidic soln. of a n ickel a n d m a g n e s i u m sa l t , in t h e 
p re sence of phospho r i c ac id . W . S k e y a lso p r e p a r e d z i n c n i c k e l or thophosphate 
in a s imi la r m a n n e r . 

M. S t a n g e , 2 P . G l u h m a n n , a n d F . S c h w a r z obse rved t h a t w h e n soln. of a nickel 
sa l t a n d of s o d i u m t r i p h o s p h a t e a re so d i l u t e d t h a t n o p r e c i p i t a t i o n occurs w h e n 
t h e y a re m i x e d , a n d t h e m i x e d soln. is e v a p o r a t e d , s p o n t a n e o u s l y , t h e n green , 
r h o m b i c c rys t a l s of s o d i u m n icke l tr iphosphate , N a 3 N i P 3 O 1 0 - 1 2 H 2 O , a re fo rmed 
i s o m o r p h o u s w i t h t h e c ry s t a l s of t h e co r r e spond ing coba l t sa l t . W h e n h e a t e d , 
t h e sa l t t u r n s yel low, a n d a t a r e d - h e a t m e l t s t o fo rm a b r o w n glass. T h e sa l t is 
inso luble in w a t e r , a n d is n o t d e c o m p o s e d b y t h e l iqu id . T h e sal t , a f ter h a v i n g 
b e e n fused, is r ead i ly soluble in ac ids . 

A. S c h w a r z e n b e r g 3 a n d C. F . B a m m e l s b e r g p r e p a r e d n i cke l pyrophosphate , 
Ni4P2O7-M-H2O, b y a d d i n g s o d i u m p y r o p h o s p h a t e t o a soln. of a nickel sa l t , a n d 
G. Chance l , b y ca lc in ing a m m o n i u m nickel o r t h o p h o s p h a t e . T h e pa le g reen 
h y d r a t e d sa l t loses 26*05 pe r cen t , of w a t e r w h e n i t is d r i ed a t 110°, a n d i t b e c o m e s 
yel low on ign i t ion . F . W . Cla rke g a v e 3-9303 for t h e sp . gr. a t 25°, a n d 3-9064 
for t h e sp . gr . a t 27° . A . R e y n o s o f o u n d t h a t w h e n t h e sa l t is h e a t e d w i th w a t e r 
t o 280° or 300°, i t fo rms a n ac id n icke l p h o s p h a t e wh ich r e m a i n s in soln. , a n d 
h e p t a h y d r a t e d n ickel o r t h o p h o s p h a t e wh ich is p r ec ip i t a t ed . Accord ing t o 
A . S c h w a r z e n b e r g , t h e sa l t is so luble i n m i n e r a l ac ids , in a n a q . soln. of sod ium 
p y r o p h o s p h a t e , a n d in a q . a m m o n i a ; if coba l t is also p re sen t , t h e a d d i t i o n of 
a lcohol t o t h e a m m o n i a c a l soln. p r e c i p i t a t e s t h e coba l t p y r o p h o s p h a t e before t h e 
n icke l sa l t . If t h e p r e c i p i t a t e is d i sso lved in s u l p h u r o u s acid, t h e nickel sa l t is 
d e p o s i t e d f rom t h e soln. i n t h e c rys ta l l ine s t a t e ; a n d if coba l t is p re sen t , t h e coba l t 
s a l t is p r e c i p i t a t e d first. W . Da l l e r s t u d i e d t h e a c t i o n of h y d r a z i n e ; a n d 
G. S a r t o r i , some e lec t ro ly t ic p rope r t i e s of t h e sa l t . 

A c c o r d i n g t o K . A. W a l l r o t h , b y a d d i n g n ickel ox ide t o m o l t e n microcosmic 
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sa l t u n t i l s a t u r a t e d , a n d t h e n cool ing t h e p r o d u c t , yel low, p r i s m a t i c c r y s t a l s of 
s o d i u m n icke l pyrophosphate , 4 N a 4 P 2 0 7 . 5 N i 2 P 2 0 7 , a r e fo rmed w h i c h c a n b e 
m e l t e d t o a b r o w n glass. T h e c rys t a l s a r e insoluble in w a t e r , b u t so luble in ac ids . 
Li. F e r r a n d p r e p a r e d n i c k e l th iophosphate , N i 2 P 2 S 7 , a s a d e e p b r o w n c rys ta l l ine 
powder . 

Accord ing t o G. T a m m a n n , 4 a soln. of n ickel s u l p h a t e causes spa r ing ly so luble 
a m m o n i u m m e t a p h o s p h a t e t o swell u p t o fo rm a t r a n s p a r e n t , res inous m a s s , w h i c h 
dissolves in a n excess of t h e n icke l s u l p h a t e soln. T h e a d d i t i o n of w a t e r t o t h e 
soln. p r ec ip i t a t e s a res inous m a s s . If a n eq . p r o p o r t i o n of a soln. of n ickel s u l p h a t e 
is a l lowed t o a c t on l i t h i u m m e t a p h o s p h a t e , p a r t of t h e l i t h i u m is s lowly d i sp laced 
by t h e nickel . Th i s is t h e n e a r e s t a p p r o a c h t o l i t h i u m n i c k e l m e t a p h o s p h a t e so 
far o b t a i n e d . R . Maddre l l o b t a i n e d s o d i u m n i c k e l m e t a p h o s p h a t e , N a P O 3 . 
3 N i ( P 0 3 ) 2 , b y e v a p o r a t i n g a m i x t u r e of p h o s p h o r i c ac id , s o d i u m h y d r o x i d e , a n d 
nickel s u l p h a t e t o d rynes s , a n d t h e n h e a t i n g t h e res idue t o 316° . T h e green p o w d e r 
is insoluble in w a t e r a n d dil . ac ids , b u t soluble in cone, s u l p h u r i c ac id . 

R . Maddre l l p r e p a r e d n i cke l d imetaphosphate , N i ( P O s ) 2 , b y e v a p o r a t i n g t o 
d r y n e s s a m i x t u r e of nickel ox ide a n d a n excess of dil . p h o s p h o r i c ac id , a n d t h e n 
h e a t i n g t h e p r o d u c t t o 316°. P . Hau te feu i l l e a n d J . M a r g o t t e t o b t a i n e d i t b y 
h e a t i n g nickel oxide w i t h m o l t e n m e t a p h o s p h o r i c ac id . T h e greenish-ye l low 
c rys ta l s a re insoluble in w a t e r a n d in dil . ac ids , b u t soluble in cone, s u l p h u r i c ac id , 
a n d , accord ing t o A. Glatzcl , in boil ing cone , n i t r i c a n d hydroch lo r i c ac ids . T h e 
sa l t m e l t s a t a r e d - h e a t , a n d crys ta l l izes o n cool ing. W h e n d iges t ed for a long 
t i m e w i t h a soln. of a lka l i s u l p h a t e , n ickel su lph ide a n d a lka l i m e t a p h o s p h a t e a r e 
formed. A. Gla tze l p r e p a r e d t h e tetrahydrate, N i ( P 0 3 ) 2 . 4 H 2 0 , m i x i n g cone . soln. 
of a lkal i d i m e t a p h o s p h a t e s a n d nickel chlor ide . T h e ye l lowish-green , ac icu la r 
c rys ta l s lose all t h e w a t e r of h y d r a t i o n a t 200°. T h e sa l t is n o t a l t e r e d b y a feeble 
ca lc ina t ion , b u t a t a h ighe r t e m p . , t h e sa l t fuses, a n d on cooling furnishes c ry s t a l s 
of t h e t e t r a m e t a p h o s p h a t e . O n e p a r t of t h e sa l t d issolves in 2-5 p a r t s of cold 
w a t e r ; i t is freely soluble in ac ids in t h e cold, a n d w h e n t h e acidic soln. is boi led, 
p h o s p h o r i c ac id is fo rmed . 

A. Glatzel prepared ammonium nickel dimetaphosphate, (NH4)J2Ni(P2Og)2. 
4 H 2 O , b y m i x i n g a soln. of a m m o n i u m d i m e t a p h o s p h a t e w i t h t h e c o r r e s p o n d i n g 
p r o p o r t i o n of nickel chlor ide , a n d a l lowing t h e m i x t u r e t o s t a n d for some t i m e , 
w h e n b lu ish-green c rys t a l s of t h e t e t r a h y d r a t e a r e fo rmed . T h e sa l t loses w a t e r 
a t 150°, a n d becomes d a r k green, b u t n o o t h e r c h a n g e is pe rcep t ib l e ; a t a h ighe r 
t e m p . , a m m o n i a is g iven off. T h e l a s t t r a c e s of a m m o n i a a r e r e t a i n e d s o m e w h a t 
t enac ious ly . W h e n t h e sa l t is fused a n d t h e n cooled, i t y ie lds a glass . O n e p a r t 
of t h e sa l t dissolves in 12-5 p a r t s of cold w a t e r ; t h e sa l t a lso dissolves in ac ids 
w i th t h e l ibe ra t ion of p h o s p h o r i c ac id . A . Gla tze l o b t a i n e d p o t a s s i u m n i c k e l 
d imetaphosphate , K 2 N i ( P 2 O g ) 2 . 6 H 2 O , b y m i x i n g soln. of eq . p r o p o r t i o n s of p o t a s ­
s i um d i m e t a p h o s p h a t e a n d n icke l ch lo r ide . T h e pa l e g r een c r y s t a l s lose t h e i r 
w a t e r of c rys ta l l i za t ion w h e n feebly ca lc ined w i t h o u t suffering a n y o t h e r c h a n g e ; 
a n d w h e n s t r o n g l y h e a t e d , t h e sa l t fuses, a n d t h e n solidifies t o a c lear glass . T h e 
sa l t is v e r y spa r ing ly so luble in w a t e r ; 100 p a r t s of w a t e r d issolve 0*77 p a r t of 
t h e sa l t ; t h e glassy sa l t is c o m p l e t e l y soluble in ac ids ; a n a lka l i su lph ide h a s 
v e r y l i t t l e ac t i on on t h e sa l t . T h e c r y s t a l s a r e eas i ly d e c o m p o s e d b y ac ids , a n d t h e 
boi l ing ac id p roduces o r t h o p h o s p h o r i c ac id ; m o l t e n s o d i u m c a r b o n a t e d e c o m p o s e s 
the salt. A. Glatzel prepared sodium nickel dimetaphosphate, Na2Ni(P2Oe)2 . 
6 H 2 O , b y a n ana logous process . T h e w a t e r of h y d r a t i o n is expe l led b y a feeble 
ca l c ina t i on ; is v e r y spa r ing ly so luble i n w a t e r ; i t is easi ly so luble i n ac ids ; a n d 
m e l t s a t a r e d - h e a t . 

G. T a m m a n n t r e a t e d s o d i u m m e t a p h o s p h a t e w i t h n icke l ch lor ide or s u l p h a t e , 
and obtained sodium nickel trimetaphosphate, Na 2 Ni 2 (P 3 0 9 ) 2 . 9H 2 0 . I t melts 
a t a du l l r e d - h e a t ; a n d 1 p a r t of t h e s a l t d issolves in 66*6 p a r t s of w a t e r a t 20° . 
O. G. L i n d b o m also p r e p a r e d N a 4 N i ( P 3 0 9 ) 2 . 8 H 2 0 . 

A. Gla tze l p r e p a r e d n i cke l t e t r a m e t a p h o s p h a t e , N i 2 P 4 O 1 2 , b y fusing a n d t h e n 
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cool ing t h e d i m e t a p h o s p h a t e . D i r t y g r e e n c r y s t a l s a r e o b t a i n e d , w h e n purified 
t h e co lour is ye l low. T h e sa l t is inso luble in h y d r o c h l o r i c ac id , b u t soluble in 
cone , n i t r i c a n d s u l p h u r i c ac ids w h e n boi led. W h e n fused w i t h s o d i u m c a r b o n a t e , 
t h e o r d i n a r y m e t a p h o s p h a t e is fo rmed . W h e n t r e a t e d w i t h s o d i u m su lph ide , i t 
is c o n v e r t e d i n t o n icke l s u l p h i d e a n d a lka l i t e t r a m e t a p h o s p h a t e , s lowly in t h e cold, 
r a p i d l y a t 50° . T h e dodexxihydrate, N i 2 P ^ O 1 2 . 1 2 H 2 O , is o b t a i n e d b y m i x i n g cone , 
soln. of a lka l i t e t r a m e t a p h o s p h a t e a n d n icke l ch lo r ide . T h e green c rys t a l s lose 
ha l f t h e i r w a t e r of h y d r a t i o n a t 100°, a n d t h e r e m a i n i n g 6 mols . a t 150°. W h e n 
m e l t e d a n d cooled i t f o rms a d i r t y g reen -co lou red glass . O n e p a r t of t h e sa l t 
r equ i r e s 22 p a r t s of w a t e r for soln. T h e h y d r a t e is r a p i d l y d e c o m p o s e d b y boi l ing 
ac ids , b u t t h e ca lc ined sa l t is d e c o m p o s e d s lowly. 

H . R o s e found t h a t a soln. of n icke l ch lo r ide g ives a p r ec ip i t a t e , p r e s u m a b l y 
n i c k e l h e x a m e t a p h o s p h a t e , N i 3 P 6 P 1 8 - ^ H 2 O , w h e n i t is t r e a t e d wi th s o d i u m h e x a -
m e t a p h o s p h a t e , b u t n o t so w i t h a soln. of n ickel s u l p h a t e . T h e pa le green , gela­
t i n o u s m a s s is so luble in a n excess of t h e p r e c i p i t a n t . Accord ing t o H . L i ide r t , 
w h e n t h e fused p r o d u c t is cooled, i t f o rms a c lear g lass , a n d t h e p o w d e r e d glass is 
inso lub le in w a t e r , b u t t h e g e l a t i n o u s sa l t is s p a r i n g l y soluble in w a t e r , a n d is 
p r e c i p i t a t e d f rom t h e soln. on t h e a d d i t i o n of a lcohol . 

Gr. T a m m a n n m e l t e d a m m o n i u m s o d i u m p h o s p h a t e w i t h n ickel s u l p h a t e , a n d 
o b t a i n e d s o d i u m n i c k e l o c t o m e t a p h o s p h a t e , N a 2 N i 3 P 3 O 2 4 , a s a d e e p yel low p o w d e r 
cons i s t ing of c rys t a l s w h i c h a re c o m b i n a t i o n s of c u b e s a n d o c t a h e d r a . 

R E F E R E N C E S . 

1 C. F . R a m m e l s l w r g , Bogg. Ann., 6 8 . 3 8 3 , 1 8 4 6 ; H . R o s e , ib., 2 4 . 3 3 2 . 1832 ; 7 6 . 2 5 , 1849 
W . M u l h m a n n a n d H . H o r a m h o f , Liebig^s Ann., 3 5 5 . 144 , 1 9 0 7 ; N . S. K u r n a k o f i a n d 
I . A . A n d r e e v s k y , Ann. Inst. Anal. Phys. Chem., 2 . 4 8 5 , 1 9 2 4 ; W . S k e y , Chem. News, 2 2 . 6 1 , 
1 8 7 0 ; R . T u p p u t i , Ann. CMm. Phys., ( 2 ) , 7 8 . 1 3 3 , 1 8 4 0 ; ( 2 ) , 7 9 . 1 5 3 , 1 8 4 1 ; J . P e r s o z , ib., 
( 2 ) , 5 7 . 3 3 3 , 1 8 3 4 ; H . S t r u v e , Bull. Acad. St. Petersburg, ( 3 ) , 1. 4 6 8 , 186O ; Jotirn. prakt. Chem., 
( 1 ) , 7 9 . 3 4 5 , 1 8 6 0 ; O . L . E r d m a n n , ib., ( 1 ) , 7 . 2 4 9 , 1 8 3 6 ; H. G r a n d e a u , IM Vaction de. sulfate 
de pota-sse d temperature elevee sur les phosphates m6talliques, P a r i s , 1 8 8 6 ; Ann. Chim. Phys., 
( 6 ) , 8 . 2 0 3 , 1 8 8 6 ; Campt. Mend., 9 5 . 9 2 1 , 1 8 8 2 ; 1 0 0 . 1 1 3 4 , 1 8 8 5 ; H . D e b r a y , ib., 5 9 . 4O, 1864 ; 
i i . O u v r a r d , ib., 106 . 1 7 3 1 , 1 8 8 8 ; liecherches sur faction des phosphates alcalins sur quelques 
oocyd.es metalliques, P a r i s , 1 8 8 8 ; Ann. Chim. Phys., (6 ) , 16 . 3 2 4 , 1 8 8 9 ; G. C h a n c e l , Precis 
d''analyse chimique, 2 6 0 , 1 8 6 2 ; P . E p h r a i m a n d C. R o s s e t t i , Helvetica Chim. Acta, 1 2 . 1 0 2 5 , 
1 9 2 9 ; F . E p h r a i m a n d A . S c h a r e r , Ber., 6 1 . B , 2 1 6 1 , 1 9 2 8 ; A . N a u m a n n , ib., 4 2 . 379O, 1 9 0 9 ; 
4 3 . 3 1 4 , 1 9 1 0 ; H . B a s s e t t a n d W . L . B e d w e l l , Journ. Chem. Sac., 8 5 4 , 8 7 1 , 8 7 7 , 1 9 3 3 ; J . J . Be r -
z e l i u s , Schweigger^s Journ., 3 2 . 156 , 1 8 2 1 ; N . A . Y a j n i k a n d F . C. T r e h a n a , Journ. Chim. Phys., 
2 8 . 5 1 7 , 1931 ; R . A . F o r e d a y , Proc. Phys. Soc., 4 4 . 2 7 4 , 1 9 3 2 . 

2 F . S c h w a r z , Zeit. anorg. Chem., 9 . 2 4 9 , 1 8 9 5 ; M . S t a n c e , ib., 1 2 . 4 5 0 , 1896 ; P . G l i i h m a n n , 
Bcitrag zur Kenntnis der T riphosphorsaure und ihrer Salze, B e r l i n , 1899 . 

3 A . S c h w a r z e n b e r g , Untersuchungen ilber die pyrophosphorsduren Salzen, G o t t i n g e n , 1847 ; 
Journ. prakt. Chem., ( 1 ) , 4 6 . 2 4 7 , 1 8 4 9 ; Liebig's Ann., 6 5 . 1 5 8 , 1 8 4 8 ; C. F . R a m m e l s b e r g , 
Pogg. Ann., 1 3 1 . 3 7 2 , 1 8 6 7 ; F . W . C l a r k e , Amer. Journ. Science, ( 3 ) , 14 . 2 8 1 , 1877 ; K . A . W a l l -
r o t h , Bull. Soc. Chim., ( 2 ) , 3 2 . 3 1 6 , 1 8 8 3 ; G. C h a n c e l , Precis d'analyse chimique, P a r i s , 2 6 0 , 
1 8 6 2 ; A . R e y n o s o , Gompt. Rend., 3 4 . 7 9 5 , 1852 ; L,. F e r r a n d , ib., 1 2 2 . 8 8 6 , 1 8 9 6 ; G. S a r t o r i , 
Gazz. Chim. IUd., 6 4 . 3 , 1 9 3 4 ; W . D a l l e r , Oesterr. Chem. Ztg., 3 8 . 7 6 , 1935 . 

« R . M a d d r e l l , Mem. Chem. Soc., 3 . 2 7 3 , 1 8 4 6 ; Phil. Mag., (3 ) , 3 0 . 3 2 2 , 1 8 4 7 ; lAebig s 
Ann., 6 1 . 5 3 , 1 8 4 7 ; P . J f a u t e f e u i l l e a n d J . M a r g o t t e t , Compt. Bend., 9 6 . 8 5 2 , 1 8 8 3 ; A . G l a t z e l , 
Ueber dimetaphosphorsaure und tetrameUiphosphorsaure Salze, W i i r z b u r g , 2O, 188O ; H . R o s e , 
Traitd de chimie analytique, P a r i s , 1 . 5 3 5 , 1 8 5 9 ; H . L i i d e r t . Zeit. anorg. Chem., 5. 3 9 , 1893 ; 
G. T a m m a n n , Journ. prakt. Chem., ( 2 ) , 4 5 . 4 5 1 , 1892 ; C. G. L i n d b o m , Ber., 8. 1 2 3 , 1 8 7 5 ; Lund 
Univ. Acta, 1 2 . 6 , 1 8 7 5 . 

V O L . X V . 2 K 

oocyd.es


CHAPTER L X I X 

RUTHENIUM 

§ 1. The Occurrence of Ruthenium 

T H E h i s t o r y of r u t h e n i u m is d i scussed in c o n n e c t i o n w i t h t h e p l a t i n u m m e t a l s . 
!Ru then ium w a s f o u n d b y F . W o h l e r x t o occur a s t h e m i n e r a l laurite, R u S 2 , o r 
(Ru 5 Os)S 2 , in t h e p l a t i n u m w a s h i n g s of t h e T r a n s v a a l , B o r n e o , a n d Oregon . 
H . S t . C. Devi l le a n d H . D e b r a y , a n d C. Claus , o b s e r v e d t h a t t h e r u t h e n i u m f a v o u r s 
t h e o smi r i d ium, a n d t h e y obse rved 6-37 p e r cen t , in t h a t m i n e r a l f rom C o l u m b i a ; 
0-50 pe r cen t , in a s a m p l e f rom California ; 5-22 p e r cen t , i n one f rom A u s t r a l i a ; 
a n d 0-20 t o 8-49 p e r cen t , in s a m p l e s f rom t h e U r a l s . C. L a n g e r a n d C. J o h n s o n 
found 0-39 p e r cen t , of I r , R h , a n d R u , in t h e r e s idues a f te r e x t r a c t i n g n icke l a n d 
c o p p e r f rom t h e S u d b u r y n icke l -copper su lph ide ores . T h e r e were a lso p r e s e n t 
1-85 pe r c en t . P t ; 1-91, P d ; 0-56, A u ; a n d 15-42, A g . W h e n r u t h e n i u m is 
r equ i r ed , i t is u s u a l l y e x t r a c t e d f rom o s m i r i d i u m . R u t h e n i u m - s y s e r s k i t e h a s 
18-3 pe r cen t , of r u t h e n i u m ; a n d r u t h e n i u m - n e u j a n s k i t e , 4-7 t o 13-4 pe r c en t . 
S. I i m o r i a n d J . Y o s h i m u r a sa id t h a t a p i n k c h i n a c l ay f rom T a n o k a m i , J a p a n , 
c o n t a i n e d r h o d i u m or r u t h e n i u m a s a m i n o r c o n s t i t u e n t . 

T h e gene ra l occu r r ence of r u t h e n i u m is d i scussed i n c o n n e c t i o n w i t h t h e 
p l a t i n u m m e t a l s . F . W . C la rke a n d H . S. W a s h i n g t o n ' s 2 e s t i m a t e for t h e p r o p o r ­
t i o n of r u t h e n i u m in t h e igneous rocks of t h e e a r t h ' s c r u s t is of t h e o rde r n X 1 0 - 1 1 ^ 
a n d I . a n d W . N o d d a c k g a v e 2 - 3 x l 0 ~ 8 for t h e e a r t h ' s c r u s t ; 2-39X 10~ 5 for 
m e t e o r i c i ron ; 4 - 2 O X l O - 6 for t ro i l i t e ; a n d for t h e a t o m i c d i s t r i b u t i o n , o x y g e n 
u n i t y , t h e y g a v e 6-1 X 10~ 6 ; l a t e r , t h e y g a v e 1-8 X 10~ 8 for t h e e a r t h ' s c r u s t , a n d 
9 X 1 0 - 6 for m e t e o r i t e s . T h e d i s t r i b u t i o n i n t h e e a r t h ' s c r u s t , e t c . , w a s d i scussed 
b y P . Niggl i , V. M. G o l d s c h m i d t a n d C. P e t e r s , F . B e r n a u e r , a n d P . V inas sa . 
G. P . Merri l l r e p o r t e d t h e p re sence of r u t h e n i u m in m e t e o r i t e s . M. N . S a h a , a n d 
H . A . R o w l a n d c lassed r u t h e n i u m a m o n g s t t h e e l e m e n t s w h o s e p re sence i n t h e 
s u n is doub t fu l . A c c o r d i n g t o H . v o n IQi iber , t w e n t y - f o u r l ines of t h e so lar s p e c t r u m 
h a v e b e e n ident i f ied w i t h t h o s e of r u t h e n i u m . T h e s u b j e c t w a s d i scussed b y 
H . N . Russe l l . 
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§ 2. The Extraction and Preparation of Ruthenium 
O s m i r i d i u m is a n a l loy of o s m i u m a n d i r i d i u m c o n t a i n i n g sma l l p r o p o r t i o n s of 

r h o d i u m a n d r u t h e n i u m . I n some cases , a b o u t 6 p e r cen t , of r u t h e n i u m is p r e s e n t . 
E . F r e m y , 1 a n d H . S t . C. Devi l le a n d H . D e b r a y found t h a t w h e n o s m i r i d i u m is 
r o a s t e d i n a i r or oxygen , m u c h of t h e r u t h e n i u m is vo la t i l i zed a s ox ide w h i c h c a n 
be easi ly r e d u c e d t o t h e m e t a l b y h e a t i n g i t in a c u r r e n t of h y d r o g e n . J . P e r s o z , 
O. W . Gribbs, a n d F . Weis s a n d F . D d b e r e i n e r fused t h e ore w i t h a m i x t u r e of 
s u l p h u r a n d s o d i u m c a r b o n a t e a t a h igh t e m p . ; C Claus , w i t h a b o u t t e n t i m e s 
i t s we igh t of a m i x t u r e of p o t a s s i u m h y d r o x i d e a n d n i t r a t e in t h e a p p r o x i m a t e 
p r o p o r t i o n s 4 : 1 t o 1 : 4 ; A . J o I y a n d H . D e b r a y used t h e s a m e m i x t u r e in 
t h e a p p r o x i m a t e p r o p o r t i o n s 4 : 1 ; A . G u t b i e r a n d C. T r e n k n e r , F . K r a u s s 
a n d H . K i i k e n t h a l , a n d A . G u y a r d , 1 : 1 . W . H . Wol l a s ton , E . F r e m y , a n d 
O. W . Gribbs a lso u s e d p o t a s s i u m n i t r a t e for open ing u p t h e ore . C. Claus , 
J . F r i t z s c h e a n d H . S t r u v e , a n d U . A n t o n y a n d A. Lucches i fused t h e ore w i t h a 
m i x t u r e of e q u a l p a r t s of p o t a s s i u m h y d r o x i d e a n d ch lo ra t e ; a n d O. RufE a n d 
F . Vidic , a m i x t u r e of p o t a s s i u m h y d r o x i d e w i t h o n e - t e n t h i t s we igh t of t h e pe r ­
m a n g a n a t e . J . L . H o w e , E . Le id ie a n d L . Quennes sen , a n d E . Wiche r s a n d co­
w o r k e r s u sed s o d i u m d iox ide w i t h o n e - t h i r d or o n e - f o u r t h i t s vol . of ore . F . W o h l e r 
h e a t e d t h e ore m i x e d w i t h s o d i u m ch lor ide a t du l l r e d n e s s in a c u r r e n t of ch lor ine . 
T h e open ing u p of t h e p l a t i n u m ores is d i scussed i n c o n n e c t i o n w i t h p l a t i n u m . 
C. Claus o b t a i n e d r u t h e n i u m f rom o s m i r i d i u m , b y w a s h i n g t h e p o w d e r e d m i n e r a l 
w i t h hyd roch lo r i c ac id , a n d t h e n h e a t i n g t o low r e d n e s s a m i x t u r e of i t a n d s o d i u m 
ch lor ide in a c u r r e n t of m o i s t ch lor ine . T h e a q . e x t r a c t of t h e cold m a s s w a s 
c o n c e n t r a t e d , m i x e d w i t h a few d r o p s of a m m o n i a a n d h e a t e d , w h e r e u p o n osmic 
a n d r u t h e n i c ox ides we re p r e c i p i t a t e d . O n l y p a r t of t h e o smi r id ium is d e c o m p o s e d 
b y t h e t r e a t m e n t w i t h ch lo r ine gas ; a n d t h e t r e a t m e n t m u s t be r e p e a t e d on t h e 
und i s so lved res idue t h r e e or four t i m e s in o r d e r t o o b t a i n c o m p l e t e decompos i t i on . 
T h e p r e c i p i t a t e of r u t h e n i c a n d osmic ox ides w a s w a s h e d w i t h n i t r i c ac id , a n d 
h e a t e d w i t h ac id in a r e t o r t u n t i l t h e free ac id a n d osmic ac id h a d dis t i l led over . 
T h e d r y c o n t e n t s of t h e r e t o r t were fused w i t h p o t a s s i u m h y d r o x i d e , a n d t h e cold 
m a s s d isso lved in cold w a t e r . T h e c lea r l iqu id , s e p a r a t e d f rom t h e s e d i m e n t , w a s 
n e u t r a l i z e d w i t h n i t r i c ac id , w h e n b l ack r u t h e n i c ox ide w a s p r e c i p i t a t e d . T h e 
w a s h e d a n d d r i ed ox ide , w h e n r e d u c e d in h y d r o g e n , fu rn i shed p o w d e r e d r u t h e n i u m . 

I n h i s first e x p e r i m e n t s , C. C l aus ob ta ined , r u t h e n i u m f ro m p l a t i n u m .residues b y fus ing 
t h e m i x t u r e w i t h p o t a s s i u m n i t r a t e , a n d e x t r a c t i n g w i t h w a t e r w h e n p o t a s s i u m c s i n a t e , 
r u t h e n a t e , i r ida to , e t c . , p a s s e d i n t o soln. , b u t m o s t of t h e r u t h e n i u m r e m a i n e d w i t h t h e 
u n d i s s o l v e d r e s idue . T h i s r e s i d u e w a s m i x e d w i t h a b o u t hal f i t s w e i g h t of a q u a reg ia in 
a r e t o r t , a n d t h e l iqu id d i s t i l l ed n e a r l y t o d r y n e s s . O s m i c ac id col lec ted in t h e rece iver . 
T h e c o n t e n t s of t h e r e t o r t w e r e m i x e d w i t h w a t e r a n d f i l tered. T h e inso lub le r e s idue , A, 
w a s m i x e d -with a n o t h e r r e s i d u e o b t a i n e d l a t e r . P o t a s s i u m c a r b o n a t e w a s a d d e d t o t h e 
f i l t r a te t o p r e c i p i t a t e ferr ic a n d r u t h e n i c o x i d e s . T h e s e ox ides w e r e d i s so lved in h y d r o ­
ch lo r i c ac id , a n d z inc a d d e d w h e n s o m e of t h e r u t h e n i u m is p r e c i p i t a t e d ; t h e b r o w n 
l i qu id , o b t a i n e d a s a f i l t r a te f r om t h e ferric a n d r u t h e n i c ox ides , b e c a m e colour less w h e n 
a l l owed t o s t a n d in w o o d e n v a t s , a n d w h e n e v a p o r a t e d in i r on vessels , t h e b lue o x i d e of 
i r i d i u m s e p a r a t e d o u t . T h i s w a s d i s so lved i n a q u a reg ia , t h e i r i d i u m p r e c i p i t a t e d b y t h e 
a d d i t i o n of p o t a s s i u m ch lo r ide , a n d t h e m o t h e r - l i q u o r e v a p o r a t e d t o d r y n e s s . T h e d r y 
r e s i d u e "was r e d u c e d in h y d r o g e n , a n d t o g e t h e r w i t h t h e p r o d u c t A, inso lub le in a q u a 
r eg ia , w a s fused w i t h i t s o w n w e i g h t of p o t a s s i u m n i t r a t e for 2 h r s . a t a w h i t e - h e a t . T h e 
co ld m a s s , w h e n e x t r a c t e d w i t h -water, g ives a ye l low soln . w h i c h , w h e n t r e a t e d w i t h 
n i t r i c ac id , g ives a b l ack p r e c i p i t a t e of i m p u r e p o t a s s i u m r u t h e n a t e . T h e h y d r o c h l o r i c 
a c i d so ln . of t h i s p r o d u c t w a s e v a p o r a t e d t o d r y n e s s , a n d t h e a q . e x t r a c t f i l tered t o 
r e m o v e s i l ica . T h e f i l t ra te w a s t r e a t e d w i t h p o t a s s i u m ch lo r ide ; t h e w a s h e d p r e c i p i t a t e 
w a s r e d u c e d i n h y d r o g e n ; a n d t h e p r o d u c t w a s h e d i n w a t e r . T h e r e r e m a i n e d r u t h e n i u m 
a s a d a r k g r e y p o w d e r . 

H . S t . C . D e v i l l e a n d H . D e b r a y o b t a i n e d r u t h e n i u m f r o m o s m i r i d i u m i n t h e 
f o l l o w i n g m a n n e r : 

T h e m i n e r a l w a s h e a t e d w i t h four t o five t i m e s i t s w e i g h t of z inc in a c a r b o n c ruc ib le , 
a t a w h i t e - h e a t , u n t i l t h e v a p o u r of z inc ceased t o b e e v o l v e d . T h e fr iable m a s s w a s 
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c r u s h e d a n d h e a t e d w i t h a m i x t u r e of b a r i u m d i o x i d e a n d n i t r a t e i n a fireclay c ruc ib l e a t 
a b o u t 900°. T h e cold m a s s w a s t r e a t e d w i t h d i l . h y d r o c h l o r i c a c id w h i l s t b e i n g cooled 
b y i m m e r s i o n in cold w a t e r . T h e t o x i c fumes of o s m i c ac id -which m a y b e e v o l v e d r e n d e r s 
i t a d v i s a b l e t o c o n d u c t t h e o p e r a t i o n i n a f u m e c h a m b e r . N i t r i c a n d s u l p h u r i c ac id w e r e 
a d d e d t o t h e cold l i qu id t o p r e c i p i t a t e b a r i u m s u l p h a t e ; a n d t h e c lea r l i q u o r -was d i s t i l l ed 
u n t i l a b o u t one - fou r th of i t s vo l . h a d b e e n col lec ted i n t h e rece iver . T h i s l i quo r w a s 
w o r k e d u p for o s m i u m (q.v.). T h e r e s i d u e w a s e v a p o r a t e d t o a s m a l l e r vo l . , t r e a t e d w i t h 
a m m o n i u m ch lor ide a n d n i t r i c ac id , a n d e v a p o r a t e d t o d r y n e s s o n a w a t e r - b a t h . T h e 
b lu i sh -b l ack res idue w a s w a s h e d w i t h w a t e r half s a t u r a t e d w i t h a m m o n i u m ch lo r ide u n t i l 
t h e -washings were colour less . T h e r e s i d u a l a m m o n i u m ch lo ro i r i da t e , c o n t a i n i n g r u t h e n i u m , 
w a s i gn i t ed for t h e s p o n g y m e t a l w h i c h -was t h e n fused w i t h p o t a s s i u m h y d r o x i d e a n d 
n i t r a t e , i n a s i lver c ruc ib le , a n d t h e cold m a s s d i s so lved i n -water. T h e a d d i t i o n of n i t r i c 
ac id t o t h e ye l low so ln . p r e c i p i t a t e d r u t h e n i u m o x i d e . T h i s w a s m i x e d w i t h a l i t t l e c h a l k 
a n d i g n i t e d in a g r a p h i t e c ruc ib le . T h e c h a l k w a s after-wards r e m o v e d b y d i l . ac id . I t 
w a s e m p l o y e d in o r d e r t o r e m o v e a n y s i l ica , c h r o m i u m or o s m i u m o x i d e s w h i c h m i g h t b e 
p r e s e n t . T h e m e t a l c a n b e pur i f ied b y o n e or m o r e fus ions w i t h t h e p o t a s s i u m h y d r o x i d e 
a n d n i t r a t e m i x t u r e . 

O. W. G ibbs r e c o m m e n d e d r e m o v i n g i r i d i u m a n d r h o d i u m from soln. w i t h 
o t h e r p l a t i n u m m e t a l s b y t r e a t m e n t w i t h coba l t i c lu t eoch lo r ide wh ich p r e c i p i t a t e s 
coba l t ic h e x a m m i n o c h l o r o i r i d a t e a n d h e x a m m i n o c h l o r o r h o d a t e . H e a lso r ecom­
m e n d e d t h e following process : 

T h e p o t a s s i u m e h l o r o r u t h o n a t e is h e a t e d -with a so ln . of p o t a s s i u m n i t r i t e t o c o n v e r t 
t h e r u t h e n i u m i n t o t h e so luble , ye l low p o t a s s i u m n i t r i t o r u t h e n a t e -whilst t h e so ln . i s k e p t 
n e u t r a l or a l k a l i n e w i t h p o t a s s i u m c a r b o n a t e . T h e so ln . is e v a p o r a t e d t o d r y n e s s i n a 
w a t e r - b a t h ; a n d t h e cold p r o d u c t p o w d e r e d a n d bo i l ed -with a b s o h i t e a l coho l in a f lask 
f i t ted w i t h a reflux condense r , u n t i l a l l is d i s so lved . T h e so ln . is f i l tered, a n d t h e i n so lub l e 
r e s idue w a s h e d -with a b s o l u t e a l coho l u n t i l t h e r u n n i n g s g ive n o p r e c i p i t a t e w i t h a m m o n i u m 
s u l p h i d e . T h e a lcohol is d i s t i l l ed off, a n d t h e r e s i d u e in t h e r e t o r t e v a p o r a t e d w i t h h y d r o ­
chlor ic ac id t o d e c o m p o s e t h e c o m p l e x n i t r i t e . M o s t of t h e p l a t i n u m r e m a i n s -with t h e 
sa l t i n so lub le in a lcoho l . T h e soln . is e v a p o r a t e d w i t h a n excess of a s a t . so ln . of a m m o ­
n i u m ch lor ide , red i sso lved , a n d a g a i n e v a p o r a t e d . T h e d r y m a s s is w a s h e d w i t h a l i t t l e 
cold w a t e r t o r e m o v e a l k a l i ch lo r ides . T h e a m m o n i u m c h l o r o r u t h e n a t e is d i s so lved in 
h o t w a t e r , a m m o n i a i s a d d e d , a n d t h e l i q u i d is bo i l ed a n d e v a p o r a t e d t o d r y n e s s . T h e 
r e s u l t i n g ye l low r u t h e n i u m d i a m m i n o c h l o r i d o is d i s so lved in -water a n d t r e a t e d w i t h a so ln . of 
m e r c u r i c ch lo r ide . T h e c o m p l e x sa l t of r u t h e n i u m m e r c u r i c d i a m m i n o c h l o r i d o is so lub le in 
bo i l ing -water a n d a l m o s t i n so lub le in cold -water. I t is t he re fo re r ec rys t a l l i zed f rom soln . i n 
bo i l ing -water. T h i s sa l t , o n i gn i t i on , y i e lds r u t h e n i u m a s a s i l ve r -wh i t e p o r o u s m a s s . 

T h e p r o d u c t o b t a i n e d b y t h e process of H . S t . C. Devi l le a n d H . D e b r a y sti l l 
c o n t a i n s smal l q u a n t i t i e s of o s m i u m a n d i r i d ium. A . G u t b i e r a n d C. T r e n k n e r , 
a n d K . T r e n k n e r h e a t e d t h e p o w d e r a t a du l l r e d - h e a t in a c u r r e n t of o x y g e n for 
a b o u t 3 h r s . in o rde r comple t e ly t o vola t i l ize t h e o s m i u m as t e t r o x i d e ; t h e 
r u t h e n i u m is a t t h e s a m e t i m e p a r t i a l l y oxidized, a n d i t is r educed b y h e a t i n g i t 
in a c u r r e n t of h y d r o g e n for a b o u t a n hou r . T h e p r o d u c t is fused in a s i lver vessel 
a long w i t h i t s own we igh t of p o t a s s i u m n i t r a t e , a n d 8-3 t i m e s i t s w e i g h t of p o t a s ­
s i u m h y d r o x i d e . T h e cold c a k e is e x t r a c t e d w i t h w a t e r , a n d a r a p i d s t r e a m of 
ch lor ine is passed t h r o u g h t h e cold soln. , a n d l a t e r t h e t e m p , is ra i sed from 80° t o 90° . 
T h e vola t i le r u t h e n i u m t e t r o x i d e is col lected in a n a q . soln. of p o t a s s i u m h y d r o x i d e 
cooled b y a freezing m i x t u r e of ice a n d sa l t . N o o t h e r m e t a l p r e s e n t y ie lds a 
vola t i le p r o d u c t u n d e r t h e s e cond i t i ons . O n a d d i n g a b s o l u t e a lcohol t o t h e d is t i l ­
l a t e , a b l ack p r ec ip i t a t e is o b t a i n e d . I f t h e r u t h e n i u m t e t r o x i d e be n o t al l d i sso lved 
in t h e a lka l i lye, J . L . H o w e obse rved t h a t a lcohol m a y s t a r t a n explos ive r e a c t i o n . 
F ina l l y , t h e b lack p r e c i p i t a t e of p a r t i a l l y r e d u c e d r u t h e n i u m is c o m p l e t e l y r e d u c e d 
b y h e a t i n g i t in a c u r r e n t of h y d r o g e n . Vide B u n a e n ' s p rocess for rhodium. 
K . H e s s n e r discussed t h e d i scovery of r u t h e n i u m . 

R u t h e n i u m a n d o s m i u m fo rm vo la t i l e t e t r o x i d e s which c a n be distilled from a 
soln. a t or n e a r i t s b . p . B o t h m e t a l s form t e t r o x i d e s w h e n alkaline soln. of t h e s e 
m e t a l s a r e s a t . w i t h ch lor ine . O s m i u m a lone is d is t i l led ofE i n t h e p re sence of 
n i t r i c ac id . R u t h e n i u m chlor ide fo rms a soluble a lka l i r u t h e n a t e w h e n t r e a t e d 
wi th soda lye . J . L . H o w e a n d F . N . Mercer b r o u g h t t h e m e t a l i n t o soln. b y t h e 
ac t i on of a cone . soln. of sodium hypochlorite containing s ome hydroxide. Accord­
ing t o B . Wichers and co-workers, ruthenium can be readily converted into a 
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soluble r u t h e n a t e b y fusion w i t h 3 p a r t s of s o d i u m h y d r o x i d e a n d 1. p a r t of s o d i u m 
d iox ide a t 600° t o 700° in a s i lver c r u c i b l e — b u t a nickel or i ron c ruc ib le c a n b e 
u s e d if t h e r e is n o ob jec t ion t o i n t r o d u c i n g cons ide rab le a m o u n t s of t h e s e m e t a l s . 
L e a c h i n g such a m e l t w i t h w a t e r e x t r a c t s m o s t of t h e r u t h e n i u m as so luble s o d i u m 
r u t h e n a t e , N a 2 R u O 4 . S o m e of t h e r u t h e n i u m , however , m a y r e m a i n i n t h e 
r e s idue , especia l ly if o t h e r m e t a l s , such as i r i d ium, a re p r e s e n t . Th i s r e s idue m a y 
b e d r i ed a n d fused a g a i n in o r d e r t o c o m p l e t e t h e soln. of r u t h e n i u m , or e x t r a c t e d 
w i t h a soln. of s o d i u m h y p o c h l o r i t e . T h e y r e c o m m e n d e d t h e following p r o c e d u r e 
for e x t r a c t i n g or pur i fy ing t h e r u t h e n i u m — p r e s e n t in a lka l ine soln. as j u s t i n d i c a t e d . 

I n t h e process of E . W i c h e r s a n d co -worker s t h e a lka l ine soln. c o n t a i n i n g r u t h e n ­
i u m , a s soc i a t ed w i t h o s m i u m (q.v.), is acidified w i t h n i t r i c ac id , a n d 5 t o IO pe r cen t , 
b y vol . i n excess is a d d e d . T h e soln. is d is t i l led a n d t h e o s m i u m t e t r o x i d e col lec ted 
in a rece iver . W h e n t h e d i s t i l l a t ion of o s m i u m t e t r o x i d e is comple t ed , t h e cold 
soln. is m a d e a lka l ine w i t h s o d i u m h y d r o x i d e , a n d a n excess of 20 t o 30 g r m s . p e r 
l i t re is a d d e d . T h e cold soln. is s a t u r a t e d w i t h ch lor ine , af ter wh ich t h e 
t e m p , is r a i sed t o 80° or 90° a n d t h e c u r r e n t of ch lo r ine c o n t i n u e d , b u t c o n s i d e r a b l y 
d i l u t e d w i t h air . A t t h i s t e m p , r u t h e n i u m t e t r o x i d e will dis t i l q u i t e r a p i d l y . 
T h e rece iv ing flasks c o n t a i n h y d r o c h l o r i c ac id d i lu t ed w i t h 4 vols , of w a t e r a n d 
1 vo l . of a lcohol , e x c e p t t h a t n o a lcohol s h o u l d be a d d e d t o t h e first flask. Care 
shou ld be t a k e n t h a t t h e de l ive ry t u b e a n d t h e first rece iver a r e n o t cooler t h a n 
a b o u t 25° t o 30° t o p r e v e n t s t o p p i n g u p t h e de l ive ry t u b e w i t h c r y s t a l s of r u t h e n i u m 
t e t r o x i d e . W h e n t h e oily d r o p l e t s of r u t h e n i u m t e t r o x i d e n o longer a p p e a r in t h e 
d e l i v e r y t u b e , t h e soln. is bo i led for a s h o r t t i m e , c o n t i n u i n g t h e c u r r e n t of ch lor ine 
m i x e d w i t h air . Af ter t h e d i s t i l l a t ion of r u t h e n i u m t e t r o x i d e seems t o h a v e 
s t o p p e d , m o r e s o d i u m h y d r o x i d e is a d d e d , a n d t h e c u r r e n t of ch lor ine c o n t i n u e d , 
w h e r e u p o n r u t h e n i u m t e t r o x i d e a g a i n d is t i l s . Th i s o p e r a t i o n is r e p e a t e d as long 
a s s ignif icant a m o u n t s of r u t h e n i u m t e t r o x i d e a p p e a r t o d is t i l . Smal l a m o u n t s of 
r u t h e n i u m a n d o t h e r m e t a l s r e m a i n i n g in t h e d is t i l l ing flask m a y be r ecovered , a s 
desc r ibed in t h e sec t ion on gene ra l s e p a r a t i o n s . T h e c o n t e n t s of t h e rece iv ing 
flasks c o n t a i n q u a d r i v a l e n t r u t h e n i u m ch lor ide in t h e soln. c o n t a i n i n g n o a lcohol 
a n d m a i n l y t r i v a l e n t r u t h e n i u m ch lo r ide i n t h e soln. c o n t a i n i n g a lcohol . T h e y 
a r e c o m b i n e d a n d e v a p o r a t e d t o r e m o v e m o s t of t h e excess of h y d r o c h l o r i c ac id , 
a f t e r a d d i n g m o r e a lcohol if neces sa ry . S o m e n i t r i c ac id is a d d e d t o t h e r e s idue 
a n d t h e soln. aga in e v a p o r a t e d t o d r y n e s s . T h i s s h o u l d be r e p e a t e d t w o or t h r e e 
t i m e s t o r e m o v e a n y smal l a m o u n t s of o s m i u m . If t h e or iginal soln. h a s b e e n 
dis t i l led w i t h n i t r i c ac id , t h e r u t h e n i u m soln. is n o t l ikely t o c o n t a i n e n o u g h 
o s m i u m t o w a r r a n t i t s r ecove ry . T h e r e s idue f rom t h e e v a p o r a t i o n w i t h n i t r i c 
ac id is e v a p o r a t e d once w i t h h y d r o c h l o r i c ac id . T h e res idue is t h e n t a k e n u p w i t h 
w a t e r a n d dis t i l led w i t h ch lor ine f rom a lka l ine soln. a s before . T h e second dis t i l la ­
t i o n e l i m i n a t e s smal l a m o u n t s of i r i d i u m or o t h e r i m p u r i t i e s wh ich m a y h a v e b e e n 
ca r r i ed ove r m e c h a n i c a l l y in t h e first d i s t i l l a t ion . T h e r u t h e n i u m soln. in t h e 
rece iv ing flasks a r e a g a i n e v a p o r a t e d w i t h n i t r i c ac id , t o r e m o v e a n y r e m a i n i n g 
t r a c e s of o s m i u m . F i n a l l y , t h e r e s idue is e v a p o r a t e d once wi th h y d r o c h l o r i c ac id . 
I t is n o w pr inc ipa l ly i n t h e fo rm of r u t h e n i u m n i t rosoch lo r ide , R u N O C l 3 , o r t h e 
c o r r e s p o n d i n g ac id , H 2 R u N O C l 5 . Th i s c o m p o u n d fo rms a r e l a t ive ly inso lub le 
d o u b l e sa l t w i t h a m m o n i u m ch lor ide s imi la r t o t h e sa l t s of t h e o t h e r p l a t i n u m 
m e t a l s . T h e p r e c i p i t a t i o n of t h e d o u b l e ch lo r ide c o n v e r t s t h e r u t h e n i u m t o a 
fo rm t h a t m a y be i g n i t e d d i r ec t l y t o sponge a n d also e l i m i n a t e s a n y smal l a m o u n t s 
of b a s e - m e t a l i m p u r i t i e s . If a second p r e c i p i t a t i o n is des i red , t h e sa l t is d e c o m ­
p o s e d w i t h a q u a regia a n d t h e r e su l t i ng soln. e v a p o r a t e d t o d r y n e s s . T h e res idue 
is t a k e n u p in w a t e r , f i l tered f rom inso lub le m a t t e r , a n d r e p r e c i p i t a t e d w i t h 
a m m o n i u m ch lor ide f rom a sma l l vo l . B e c a u s e of t h e s o m e w h a t g r e a t e r so lub i l i ty 
of t h e r u t h e n i u m sa l t , i t is b e t t e r t o use m o r e c o n c e n t r a t e d soln. of r u t h e n i u m t h a n 
c a n be u s e d of t h e o t h e r p l a t i n u m m e t a l s . T h e sa l t is f i l tered b y suc t ion , a n d 
w a s h e d w i t h a 20 p e r c e n t . soln. of a m m o n i u m ch lo r ide o r w i t h a lcohol . 

T h e r u t h e n i u m left in t h e filtrates f rom t h e p r e c i p i t a t i o n w i th a m m o n i u m 
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ch lor ide c a n be r ecovered b y e v a p o r a t i n g t o d r y n e s s , d e s t r o y i n g t h e excess of 
a m m o n i u m chlor ide w i t h n i t r i c ac id a n d finally ign i t i ng t h e en t i r e r e s idue in 
h y d r o g e n . T h e r e m o v a l of m e t a l s o t h e r t h a n o s m i u m d u r i n g t h e p rocess of 
pur i f ica t ion m a y be followed b y e x a m i n i n g t h e m e t a l s left i n t h e soln. i n t h e 
dis t i l l ing flask. T h e absence of s ignif icant a m o u n t s of o s m i u m c a n b e d e t e r m i n e d 
b y dis t i l l ing a p o r t i o n of t h e r u t h e n i u m soln . w i t h n i t r i c ac id a n d rece iv ing t h e 
d is t i l la te in s o d i u m h y d r o x i d e soln. c o n t a i n i n g a l i t t l e a lcohol . E v e n smal l a m o u n t s 
of o s m i u m p r o d u c e a v io le t -co loured soln. 

Accord ing t o R . Gi lchr i s t a n d co -worke r s , o s m i u m t e t r o x i d e a lone is vo la t i l i zed 
from soln. c o n t a i n i n g 4O p e r cen t , of n i t r i c ac id b y v o l u m e , a n d w h e n dis t i l led 
f rom a lka l ine h y p o c h l o r i t e soln. , t h e r u t h e n i u m is i n c o m p l e t e l y e l i m i n a t e d ; b u t if 
t h e r u t h e n i u m t e t r o x i d e is d is t i l led f rom a soln. of s u l p h a t e in di l . s u l p h u r i c 
ac id c o n t a i n i n g s o d i u m b r o m a t e , a s e p a r a t i o n m a y be effected. T h e t e t r o x i d e 
is a b s o r b e d in hyd roch lo r i c ac id (1 : 1), a n d a 10 p e r c en t . soln . of s o d i u m h y d r o -
c a r b o n a t e a d d e d u n t i l t h e a c i d i t y of t h e soln. r eaches ^ > H = 6 (bromocreso l i n d i c a t o r ) . 
Roil , a n d filter for t h e h y d r a t e d ox ide . 

H . S t . O. Devi l le a n d H . D e b r a y o b t a i n e d crysta l l ine r u t h e n i u m b y fusing t h e 
m e t a l w i t h a n excess of t i n in a c a r b o n cruc ib le , r e m o v i n g t h e excess of t i n b y 
boi l ing hyd roch lo r i c ac id , a n d h e a t i n g t h e u n a t t a c k e d res idue , R u S n 3 , in a c u r r e n t 
of h y d r o g e n chlor ide t o r e m o v e t h e t i n a s vo la t i l e ch lo r ide . T h e r e r e m a i n c r y s t a l s 
of r u t h e n i u m . T h e y also o b t a i n e d d e n d r i t e s a n d cub ic c r y s t a l s b y h e a t i n g t h e 
f inely-divided m e t a l w i t h p y r i t e s a n d b o r a x . H . Moissan o b t a i n e d c r y s t a l s b y 
dis t i l l ing t h e m e t a l in t h e a rc - fu rnace . As i n d i c a t e d a b o v e , s p o n g y r u t h e n i u m is 
fo rmed b y ign i t ing a m m o n i u m c h l o r o r u t h e n a t e . A c c o r d i n g t o E . W i c h e r s a n d 
co-workers , in t h e fusion of c r u d e o s m i u m o r o s m i r i d i u m w i t h s o d i u m h y d r o x i d e 
a n d s o d i u m d iox ide , a s desc r ibed in t h e sec t ion on i r i d i u m , t h e soln. o b t a i n e d b y 
l each ing t h e m e l t w i t h w a t e r c o n t a i n s o s m i u m as s o d i u m o s m a t e , N a 2 O s O 4 , a n d i t 
a lso c o n t a i n s r u t h e n i u m a n d smal l a m o u n t s of t h e o t h e r p l a t i n u m m e t a l s . C e r t a i n 
base m e t a l s , such a s t i n , l ead , a n d z inc , m a y also be p r e s e n t . S. G. S. D i c k e r 
o b t a i n e d r u t h e n i u m films b y t h e t h e r m a l d e c o m p o s i t i o n of a c a r b o n y l . G. R . Lev i 
a n d R . H a a r d t d iscussed t h e s t r u c t u r e of t h e g r a i n s of r u t h e n i u m b lack ; a n d 
A. A. Po l l i t t , i t s use as a c a t a l y t i c a g e n t . 

E . Cohen a n d T. S t r enge r s o b t a i n e d exp los ive r u t h e n i u m b y d i sso lv ing a n 
a l loy of z inc a n d r u t h e n i u m in hyd roch lo r i c ac id ; t h e z inc dissolves l eav ing t h e 
r u t h e n i u m as a f inely-divided, explos ive res idue . R u t h e n i u m is exp los ive e v e n 
w h e n t h e p r e p a r a t i o n is m a d e in t h e a b s e n c e of a i r , a n d in t h i s r e spec t i t is u n l i k e 
i r i d i u m a n d r h o d i u m . W i t h t h e t w o l a s t - n a m e d m e t a l s , t h e exp los iveness is 
a t t r i b u t e d t o t h e exp los ive c o m b i n a t i o n of h y d r o g e n a n d o x y g e n occ luded in t h e 
m e t a l ; b u t -with r u t h e n i u m t h e exp los ion occurs w h e n n o o x y g e n is p r e s e n t ; 
hence t h e t h e o r y sugges t ed b y R . B u n s e n , a n d H . D e b r a y t h a t t h e exp los iveness 
m a y be d u e t o t h e f o r m a t i o n of a n u n s t a b l e , a l lo t rop ic fo rm of t h e m e t a l which 
passes i n t o t h e s t ab l e f o r m w i t h t h e e v o l u t i o n of m u c h h e a t m a y be t r u e . 

A. G u t b ier a n d co -worke r s p r e p a r e d co l lo idal r u t h e n i u m b y r e d u c i n g a soln. 
of i t s sa l t s b y h y d r a z i n e h y d r a t e in t h e p re sence of g u m a r a b i c a s p r o t e c t i v e 
colloid ; a n d b y N . Cas to ro w i t h ac ro le in a s p r o t e c t i v e col loid. J . D o n a u f o u n d 
t h a t a b o r a x b e a d is co lou red b l a c k b y col lo idal r u t h e n i u m . 
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§ 3 . The Physical Properties of Ruthenium 

T h e r e d u c e d m e t a l , in t h e fo rm of a p o w d e r , is a du l l g r ey co lour , b u t A. J o I y x 

f o u n d t h a t t h e m e t a l w h i c h h a s b e e n fused in t h e a r c fu rnace h a s a c rys t a l l ine 
f r a c t u r e , a n d i t h a s a co lour b e t w e e n t h a t of i ron a n d p l a t i n u m . H . Moissan sa id 
t h a t t h e crys ta l s a r e p y r a m i d a l cubes . T h e X - r a d i o g r a m of A. W . H u l l cor re ­
s p o n d s w i t h a c lose -packed , h e x a g o n a l l a t t i c e w i t h t h e ax ia l r a t i o a : c~=^\ : 1-59 ; 
t h e s ide of t h e e l e m e n t a r y , t r i a n g u l a r p r i s m is 2*686 A . ; t h e d i s t ance b e t w e e n t h e 
n e a r e s t a t o m s in t h e basa l p l a n e is 2-686 A. , a n d in t h e p y r a m i d a l p l anes , 2-640 A . 
T h e h e x a g o n a l l a t t i c e is s a id t o be , l ike t h a t of c a d m i u m or z inc, c o m p o s e d of 
t w o , i n t e r rneshed l a t t i ces of r i g h t t r i a n g u l a r p r i s m s e a c h w i t h side a = 2 - 6 8 6 A. , a n d 
h e i g h t c== 4-272 A. , a n d so a r r a n g e d t h a t t h e a t o m s of t h e one l a t t i c e a r e in t h e 
c e n t r e of t h e p r i s m s of t h e o t h e r l a t t i ce . T . B a r t h a n d G. L u n d e g a v e « = 2 - 6 9 5 A. , 
C = 4 - 2 9 3 A. ; E . A. O w e n a n d co-workers , a = 2 - 6 9 8 7 A. , a n d c = l -5833 A. ; a n d 
a : c = 1-586 ; a n d Gr. R . L e v i a n d R . H a a r d t , « = 2 - 6 8 0 A. , c = 4 - 2 6 1 A. , a n d a : c 
= 1 : 1-59. T h e sub j ec t w a s d iscussed b y R . W . Gr. Wyckoff, a n d G. N a t t a . 
H . S t . C. Devi l le a n d H . D e b r a y g a v e 11-0 t o 11-4 for t h e specific grav i ty of 
r u t h e n i u m ; a n d l a t e r , 12-261 a t O. J . Violle g a v e 12-002 ; a n d A. J o I y , 1 2 0 6 3 a t 
0° /4° , for t h e p o w d e r e d m e t a l . E . A. O w e n a n d co-workers g a v e 12-45 ca l cu l a t ed 
a t 18°, a n d 12-2 obse rved . T h e v a l u e r e p o r t e d b y C. Claus app l i ed t o a p o r o u s 
m e t a l a n d is far t o o low. A . W . H u l l c a l cu l a t ed f rom t h e X - r a d i o g r a m d a t a , 
12-56 ; a n d G. R . L e v i a n d R . H a a r d t , 12-71. L . P a u l i n g ca l cu l a t ed 0-57 A. for 
t h e a t o m i c radius ; a n d V. M. G o l d s c h m i d t , 1-322 A . W . Bi l t z a n d K . Meisel , 
G. H a g g , J . C. S la t e r , E . H . Wes t l i ng , W . H . R o t h e r y , a n d P . Vinassa d i scussed 
t h e mol . vol . of r u t h e n i u m in i t s c o m p o u n d s . T h e h a r d n e s s of t h e fused m e t a l is 
c o m p a r a b l e w i t h t h a t of i r i d i u m ; a n d I . R . R y d b e r g f o u n d a h a r d n e s s of 6-5 o n 
M o h s ' scale . I t is 220 o n Br ine lFs scale . A . J o I y sa id t h a t t h e m e t a l is b r i t t l e 
w h e n cold, b u t is s o m e w h a t ma l l eab le a t a r e d - h e a t . 

H . F i z e a u found t h e coeff. of t h e r m a l e x p a n s i o n t o be C L = 0 0 0 0 0 0 9 1 a t 20° , 
a n d 0-00000963 a t 40°, a n d t h a t i t increases b y 0-0781 p e r degree ; S. V a l e n t i n e r 
a n d J . W a l l o t found a = 0 - 0 5 8 7 6 ; a n d E . A. O w e n a n d co-workers gave 9-1 X 10~ 6 

for t h e m e a n coefficient of e x p a n s i o n . R . B u n s e n f o u n d t h e specific h e a t b e t w e e n 
0° a n d 100° t o be 0-0611. H . H o l z m a n n g a v e for t h e sp . h t . , c = 0 - 0 5 7 4 3 9 

Com.pt
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~\-0 0000189210. J . D e w a r found t h a t t h e sp . h t . in t h e t e m p , i n t e r v a l —253° t o 
—196° is 0-0109. Accord ing t o F . M. J a g e r , a n d F . M. J a g e r a n d E . R o s e n b o h m , 
t h e sp . h t . d a t a ind ica te t h e ex is tence of four e n a n t i o t r o p i c or a l lotropic forms . 
There a re transit ion points a t 1035°, 1200°, a n d 1500°. T h e t r u e sp . h t . , Cp9 of 
r u t h e n i u m is : 

C, 

Cx 

o° 
0-OS51 

1100° 
0 0 6 6 5 

100° 
0 0 5 6 7 
1200° 

O-0730 

200° 
0 0 5 8 3 
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T h e resu l t s for t h e co r r e spond ing a t o m i c h e a t s a re p l o t t e d in F ig . 1. A. H . S t u a r t 
d iscussed t h e re la t ion b e t w e e n t h e s p . 
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F i o . 1.—The Specific H e a t of R u t h e n i u m . 

h t . a n d t h e e las t ic c o n s t a n t s . T h e 
sp . h t . of t h e ct-form be tween 0° 
a n d 1000° c a n be r ep re sen ted b y 
0 ^ 0 - 0 5 5 0 6 6 + 0 - 0 4 1 6 1 6 7 6 A . T h e 
sp . h t . be tween 1000° a n d 1070°, 
Cv = 0-070641 + O-O3579O5(0 — 1000) 
—O-O575736(0 —1000)*. T h e sp . h t . 
of t h e £- form, be tween 1070° a n d 
1200°, is Cp-=0-062078+0-0 540379/9 ; 
t h a t of t h e y - f o r m , be tween 1200° a n d 
1400°, is ^ = 0 - 0 5 5 9 4 9 + 0 - O 4 1 4 2 3 8 0 ; 
a n d t h a t of t h e S-form, b e t w e e n 
1400° a n d 1604°, is C p = 0 0 7 4 6 1 5 
-fO-O354752(0 — 1400) — OO53187(0 
— 1000)2. The atomic heat of the 
ct-form a t a b o u t 200° is SR ; a t 
1000°, 7-184 CaIs. p e r g r a m - a t o m , a n d 
T h e a t . h t . of t h e £- form a t 1070° is t h e va lue rises t o a m a x i m u m of 8*25 CaIs. 

6-313 CaIs. ; a n d t h a t of t h e y- form is 7-722 CaIs. a t 1400°, r is ing t o 10-3 CaIs. p e r 
g r a m - a t o m a t 1500°. 

J . L . Byer s s t u d i e d t h e b e h a v i o u r of t h e m e t a l on cupe l la t ion . Af ter o s m i u m , 
r u t h e n i u m is cons idered t o be t h e leas t fusible of t h e p l a t i n u m m e t a l s . 
H . S t . C Devil le a n d H . D e b r a y obse rved t h a t smal l q u a n t i t i e s c a n be fused in t h e 
t o p of t h e o x y h y d r o g e n flame ; a t t h e s a m e t i m e , t h e smell i nd ica te s t h a t some 
m e t a l is volat i l ized a s i t is oxidized. A. J o I y sa id t h a t t h e m e t a l c a n be r ead i ly 
fused in t h e electric a r c , a n d t o avo id loss b y vo la t i l i za t ion , t h e h e a t i n g shou ld be 
r ap id . A blue superficial film of ox ide is fo rmed on t h e m e t a l . Th i s c a n be 
r e m o v e d b y h e a t i n g i t in h y d r o g e n . A. J o I y t h o u g h t t h a t t h e m e l t i n g point 
exceeds 1950°. W . R . M o t t e s t i m a t e d t h e m . p . t o be 2400° ; W . Gue r t l e r a n d 
M. Pirani," a n d F . E . Car te r , 2450°. T. Carnel ley s t u d i e d t h e re la t ion b e t w e e n t h e 
m . p . a n d t h e t h e r m a l expans ion . Accord ing t o H . Moissan, t h e m e t a l vola t i l izes 
in t h e electr ic a r c fu rnace , a n d t h e v a p o u r condenses in d rop le t s which fo rm 
hoppe r - shaped cubes , or cub ic c rys t a l s en tremies—1. 1 1 , 3 . W . Crookes obse rved 
a loss of 25 per cen t , in 8 h r s . w h e n r u t h e n i u m is h e a t e d a t 1300° in a i r . Th i s is 
due t o t h e fo rma t ion of a vola t i le ox ide . T h e c o m p a r a t i v e vo la t i l i ty a t 1300° is 
100 t imes t h a t of p l a t i n u m , a n d one-fifth t h a t of o s m i u m . W . R . M o t t e s t i m a t e d 
t h e boi l ing point t o be 4500°, b u t t h i s n u m b e r is genera l ly cons idered t o be 2000° 
t o o high. F . E . Ca r t e r g a v e 2520° for t h e b . p . J . W . R i c h a r d s e s t i m a t e d 46 ca ls . 
pe r g r a m for t h e l a tent h e a t of fus ion ; o r 26 ki lojoules p e r g r a m - a t o m ; a n d t h e 
l a t e n t h e a t of vapor izat ion , 10 ki lojoules p e r g r a m - a t o m . T h e h e a t of t r a n s ­
format ion for t h e < x ^ 8 - f o r m s is 0-69 CaL p e r g r a m - a t o m a t 1035°. M. R a b i n o v i t s c h 
s tud ied t h e glow on h e a t i n g t h e finely-divided m e t a l . A . D . v a n R i e m s d i j k 
observed n o flashing on cupe l l a t ion . Gr. N . Lewis a n d co-workers ca l cu la t ed 6*8 
t o 6-9 Cals. for t h e entropy of r u t h e n i u m a t 25° ; E . D . E a s t m a n , b y different 
m e t h o d s , ca lcu la ted 6-9 t o 7-9 cals . a t 25° . R . D . K l e e m a n e s t i m a t e d t h e i n t e r n a l 
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e n e r g y a n d e n t r o p y . T h e sub jec t w a s s t u d i e d b y W . H e r z , K . K . Ke l ley , a n d 
E . K o r d e s . 

F . F r i t z sugges t ed t h e a p p l i c a t i o n of r u t h e n i u m for f i l aments i n i n c a n d e s c e n t 
l a m p s . M a n y of t h e e a r l y o b s e r v a t i o n s o n t h e s p e c t r u m of r u t h e n i u m a r e of l i t t le 
v a l u e because t h e r u t h e n i u m e m p l o y e d i n t h e w o r k w a s c o n t a m i n a t e d w i t h o t h e r 
m e m b e r s of t h e p l a t i n u m fami ly . As a consequence , l ines a t t r i b u t e d t o r u t h e n i u m 
be long t o o t h e r m e t a l s of t h e fami ly—e .g . F . McClean, 2 C E . Gissing, e t c . T h e 
spark s p e c t r u m w a s obse rved b y E . D e m a r c a y , A. B r a m l e y , G. Ka i l , A. Gr. Shen-
s t o n e , L . A . S o m m e r , W . F . Meggers a n d co-workers , F . E x n e r a n d E . H a s c h e k , 
W . E . A d e n e y , a n d J . M. E d e r a n d E . V a l e n t a . T h e m o s t i n t ense l ines of t h e 
s p a r k s p e c t r u m a re : 2402-80, 2678-80, 2692-18, 2712-49, 2734-41, 2945-79, 2965-70, 
2976-7O, 3661-58, 3790-71 , 3799-02, 3799-48, 4080-82, 4 2 0 0 0 9 , 4372-40, a n d 4554-74. 
E . D e m a r c a y obse rved t h a t t h e s p a r k i n g of soln. of r u t h e n i u m sa l t s furn ishes a 
b a n d s p e c t r u m . H . A. R o w l a n d a n d R . R . T a t n a l l , F . E x n e r a n d E . H a s c h e k , 
J . M. E d e r a n d E . V a l e n t a , a n d A. H a g e n b a c h a n d H . K o n e n obse rved t h e arc 
s p e c t r u m . T h e a r c s p e c t r u m shows a g r e a t n u m b e r of feeble lines ; H . K a y s e r 
m e a s u r e d 1900 of t h e m . T h e m o s t i n t ense l ines of t h e a r c s p e c t r u m a re a t 3417-50, 
3428-50, 3436-87, 3499-09, 3593-18, 3596-31 , a n d 4080-73. Accord ing t o J . F o r -
m a n e k , t h e s t r o n g e s t of t h e g reen l ines in t h e vis ible a r c s p e c t r u m a re 5636, 556O, 
5 5 1 1 , 5455, a n d 5 4 0 1 — F i g . 2. T h e a r c s p e c t r u m w a s s t u d i e d b y W . F . Meggers . 
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FlG. 2. Arc S p e c t r u m of R i i t h e r d u m . 

T h e u l t ra -v io le t s p e c t r u m w a s obse rved b y F . E x n e r a n d E . H a s c h e k , a n d 
G. K a i l . W . v o n B o l t o n e x a m i n e d t h e s p e c t r u m of t h e c a t h o d e l ight e m i t t e d b y 
r u t h e n i u m e lec t rodes in e lec t ro lyses w i t h s t r o n g c u r r e n t s . W . J . H u m p h r e y s 
m e a s u r e d t h e d i s p l a c e m e n t of t h e l ines b y pressure ; J . E . P u r v i s , and L. A. S o m m e r , 
t h e effect of a magnetic field—the Z e e m a n effect ; a n d J . N . L o c k y e r e n u m e r a t e d 
t h e enhanced l ines . W . Ger lach a n d K . R u t h a r d t d i scussed t h e m o s t sens i t ive 
l ines for t h e recogn i t ion of r u t h e n i u m . C. P . S n y d e r , L . A. S o m m e r , O. L a p o r t e , 
E . P a u l s o n , M. K i m u r a a n d G. N a k a m u r a , a n d C. C. Kies s a n d O. L a p o r t e s t u d i e d 
t h e s tructure Of t h e spec trum a n d o b s e r v e d m a n y regu la r i t i e s in t h e f requencies 
of t h e l ines of r u t h e n i u m . 

L . H . G. Clark a n d E . Cohen , a n d W . F . Meggers a n d O. L a p o r t e s t u d i e d t h e 
u n d e r w a t e r absorpt ion s p e c t r u m of r u t h e n i u m v a p o u r . Accord ing t o E . F o r -
m a n e k , c o n e , b rowni sh - r ed , a q . soln. of r u t h e n i u m chlor ide show a r ed a b s o r p t i o n 
s p e c t r u m ; l igh t is a b s o r b e d in t h e o t h e r p a r t s of t h e s p e c t r u m . W i t h di l . 
soln . , t h e r e a r e a b s o r p t i o n b a n d s in t h e viole t , a n d in t h e grocn a t a b o u t 4925 . 
R u t h e n i u m soln. d o n o t r e a c t w i t h a l k a n n a t i n c t u r e . T h e a b s o r p t i o n s p e c t r a of 
sa l t soln. were s t u d i e d b y M. P e s t e m e r a n d P . B e r n s t e i n , a n d R . Samue l a n d 
A. R . R . D e s p a n d e . 

T h e If-series of t h e X - r a y s p e c t r u m of r u t h e n i u m w a s found b y S. K . Al l i son , 3 

P . A u g e r a n d A. Dauvi l l i e r , B . E d l e n , D . Coster , A. Le ide , F . H . Lo r ing , F . K . R i e h t -
m y e r a n d S. K a u f m a n , P . A . R o s s , M. S i egbahn , A. Sommer fe ld , E . W i l h e l m y , a n d 
J . H . Wi l l i ams t o e x h i b i t t h e l ines a l C L=0-641735 , <x 2 a '=0-0646058, A ) 8 = 0 - 5 7 1 3 1 4 , 
£ 2 y = 0 - 5 6 0 5 1 4 , a n d £ 3 = 0 - 5 7 1 9 3 0 . M. S i egbahn , E . F r i m a n , a n d A. Sommer fe ld 
a lso r e p o r t e d t h e l ines i n t h e i - s e r i e s : a.jo.= 4-83567, a 2 a / = 4 - 8 4 3 6 7 , a.3a." —4-818, 
Zc=5-4864, £ n = : 4 * 1 6 4 8 , Z m = 4 - 3 5 7 7 > ^ 1 )S=4-61IOO, £ 2 y = : 4 - 3 6 1 9 , ^ = 4 - 4 7 6 7 , £4</, 
= 4*5126, £ 6 ' = 4 - 4 7 6 4 , y 1 8 = 4 - 1 7 2 8 2 , y 2 _ 3 X = 3 - 8 8 7 9 , a n d y 5 K = 4 - 2 7 6 6 . O b s e r v a t i o n s 
o n t h e X-series were also m a d e b y F . K . a n d R . D . R i c h t m y e r , F . R . I I i r sh a n d F . K . 
R i c h t m y e r , J . Zah redn icek , M. J . D r u y v e s t e y n , A. J o n s s o n , a n d G. D . v a n D y k e 
a n d G. A. L i n d s a y . E . A m a l d i a n d co -worke r s , I . Kur tschatofT a n d c o - w o r k e r s . 



5 0 6 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

T. H . N e w m a n a n d H . J . W a l k e , H . J . W a l k e , a n d E . F e r m i a n d co -worke r s 
s t u d i e d t h e artificial radioact iv i ty of r u t h e n i u m ; H . B . W a h l i n , t h e e m i s s i o n of 
pos i t ive i o n s ; a n d D . Cos ter a n d F . P . Mulde r , a n d S. B jo rek , X - r a y levels . 

G. I i . L o c h e r 4 s t u d i e d t h e photo -e l ec tr i c effect ; T . P a v o l i n i , t h e p h o t o ­
sens i t i v i ty ; a n d N . Pil tschikoff, t h e Moser rays . 

C. Bened icks 5 o b s e r v e d t h a t t h e e lectr ica l conduct iv i ty of r u t h e n i u m is 
6-9 X 1O - 4 m h o p e r c m . c u b e a t 18°. F . M. J a g e r a n d E . R o s e n b o h m o b s e r v e d t h e 
following va lues for t h e e lec t r ica l r e s i s t ance , Ii o h m s , of a wire 0-3 m m . d i a m e t e r 
a n d 17 c m s . in l e n g t h , on a r i s ing t e m p . : 

660° 780° 790° 850° 805° 910° 970° 1040° 1 14(T 1230° 

R . 0-394 0-475 0-483 0-522 0-533 0-566 0-618 0-693 0-782 0-857 

a n d on a fall ing t e m p . : 
12TO° 1 1 5 0 ° 1 1 0 0 ° 1 0 7 0 ° 9 8 0 ° 9 4 0 ° 8 9 0 ° 8 2 0 ° 7 4 0 ° CCO° 

R . 0-854 0-810 0-772 0-734 0-647 0-607 0-563 0-513 0-641 0-410 

T h e r e is a t u r n i n g p o i n t in t h e s lopes of t h e t w o c u r v e s b e t w e e n 1.000° a n d 1100°. 
A c c o r d i n g t o L . P . Oai l le tet a n d E . Col la rdeau , a n d M. B e r t h el o t , if t w o silk b a g s 
of t h e s p o n g y m e t a l be a r r a n g e d w i t h t w o wires so t h a t t h e b a g s of m e t a l c a n b e 
m a d e a n o d e a n d c a t h o d e whi l s t i m m e r s e d in dil . s u l p h u r i c ac id (1 : 10), a n d a n 
e lectr ic c u r r e n t be passed un t i l t h e m e t a l s in b o t h b a g s a r e s a t u r a t e d w i t h gases , 
t h e n , w h e n t h e bags of m e t a l a r e p l aced in c o m m u n i c a t i o n , a k i n d of gas b a t t e r y 
is fo rmed which furn ishes a n e lec t r ic c u r r e n t for a few seconds . T h e c a p a c i t y of 
t h e a c c u m u l a t o r is i nc reased b y p ress . D u r i n g t h e c h a r g i n g of t h e a c c u m u l a t o r , 
t h e r u t h e n i u m a t t h e a n o d e is a t t a c k e d , so t h a t a b r o w n l iqu id is f o r m e d i n t h e 
v ic in i ty of t h a t e l ec t rode . J . C. M c L e n n a n a n d co -worke r s found t h a t t h e elec­
t r i ca l r e s i s t ance r e m a i n s h igh f rom o r d i n a r y t e m p . , d o w n t o t h a t of l iqu id h e l i u m ; 
b e t w e e n —268-8° a n d —270-7°, t h e c o n d u c t i v i t y r ises s h a r p l y , inc reas ing ove r 
100-fold ove r t h i s s h o r t t e m p , r a n g e ; be low —270-7°, t h e r e s i s t ance dec reases 
on ly s l ight ly a s t h e t e m p , is lowered , b u t a t 270-96°, t h e res i s t ance s u d d e n l y d i s ­
a p p e a r s , a n d t h e m e t a l becomes s u p e r c o n d u c t i n g . A. Schulze , a n d W . Meissner 
a n d B . Voig t s t u d i e d t h e r e s i s t ance a t low t e m p . ; P . W . B r i d g m a n , t h e effect of 
p ress . ; a n d F . S imon , t h e t h e o r y of c o n d u c t i v i t y . C E . M e n d e n h a l l a n d 
L . R . Ingerso l l obse rved t h a t sma l l g lobules of m e t a l o n a N e r n s t ' s g lower m o v e 
a g a i n s t t h e c u r r e n t , "whereas r h o d i u m , p l a t i n u m , p a l l a d i u m , a n d i r i d i u m m o v e 
w i t h t h e c u r r e n t . R . H . A t k i n s o n s t u d i e d t h e e lec t ro ly t i c t r ans fe r of r u t h e n i u m 
w i t h fused a lka l i ch lor ides as e lec t ro ly tes ; J . A . V. B u t l e r a n d co -worke r s , t h e 
o x i d a t i o n p o t e n t i a l ; a n d A. Thie l a n d W . H a m m e r s c h m i d t , t h e o v e r - v o l t a g e of 
h y d r o g e n . F . M. J a g e r a n d E . R o s e n b o h m m e a s u r e d t h e thermoe lec tr i c force of 
purif ied r u t h e n i u m a g a i n s t purif ied p l a t i n u m , a n d f o u n d t h a t w i t h t h e cold j u n c t i o n 
a t 0° , t h e t he rmo-e l ec t r i c force, E m i c r o v o l t s , b e t w e e n 400° a n d 1600°, 

0 ° 4 0 0 ° 6 0 0 ° 8 0 0 ° 10UO0 1 2 0 0 ° 140O° 1 0 0 0 ° 
E . O 3,867 6 ,733 10,097 13,951 18,317 22 ,991 27 ,978 

T h e d a t a give no ev idence of a n a l lo t rop ic c h a n g e . T h e resu l t s c a n b e r e p r e s e n t e d 
b y i i r ^6 -06104^ - f 0 - 0 1 1 2 0 1 4 ^ 2 _ o - 0 5 6 6 6 3 ^ 3 + O O s 4 6 6 4 ^ 4 _ o - 0 1 1 1 3 0 3 6 ^ 6 ; a n d con­
verse ly , ^=00135635^—0-0 4 110538J5 , 2_ j_o -0 9 7949^3~0-0 1 3 29425£ , 44_o .0 1 8 4129^6 . 
T h e resu l t s agree w i t h t h o s e of A. L . D a y a n d R . B . S o s m a n . 

Accord ing t o t h e o lder obse rve r s , r u t h e n i u m is p a r a m a g n e t i c . M. O w e n 
o b t a i n e d 0-895 X 10~ 6 m a s s u n i t for t h e m a g n e t i c suscept ib i l i ty a t r o o m t e m p . 
T h e v a l u e increases a l i t t l e w i t h r ise of t e m p . K . H o n d a m a d e s o m e o b s e r v a t i o n s 
on t h e m a g n e t i c p r o p e r t i e s of r u t h e n i u m a n d g a v e 0*56 X 1 O - 6 m a s s u n i t . 
B . C a b r e r a a n d A. D u p e r i e r g a v e R u " = 1 9 1 2 x 1O-** c.g.s. u n i t s . A . N . G u t h r i e 
a n d L . T . B o u r l a n d found t h a t t h e p a r a m a g n e t i c su scep t ib i l i t y inc reases w i t h 
t e m p , u p t o 427°. C. S a d r o n d i scussed t h e m a g n e t i c m o m e n t of r u t h e n i u m . 
F . H . Lo r ing s t u d i e d t h e sub jec t . __ 
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Science Papers Bur. Standards, 4 9 9 , 1 9 2 5 ; Chem. News, 1 3 2 . 6 , 1 9 2 6 ; W . F . M e g g e r s a n d 
C C. Kliess , Journ. Amer. Opt. Soc, 1 2 . 4 1 7 , 1 9 2 6 ; W . F . M e g g e r s a n d O. L a p o r t e , Phys. Rev., 
( 2 ) , 2 8 . 6 4 2 , 1 9 2 6 ; Science, ( 2 ) , 6 1 . 6 3 5 , 1 9 2 5 ; Journ. Washington Acad., 1 6 . 1 4 3 , 1 9 2 6 ; 
W . F . M e g g e r s a n d A . G. S h e n s t o n e , Phys. Rev., (2 ) , 3 5 . 8 6 8 , 193O ; E . P a u l s o n , Phys. Zeit., 
16 . 8 1 , 1 9 1 5 ; M . P e s t e m e r a n d P . B e r n s t e i n , Zeit. anorg. Chem., 2 2 3 . 1 2 1 , 1 9 3 5 ; J . E . P u r v i s , 
Proc Cambridge Phil. Soc, 1 3 . 3 2 5 , 1 9 0 6 ; Proc Chem. Soc, 2 1 . 2 4 1 , 1 9 0 5 ; H . A . R o w l a n d , 
Preliminary Table of Solar Spectrum Wave-lengths, C h i c a g o , 1 8 9 8 ; M. A . R o w l a n d a n d 
R . R . T a t n a l l , Astrophys. Journ., 3 . 2 8 6 , 1 8 9 6 ; R . S a m u e l a n d A . R . R . D e s p a n d e , 
Zeit. Physik, 8 0 . 3 9 5 , 1 9 3 3 ; A . G . S h e n s t o n e , Phys. Rev., ( 2 ) , 3 5 . 8 6 8 , 1 9 3 0 ; C. P . S n y d e r , 
Astrophys. Journ., 14 . 1 7 9 , 1 9 0 1 ; L . A . S o m m e r , Zeit. Physik, 3 7 . 1, 1 9 2 6 ; 4 5 . 147 , 1 9 2 7 ; 
Naturwiss., 1 3 . 8 4 0 , 1 9 2 5 . 

8 S . K . A l l i s o n , Phys. Rev., ( 2 ) , 4 4 . 6 3 , 1 9 3 3 ; E . A m a l d i , O . d ' A g o s t i n o , E . F e r m i , 
B . P o n t e c o r v o , F . R a s e t t i a n d E . S e g r e , Proc Roy. Soc, 1 4 9 . A , 5 2 2 , 1 9 3 5 ; P . A u g e r a n d 
A . D a u v i l l i e r , Compt. Rend.9 176 . 1 2 9 7 , 1 9 2 3 ; S. B j o r e k , Zeit. Physik, 5 3 . 2 2 8 , 1 9 2 9 ; 
L>. C o s t e r , Phil. Mag., ( 6 ) , 4 3 . 1 0 7 0 , 1 9 2 2 ; D . C o s t e r a n d F . P . M u l d e r , ' Z e i t . Physik, 3 8 . 2 6 4 , 
1 9 2 6 ; M. J . I > r u y v e s t e y n , ib., 4 8 . 7 0 7 , 1 9 2 7 ; G . D . v a n D y k e a n d G . A . L i n d s a y , Phys. 
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Rev., (2), 29. 205, 1927 : (2), 30. 562, 1927 ; B . EdMn, Zeit. Physik, 52. 364, 1928 ; E . F e r m i , 
E . Amaldi , O. d 'Agostino, F. Rase t t i and E . Segr6, Nuovo Cimento, 11. 429, 442, 1934 ; Proc. 
Roy. Soc., 146. A, 483, 1934 : E . F r i m a n , Phil. Mag., (6), 32. 497, 1916 ; F . R . Hi r sh a n d 
F . K . Rich tmyer , Phys. Rev., (2), 44. 955, 1933 ; A. Joneeon, Zeit. Physik, 41. 221, 1927 ; 
1. Kurtsehatoff, L. Nemenoff a n d J . Selinoff, Compt. Rend., 200. 2162, 1935 ; A. Leide, Compt. 
Rend., 180. 1203, 1 9 2 5 ; Zeit. Physik, 39. 686, 1 9 2 6 ; F . H . Loring, Chem. News, 134. 49, 
1927 ; F . KL. R ich tmyer and S. K a u f m a n , Phys. Rev., (2), 44. 605, 1933 ; F . H . N e w m a n a n d 
H . J . Walke, Phil. Mag., (7), 19. 661, 1935 ; F . K. and R. IX R ich tmyer , Phys. Rev., (2), 84. 574, 
1929 ; P . A. Ross , ib., (2), 44. 977, 1933 ; M. Siegbahn, Jahrb. Rad. Elektron., 18. 240, 1921 ; 
A. Sommerfeld, Atombau und Speklrallinien, Braunschweig, 1922 ; H . B . Wahl in , Phys. 
Rev., (2), 37. 467, 1931 ; H. J . Walke , Phil. Mag., (7), 19- 878, 1935 ; E . Wilhelmy, Phys. Rev., (2), 
46. 130, 1934; J. H . Wil l iams, ib., (2), 44. 146, 1933 ; «J. Zahradnicek , Zeit. Physik, 60. 712, 1930. 

4 G. L. Lochor, Phys. Rev., (2), 40. 484, 1 9 3 2 ; T. Pavol ini , Ind. Chimica, 5. 1107, 1 9 3 0 ; 
N . PiltschikofF, Phys. Zeit., 7. 69, 1906. 

6 R. H . Atkinson, Trans. Faraday Soc, 26. 490, 1930 ; C. Benedicks, Zeit. Metallkunde, 7. 
225, 1915 ; M. Ber the lo t , Compt. Rend., 119. 834, 1894 ; P . W. Br idgman , Proc. Amer. Acad., 
68. 27, 1933 ; J . A. V. But le r , W. E . H u g h and 13. H . May, Trans. Faraday Soc., 22. 24, 1926 ; 
B . Cabera and A. Duper ier , Compt. Rend., 185. 414, 1927 ; L.. P . Cailletet and E . Collardeau, 
ib., 119. 830, 1894 ; A. L. D a y and R. B. Sosman, Publ. Carnegie Inst. Washington, 157, 1911 ; 
A. N . Guthr ie and L. T. Bour land, Phys. Rev., (2), 37. 303, 1931 ; K. H o n d a , Ann. Physik, (4), 
32. 1027, 1910 ; F . M. J a g e r and *E. Rosenbohm, Proc. Akad. Amsterdam, 34. 85, 1931 ; 
V. Ji. Lor ing, Chem,. News, 109. 121, 133, 1 9 1 9 ; J. C. McLennan , Nature, 125. 168, 1 9 3 0 ; 
J . C. McLennan , J. F . Allen and J . O. Wilhelm, Trans. Roy. Soc. Canada, (3), 23. 283, 1929 ; 
(3), 25. 13, 1931 ; W. Meissner and B. Voigt, Ann. Physik, (5), 7. 892, 1930; C. K. Mendenhal l 
and L. R. lngersoll , Phil. Mag., (6), 15. 205, 1908 ; M. Owen, Ann. Physik, (4), 37. 457, 1912 ; 
C. Sadron , Compt. Rend., 193. 1070, 1931 ; Ann. Physique, (10). 17. 371, 1 9 3 2 ; A. Schulze, 
Zeit. Metallkunde, 15. 39, 1 9 2 3 ; F . Simon, Zeit. phys. Chem., 109. 136, 1 9 2 4 ; A. Thiol and 
W. H a m m e r s c h m i d t , Zeit. anorg. Chem., 132. 15, 1923. 

§ 4. The Chemical Properties of Ruthenium 
P. M. Niccolini x studied the odour of the elements. IJ. P. Cailletet and 

E. Collardeau observed that if a current be passed through electrodes of spongy 
ruthenium in dil. sulphuric acid, until both electrodes are saturated with gases, 
and the two electrodes then placed in electrical communication, a kind of gas 
battery is formed. Under atm. press., the discharge lasts a short time, and the 
duration is increased by press. M. Berthelot studied the subject. E. Miiller and 

K. Schwabe found that of the hydrogen taken up by 
reduced ruthenium, 100 per cent, is irreversibly absorbed 
or chemically combined. E. Miiller and K. Schwabe 
studied the subject. A. Gutbier and W. Schieferdecker 
observed that the absorption isobars, Fig. 3, are linear, 
and indicate but a slight absorption, although the gas 
is driven off only by heating the system at 650°. 

o° 40" so" 720" 760" H R e m y a n d co-workers, K. A. Hofmann, and 

Sy8*teTna0bRu-Hf . t h 0 K * A ' H ° f m a n n and O. Schneider observed that the 
2* catalytic activity of the platinum metals in the oxidation 

of hydrogen in the presence of sodium chlorate soln. decreases in the order Pt, 
Kh, Ru, Pd, Au, Os, Ir, Ag. C. Claus stated that the affinity of ruthenium for 
oxygen is greater than that of any other metal of the platinum family with the 
sole exception of osmium. 

Lu Wohler and co-workers observed that ruthenium is the most easily oxidized 
of the platinum metals. According to H. St. C. Deville and H. Debray, and 
H. Debray and A. JoIy, ruthenium is not oxidized by air or oxygen at ordinary 
temp. ; but at a bright red-heat, it acquires a blue, superficial film of oxide ; when 
fused in the oxyhydrogen flame, it rapidly oxidizes, and gives off black fumes of oxide 
which has a smell characteristic of ruthenium tetroxide. F. E. Carter said that 
if finely divided, the metal begins to oxidize to bluish RuO2 at 600°, and the oxide 
is partially decomposed at 1000° into ruthenium and oxygen ; in a current of 
oxygen some ruthenium tetroxide is formed. A. Gutbier and co-workers observed 
that when finely-divided ruthenium is heated in oxygen, there is a vigorous reaction, 

n I 
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a n d r u t h e n i u m d iox ide is f o rmed be low 600° ; a b o v e t h a t t e m p . , t h e v a p o u r of 
r u t h e n i u m t e t r o x i d e is p r o d u c e d , a n d t h i s decomposes i n t o t h e d iox ide a n d o x y g e n 
be low 600° . T h e p r e v i o u s ign i t ion of r u t h e n i u m in h y d r o g e n lowers t h e speed of 
o x i d a t i o n . T h e fused m e t a l , l ike p l a t i n u m , r h o d i u m , i r i d i u m , a n d si lver , sp i t s on 
cool ing. F . C. Ph i l l ips p l a c e d t h e p l a t i n u m m e t a l s in t h e o r d e r of dec r ea s ing 
c a t a l y t i c a c t i v i t y : Os, P d , P t , R u , I r , R h , a n d A u in c a t a l y z i n g t h e o x i d i z a t i o n 
of h y d r o g e n ; a n d H . R e m y a n d B . Schaffer s t u d i e d t h e sub jec t . G. R . L e v i 
s t u d i e d t h e effect of r u t h e n i u m o n t h e d e c o m p o s i t i o n of h y d r o g e n perox ide ; 
a n d H . R e m y a n d H . G o n n i n g t o n , t h e h y d r o g e n - o x y g e n r eac t ion . E . Le id ie 
a n d Ja. Quennes sen f o u n d t h a t m o l t e n s o d i u m dioxide oxidizes i t t o a so luble 
s o d i u m r u t h e n a t e . 

H . Moissan obse rved t h a t p o w d e r e d r u t h e n i u m is a t t a c k e d b y fluorine be low 
a r e d - h e a t fo rming a vo la t i l e fluoride whose v a p o u r is v e r y dense . O. Ruff sa id 
t h a t t h e a t t a c k b y fluorine beg ins a t a b o u t 300°. A . «Toly found t h a t ch lor ine 
a t t a c k s t h e f inely-divided m e t a l a t 360° , a n d O. Ruff sa id t h a t t h e a t t a c k beg ins 
a b o v e 200°. T h e r eac t ion , sa id A . J o I y , is i n c o m p l e t e , b u t if t h e m e t a l be m i x e d 
w i t h s o d i u m chlor ide , or if t h e ch lor ine be m i x e d w i t h c a r b o n d iox ide , t h e r e a c t i o n 
is q u a n t i t a t i v e . I n t h e fo rmer case , p o t a s s i u m c h l o r o r u t h e n a t e is fo rmed . 
H . R e m y a n d T. W a g n e r found t h a t whi le ch lo r ine a lone a t t a c k s r u t h e n i u m on ly 
p a r t i a l l y , w i t h a m i x t u r e of ch lor ine a n d c a r b o n m o n o x i d e , a t t e m p , exceed ing 
r ednes s , t h e r eac t i on is c o m p l e t e . If t h e r e su l t i ng t r i ch lo r ide be r e d u c e d t o m e t a l , 
i t c a n be c o m p l e t e l y c h l o r i n a t e d b y ch lor ine a lone , in t h e absence of c a r b o n 
m o n o x i d e . I n a g r e e m e n t w i t h W . M a n c h o t a n d J . K!6nig, i t is a s s u m e d t h a t t h e 
c a r b o n m o n o x i d e p r o m o t e s t h e r eac t ion b y e x e r t i n g a d i s i n t e g r a t i n g effect on t h e 
solid p h a s e s . If o x y g e n be j>rcsent in t h e chlorines, t h e t r i ch lo r ide first f o rmed is 
c o n v e r t e d i n t o t h e d iox ide , b u t c a r b o n m o n o x i d e , b y c o m b i n i n g w i t h t h e o x y g e n , 
p r e v e n t s t h i s . C. E . S c h o n b e i n found t h a t ch lor ine w a t e r a t t a c k s t h e m e t a l . 
O. Ruff obse rved t h a t t h e m e t a l is a t t a c k e d b y b r o m i n e b e t w e e n 300° a n d 700° . 
C Claus found t h a t r u t h e n i u m is n o t a t t a c k e d b y ac ids , a n d a q u a reg ia d issolves 
i t v e r y s lowly. C. A. M a t i g n o n found t h a t hydroch lor ic ac id in t h e p resence of 
o x y g e n a t t a c k s t h e m e t a l a t o r d i n a r y t e m p . , a n d a t 125°, in a sealed t u b e , t h e 
a t t a c k is c o m p l e t e . A. M. Vasileff o b s e r v e d t h a t , a s in t h e case of p l a t i n u m , 
r u t h e n i u m b lack is a t t a c k e d b y h y d r o c h l o r i c ac id in a i r . A c c o r d i n g t o C. E . Schon 
bein , E . K . E r i t z m a n , E . !Leidie a n d L . Quennes sen , a n d J . TJ. H o w e a n d F . N . Mercer , 
t h e m e t a l is r ead i ly a t t a c k e d b y a lka l i h y p o c h l o r i t e s , a n d r u t h e n i u m d iox ide is 
fo rmed . J . Li. H o w e a n d F . N . Mercer also n o t e d t h a t f ine ly-divided r u t h e n i u m 
is r ead i ly soluble in cone , a lka l ine soln. of h y p o c h l o r i t e s , t h e s o d i u m sa l t be ing 
m o r e effective t h a n t h e p o t a s s i u m sa l t , a n d i t is poss ib le t o s e p a r a t e r u t h e n i u m 
f rom t h e o t h e r p l a t i n u m m e t a l s , e x c e p t o s m i u m , b y t h i s m e a n s . T h e h y p o c h l o r i t e 
oxidizes r u t h e n i u m t o t h e t e t r o x i d e ; a n d t h e a lka l i c o n v e r t s i t i n t o r u t h e n a t e . 
W . R . Crowell a n d co -worker s o b s e r v e d t h e c a t a l y t i c effect of r u t h e n i u m sa l t s on 
t h e r e d u c t i o n of perchlor ic ac id b y h y d r o g e n b r o m i d e . 

A c c o r d i n g t o H . S t . C. Devi l le a n d H . D e b r a y , su lphur does n o t u n i t e d i rec t ly 
w i t h r u t h e n i u m , b u t if t h e m e t a l is h e a t e d w i t h a m i x t u r e of b o r a x a n d i ron d i su l -
phide , r u t h e n i u m su lph ide , R u S 2 , is f o rmed . G. R . L e v i a n d M. F a l d i n i sa id t h a t 
t h e p resence of r u t h e n i u m inc reases t h e a c t i v i t y of p l a t i n u m as a c a t a l y s t in t h e 
o x i d a t i o n of su lphur d iox ide . U n l i k e r h o d i u m , p a l l a d i u m , a n d i r i d ium, r u t h e n i u m 
is n o t a t t a c k e d b y fused p o t a s s i u m hydrosu lphate . M. F . Schur ig in , a n d 
W . S t r e c k e r a n d M. F . S c h u r i g i n o b s e r v e d t h a t r u t h e n i u m is a t t a c k e d b y p h o s ­
p h o r u s tr ichloride a t 300° , a n d also b y p h o s p h o r u s pentachlor ide , w i t h t h e 
f o r m a t i o n of R U 2 P B C I 1 9 ; s imi la r ly w i t h p h o s p h o r u s pentabromide . H . Wolb l ing 
s t u d i e d t h e a d s o r p t i o n of r u t h e n i u m b y a c t i v a t e d c a r b o n . L.. M o n d a n d co-workers 
f o u n d t h a t r u t h e n i u m is a t t a c k e d b y c a r b o n m o n o x i d e a t 300°, u n d e r 350 t o 
450 a t m . p ress . F i n e l y - d i v i d e d r u t h e n i u m a c t s c a t a l y t i c a l l y on a m i x t u r e of a i r 
a n d alcohol , fo rming a l d e h y d e a n d ace t i c ac id . F . F i s c h e r a n d co-workers f o u n d 
r u t h e n i u m t o be t h e m o s t a c t i v e of t h e p l a t i n u m m e t a l s a s a c a t a l y s t in r e d u c i n g 
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c a r b o n m o n o x i d e t o m e t h a n e . K . A. H o f m a n n a n d O. Schne ide r obse rved t h a t 
t h e c a t a l y t i c a c t i v i t y of t h e p l a t i n u m m e t a l s in t h e o x i d a t i o n of c a r b o n m o n o x i d e 
in t h e presence of a soln. of s o d i u m c h l o r a t e decreases in t h e o rde r Os, R h , A u , 
P t , R u , P d , I r , Ag. R . M o n d obse rved t h a t a t 400 a t m . press . , a n d 300° , finely-
d iv ided r u t h e n i u m forms a non-vo la t i l e c a r b o n y l w i t h c a r b o n m o n o x i d e . 
E . Miiller a n d W . Lioerpabel s t u d i e d i t s a c t i o n on formic ac id . Accord ing t o 
C. Claus, w h e n r u t h e n i u m is fused w i t h a m i x t u r e of p o t a s s i u m c y a n i d e a n d 
h y d r o x i d e , p o t a s s i u m r u t h e n o c y a n i d e is fo rmed . F . C. Ph i l l ips n o t e d t h a t 
r u t h e n i u m asbes tos f avou r s t h e o x i d a t i o n of hydrocarbons . Gr. F. H i i t t i g a n d 
E . Weissberger s t u d i e d t h e c a t a l y t i c decompos i t i on of m e t h y l a l c o h o l ; a n d 
H . St . C. Devi l le a n d H . D e b r a y , a n d E . Miiller a n d co-workers , f ormic ac id . 
J . O. L i n d e i n v e s t i g a t e d t h e so lub i l i ty of r u t h e n i u m in copper. 

P . G. E h r h a r d t obse rved t h a t a l i t h i u m - r u t h e n i u m a l loy is h a r d e r t h a n 
r u t h e n i u m a lone . H . S t . C. Devi l le a n d H . D e b r a y , a n d H . D e b r a y p r e p a r e d a 
copper -ruthen ium a l loy ; W . T r u t h e s t u d i e d t h e b e h a v i o u r of t h e s i l ver - ru then ium 
a l loy on cupe l la t ion , a n d also of t h e g o l d - r u t h e n i u m a l loy , a n a l loy also inves t i ­
g a t e d b y J . O. L»inde. H . S t . C Devi l le a n d H . D e b r a y obse rved t h a t r u t h e n i u m 
read i ly a l loys w i t h z i n c , fo rming a p r o d u c t wh ich crys ta l l izes i n h e x a g o n a l p r i s m s ; 
t h e m e t a l also a l loys w i t h t i n . T h e t i n - r u t h e n i u m a l loys c o n t a i n a c o n s t i t u e n t 
wh ich crystal l izes in c u b e s — t h o u g h t t o be r u t h e n i u m tr is tannide , R u S n 3 . 
H . D e b r a y observed t h a t r u t h e n i u m dissolves in m o l t e n lead . N o c o m p o u n d h a s 
been d e t e c t e d in t h e l e a d - r u t h e n i u m a l loys . T h e ba se m e t a l in t h e s e cases c a n 
be dissolved f rom t h e a l loys b y ac ids . N . Ageeff a n d M. Z a m o t o r i n s t u d i e d t h e 
diffusion of r u t h e n i u m in i r o n - r u t h e n i u m a l loys ; a n d F . W e v e r e x a m i n e d t h e 
effect of r u t h e n i u m on t h e t r a n s i t i o n po in t s of i ron . H . R e m y a n d H . Gronnington 
s t u d i e d t h e c a t a l y t i c effect on t h e h y d r o g e n - o x y g e n r eac t i on w i t h t h e s e a l loys a n d 
also with the ruthenium-cobalt alloys, and the ruthenium-nickel alloys. 
M. M. G o l d s m i t h a n d W . H . F a l c k sa id a n a l loy of r u t h e n i u m 75 pe r cen t . , t u n g s t e n 
17-5 pe r cen t . , a n d nickel 7-5 pe r cen t . , is a s u b s t i t u t e for o smi r id ium. 

C Claus found t h e m e t a l t o b e oxid ized b y fused p o t a s s i u m hydroxide ; a n d , 
a s s h o w n b y U . A n t o n y a n d A. Lucches i , t h e a t t a c k is v igorous in t h e p resence of 
p o t a s s i u m nitrate , or p o t a s s i u m chlorate ; a n d , as i n d i c a t e d a b o v e , i t is a t t a c k e d 
b y s o d i u m d iox ide . I n each case , a lka l i r u t h e n a t e is fo rmed . E . T iede a n d 
R . P i w o n k a s tud i ed t h e a l u m i n a r u t h e n i u m p h o s p h o r s . 

Some reactions of analytical interest.—Soln. of ruthenium trichloride when 
t r e a t e d w i t h hydrogen sulphide g ive no p r e c i p i t a t e a t first, b u t af ter s o m e t i m e , 
t h e l iquid becomes azu re -b lue , a n d b r o w n r u t h e n i u m su lph ide m i x e d w i t h s u l p h u r 
is p r ec ip i t a t ed . A d a r k b r o w n p r e c i p i t a t e is p r o d u c e d b y a m m o n i u m su lphide , 
a n d i t dissolves w i t h difficulty in a n excess of t h e r e a g e n t . B l a c k r u t h e n i u m 
h y d r o x i d e is p r e c i p i t a t e d f rom t h e soln. b y a lka l i hydrox ides , t h e p r e c i p i t a t e is 
soluble in ac ids b u t n o t in a lka l i lye . W h e n fused w i t h p o t a s s i u m h y d r o x i d e , w i t h 
or w i t h o u t p o t a s s i u m n i t r a t e or ch lo r a t e , p o t a s s i u m r u t h e n a t e is f o rmed w h i c h 
gives a b r o w n co lo ra t ion w i t h hyd roch lo r i c ac id . A soln. of t h e ch lor ide is first 
co loured b y z inc a zu re -b lue , a n d l a t e r , t h e soln. is decolor ized, a n d r u t h e n i u m itself 
is p rec ip i t a t ed . E . Le id ie a n d L . Quennes sen obse rved t h a t m a g n e s i u m a l so 
reduces t h e soln. t o m e t a l . I n t h e absence of o t h e r p l a t i n u m m e t a l s , p o t a s s i u m 
t h i o c y a n a t e p roduces g r a d u a l l y a r ed , a n d t h e n a p u r p l e , co lo ra t ion w h i c h b e c o m e s 
b lack w h e n t h e soln. is h e a t e d . W . S ing le ton 2 r e c o m m e n d e d t h e r e a c t i o n w i t h 
th iocarbamide o r th ioearbani l ide i n hyd roch lo r i c ac id a s a t e s t . J . H . Y o e 
obse rved t h a t a p i n k soln. is p r o d u c e d w i t h a m m o n i u m aurintr icar b o x y la te . 
Soln. of p o t a s s i u m iodide s lowly fo rm a b l a c k p r e c i p i t a t e . A soln . m a d e feebly 
a lka l ine w i t h s o d i u m c a r b o n a t e acqu i r e s a n o range-ye l low colour w h e n t r e a t e d 
w i t h p o t a s s i u m nitr i te , a n d t h e l iqu id becomes c a r m i n e - r e d on a d d i n g a l i t t l e 
colourless a m m o n i u m sulphide"; w i th m o r e a m m o n i u m su lph ide , r u t h e n i u m s u l p h i d e 
is p r e c i p i t a t e d . Accord ing t o M. C. L e a , if a d r o p of r u t h e n i u m t r i ch lo r ide is 
a d d e d t o a n a m m o n i a c a l soln. of s o d i u m th iosu lphate , a n d t h e m i x t u r e h e a t e d 
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for a few m i n u t e s , a p u r p l e - r e d co lour is p r o d u c e d . T h e l im i t s of t h e t e s t a r e 
a b o u t 1 p a r t in 100,000 p a r t s of soln. R . Gi lchr i s t o b t a i n e d a s imi l a r r e su l t w i t h 
thiourea—Li. Tschugaeff ' s t e s t for o s m i u m . V. N . Ivanoff sa id t h a t t h i o c y a n a t e s 
d o n o t g ive a defini te p r e c i p i t a t e w i t h r u t h e n i u m sa l t s . Boi l ing a so ln . of a 
r u t h e n i u m sa l t w i t h ph lorog luc ino l , a f te r t h e r u t h e n i u m soln . h a s b e e n m a d e 
a lka l ine w i t h p o t a s s i u m n i t r i t e , g ives a d e e p viole t ; a l ly l th iourea g ives a b l u e ; 
a n d £> n i t rosopheno l , a d e e p v io le t (S. C. O g b u r n ) ; a n d t h i o c a r b a m i d e , a b lu i sh -
g r e e n co lour (Ii. W o h l e r a n d L . Me tz ) . R u t h e n i u m t e t r a c h l o r i d e is r e d u c e d b y 
h y d r o x y l a m i n e t o t h e t r i ch lo r ide—v ide p l a t i n u m t e t r a c h l o r i d e . 

U s e s . — A s i n d i c a t e d a b o v e , r u t h e n i u m h a s been sugges t ed a s a n i n g r e d i e n t for 
t h e f i l ament of i n c a n d e s c e n t l a m p s , 3 a n d as i n d i c a t e d be low, some sa l t s a re e m p l o y e d 
a s s t a i n s for h is to logica l s p e c i m e n s . 
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§ 5. The Atomic Weight and Valency of Ruthenium 
R u t h e n i u m b e h a v e s a s a n e l e m e n t , of v a r i a b l e v a l e n c y . I n r u t h e n i u m 

d ich lo r ide , t h e e l e m e n t is bivalent, b u t t h e r e is s o m e d o u b t a b o u t t h e chemica l 
i n d i v i d u a l i t y of t h i s sa l t , a n d H . R e m y * a d d e d t h a t r u t h e n o c y a n i c ac id is t h e 



512 I N O R G A N I C A N D T H E O R E T I C A L . C H E M I S T R Y 

on ly c o m p o u n d in w h i c h r u t h e n i u m is u n d o u b t e d l y b iva l en t . T h e c o m p l e x sa l t s 
of r u t h e n i u m t r ich lor ide , 2 K C L R u C l 3 , b y a n a l o g y w i t h t h e co r r e spond ing sa l t s of 
ferric chlor ide , a re t a k e n t o r e p r e s e n t tervalent r u t h e n i u m , a n d t h i s is a lso in agree ­
m e n t w i th t h e hemi t r i ox ide , R u 2 O 3 ; t h e c o m p l e x sa l t s of r u t h e n i u m t e t r a c h l o r i d e , 
2KCLRuCl 4 , b y a n a l o g y w i t h t h e co r r e spond ing o s m i u m a n d m a n g a n e s e sa l t s , a n d 
t h e d iox ide , R u O 2 , a r e t a k e n t o r e p r e s e n t quadrivalent r u t h e n i u m . T h e c o m p l e x 
r u t h e n a t e s , K 2 R u O 4 , a n a l o g o u s w i t h t h e fe r ra tes , t h e m a n g a n a t e s a n d t h e s u l p h a t e s , 
a re a s s u m e d t o co r r e spond w i t h sexivalent r u t h e n i u m ; a n d t h e p e r r u t h e n a t e s , 
K R u O 4 , b y a n a l o g y w i t h p o t a s s i u m p e r m a n g a n a t e , is t a k e n t o r e p r e s e n t septi-
valent r u t h e n i u m . T h e vo la t i l i t y of t h e r u t h e n i u m t e t r o x i d e , R u O 4 , is n o t in 
accord w i t h t h e a s s u m p t i o n t h a t a n y of t h e o x y g e n a t o m s a r e pe rox id i zed ; a n d 
accord ing ly i t is a s s u m e d t h a t r u t h e n i u m h a s t h e m a x i m u m va l ency , a n d like 
o s m i u m in t h e t e t r o x i d e OsO 4 , t h a t r u t h e n i u m is octovalent. T h e sub jec t w a s 
d iscussed b y H . K a u f f m a n n . E . Z in th a n d P . Za imis , T . M. L o w r y , W . M a n c h o t 
a n d co-workers , a n d H . R e m y o b t a i n e d ind ica t ions t h a t univalent r u t h e n i u m sa l t s 
m a y exis t . W . M a n c h o t a n d J . Di is ing n o t e d t h e r e semblances b e t w e e n i ron a n d 
r u t h e n i u m in th i s connec t ion . R . C h a r o n n a t sa id t h a t t h e va lenc ies of r u t h e n i u m 
r a n g e f rom 1 t o 8, a n d t h a t n o sa l t s of r u t h e n i u m w i t h a c o - o r d i n a t i o n n u m b e r 
of 4 h a v e b e e n successfully p r e p a r e d . A. W e r n e r a n d A. P . Smirnoff showed t h a t 
t h e co -o rd ina t ion n u m b e r is 6 ; a n d R . C h a r o n n a t s t a t e d t h a t sa l t s w i t h a co­
o r d i n a t i o n n u m b e r 6 inc lude ( N H 4 J 3 [ R u C l 6 ) . H 2 O , e t c . ; a n d sa l t s w i t h a co-ord ina­
t ion n u m b e r 8 inc lude H 4 ( C 2 H 4 N 2 ) [ R u ( H 2 O ) C l 7 ] , a n d H 4 ( C 2 H 4 N 2 ) [ R u ( O H ) C l 7 ] . 
M. Gerbe r s t u d i e d some re la t ions of t h e a t . w t s . ; a n d R . C h a r o n n a t , a n d 
F . H . B u r s t a l l , t h e s t e r eo -chemis t ry of some r u t h e n i u m sa l t s . 

T h e e q u i v a l e n t we igh t of r u t h e n i u m a p p r o x i m a t e s 50 , a n d if t h i s n u m b e r b e 
doub led for t h e a t o m i c we igh t , t h e r e su l t is in a c c o r d w i t h (i) t h e sp . h t . ru le ; 
(ii) w i t h t h e l aw of i s o m o r p h i s m in t h e i s o m o r p h o u s series of t h e d iox ides of 
r u t h e n i u m , t i t a n i u m , a n d t i n , a n d in t h e c h l o r o r u t h e n a t e s , K 2 R u C l 6 , i s o m o r p h o u s 
w i t h t h e ch lo rop l a t i na t e s , K 2 P t C l 6 ; a n d (iii) t h e co r r e spond ing pos i t ion of 
r u t h e n i u m as t h e first m e m b e r of t h e second series of t r i a d s in t he e i g h t h g r o u p 
in t h e per iod ic t a b l e . J . W . Mal le t p l aced r u t h e n i u m in t h e a rsen ic g r o u p a n d 
r e p r e s e n t e d i t s a t . w t . b y 65 , a b o u t ha l f t h e v a l u e n o w genera l ly a c c e p t e d . 
K . S e u b e r t d iscussed t h e sub jec t . 

C. Claus ' va lue 103 t o 104 for t h e a t . w t . of r u t h e n i u m w a s genera l ly a c c e p t e d 
b e t w e e n 1845 a n d 1890. H i s m a i n resu l t s were b a s e d on t h e ana lys i s of p o t a s s i u m 
c h l o r o r u t h e n i t e , K 2 R u C l 5 , a n d t h r e e series g a v e 97-09, 103*24, a n d 107-41 for t h e 
a t . w t . These va lues a r e v e r y d i s c o r d a n t , a n d t h e y a r e n o w d i sca rded . 
A. J o I y d e t e r m i n e d t h e r a t i o R u : R u O 2 , b y r e d u c i n g t h e d iox ide in h y d r o g e n , 
a n d hence ca l cu l a t ed 101-668 for t h e a t . w t . ; t h e R u : R u ( N O ) C l 3 - H 2 O , b y 
r e d u c t i o n in h y d r o g e n , a n d f rom t h e re su l t s c a l c u l a t e d 101-739 ; a n d t h e r a t i o 
R u : ( N H 4 J 2 R u ( N O ) C l 5 , a lso b y r e d u c t i o n in h y d r o g e n a n d so o b t a i n e d 101-622— 
gene ra l m e a n = 101-661. T . V o g t r e d u c e d t h e d iox ide in a c u r r e n t of h y d r o g e n 
a n d t h e a v e r a g e v a l u e of six d e t e r m i n a t i o n s of t h e r a t i o R u : R u O 2 w a s 101-63. 
T h e I n t e r n a t i o n a l C o m m i t t e e on A t o m i c W e i g h t s for 1926 give 101*7 a s t h e b e s t 
r e p r e s e n t a t i v e v a l u e . 

T h e a t o m i c n u m b e r of r u t h e n i u m is 44. F . All ison a n d E . J . M u r p h y 2 o b s e r v e d 
t h a t r u t h e n i u m h a s t w o i so topes , b u t F . W . A s t o n found t h a t t h e r e a r e p r o b a b l y 
s even i so topes : 

M a s s 9 6 9 8 9 9 1OO 1 0 1 1 0 2 1 0 4 
A b u n d a n c e . 5 — 1 2 1 4 2 2 3 0 17 p e r c e n t . 

g iv ing t h e c a l c u l a t e d a t . w t . is 101-1, w h e r e t h e found v a l u e is 101-7. E . N . G a p o n , 
a n d J . H . B a r t l e t t d i scussed t h e sub jec t—see p a l l a d i u m . T h e e l ec tronic s tructure , 
accord ing t o t h e p l a n of N . B o h r , a n d E . C. S tone r , is (2) for t h e iiT-shell ; 
(2, 2, 4) for t h e i - s h e l l ; (2, 2, 4 , 4, 6) for t h e M-she l l ; (2, 2 , 4 , 4 , 2) for t h e 
iV-shell ; a n d (2) for t h e O-shell. E . N . G a p o n , H . J . W a l k e , S. K a t o , 
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W . H u l m e - R o t h e r y , H . L e s s h e i m a n d R . S a m u e l , G. I . P o k r o w s k y , C. D . N i v e n , 
a n d P . D . F o o t e s t u d i e d t h e sub jec t . N e i t h e r E . R u t h e r f o r d a n d J . C h a d wick, 
n o r H . P e t t e r s s o n a n d Gr. K i r s c h h a v e obse rved t h e a t o m i c d i srupt ion of r u t h e n i u m 
b y b o m b a r d m e n t w i t h ct-rays. 
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§ 6. The Ruthenium Oxides 

I t is a n i n t e r e s t i n g s ign of t h e t i m e s t h a t w h e n a n e w e l e m e n t is d i scove red , 
t h e r e is a r u s h f rom m a n y s ides t o t o r t u r e t h e b a b y b y o x i d a t i o n , c h l o r i n a t i o n , 
f r ac t i ona t i on , a n d so m a n y o t h e r a p p l i a n c e s w h i c h t h e c h e m i s t h a s a t h is d i sposa l , 
y e t he r e , in r u t h e n i u m , t h e r e is a n e l e m e n t of a n age exceed ing four score y e a r s a n d 
t e n , w h i c h is t r e a t e d w i t h so m u c h r e s p e c t t h a t i t y e t a w a i t s t h e severe o rdea l i t 
m u s t i n e v i t a b l y u n d e r g o before i t c a n o c c u p y a w o r t h y p lace in ou r r ecords . W e 
h a v e r e a d t h e p rope r t i e s of r u t h e n i u m so f r e q u e n t l y t h a t we a r e inc l ined t o g ive 
t h e s t e r e o t y p e d r eco rds far m o r e confidence t h a n t h e ev idence justif ies. 

T h e v e n e r a b l e o b s e r v a t i o n s of C. C laus , 1 H . D e b r a y a n d A. J o I y , H . S t . C. Devi l le 
a n d H . D e b r a y , a n d of E . F r e m y on t h e ox ides of r u t h e n i u m h a v e been , in p a r t , 
r ev i sed b y A. G u t b i e r a n d F . RansohofF, a n d t h e r e su l t s show t h a t a m o r e c o m ­
p l e t e r ev i s ion is v e r y necessa ry . 

C. Claus sa id t h a t r u t h e n i u m m o n o x i d e , R u O , c a n be p r e p a r e d b y s t r o n g l y 
h e a t i n g a m i x t u r e of e q u i m o l a r p a r t s of s o d i u m c a r b o n a t e a n d r u t h e n i u m d ich lor ide 
i n a c u r r e n t of c a r b o n m o n o x i d e , a n d r e m o v i n g t h e soluble sa l t s b y l each ing w i t h 
w a t e r . T h e d a r k g rey p o w d e r is r e d u c e d t o t h e m e t a l b y h e a t i n g i t in h y d r o g e n . 
N o h y d r o x i d e is k n o w n , a n d t h e ox ide is inso luble i n ac ids so t h a t t h e sa l t s c a n n o t 
b e o b t a i n e d d i r ec t ly f rom t h e ox ide . Ja. W o h l e r a n d co -worke r s were u n a b l e t o 
p r e p a r e t h e m o n o x i d e b y t h e d i r ec t o x i d a t i o n of t h e m e t a l , or b y t h e r e d u c t i o n of 
t h e t e t r o x i d e in h y d r o g e n . F . RansohofF, a n d A . Grubbier a n d F . RansohofE 
s h o w e d t h a t in t h e first p l ace t h e ex i s t ence of t h e d ich lo r ide r e c o m m e n d e d for 
p r e p a r i n g t h e m o n o x i d e is d o u b t f u l , a n d in t h e second p lace all a t t e m p t s t o o b t a i n 
a c o m p o u n d c o n t a i n i n g r u t h e n i u m a n d o x y g e n in t h e p r o p o r t i o n s r equ i red for t h e 
m o n o x i d e were unsuccessful , a n d t h e y conc luded t h a t r u t h e n i u m m o n o x i d e does 
n o t ex i s t . C K r o g e r s t u d i e d t h e d i ssoc ia t ion of t h e ox ide . E . B r u c h h a u s f o u n d 

V O L . x v . 2 L 
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t h a t a q . soln. of caesium a q u o p e n t a c h l o r o r u t h e n i t e , w h e n t r e a t e d w i t h p o t a s h lye , 
fu rn i shed a wh i t e , u n s t a b l e p r e c i p i t a t e of r u t h e n o u s hydrox ide , R u ( O H ) 2 -
W . M a n c h o t a n d H . S c h m i d o b t a i n e d t h e h y d r o x i d e a s a d a r k b r o w n p r e c i p i t a t e . 
Gr. L u n d e s t u d i e d t h e X - r a d i o g r a m s . C. Claus p r e p a r e d r u t h e n o u s t e t r a m m i n o -
hydroxide , [ R u ( N H s ) 4 ] ( O H ) 2 , b y t h e a c t i o n of s i lver h y d r o x i d e on t h e c o r r e s p o n d i n g 
chlor ide . T h e r eac t i on w a s s t u d i e d b y H . Schwarz . 

C. Claus obse rved t h a t w h e n r u t h e n i u m is s t rong ly h e a t e d i n a i r i t a cqu i r e s a 
b lu i sh-b lack film of ox ide w h i c h is n o t d e c o m p o s e d a t a w h i t e - h e a t , a n d he s t a t e d 
t h a t ruthenium, sesquioxide, r u t h e n i u m hemitr iox ide , R u 2 O 3 , is o b t a i n e d b y 
r o a s t i n g t h e m e t a l i n a i r a t a h igh t e m p . H e a d d e d t h a t if t h e r o a s t i n g be con­
t i n u e d for a v e r y long t i m e , m o r e o x y g e n is t a k e n u p , b u t n e v e r sufficient t o f o r m 
t h e d iox ide . H . D e b r a y a n d A . J o I y w e r e u n a b l e t o p r e p a r e t h e sesqu iox ide , a n d 
a d d e d t h a t C. Claus* ev idence for t h e ex i s tence of t h i s oxide is n o t admiss ib le ; 
a n d F . Ransohoff , a n d A. G u t bier a n d F . Ransohoff a d d e d t h a t n o well-defined 
ox ide c a n be o b t a i n e d b y h e a t i n g finely-divided a n d purif ied r u t h e n i u m in a i r , t h e 
p r o d u c t is a m i x t u r e of r u t h e n i u m a n d r u t h e n i u m d iox ide ; b u t if d r y r u t h e n i u m 
t r i h y d r o x i d e , R u ( O H ) 3 , be h e a t e d in a c u r r e n t of c a r b o n d iox ide , i t furn ishes 
r u t h e n i u m sesquioxide a s a n u n s t a b l e , i n t e r m e d i a t e p r o d u c t , c o n t a m i n a t e d w i t h 
t r a c e s of a lka l i or ig inal ly p r e s e n t in t h e h y d r o x i d e . O b s e r v a t i o n s were m a d e b y 
A. W . M o n d . 

C. Claus sa id t h a t r u t h e n i u m tr ihydroxide, R u ( O H ) 3 , t h e h y d r a t e of r u t h e n i u m 
sesquioxide , is f o r m e d b y p r e c i p i t a t i n g a soln. of r u t h e n i u m t r i ch lo r ide b y a n a lka l i 
h y d r o x i d e , a n d w a s h i n g t h e p r o d u c t t o r e m o v e a s m u c h a lka l i a s p o s s i b l e — u n d e r 
t h e be s t cond i t ions 2 t o 3 p e r cen t , m a y b e r e t a i n e d b y t h e p r e c i p i t a t e . H e also 
o b t a i n e d t h i s h y d r a t e a s a p r e c i p i t a t e b y neu t r a l i z ing p o t a s s i u m r u t h e n a t e w i t h 
n i t r i c ac id ; a n d also b y h e a t i n g a n a q . soln. of t h e t r i ch lo r ide w h e r e b y , t h r o u g h 
hydro lys i s , t h e h y d r a t e d sesqu iox ide is p r e c i p i t a t e d , a n d hyd roch lo r i c ac id is se t 
free. F . K r a u s s a n d H . K i i k e n t h a l p r e p a r e d w h a t W . R . Crowell a n d D . M. Y o s t 
cons idered t o be a m i x t u r e of t e r - a n d q u a d r i - v a l e n t r u t h e n i u m h y d r o x i d e a s 
follows : 

ITour g r ins , of r u t h e n i u m a r e fused i n a s i l ve r c ruc ib l e w i t h 30 g r m s . of p o t a s s i u m 
h y d r o x i d e , a n d 4 g r m s . of p o t a s s i u m n i t r a t e a n d h e a t e d u n t i l t h e m e l t is q u i t e fluid. O n 
cool ing , t h e m e l t i s e x t r a c t e d w i t h 200 c.c. of w a t e r a n d t h e p r e c i p i t a t e co l lec ted . T h e 
p r e c i p i t a t e i s t h e n s t i r r e d -with 1OO c.c. of a l coho l a t 40° . T h e r e s i d u e r e c o v e r e d e i t h e r 
b y d e c a n t a t i o n or f i l t r a t ion i s -washed w i t h -water a n d d i s s o l v e d i n d i l u t e h y d r o c h l o r i c 
ac id . T h e r e s u l t i n g so ln . is e v a p o r a t e d t o d r y n e s s o n a w a t e r - b a t h a n d t h e r e s i d u e t r e a t e d 
w i t h -water. T o t h e d a r k b r o w n soln . p o t a s s i u m h y d r o x i d e or a lka l i c a r b o n a t e is c a u t i o u s l y 
a d d e d a n d t h e r u t h e n i u m h y d r o x i d e p r e c i p i t a t e d , t h e l i q u i d b e i n g s t i l l s l i gh t ly ac id . T h e 
p r e c i p i t a t e i s col lec ted , w a s h e d w i t h -water u n t i l t h e filtrate r e m a i n s clear , d r a i n e d a t a 
s u c t i o n p u m p , a n d d r i ed . T h e r e s u l t i n g b l a c k c o m p o u n d is free f rom a l k a l i a n d ch lo r ine 
a n d is t h e s t a r t i n g m a t e r i a l for s u b s e q u e n t p r e p a r a t i o n s . 

T h e y p r e p a r e d t h e t r i h y d r o x i d e of a h i g h degree of p u r i t y b y h e a t i n g , a t 120°, i n 
a n a t m . of n i t r o g e n , t h e b l a c k p r e c i p i t a t e o b t a i n e d b y a d d i n g a lka l i l ye t o a soln. 
c o n t a i n i n g t h e t r i ch lo r ide . A c c o r d i n g t o C. Claus , t h e finely-divided, a m o r p h o u s , 
d a r k b r o w n p o w d e r shows a ca lo r e scence—5. 3 3 , 1 0 — w h e n h e a t e d . H y d r o g e n 
r educes i t imper fec t ly a t o r d i n a r y t e m p . I t is inso luble in a lka l i lye , b u t i t d issolves 
in ac ids , fo rming b r o w n soln. of sa l t s of t e r v a l e n t r u t h e n i u m . 

F . Ransohoff, a n d A. G u t b i e r a n d F . Ransohof f conf i rmed t h e r e su l t s of C. Claus 
w i t h r e spec t t o t h e first m o d e of p r e p a r a t i o n of t h i s h y d r o x i d e , b u t t h e y o b t a i n e d 
a different conclus ion w i t h r e spec t t o t h e a c t i o n of n i t r i c ac id o n p o t a s s i u m 
r u t h e n a t e . H . D e b r a y a n d A . J o I y p r e v i o u s l y s t a t e d t h a t t h e p r e c i p i t a t e is n o t 
t h e t r i h y d r o x i d e b u t r a t h e r a m i x t u r e of t h e h y d r a t e d t r i ox ide a n d d iox ide w h i c h 
t h e y r e p r e s e n t e d a s a h y d r a t e d r u t h e n i u m h e m i h e p t o x i d e , R u 2 O 5 . 2 H 2 O , a n d t h e y 
o b t a i n e d t h i s p r o d u c t b y t h e ac t i on of a lcohol on a soln. of p o t a s s i u m r u t h e n a t e . 
A . G u t b i e r a n d F . Ransohoff f o u n d t h a t t h e p r e c i p i t a t e i n b o t h cases , a f t e r w a s h i n g 
for m a n y d a y s a n d d r y i n g ove r su lphu r i c ac id , st i l l r e t a i n e d s o m e a lka l i w h i c h w a s 
d e t e r m i n e d a s s u l p h a t e , a n d a n a l lowance m a d e . T h e p r o d u c t s v a r i e d i n c o m -
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pos i t ion , a n d w h e n t r e a t e d with, hyd roch lo r i c ac id , g a v e a d a r k b r o w n soln. of 
r u t h e n i u m t r i ch lo r ide , w i t h o u t t h e e v o l u t i o n of ch lor ine , a n d t h e r e r e m a i n e d a 
b l a c k res idue . C o n s e q u e n t l y , i t w a s in fer red t h a t t h e p r e c i p i t a t e o b t a i n e d f rom 
p o t a s s i u m r u t h e n a t e w i t h t h e compos i t i on K u 2 O 5 . 2 H 2 O or R u ( O H ) 3 , is a m i x t u r e 
of r u t h e n i u m t r i h y d r o x i d e a n d v a r i a b l e q u a n t i t i e s of a n u n d e t e r m i n e d , a n h y d r o u s 
ox ide whose n a t u r e h a s n o t b e e n d e t e r m i n e d . L . W o h l e r a n d co -worker s sa id 
t h a t t h e t r i h y d r o x i d e loses o x y g e n a n d w a t e r in v a c u o , a n d w h e n d e h y d r a t e d i n 
c a r b o n d iox ide i t y ie lds a m i x t u r e of t h e d iox ide a n d m e t a l . H y d r o g e n d iox ide 
oxidizes t h e t r i o x i d e t o t h e t e t r o h y d r o x i d e . 

A . G u t b ier a n d G. Hofme ie r p r e p a r e d co l lo idal r u t h e n i u m hydroxide b y 
r e d u c i n g a n a q . soln. of p o t a s s i u m c h l o r o r u t h e n i t e , K 2 P t C l 5 , b y h y d r a z i n e h y d r a t e 
in t h e p resence of g u m a r a b i c w h i c h se rves a s a p r o t e c t i v e colloid p r e v e n t i n g t h e 
f locculat ion of t h e d i spe rsed h y d r o x i d e . 

C. Claus p r e p a r e d r u t h e n i u m dioxide , o r r u t h e n i c ox ide , R u O 2 , b y r o a s t i n g 
a n d ign i t i ng t h e su lph ide ; a n d also b y ca lc in ing t h e s u l p h a t e . E . F r e m y o b t a i n e d 
i t b y a l loy ing o s m i r i d i u m w i t h z inc, e x t r a c t i n g t h e z inc w i t h ac id , a n d t h e n h e a t i n g 
t h e p r o d u c t in a i r or o x y g e n a t 1080° t o d r i v e off t h e o s m i u m a n d r u t h e n i u m 
t e t r o x i d e s . I f t h e m i x e d v a p o u r s a r e p a s s e d t h r o u g h a h e a t e d porce la in t u b e , 
t h e r u t h e n i u m d iox ide condenses first. H . D e b r a y a n d A. J o I y o b t a i n e d t h e 
d iox ide b y r o a s t i n g t h e r u t h e n i u m , a n d f o u n d t h a t a f te r a t i m e t h e a b s o r p t i o n of 
o x y g e n p roceeds v e r y s lowly, a n d o x i d a t i o n is i n c o m p l e t e ; t h e p r o d u c t is p o w d e r e d 
a n d a g a i n roa s t ed . T h e p r o d u c t is ind igo-b lue , c rys t a l l i ne d iox ide . I f t h e a m o r ­
p h o u s oxide be h e a t e d in o x y g e n or in v a c u o c rys t a l s a r e fo rmed . H . S t . C. Devi l le 
a n d H . D e b r a y n o t e d t h a t w h e n r u t h e n i u m is r o a s t e d i n oxygen , a s u b l i m a t e of 
t h e d iox ide is fo rmed . F . Ransohoff , a n d A . G u t b i e r a n d F . Ransohoff conf i rmed 
t h e f o r m a t i o n of t h e d iox ide b y r o a s t i n g t h e m e t a l i n o x y g e n , a n d b y ca lc in ing 
t h e s u l p h a t e un t i l i t s w e i g h t is c o n s t a n t . A . G u t b i e r a n d co-workers found t h a t 
t h e o x i d a t i o n of f ine ly-powdered r u t h e n i u m beg ins a t 600°, a n d t h e speed of ox ida ­
t i o n increases so r a p i d l y w i t h t e m p , t h a t i t is four t h o u s a n d t i m e s a s r a p i d a t 
1200° a s i t is a t 700° . Crys t a l s of t h e d iox ide m a y b e d e t e c t e d in t h e s u b l i m a t e . 
T h e p r e v i o u s ign i t ion of t h e d iox ide i n h y d r o g e n r e d u c e s t h e speed of o x i d a t i o n . 
S. A o y a m a p r e p a r e d t h e d iox ide i n b lu i sh -b lack , l u s t r o u s c rys t a l s , b y h e a t i n g 
a m m o n i u m c h l o r o r u t h e n a t e o r t h e p r o d u c t of t h e a c t i o n of hyd roch lo r i c ac id o n 
r u t h e n i u m t e t r o x i d e i n a c u r r e n t of o x y g e n a t a t e m p , n o t exceed ing 540° . 
Li. W o h l e r a n d co-workers o b t a i n e d t h e d iox ide b y h e a t i n g r u t h e n i u m chlor ide a t 
600° t o 700° in o x y g e n . F . K r a u s s a n d G. S c h r a d e r , a n d G. S c h r a d e r p r e p a r e d 
t h e d iox ide b y r educ ing a soln. of r u t h e n i u m t e t r o x i d e w i t h a 4 pe r cen t . soln. of 
h y d r o g e n d iox ide , a n d w a r m i n g t h e m i x t u r e on a w a t e r - b a t h . T h e p r o d u c t 
w a s d r i ed ove r p h o s p h o r u s p e n t o x i d e in v a c u o , p o w d e r e d , a n d h e a t e d in v a c u o 
t o 300° . 

T h e c rys t a l s of r u t h e n i u m ox ide a r e a d e e p ind igo-b lue which , a cco rd ing t o 
H . D e b r a y a n d A . J o I y , a r e i s o m o r p h o u s w i t h t h o s e of cass i te r i t e a n d r u t i l e . 
C F . R a m m e l s b e r g , a n d H . D u f e t f o u n d t h a t t h e c rys t a l s a r e d i t e t r a g o n a l 
b i p y r a m i d s , w i t h t h e ax i a l r a t i o a : c=\ : 0-69243. V. M. G o l d s c h m i d t a n d 
W . Z a c h a r i a s e n o b s e r v e d t h a t t h e X - r a d i o g r a m c o r r e s p o n d s w i t h t h e l a t t i c e 
d i m e n s i o n s a = 4 - 5 1 A. , c = 3 4 1 A. , a : c = l : 0-689. M. £ . H u g g i n s s t u d i e d t h e 
sub j ec t . A c c o r d i n g t o H . S t . C. Devi l le a n d H . D e b r a y , t h e s p . gr . is 7-2. 
G. S c h r a d e r g a v e 4-67 for t h e sp . gr . a t 21°/4° , a n d , a f te r h e a t i n g t h e d iox ide t o 
800° , 5-152 a t 21°/4° , w h i c h m a k e s i t a p p e a r a s if H . S t . C. Dev i l l e a n d H . D e b r a y ' s 
v a l u e is t o o h igh . L . W o h l e r a n d co-workers , a n d V. M. G o l d s c h m i d t g a v e 19*2 
for t h e m o l . vol . ; H . S t . C. Devi l le a n d H . D e b r a y , 18-6 ; a n d G. S c h r a d e r , 26-8. 
A l t h o u g h f o r m e d a t a h i g h t e m p . , t h e d iox ide c a n b e d e c o m p o s e d b y h e a t . 
H . R e m y a n d M. Kx5hn m e a s u r e d t h e d i ssoc ia t ion p ress . , p m m . , of t h e d iox ide a t 
930° t o 950° a n d found : 

930° 934° 944° 950° 

<n . . . 32 32 44-5 5O m m . 
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T h e d i ssoc ia t ion press , is lowered b y t h e p r e sence of f ine ly-div ided r u t h e n i u m . 
T h u s , for t h e mol . p r o p o r t i o n of r u t h e n i u m assoc ia t ed w i t h R u O 2 , 

R u . • i £ * 3 1 2 
p . . 235 322 23-5 23-8 22-8 23-5 m m . 

T h e resu l t s a re v i r t u a l l y i n d e p e n d e n t of t h e r e l a t i ve p r o p o r t i o n s of t h e s e t w o 
s u b s t a n c e s . Th i s is t a k e n t o i n d i c a t e t h a t a defini te lower ox ide c a n n o t ex i s t a t 
t h e s e t e m p s . , b u t t h a t a series of solid soln. of t h e m e t a l a n d i t s d iox ide is fo rmed . 
X.. W o h l e r a n d co -worker s sa id t h a t t h e v a p . p ress , is 15 m m . a t 1000°, a n d t h a t 
a t a h i g h e r t e m p , t h e d iox ide d e c o m p o s e s i n t o t e t r o x i d e a n d m e t a l . T h e h e a t of 
f o r m a t i o n is ( R u , 0 2 ) = 52-5 CaIs. M. Ie B l a n c a n d H . Sachse o b s e r v e d t h a t t h e 
e lectr ical c o n d u c t i v i t y of r u t h e n i u m ox ide is sma l l ; a n d A. N . G-uthrie a n d 
TJ. T . B o u r l a n d found t h a t t h e p a r a m a g n e t i c suscep t ib i l i t y inc reases r a p i d l y w i t h 
t e m p . H . D e b r a y a n d A. J o I y o b s e r v e d t h a t w h e n r u t h e n i u m is h e a t e d i n o x y g e n 
a t a t e m p , a b o v e t h e m . p . of s i lver (958°), i t is en t i r e ly c o n v e r t e d i n t o c rys t a l l ine 
p r o d u c t s , a n d a p o r t i o n vola t i l izes a n d condenses in c ry s t a l s . If t h e c u r r e n t of 
ga s b e r a p i d , t h e o d o u r of ozone o r r u t h e n i u m t e t r o x i d e is pe rce ived , a n d a c e r t a i n 
q u a n t i t y of t h e t e t r o x i d e c a n be c o n d e n s e d in a flask cooled b y ice. T h e ins ide 
of t h e t u b e is l ined w i t h r u t h e n i u m d iox ide a n d a sma l l q u a n t i t y of a b l ack s u b s t a n c e 
w h i c h seems t o c o n t a i n m o r e o x y g e n t h a n t h e d iox ide . T h e p r o d u c t s a r e s imi la r t o 
t h o s e o b t a i n e d w h e n r u t h e n i u m t e t r o x i d e a n d n i t r o g e n a r e p a s s e d t h r o u g h a r e d - h o t 
po rce la in t u b e , a n d t h e y a re d i s t r i b u t e d i n t h e s a m e m a n n e r . T h e d iox ide is 
f ound in t h e cooler p a r t s of t h e t u b e , w h i c h i n d i c a t e s t h a t t h e t e t r o x i d e f o r m e d a t 
a b o u t 1000° decomposes a t a lower t e m p . T h e t e t r o x i d e t h u s se rves a s a ca r r ie r , 
a n d , a cco rd ing t o P . D u h e m , i t is i n a s t a t e of false e q u i l i b r i u m a t o r d i n a r y t e m p . 
A t t e m p , a b o v e 1000°, r u t h e n i u m d iox ide h a s a cons ide rab le d i ssoc ia t ion p ress . , 
a n d in v a c u o i t is p a r t i a l l y r e d u c e d t o t h e m e t a l , a smal l q u a n t i t y of t h e t e t r o x i d e 
be ing fo rmed . A t a b r i g h t r e d - h e a t , t h e p h e n o m e n a a r e s imi la r . T h e p h e n o m e n o n 
w a s d i scussed b y P . D u h e m . R u t h e n i u m d iox ide is r e d u c e d b y h y d r o g e n a t a 
s l igh t ly e l e v a t e d t e m p . ; i t is n o t a t t a c k e d b y ac ids ; a n d i t d isso lves in m o l t e n 
p o t a s s i u m h y d r o x i d e , f o rming t h e a lka l i r u t h e n a t e . 

C. Claus prepared ruthenium tetrahydroxide, or ruthenic hydroxide, 
R u ( O H ) 4 . 3 I L 2 O , a s a ge l a t i nous p r e c i p i t a t e , b y e v a p o r a t i n g a m i x e d soln. of s o d i u m 
c a r b o n a t e a n d p o t a s s i u m c h l o r o r u t h e n a t e . T h e ye l lowish -b rown p r e c i p i t a t e 
a d h e r e s t enac ious ly t o a lka l i , a n d w h e n h e a t e d i t loses w a t e r a t 300° , a n d a t a 
h ighe r t e m p , i t def lagra tes w i t h v i v i d i n c a n d e s c e n c e — 5 , 3 3 , 10. A. J o I y r e g a r d e d 
t h e p r o d u c t a s a n i t r o sy l d e r i v a t i v e o n t h e a s s u m p t i o n t h a t C. C laus ' K 2 R u C l 4 is 
r ea l ly R u (NO) Cl 3 .2KCl. L . W o h l e r a n d co -worke r s sa id t h a t w h e n t h e t e t r a ­
h y d r o x i d e is h e a t e d in v a c u o be low 800°, i t f o rms t h e d i o x i d e ; a n d t h a t t h e 
t e t r a h y d r o x i d e is r e d u c e d b y h y d r o g e n d iox ide , a n d t h a t t h e t r i h y d r o x i d e is 
ox id ized t o t h e t e t r a h y d r o x i d e b y t h e s a m e r e a g e n t . A . G u t b i e r a n d K . T r e n k n e r 
o b t a i n e d t h e h y d r o x i d e b y t r e a t i n g t h e s u l p h a t e w i t h p o t a s s i u m h y d r o x i d e , a n d 
obse rved t h a t i t r e ad i ly fo rms a co l lo idal r u t h e n i c hydrox ide . A. G u t b i e r a n d 
P . RansohofE were u n a b l e t o o b t a i n i t i n a s t a t e sufficiently p u r e for ana lys i s . 
T h e h y d r o x i d e dissolves i n ac ids t o f o r m r u t h e n i c sa l t s ; a n d i t d issolves in a lka l i 
lye t o fo rm a pa le ye l low soln. T h e a m p h o t e r i c ox ide a lso u n i t e s w i t h m e t a l 
ox ides t o fo rm s a l t s — t h e perrutheni tes . T h u s , a cco rd ing t o A . J o I y , w h e n 
b a r i u m r u t h e n a t e is h e a t e d a t 440° i t f o rms b a r i u m peiTutheni te , B a R u O 3 . T h e 
p e r r u t h e n i t e s a re a n a l o g o u s w i t h t h e c o r r e s p o n d i n g p e r m a n g a n i t e s , a n d pe r -
o s m i a m i t e s . T h e b lu i sh -b lack r e s idue is inso lub le i n w a t e r , a n d h y d r o c h l o r i c a c i d 
c o n v e r t s i t i n t o r u t h e n i u m t r i ch lo r ide . 

H . D e b r a y a n d A . J o I y r e p o r t e d t h a t a n a q . soln. of r u t h e n i u m t e t r o x i d e 
decomposes v e r y r a p i d l y a t 100°, a n d t h a t t h e r e is f o r m e d b l ack scales of r u t h e n i u m 
te tr i taenneaox ide , R u 4 O 9 . P . RansohofE, a n d A. G u t b i e r a n d P . Ransohoff 
r e p e a t e d t h e e x p e r i m e n t , a n d found t h a t t h e t e t r o x i d e d is t i l s off u n c h a n g e d so t h a t 
t h e l iqu id wh ich r e m a i n s c o n t a i n s n o t r a c e of r u t h e n i u m . T h i s is i n a g r e e m e n t 
w i t h t h e s t ab i l i t y a n d vo la t i l i t y of t h e t e t r o x i d e a t 100°. 
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H . D e b r a y a n d A . J o I y found t h a t if a n a q . soln. of r u t h e n i u m t e t r o x i d e be 
k e p t in a closed vessel , i t depos i t s a b l ack p r e c i p i t a t e , wh ich , w h e n d r i e d a t 100°, 
c o r r e s p o n d s w i t h r u t h e n i u m h e m i p e n t o x i d e , R u 2 O 5 . T h e u n d r i e d ox ide w a s 
cons ide red t o be a dihydrate, R u 2 O 5 . 2 H 2 O . H . R e m y found t h a t t h e p r e c i p i t a t e 
of h y d r a t e d r u t h e n o u s ox ide , o b t a i n e d b y a d d i n g a lka l i lye t o t h e b l u e soln. of 
r e d u c e d ch lor ide , u n d e r g o e s s p o n t a n e o u s o x i d a t i o n t o fo rm t h e h e m i p e n t o x i d e , a n d 
t h a t t h e h e m i p e n t o x i d e is a lso f o r m e d b y keep ing t h e h y d r a t e d t e t r o x i d e i n a 
sea led t u b e for some t i m e . T h e p r o d u c t in each case c o n t a i n s w a t e r . F . R a n s o -
hoff, a n d A. G u t b i e r a n d F . RansohofE r e p e a t e d t h e e x p e r i m e n t s , a n d found t h a t 
t h e a q . soln. becomes colour less i n 24 h r s . , a n d t h a t t h e b l a c k a m o r p h o u s m a s s , 
d r i e d o v e r p h o s p h o r u s p e n t o x i d e , c o n t a i n s n o t r a c e of r u t h e n i u m t e t r o x i d e , a n d 
i t h a s a v a r i a b l e c o m p o s i t i o n a n d g ives n o s u p p o r t t o t h e h y p o t h e s i s t h a t t h e 
h e m i p e n t o x i d e is fo rmed . L . W o h l e r a n d co -worker s obse rved t h a t t h e h y d r a t e d 
h e m i p e n t o x i d e r e p o r t e d b y H . D e b r a y a n d A. J o I y is rea l ly t h e t e t r a h y d r o x i d e . 
T h e r e d u c t i o n of t h e t e t r o x i d e a n d of p o t a s s i u m r u t h e n a t e w i t h a lcohol g ives t h e 
d iox ide m i x e d w i t h a n exp los ive o rgan ic c o m p o u n d of r u t h e n i u m ; a n d t h e p rocess 
r e c o m m e n d e d b y H . R e m y y ie lds t h e sesqu iox ide m i x e d w i t h m o r e or less d iox ide . 
T h e ev idence in f a v o u r of t h e chemica l i n d i v i d u a l i t y of t h e sa l t s h y p o r u t h e n a t e s 
is r a t h e r feeble. A. J o I y p r e p a r e d p o t a s s i u m h y p o r u t h e n a t e , a p p r o x i m a t i n g 
K 2 O X ) R u 2 O 5 , as a b l ack c rys t a l l i ne p r o d u c t , b y h e a t i n g p o t a s s i u m p e r r u t h e n a t e 
t o 400°, i n v a c u o , w h e n a v io l en t d e c o m p o s i t i o n occurs , a n d m a i n t a i n i n g t h e 
p r o d u c t s a t t h i s t e m p , for a long t i m e . A. J o I y a n d K. Le id ie o b t a i n e d K 2 0 . 3 R u 2 O 5 , 
b y ign i t ing p o t a s s i u m n i t r i t o r u t h e n a t c a t 400° . T h e b l ack p r o d u c t is a t t a c k e d 
w i t h difficulty b y hyd roch lo r i c ac id . S imi la r ly w i t h s o d i u m h y p o r u t h e n a t e , 
N a 2 O - S R u 2 O 5 , o b t a i n e d b y h e a t i n g s o d i u m p e r r u t h e n a t e for a long t i m e a t 440° , 
in v a c u o , a n d wash ing t h e p r o d u c t w i t h w a t e r t o r e m o v e s o d i u m oxide a n d s o d i u m 
r u t h e n a t e . 

C. Claus sa id t h a t r u t h e n i u m tr ioxide , R u O 3 , is k n o w n on ly in c o m b i n a t i o n 
w i t h bases as ruth.en.ates, R 2 R u O 4 , a n d t h a t is a v e r y u n s t a b l e c o m p o u n d , be ing 
eas i ly reso lved i n t o o x y g e n a n d r u t h e n i c ox ide . H . D e b r a y a n d A . J o I y found t h a t 
t h e r u t h e n a t e s a re in m a n y w a y s a n a l o g o u s t o t h e m a n g a n a t e s , b u t t h e t w o classes 
of sa l t a r e n o t i s o m o r p h o u s , a n d d o n o t h a v e t h e s a m e p r o p o r t i o n of w a t e r of 
c rys t a l l i za t ion . F . K r a u s s a n d H . K i i k e n t h a l o b s e r v e d t h a t soln. of p o t a s s i u m 
r u t h e n a t e l i be ra t e 3 eq. of iod ine f rom acidic iod ide soln. , s h o w i n g t h a t in t he se 
c o m p o u n d s t h e r u t h e n i u m is s ex iva l en t . O. R u f l a n d E . Vidic found t h a t de r iva ­
t i ve s of t e r - a n d q u a d r i v a l e n t r u t h e n i u m a r e ox id ized t o t h e s ex iva l en t fo rm by 
p o t a s s i u m p e r m a n g a n a t e in a lka l ine soln. C. Claus , a n d U . A n t o n y a n d A. L u c -
chesi , p r e p a r e d p o t a s s i u m r u t h e n a t e , K 2 R u O 4 . 2 H 2 O , b y ign i t ing r u t h e n i u m w i t h 
a m i x t u r e of p o t a s s i u m h y d r o x i d e w i t h t h e n i t r a t e or ch lo r a t e . H . D e b r a y a n d 
A. J o I y o b t a i n e d i t b y e v a p o r a t i n g i n v a c u o t h e m o t h e r - l i q u o r o b t a i n e d in p r e ­
p a r i n g t h e p e r r u t h e n a t e f rom a soln. of r u t h e n i u m t r i o x i d e in p o t a s h lye ; a n d a lso 
b y e v a p o r a t i n g , a t a t e m p , be low 60°, a soln. c o n t a i n i n g 50 g r m s . of r u t h e n i u m 
t e t r o x i d e , 70 g r m s . of p o t a s s i u m h y d r o x i d e , a n d 500 grrns . of w a t e r . 
H . S t . C. Devi l le a n d H . D e b r a y sa id t h a t t h e c ry s t a l s of t h e m o n o h y d r a t e h a v e 
a g reen ish lu s t r e , a n d a p p e a r r e d b y t r a n s m i t t e d l igh t ; t h e r h o m b i c p r i s m s h a v e 
t h e ax ia l r a t i o s a : b : c = 0 * 7 9 3 5 : 1 : 1 '1973. T h e m o n o h y d r a t e does n o t lose 
w a t e r a t 106° in v a c u o ; b u t i t b ecomes a n h y d r o u s , w i t h o u t r e d u c t i o n , a t 200° , 
a n d t h e a n h y d r o u s sa l t suffers n o c h a n g e in v a c u o a t 440° . T h e c r y s t a l s of t h e 
h y d r a t e r a p i d l y a l t e r on e x p o s u r e t o a i r owing t o r e d u c t i o n a n d f o r m a b l a c k 
depos i t ; e v e n af te r be ing dr ied , t h e y a b s o r b m o i s t u r e a n d c a r b o n d iox ide . 
F . C. Ph i l l ips obse rved t h a t h y d r o g e n s lowly r e d u c e s soln . of p o t a s s i u m r u t h e n a t e 
t o t h e m e t a l , a n d t h a t e t h y l e n e a c t s qu i ck ly . A c c o r d i n g t o C. Claus , t h e sa l t 
d issolves i n w a t e r , fo rming a d e e p o r a n g e l iqu id , b u t t h e dil . soln. a s s u m e s a g reen 
co lour owing t o t h e f o r m a t i o n of p e r r u t h e n a t e , a n d t h e depos i t i on of w h a t t h e y 
r e g a r d e d a s R u 2 O 6 . H 2 O — v i d e supra. C. Claus o b s e r v e d t h a t t h e a q . soln. is 
n e u t r a l , if t h e a lka l i a n d sa l t s e m p l o y e d i n i t s p r e p a r a t i o n were n o t in excess . 

ruth.en.ates
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T h e soln . h a s a s t r o n g a s t r i n g e n t t a s t e l ike t h a t of t a n n i c ac id . I t co lours o rgan ic 
s u b s t a n c e s b l ack b y c o a t i n g t h e m w i t h a n ox ide . Ac ids a d d e d t o t h e soln . p r e ­
c i p i t a t e a b l ack ox ide wh ich m a y c o n t a i n a lka l i if t h e so ln . h a s n o t b e e n c o m p l e t e l y 
neu t r a l i z ed b y t h e ac id ; b u t if a n excess of ac id h a s b e e n a d d e d t h e p r e c i p i t a t e d 
ox ide con t a in s a l i t t l e ac id . H . D e b r a y a n d A . J o I y o b s e r v e d t h a t di l . ac ids 
furnish t h e h y d r a t e R u 2 O 5 - H 2 O , b u t w i t h cone . soln. a p r e c i p i t a t e of p e r r u t h e n a t e 
of R u 2 O 5 is fo rmed . W i t h h y d r o c h l o r i c ac id , chlorine is s i m u l t a n e o u s l y evo lved . 
Conversely , t h e p e r r u t h e n a t e s c h a n g e i n t o r u t h e n a t e s i n t h e p re sence of a lka l ies , 
a n d t h e g reen colour of t h e p e r r u t h e n a t e s c h a n g e s t o a n o r a n g e co lour , a n d o x y g e n 
is a t t h e s a m e t i m e evo lved . A c c o r d i n g t o Li. B r i z a r d , w h e n t h e m e t a l is a t t a c k e d 
b y p o t a s s i u m h y d r o x i d e a n d n i t r a t e t h e r e is f o r m e d a p e r r u t h e n a t e w h i c h , on 
c o n t a c t w i t h w a t e r a n d n i t r i t e , is r e d u c e d t o r u t h e n a t e ; a n d o n pas s ing a c u r r e n t 
of chlor ine i n t o a soln . of t h e r u t h e n a t e , p e r r u t h e n a t e is f o r m e d a n d t h e o r a n g e 
l iquid becomes g r e e n ; w i t h a n excess of ch lo r ine , s o m e r u t h e n i u m t e t r o x i d e is 
vola t i l ized . A q . a m m o n i a , in a cold soln. of r u t h e n a t e , fo rms a d a r k b r o w n p r e ­
c i p i t a t e w h i c h w i t h h y d r o c h l o r i c ac id a n d p o t a s s i u m ch lor ide passes i n t o 
R u 2 H 2 C l 3 ( N O ) . 2 K C l . 2 H C l . S o m e r e a c t i o n s were s t u d i e d b y M. C. L e a , a n d 
J . L . H o w e . L . W o h l e r a n d co -worker s sa id t h a t p o t a s s i u m r u t h e n a t e w i t h a lcohol 
forms r u t h e n i u m d iox ide a n d a n exp los ive o rgan i c c o m p o u n d of r u t h e n i u m ; a n d 
w i t h c a r b o n d iox ide , or n i t r i c ac id , i t fo rms a m i x t u r e of t e t r o x i d e , a n d t e t r a -
h y d r o x i d e . 

F . K r a u s s p r e p a r e d rub id ium r u t h e n a t e , R b 2 R u O 4 , a n d i t s monohydrate, 
R b R u O 4 . H 2 O , b y fusing a m i x t u r e of r u t h e n i u m a n d a m i x t u r e of r u b i d i u m 
h y d r o x i d e a n d n i t r a t e . W h e n a so ln . of p o t a s s i u m or r u b i d i u m r u t h e n a t e is 
t r e a t e d w i t h cone . a q . a m m o n i a , t h e r e is f o r m e d w h a t a p p e a r s t o be a m m o n i u m 
r u t h e n a t e , ( N H 4 J 2 R u O 4 , b u t caesium r u t h e n a t e y ie lds a less well-defined p r o d u c t . 
T h e c o m p o u n d is n o t a t r u e a m m o n i u m sa l t , b u t r a t h e r r u t h e n i u m d ioxyd i -
h y d r o x y d i a m m i n e , R u O 2 ( O H ) 2 ( N H g ) 2 . W h e n a soln. of p o t a s s i u m r u t h e n a t e is 
t r e a t e d w i t h a 10 p e r c en t . soln. of t r i m e t h y l a m i n e i t f o rms a p r e c i p i t a t e w i t h a com­
pos i t i on c o r r e s p o n d i n g w i t h t r i m e t h y l a m m o n i u m r u t h e n a t e , { N H ( C H 3 ) 3 } 2 R u 0 4 . 
A fused m i x t u r e of r u t h e n i u m , caesium h y d r o x i d e , a n d n i t r a t e furn ishes caes ium 
r u t h e n a t e , C s 2 R u O 4 , w h i c h c a n be h y d r a t e d t o fo rm t h e monohydrate, C s 2 R u O 4 - H 2 O . 

H . D e b r a y a n d A. J o I y p r e p a r e d s o d i u m r u t h e n a t e , N a 2 R u O 4 . 2 H 2 O , i n a 
m a n n e r s imi la r t o t h e p o t a s s i u m sa l t . T h e dihydrate does n o t c rys ta l l i ze well , a n d 
c a n n o t be r e a d i l y pur i f ied. J . L . H o w e a n d F . N . Merce r o b t a i n e d t h e r u t h e n a t e 
b y t h e a c t i o n of s o d i u m h y p o c h l o r i t e on finely-divided r u t h e n i u m . P . Niggl i a n d 
W . N o w a c k i d i scussed t h e c r y s t a l s t r u c t u r e of t h e sa l t s . B y a d d i n g si lver n i t r a t e 
t o a soln . of a lka l i r u t h e n a t e , H . D e b r a y a n d A . J o I y f o u n d t h a t t h e r u t h e n i u m is 
q u a n t i t a t i v e l y p r e c i p i t a t e d a s b l a c k s i lver r u t h e n a t e , A g 2 R u O 4 . A soln. of 
b a r i u m h y d r o x i d e dissolves r u t h e n i u m t e t r o x i d e w i t h t h e e v o l u t i o n of o x y g e n , a n d 
t h e f o r m a t i o n of a b l a c k p r e c i p i t a t e w h i c h r a p i d l y c h a n g e s i n t o ve rmi l i on - r ed 
b a r i u m r u t h e n a t e , B a R u O 4 - H 2 O . T h e s a m e c o m p o u n d is f o r m e d w h e n b a r i u m 
ch lo r ide is a d d e d t o a so ln . of p o t a s s i u m r u t h e n a t e ; w i t h s t r o n t i u m ch lo r ide t h e r e 
is f o r m e d r e d s t r o n t i u m r u t h e n a t e , S r R u O 4 . w H ? 0 ; w i t h c a l c i u m ch lor ide , b l a c k 
c a l c i u m r u t h e n a t e , C a R u 0 4 . n H 2 0 ; a n d w i t h m a g n e s i u m chlor ide , b l a c k 
m a g n e s i u m r u t h e n a t e , M g R u O 4 . « H 2 0 . 

H . S t . C. Devi l le a n d H . D e b r a y cou ld n o t i so la te r u t h e n i u m h e m i h e p t o x i d e , 
R u 2 O 7 , b u t t h e sa l t s of perruthenic anhydride a r e k n o w n . T h e y o b t a i n e d p o t a s ­
s i u m perruthenate , K R u O 4 , b y pa s s ing a c u r r e n t of ch lor ine t h r o u g h a h o t , o r a n g e -
ye l low soln. of p o t a s s i u m r u t h e n a t e . I f t h e p a s s a g e of t h e g a s be d i s c o n t i n u e d 
before r u t h e n i u m t e t r o x i d e is e v o l v e d , t h e g r e e n l i qu id d e p o s i t s b l a c k c r y s t a l s of 
t h e p e r r u t h e n a t e . H . D e b r a y a n d A . J o I y g r a d u a l l y a d d e d 50 g r m s . of r u t h e n i u m 
t e t r o x i d e , fused u n d e r w a t e r , t o a soln. of 60 g r m s . of p o t a s s i u m h y d r o x i d e i n 
25O g r m s . of w a t e r a t 60° . O x y g e n is e v o l v e d a n d t h e l i qu id b e c o m e s g reen , a n d 
t h e n a l m o s t b l ack . W h e n t h e c h a n g e is c o m p l e t e , t h e l i qu id is a l lowed t o cool i n 
a c losed vessel . I t d e p o s i t s sma l l c r y s t a l s w h i c h a r e d r a i n e d o n p o r o u s t i l es a n d 
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d r i e d i n v a c u o over a des icca t ing a g e n t . T h e , o p a q u e , b l ack , l u s t r o u s o c t a h e d r a 
be long t o t h e t e t r a g o n a l s y s t e m , a n d , accord ing t o H . D u f e t , h a v e t h e ax ia l r a t i o 
a : c = l : 1-6340. T h e c rys t a l s a r e n o t i s o m o r p h o u s w i t h t h o s e of p o t a s s i u m per ­
m a n g a n a t e . W h e n t h e p e r r u t h e n a t e is h e a t e d t o 400° , in v a c u o , i t decomposes 
r a p i d l y , fo rming t h e r u t h e n a t e a n d r u t h e n i u m d iox ide . T h e d r y sa l t does n o t 
a l t e r on exposu re t o d r y air , b u t i n mo i s t a i r i t acqu i re s t h e smel l of r u t h e n i u m 
t e t r o x i d e . T h e sa l t c o m m e n c e s t o decompose a t 210°, a n d 360° , p o t a s s i u m 
r u t h e n a t e a n d r u t h e n i u m d iox ide a r e r a p i d l y f o r m e d w i t h t h e evo lu t ion of o x y g e n , 
a n d u l t i m a t e l y t h e r e is p r o d u c e d K 2 0 . 2 R u 2 O 5 — v i d e supra. F . C. Ph i l l ips s t u d i e d 
t h e r e d u c i n g a c t i o n of h y d r o g e n on a soln. of t h e sa l t . Accord ing t o H . S t . C. Devi l le 
a n d H . D e b r a y , t h e sa l t d issolves freely in w a t e r t o form a g reen soln. wh ich soon 
decomposes , e m i t t i n g r u t h e n i u m t e t r o x i d e , a n d depos i t ing h y d r a t e d h e m i p e n t o x i d e 

vide supra. D r y ch lor ine decomposes t h e p e r r u t h e n a t e in t h e cold, fo rming 
p o t a s s i u m ch lor ide a n d r u t h e n i u m t e t r o x i d e . F . C. Ph i l l ips s tud ied t h e ac t i on of 
h y d r o c a r b o n s , c a r b o n y l su lph ide , a n d m e t h y l su lph ide a n d h y d r o s u l p h i d e . Alka l i 
lye t r a n s f o r m s t h e p e r r u t h e n a t e s i n t o r u t h e n a t e s . H . D e b r a y a n d A. J o I y p r e ­
p a r e d s o d i u m perruthenate , N a R u O 4 - H 2 O , b y a process s imi lar t o t h a t e m p l o y e d 
for t h e p o t a s s i u m sa l t . T h e b lack , l ame l l a r c r y s t a l s of t h e m o n o h y d r a t e a r e 
d e c o m p o s e d a t 440° w i t h t h e evo lu t i on of w a t e r a n d oxygen , l eav ing a res idue of 
N a 2 0 . 3 R u 2 O 5 — v i d e supra. T h e s o d i u m sa l t is m o r e soluble t h a n t h e p o t a s s i u m 
sa l t i n w a t e r , a n d a green soln. is fo rmed . 

As i n d i c a t e d in connec t ion w i t h t h e d ioxide , H . St . C. Devi l le a n d H . D e b r a y , 
a n d A. G u t b i e r a n d F . RansohofE found t h a t r u t h e n i u m tetroxide , R u O 4 , is fo rmed 
w h e n ai r or o x y g e n is pa s sed ove r r u t h e n i u m a t a h igh t e m p . J . L . H o w e a n d 
E . A . O 'Nea l obse rved t h a t i t is f o r m e d in t h e e lec t ro ly t ic o x i d a t i o n of r u t h e n i u m 
s u l p h a t e . I n 1860, C. Claus p r e p a r e d r u t h e n i u m t e t r o x i d e b y pass ing ch lor ine 
t h r o u g h a soln. of a lka l i r u t h e n a t e a t 80° t o 90° . T h e t e t r o x i d e dist i ls over , a n d 
o n cool ing forms a golden-yel low m a s s of c rys t a l s . J . L . H o w e a n d F . N . Mercer 
f o u n d t h a t r u t h e n i u m m a y be comple t e ly dis t i l led a s t e t r o x i d e f rom a soln. of 
p o t a s s i u m r u t h e n a t e af te r t r e a t m e n t w i t h ch lor ine . T h e ox ide was so o b t a i n e d 
b y J . L . H o w e , a n d H . D e b r a y a n d A. J o I y . 

O. Ruff a n d E . Vidic r e c o m m e n d e d p r e p a r i n g t h e t e t r o x i d e of a h igh degree of 
p u r i t y b y dis t i l l ing a t 40° t o 50° , in a c u r r e n t of air , a n acidified soln. of t h e m a s s 
o b t a i n e d b y fusing in a s i lver c ruc ib le a m i x t u r e of 1 p a r t of finely-divided r u t h e ­
n i u m , 2 p a r t s of p o t a s s i u m p e r m a n g a n a t e , a n d 2O p a r t s of p o t a s s i u m h y d r o x i d e . 
T h e t e t r o x i d e condenses in a receiver , cooled w i t h ice, in t h e form of long yel low 
needles . 

Acco rd ing t o C. Claus , a n y c o m p o u n d of r u t h e n i u m c a n be c o n v e r t e d i n t o t h e 
t e t r o x i d e b y mix ing i t w i t h a la rge excess of p o t a s s i u m h y d r o x i d e a n d pass ing a 
c u r r e n t of ch lor ine ; a n d a n ac id ic soln. c a n be oxidized b y a m i x t u r e of p o t a s s i u m 
ch lo ra t e a n d hydroch lo r i c ac id . Accord ing t o J . D. H o w e a n d F . N . Mercer , finely-
d i v i d e d r u t h e n i u m is ox id ized t o t h e t e t r o x i d e b y a n excess of a soln. of h y p o ­
ch lor i t e . O. Ruff a n d E . Vidic obse rved t h a t r u t h e n i u m c o m p o u n d s a r e ox id ized 
t o t h e t e t r o x i d e b y a m i x t u r e of su lphur i c ac id a n d p o t a s s i u m p e r m a n g a n a t e . 
Accord ing t o A. G u t b i e r , t h e t e t r o x i d e c a n be purif ied b y r e p e a t e d l y s h a k i n g i t 
w i t h w a r m w a t e r t o r e m o v e al l t r a c e s of chlor ine , s e p a r a t i n g t h e solid as c o m ­
p le t e ly a s possible f rom w a t e r , a n d finally sub l iming i t severa l t i m e s i n v a c u o . 
H . D e b r a y a n d A. J o I y obse rved t h a t t h e ox ide c a n b e p r e s e r v e d in t u b e s freed 
f rom organ ic m a t t e r , a n d d r i ed b y h e a t i n g t o r edness in a c u r r e n t of d r y h y d r o g e n . 

T h e t e t r o x i d e fo rms golden-yel low c rys t a l s . H . D e b r a y a n d A. J o I y obse rved 
t h a t t h e v a p . d e n s i t y a t 100° a n d 106 m m . press . , is 5-77, co r r e spond ing w i t h a 
mo l . w t . of 166*7—theory for R u O 4 = 165*2. G. S c h r a d e r , a n d F . K r a u s s a n d 
G. S c h r a d e r gave 3-287 for t h e sp . gr . a t 21°/4° , a n d 51-4 for t h e mol . vol . T h e 
t e t r o x i d e m e l t s b y t h e h e a t of t h e h a n d , for i t s m . p . is 25-5° I t furnishes a d e e p 
o range - red l iqu id w h i c h solidifies s lowly e v e n w h e n seeded w i t h c rys ta l s of t h e 
ox ide . T h e fused ox ide r e m a i n s v i t r e o u s a long t i m e , a n d h a s been o b t a i n e d in 
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d i s t i n c t c rys t a l s on ly b y s u b l i m a t i o n w h i c h r e a d i l y occurs w i t h a s l ight c h a n g e of 
t e m p , u n d e r a press , of 3 o r 4 m m . N o b . p . h a s b e e n o b s e r v e d ; i t does n o t boi l 
be low 106°, a n d before boi l ing occurs t h e l i qu id d is t i l s r a p i d l y . H . S t . C. Devi l l e 
a n d H . D e b r a y obse rved t h a t a t a b o u t 108° t h e d i s t i l l a t ion is so r a p i d t h a t w i t h a 
la rge q u a n t i t y of l iqu id a v i o l e n t exp los ion occurs w i t h t h e p r o d u c t i o n of d e n s e , 
b l ack fumes . H . D e b r a y a n d A . J o I y sa id t h a t t h e t e t r o x i d e is s t a b l e be low 106°, 
b u t a t 107° s u d d e n d e c o m p o s i t i o n t a k e s p lace w i t h p r o d u c t i o n of a s m o k y flame, 
t h e l iquid p o r t i o n be ing c o n v e r t e d i n t o t h e c rys ta l l i zed d iox ide , whi l s t a p u l v e r u ­
l en t f o rm of t h e s a m e ox ide is d e p o s i t e d o n t h e s ides of t h e t u b e . D e c o m p o s i t i o n 
is c o m p l e t e , b u t t h e r e is n o a c t u a l exp los ion . A s i n d i c a t e d i n c o n n e c t i o n w i t h 
t h e d iox ide , t h e v a p o u r of t h e t e t r o x i d e is s t ab l e a t a v e r y h igh t e m p . , a n d i t 
d e c o m p o s e s a b o v e 500° i n t o o x y g e n a n d r u t h e n i u m d iox ide . T h e v a p . p ress , 
a t 108-8° is 183 m m . , a t 42° , 2O m m . , a n d a t 0° , a l m o s t ze ro . T h e t e t r o x i d e c a n 
be dis t i l led in w a t e r v a p o u r if ch lor ine o r h y p o c h l o r o u s ac id be p r e s e n t . A c c o r d i n g 
t o A. J o I y , w h e n t h o r o u g h l y d r i ed r u t h e n i u m t e t r o x i d e i n sea led t u b e s is k e p t in 
t h e d a r k , n o a l t e r a t i o n t a k e s p lace , b u t on e x p o s u r e t o sun l igh t , t h e wal l s of t h e 
t u b e b e c o m e c o a t e d w i t h a pa le b r o w n laye r , w h i c h g r a d u a l l y increases i n t h i c k n e s s 
a n d e v e n t u a l l y t r a n s m i t s on ly r ed l igh t . B e y o n d t h i s p o i n t , t h e t e t r o x i d e b e h i n d 
u n d e r g o e s n o f u r t h e r c h a n g e . T h e b r o w n depos i t d issolves a t once in p o t a s s i u m 
h y d r o x i d e soln. , f o rming a yel low l iqu id w i t h o u t a n y t r a c e of g reen , a n d in h y d r o ­
chlor ic ac id w i t h evo lu t ion of ch lor ine a n d f o r m a t i o n of a soln. of r u t h e n i u m 
t r i ch lo r ide . 

R u b i d i u m t e t r o x i d e is so luble in w a t e r . T h e a q . soln. , a n d t h e solid t e t r o x i d e , 
b o t h possess a n o d o u r l ike t h a t of ozone , b u t t h e v a p o u r is n o t po i sonous l ike t h a t 
of t h e co r r e spond ing o s m i u m t e t r o x i d e . R u t h e n i u m t e t r o x i d e d issolves i n w a t e r , 
fo rming a golden-ye l low soln. w h i c h c o n t a i n s n o def ini te h y d r a t e s . T h e p u r e soln. 
m a y be k e p t for s o m e t i m e , e v e n i n diffused l igh t , b u t g r a d u a l l y d e c o m p o s e s w i t h 
e v o l u t i o n of o x y g e n a n d d e p o s i t i o n of a b l a c k l a y e r of t h e h e m i t r i o x i d e , R u 2 O 3 . 
T h e d e c o m p o s i t i o n b y w a t e r is m o r e r a p i d t h e h i g h e r is t h e t e m p . , a n d a t 100° i t 
r a p i d l y b e c o m e s c o m p l e t e — b r i l l i a n t b l a c k scales of t h e lower ox ide , R u 4 O 9 ^ H 2 O , 
be ing obtained-—vide supra. O. Ruff a n d E . Vidic sa id t h a t t h e a q . so ln . of 
r u t h e n i u m t e t r o x i d e is n o t affected b y t h e a d d i t i o n of hydrof luor ic ac id , b u t is 
r e d u c e d w i t h t h e e v o l u t i o n of t h e h a l o g e n w h e n w a r m e d w i t h o t h e r h a l o g e n ac ids . 
A . J o I y also f o u n d t h a t t h e h a l o g e n h y d r a - a c i d s t r a n s f o r m t h e t e t r o x i d e r a p i d l y 
i n t o t h e t r i ch lo r ide , t r i b r o m i d e , or t r i i od ide ; in t h e l a s t case , t h e r e a c t i o n p r o ­
ceeds w i t h exp los ive v io lence . T h e r e a c t i o n is s y m b o l i z e d : 2 R u O 4 - J - 1 6 H C l 
= 2 R u C J 3 + 5 C l 2 + 8 H 2 O . H . Gall a n d G. L e h m a n n sa id t h a t t h e p r o d u c t of t h e 
r e a c t i o n is a m i x t u r e of r u t h e n i u m t r i - a n d t e t r a - c h i o r i d e s , a n d n o t , a s s u p p o s e d 
b y O. Ruff a n d S. M u g d e n , H . R e m y , S. A o y a m a , H . R e m y a n d A. Laihrs , 
a n d A. G u t b i e r a n d K . T r e n k n e r , t h e t r i c h l o r i d e a lone (q.v.). O. Ruff a n d 
IC. Vidic found t h a t t h e t e t r o x i d e is r a p i d l y r e d u c e d t o t h e t e t r a c h l o r i d e 
w h e n w a r m e d w i t h di l . h y d r o c h l o r i c ac id , a n d t h a t t h i s s lowly d e c o m p o s e s 
i n t o t r i ch lo r ide a n d ch lo r ine espec ia l ly w h e n t h e soln. is boi led t o r e m o v e 
t h e ch lor ine as i t f o r m s . T h e r e is a s imi la r r e a c t i o n w i t h h y d r o b r o m i c ac id , 
b u t t h e second s t a g e , t h e r e d u c t i o n t o t r i b r o m i d e , p r o c e e d s m o r e r a p i d l y ; w i t h 
hyd r iod i c acid , b l ack , in so lub le r u t h e n i u m t r i i od ide is i m m e d i a t e l y f o r m e d . 
J . Li. H o w e obse rved t h a t t h e v a p o u r of t h e t e t r o x i d e d e t o n a t e s i n c o n t a c t w i t h 
s u l p h u r . Organ ic s u b s t a n c e s r e d u c e t h e t e t r o x i d e v e r y eas i ly , a n d a b l a c k p r e ­
c i p i t a t e is depos i t ed o n t h e s u b s t a n c e , a n d h e n c e Iu. A . R a n v i e r p r o p o s e d i t a s a 
r e a g e n t in t h e p r e p a r a t i o n of h is to logica l s p e c i m e n s for mic roscop ic e x a m i n a t i o n . 
I t a t t a c k s r u b b e r , m a s t i c , a n d co rk . Iu. W o h l e r a n d co -worke r s f o u n d t h a t w h e n 
r e d u c e d w i t h a lcohol t h e t e t r o x i d e fo rms t h e d i o x i d e m i x e d w i t h a n exp los ive 
o rgan ic c o m p o u n d of r u t h e n i u m . T h e r e a c t i o n w a s s t u d i e d b y A . G u t b i e r . 
J . L,. H o w e , a n d A. G u t b i e r a n d K . T r e n k n e r f o u n d t h a t t h e solid t e t r o x i d e is 
r e d u c e d b y a lcohol w i t h exp los ive v io lence ; b u t i n h y d r o c h l o r i c a c i d soln . , a l coho l 
r e d u c e s i t t o t h e t r i ch lo r ide . H . D e b r a y a n d A . J o I y o b s e r v e d t h a t t h e t e t r o x i d e 
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a t t a c k s m e r c u r y . Alkal ies , a n d b a r y t a t r a n s f o r m t h e t e t r o x i d e i n t o r u t h e n a t e s ; 
a n d t h e t e t r o x i d e dissolves in a lka l i lye , a n d t h e soln. g ives a p r e c i p i t a t e of finely-
d i v i d e d r u t h e n i u m w h e n t r e a t e d w i t h a lcohol . J . L . H o w e o b s e r v e d t h a t t h e 
t e t r o x i d e is covered w i t h w a t e r , a n d t h e n w i t h a cone . soln. of csesium ch lor ide t o 
wh ich a l i t t l e hyd roch lo r i c ac id h a s been a d d e d , t h e sa l t C s 2 R u O 2 C l 4 is s lowly 
fo rmed ; a n d s imi lar ly w i t h r u b i d i u m chlor ide . 

F. K r a u s s showed t h a t r u t h e n i u m t e t r o x i d e h a s a w e a k acidic r e a c t i o n ; a n d 
t h a t t h e ox ide in soln. b e h a v e s a s a n e lec t ro ly te , be ing d e c o m p o s e d b y t h e c u r r e n t , 
fo rming a g reen l iqu id . I t fo rms sa l t s w i t h t h e a lkal ies , b u t on ly a m m o n i u m 
perruthenate , ( N H 4 ) 2 R u 0 5 , cou ld be i so la ted . T h e sa l t w a s o b t a i n e d b y a d d i n g 
cone . a q . a m m o n i a t o a cone . a q . soln. of r u t h e n i u m t e t r o x i d e u n t i l t h e co lour 
c h a n g e d f rom yel low t o g r ey i sh -b rown , a n d t h e n e v a p o r a t i n g t h e soln. A mono-
hydrate, a n d a dihydrate were p r e p a r e d . 
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§ 7. The Ruthenium Halides 

All four ha logens f o r m sa l t s w i t h r u t h e n i u m . H . Moissan x f o u n d t h a t w h e n 
fluorine a c t s on r e d - h o t r u t h e n i u m , a dense , co loured v a p o u r is f o rmed w h i c h w a s 
s u p p o s e d t o be r u t h e n i u m dinuor ide , R u F 2 . O. Ruff obse rved t h a t t h e a t t a c k 
beg ins a t 300°. F . K r a u s s a n d H . K u k e n t h a l were u n a b l e t o p r e p a r e r u t h e n i u m 
trifluoride, R u F 3 , b y t h e a c t i o n of h y d r o g e n fluoride on t h e t r i h y d r o x i d e . O. Ruff 
a n d E . Vidic h e a t e d t h e p o w d e r e d m e t a l , r e d u c e d f rom t h e t e t r o x i d e , w i t h fluorine 
a t a b o u t 280°, a n d o b t a i n e d r u t h e n i u m pentaf luoride, R u F 5 , a s a d a r k g reen , 
t r a n s p a r e n t m a s s of sp . gr . 2-963 a t 16-3° ; mol . vo l . 66-38 ; a n d t h e m . p . 101°. 
T h e v a p . p ress , a t 226° is 173 m m . a n d t h e b . p . lies b e t w e e n 270° a n d 275° . M o i s t u r e 
r a p i d l y d e c o m p o s e s t h e pen t a f luo r ide , f o rming r u t h e n i u m t e t r o x i d e a n d a lower 
ox ide , a n d hydrof luor ic ac id , a n d t h e co lour b e c o m e s d a r k b r o w n , a n d finally a b l a c k 
ge l a t i nous m a s s is fo rmed . L i q u i d w a t e r p r o d u c e s a soln. of r u t h e n i u m t e t r o x i d e 
a n d hydrof luor ic ac id , a n d a b l a c k p r e c i p i t a t e of a lower ox ide . W i t h iod ine v a p o u r , 
iod ine pen ta f luo r ide is f o r m e d ; w i t h cone , h y d r o c h l o r i c ac id , ch lor ine is deve loped , 
a n d a soln. of r u t h e n i u m t e t r a c h l o r i d e is f o rmed ; w i t h d r y h y d r o g e n ch lor ide 
t h e r e is n o r eac t ion , a n d w i t h t h e m o i s t gas , t h e r e a c t i o n is i n c o m p l e t e ; w i t h 
s u l p h u r a t 300°, t h e r e is a v igo rous r e a c t i o n , a n d s u l p h u r hexaf luor ide is f o r m e d ; 
d r y c a r b o n d i su lph ide , benzene , a n d t o l u e n e e x e r t a feeble a c t i o n ; ch lo ro fo rm a n d 
c a r b o n t e t r a c h l o r i d e h a v e a v igo rous a c t i o n ; silicon a t a h igh t e m p , h a s n o a c t i o n ; 
coppe r , a n d m e r c u r y h a v e v e r y l i t t l e a c t i o n a t o r d i n a r y t e m p . , b u t fluorides a r e 
s lowly f o r m e d a t h ighe r t e m p . ; p l a t i n u m , a n d go ld a r e n o t a t t a c k e d a t a b o u t 
300° ; a n d a soln. of s o d i u m h y d r o x i d e p r o d u c e s a h iss ing noise on c o n t a c t w i t h 
t h e pen ta f luor ide , fo rming a soln. of r u t h e n a t e , a n d a golden-ye l low p r e c i p i t a t e 
a c c o m p a n i e d b y a sma l l a m o u n t of a b l a c k p r e c i p i t a t e . 

T h r e e ch lor ides h a v e b e e n d e s c r i b e d — R u C l 2 , R u C l 3 , a n d R u C l 4 — a s well a s 
t h e i r c o m p l e x d e r i v a t i v e s . 

H . R e m y ' s s t u d y of t h e r e d u c t i o n of soln. of r u t h e n i u m t r i ch lo r ide s h o w e d 
t h a t a r u t h e n i u m m o n o c h l o r i d e , R u C l , m a y be f o r m e d as a n i n t e r m e d i a t e s t a g e 
i n t h e r e d u c t i o n of t h e d ich lor ide t o m e t a l b y s o d i u m a m a l g a m — v i d e infra. I n 
t h e i r s t u d y of t h e d i r ec t f o r m a t i o n or d e c o m p o s i t i o n of r u t h e n i u m t r i ch lo r ide , 
L . W o h l e r a n d P . BaIz o b t a i n e d n o ev idence of t h e f o r m a t i o n of a m o n o c h l o r i d e . 
O n t h e o t h e r h a n d , b y r e d u c i n g soln. of r u t h e n i u m ch lor ide b y h y d r o g e n in u l t r a ­
v io l e t l i gh t , t h e so ln . b e c o m e s colourless a n d t h e n b l u e . F . K r a u s s , a n d E . B r u c h -
h a u s showed t h a t t h e colour less soln. p r o b a b l y c o n t a i n s b i v a l e n t r u t h e n i u m , a n d 
t h a t t h e b lue soln. c o n t a i n s u n i v a l e n t r u t h e n i u m . A c c o r d i n g t o C. Claus , r u t h e ­
n i u m , a t a dul l r e d - h e a t , i s s lowly a t t a c k e d b y ch lor ine , a ye l low fume of t h e 
h ighes t ch lor ide is first p r o d u c e d a n d ca r r i ed f o r w a r d b y t h e gas . T h e m e t a l a t 
t h i s s t age suffers n o c h a n g e of a p p e a r a n c e o r pe r cep t i b l e inc rease i n b u l k ; a t a 
l a t e r pe r iod , a l i t t l e t r i ch lo r ide sub l imes a n d t h e m e t a l t u r n s b lack , a n d i n t h e 
course of 2 h r s . i s c o n v e r t e d i n t o a b l a c k a n d p a r t l y c rys t a l l ine r u t h e n i u m 
dichloride, o r r u t h e n o u s ch lor ide , R u C l 2 . T h e conve r s ion m a y n o t b e c o m p l e t e , 
a n d t o s a t u r a t e t h e m e t a l c o m p l e t e l y w i t h ch lor ine , so a s t o p r o d u c e t h e d ich lo r ide , 
i t is necessa ry t o pu lve r i ze t h e first p r o d u c t , a n d r e p e a t t h e p rocess . K . T r e n k n e r , 
a n d A. G u t b i e r were u n a b l e c o m p l e t e l y t o s a t u r a t e t h e m e t a l w i t h ch lor ine , a n d t h e 
r e su l t s g a v e less ch lor ine t h a n c o r r e s p o n d s w i t h t h e t h e o r e t i c a l v a l u e r e q u i r e d for 
t h e d ichlor ide . A . J o I y infer red t h a t t h e p r o d u c t is a m i x t u r e of r u t h e n i u m a n d 
i t s t r i ch lo r ide ; a n d A. Gu tb i e r , t h a t a revers ib le r e a c t i o n : R u + C l 2 ^ R u C l 2 is 
i nvo lved , so t h a t t h e p r o d u c t is a s s u m e d t o be a m i x t u r e of r u t h e n i u m a n d i t s 
d ich lo r ide . J . L . H o w e a n d S. C. O g b u r n p a s s e d a m i x t u r e of ch lo r ine a n d c a r b o n 
d iox ide o v e r h e a t e d , finely-divided r u t h e n i u m , a n d o b t a i n e d a b r o w n p o w d e r 
cons i s t ing m a i n l y of r u t h e n i u m d ich lor ide . W . M a n c h o t a n d H . S c h m i d o b t a i n e d 
i t b y t h e c a t h o d i c r e d u c t i o n of t h e t r i ch lo r ide . F . K r a u s s a n d H . K u k e n t h a l 
o b t a i n e d s imi lar r e su l t s a t 360°, a n d f o u n d t h a t t h e p r o l o n g e d a c t i o n of t h e ch lo r ine 
y ie lds R u 2 C l 5 . H . Gal l a n d G. L e h m a n n f o u n d t h a t w h e n r u t h e n i u m t r i ch lo r ide 
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i s r e d u c e d i n alcohol ic soln. b y h y d r o g e n in t h e p re sence of s p o n g y p l a t i n u m , 
r u t h e n i u m dich lor ide is f o rmed a long w i t h s o m e r u t h e n i u m , t h e p r o d u c t i o n of t h e 
m e t a l is p r e v e n t e d b y a d d i n g hyd roch lo r i c ac id , p r e f e r a b l y d e r i v e d f rom chloro­
fo rm, t o t h e alcohol ic soln. T h e d ich lor ide b e h a v e s a s a r e d u c i n g a g e n t . T h e 
soln. does n o t a b s o r b c a r b o n m o n o x i d e a t a t m . t e m p . ; b u t a t 210° , i t f o rms 
RuCl 2 . 2CO—v ide infra. L . P a u l i n g , V. M. Groldschmidt, a n d G. B r u n i a n d 
A. F e r r a r i d i scussed t h e poss ib le s t r u c t u r e of t h e space - l a t t i ce of t h e d i ch lo r ide . 
C. Claus obse rved t h a t t h e d ich lor ide so o b t a i n e d is inso luble in -water a n d ac ids , 
a l t h o u g h w a t e r m a y e x t r a c t a t r a c e of r u t h e n i u m t r i ch lo r ide . A soln. of p o t a s ­
s i u m h y d r o x i d e a c t s l ike w a t e r e v e n w h e n t h e m i x t u r e is e v a p o r a t e d t o d r y n e s s . 
I f t h i s d r y res idue be w a s h e d w i t h w a t e r , a n d d iges ted w i t h hydroch lo r i c ac id , a 
l i t t l e ox ide is d i sso lved , a n d t h e ac id acqu i r e s t h e colour of t h e t r i ch lo r ide . 
E . K r a u s s a n d E . B r u c h h a u s o b t a i n e d b i v a l e n t c o m p o u n d s b y t h e s i m u l t a n e o u s 
a c t i o n of h y d r o g e n a n d e x p o s u r e t o s h o r t w a v e r a d i a t i o n . J . L . H o w e a n d 
S. C. O g b u r n found t h a t t h e d ich lor ide t h e y p r e p a r e d is insoluble in m o s t so lven t s 
b u t is r ead i ly soluble in a b s o l u t e a lcohol , f o rming a b lue soln. l ike t h a t p r o d u c e d 
b y t h e a c t i o n of r e d u c i n g a g e n t s o n r u t h e n i u m t r i ch lo r ide . T h e soln. is s l igh t ly 
ion ized , b u t is n o t col loidal . 

N e a r l y fo r ty y e a r s before t h e d i scove ry of r u t h e n i u m b y C. Claus , L . N . V a u q u e l i n 
h a d obse rved a n azu re -b lue soln. is o b t a i n e d b y t h e r e d u c i n g ac t i on of zinc on 
c e r t a i n soln. of t h e p l a t i n u m m e t a l s . Th i s co lo ra t ion w a s a t t r i b u t e d t o t h e 
p re sence of o s m i u m , b u t t h e r e a c t i o n is n o w k n o w n t o b e cha rac t e r i s t i c of r u t h e n i u m 
t r i ch lo r ide . C. Claus o b s e r v e d t h a t w h e n h y d r o g e n su lph ide is passed t h r o u g h a 
soln. of r u t h e n i u m t r i ch lo r ide , a d a r k b r o w n su lph ide is p r e c i p i t a t e d , a n d t h e 
l iqu id acqu i r e s a b lue co lour . Af te r expel l ing t h e h y d r o g e n su lph ide f rom t h e 
l iqu id b y pass ing a c u r r e n t of a i r , t h e azu re -b lue l iqu id w h i c h r e m a i n s c o n t a i n s 
r u t h e n o u s ch lor ide a n d h y d r o c h l o r i c ac id . A. J o I y , a n d J . L . H o w e ag reed . 
C. C laus ' a r g u m e n t w a s (i) h y d r o g e n su lph ide is k n o w n t o r educe soln. of t h e 
ch lo r ides of o t h e r p l a t i n u m m e t a l s ; (ii) t h e su lph ide p r e c i p i t a t e d b y t h e h y d r o g e n 
s u l p h i d e c o n t a i n s 2 o r m o r e g r a m - a t o m s of s u l p h u r t o 1 g r a m - a t o m of m e t a l ; 
(hi) t h e t r i ch lo r ide is co loured b lue b y o t h e r r e d u c i n g agen ts—e .g . z inc ; a n d 
(iv) w h e n a soln. of t r i ch lo r ide is e v a p o r a t e d a n d t h e res idue h e a t e d , i t t u r n s 
g reen , b u t shows i so la ted b lue spo t s . T h e d ich lor ide c a n n o t be so o b t a i n e d because 
a bas ic sa l t is p r o d u c e d . W h e n t h e b l u e soln. is t r e a t e d w i t h alkal i lye , r u t h e n i u m 
sesqu iox ide is p r e c i p i t a t e d , j u s t a s w h e n a soln. of a lower chlor ide of i r i d ium is 
s imi la r ly t r e a t e d , h y d r a t e d i r i d i u m d iox ide is fo rmed . H . R e n i y a d d e d t h a t (v) a 
cold soln. of s o d i u m h y d r o x i d e g ives a b r o w n co lo ra t ion which , if t h e soln. a r e 
c o n e , becomes a b r o w n p r e c i p i t a t e , soluble i n hyd roch lo r i c ac id t o form a b lue 
soln . , b u t if on ly a t r a c e of a i r is a d m i t t e d t h e soln. is g reen ; h o t soln. of s o d i u m 
h y d r o x i d e give a d a r k b r o w n p r e c i p i t a t e w h i c h is soluble in 10 pe r cen t , h y d r o ­
chlor ic ac id w i t h t h e f o r m a t i o n of a ye l lowish-brown soln. ; a n d (vi) a m m o n i a 
g ives a g rey i sh -b lack p r e c i p i t a t e soluble in hyd roch lo r i c ac id t o a b lue soln. a n d 
so luble in excess of a m m o n i a t o a d a r k viole t soln. ; h o t a m m o n i u m c a r b o n a t e 
g ives a d a r k g reen co lo ra t ion ; iod ine soln. a r e decolor ized in t h e p resence of ac id . 
C. Claus a d d e d t h a t a q . a m m o n i a p r o d u c e s w i t h t h e b lue soln. a v io le t -b lue p r e c i p i t a t e 
w h i c h t u r n s g reen , a n d w i t h t h e g reen soln. i t p r o d u c e s a g reen p r e c i p i t a t e a n d a 
r e d l iqu id . W h e n e i t he r t h e g reen or t h e b lue soln. is h e a t e d w i t h n i t r i c ac id , i t 
a cqu i r e s t h e orange-ye l low colour cha rac t e r i s t i c of t h e t r i ch lo r ide . S u l p h u r o u s 
ac id a n d hyd roch lo r i c ac id decolor ize t h e b lue l iquor . H . R e m y said t h a t all t h e 
r e a c t i o n s of soln. of b i v a l e n t r u t h e n i u m i n d i c a t e t h a t t h e c o m p o u n d s of b i v a l e n t 
r u t h e n i u m a r e excess ively u n s t a b l e . S. A o y a m a f o u n d t h a t w h e n a m m o n i a is 
a d d e d t o t h e p r o d u c t of t h e a c t i o n of h y d r o g e n ch lor ide o n r u t h e n i u m t e t r o x i d e , 
t h e r e is a s equence of co lour c h a n g e s w i t h t h e u l t i m a t e f o r m a t i o n of a v iole t com­
p o u n d , r u t h e n i u m d iaauotr iamminodich lor ide , Ru(NH 3 )S (H 2 O) 2 Cl 2 - C. Claus 
p r e p a r e d r u t h e n o u s t e t ramminoch lor ide , [ R u ( N H 3 ) 4 ] C l 2 , b y t h e ac t ion of a 
boi l ing soln. of s o d i u m c a r b o n a t e a n d a m m o n i a o n a m m o n i u m c h l o r o r u t h e n a t e . 
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T h e r e a c t i o n was s t u d i e d b y H . S c h w a r z . A c c o r d i n g t o M. F . Schur igen , a n d 
W . S t r e c k e r a n d M. F . Schur igen , p h o s p h o r u s p e n t a c h l o r i d e a c t s o n s p o n g y 
ru then ium, t o form, a c o m p l e x r u t h e n i u m phosphochlor ide , 2 R u C l 2 . 5 P C l 3 . 
W . M a n c h o t a n d J . K o n i g cou ld n o t p r e p a r e r u t h e n i u m carbony l d ichloride , 
Ru(CO) 2 Cl 2 , r e p o r t e d b y H . Gal l a n d G. L e h m a n n , a n d H . R e m y ; b u t W . M a n c h o t 
sa id t h a t t h e ch lor ide sub l imes a s a c h l o r o c a r b o n y l w h e n h e a t e d i n c a r b o n m o n o x i d e . 

H . R e m y t r i t u r a t e d soln. of r u t h e n i u m t r i ch lo r ide w i t h dil . s o d i u m h y d r o x i d e i n 
a n a t m . of c a r b o n d iox ide u n t i l t h e s e p i a - b r o w n colour c h a n g e d t o c lear b lue , a n d 
found t h a t some r u t h e n i u m w a s a t t h e s a m e t i m e p r e c i p i t a t e d . T h e r e su l t s 
i n d i c a t e t h a t in t h e b lue soln. , m o s t of t h e r u t h e n i u m is p r e s e n t in a b i v a l e n t 
cond i t ion , b u t t h e c o m p l e t e conve r s ion is imposs ib le w i t h o u t a t t h e s a m e t i m e 
r e d u c i n g some t o t h e me ta l l i c s t a t e . H . R e m y a n d T. W a g n e r obse rved t h a t d u r i n g 
t h e r e d u c t i o n of r u t h e n i u m t r i ch lo r ide in hyd roch lo r i c ac id soln. b y s o d i u m 
a m a l g a m , a g reen co lo ra t ion is o b s e r v e d b e t w e e n t h e in i t i a l s e p i a - b r o w n a n d 
u l t i m a t e d a r k b lue , w h i c h is m o r e p r o n o u n c e d as t h e ac id i t y of t h e soln. is inc reased . 
T h i s p o i n t c o r r e s p o n d s w i th t h e a b s o r p t i o n of one e q u i v a l e n t of h y d r o g e n for e a c h 
r u t h e n i u m ion (when a l lowance is m a d e for t h e q u a n t i t y u s e d in t h e s u b s i d i a r y 
r e d u c t i o n of t r i ch lo r ide t o m e t a l ) , a n d t h u s p o i n t s t o t h e ex i s t ence of t h e d ich lor ide 
in soln. H . R e m y a d d e d t h a t i t is possible t h a t some u n i v a l e n t r u t h e n i u m chlor ide 
is fo rmed , a n d T. W a g n e r , a n d H . R e m y a n d T. W a g n e r o b s e r v e d t h a t t h e f u r t h e r 
a d d i t i o n of s o d i u m a m a l g a m causes t h e p r o d u c t i o n of d a r k b lue r u t h e n i u m m o n o -
chlor ide , t h e r eac t ion be ing i n c o m p l e t e in s t rong ly ac id ic soln. , b u t q u a n t i t a t i v e in 
m o r e feebly acidic soln. I t t h u s a p p e a r s t h a t b i v a l e n t r u t h e n i u m as t h e free ion 
a n d in w e a k complexes is v e r y u n s t a b l e a n d read i ly passes i n t o t h e u n i v a l e n t con­
d i t ion , a n d t h a t r u t h e n i u m d ich lor ide , in i tself colourless or feebly co loured , g ives 
a d a r k g reen a d d i t i v e c o m p o u n d w i t h hyd roch lo r i c ac id . E . Zin t l a n d P . Za imis 
t i t r a t e d t h e soln. of r u t h e n i u m t r i ch lo r ide w i t h soln. of c h r o m o u s s u l p h a t e a n d 
w i t h t i t a n o u s s u l p h a t e , a n d found t h a t t h e r e su l t s conf i rmed t h e conc lus ion t h a t 
t h e b lue co lour of t h e soln. is d u e t o t h e u n i v a l e n t m e t a l . E . B r u c h h a u s s h o w e d 
t h a t w h e n a soln. of r u t h e n i u m t r i ch lo r ide is r e d u c e d b y h y d r o g e n in u l t r a -v io l e t 
l igh t , t h e colourless l iqu id first f o rmed p r o b a b l y c o n t a i n s b i v a l e n t r u t h e n i u m , 
a n d t h a t t h e s u b s e q u e n t p r o d u c t i o n of a b lue l iqu id is d u e t o t h e r e d u c t i o n of t h e 
d ich lor ide t o monoch lo r ide . 

R . C h a r o n n a t obse rved t h a t a soln. of r u t h e n i u m t r i ch lo r ide w h i c h h a s b e e n 
w a r m e d c o n t a i n s a p r e p o n d e r a t i n g p r o p o r t i o n of r u t h e n i u m h y d r o x y t r i ch lo r ide , 
a n d of t h e t e t r a c h l o r i d e w h e n p r e p a r e d cold . W h e n t h e h y d r o x y t r i ch lo r ide is 
h e a t e d , in t h e p resence of hyd roch lo r i c ac id , t h e t r i ch lo r ide is r e - fo rmed ; 2HCl 
+ 2 R u ( O H ) C l 3 - > 2 R u C l 3 + C l 2 + 2 H 2 O . W h e n r u t h e n i u m t e t r a c h l o r i d e is r e d u c e d 
w i t h a lcohol in t h e p re sence of h y d r o c h l o r i c ac id , r u t h e n i u m hydrotetrachlor ide , 
R u C l 3 . H C l . 2 H 2 O , is fo rmed in r ed , ac icu la r c rys t a l s , w h i c h w h e n h e a t e d lose 
h y d r o g e n chlor ide a n d w a t e r , t h o u g h t h e w a t e r is n o t all expe l led a t 200° . If t h e 
r u t h e n i u m t e t r a c h l o r i d e be r e d u c e d b y a lcohol in t h e absence of hyd roch lo r i c ac id , 
a g r een i somer , R u C l 3 . H C l . 2 H 2 O , is fo rmed . 

Acco rd ing t o A. Liuhrs, a n d H . R e m y a n d A. Liuhrs, t h e fac t t h a t w h e n a soln . 
of r u t h e n i u m t r i ch lo r ide , or a soln. *of p o t a s s i u m ^ - c h l o r o p e r r u t h e n i t e , is t i t r a t e d 
w i t h s o d i u m a m a l g a m , i t r equ i r e s e x a c t l y one eq . of h y d r o g e n t o p r o d u c e a 
b lue of m a x i m u m i n t e n s i t y , showing t h a t t e r v a l e n t r u t h e n i u m is p r e s e n t ; o n 
t h e o t h e r h a n d , t h e c o m p o u n d f o r m e d b y t h e a c t i o n of h y d r o c h l o r i c ac id o n 
r u t h e n i u m t e t r o x i d e r equ i r e s t w o eq . of h y d r o g e n t o d e v e l o p a b l u e co lour of 
m a x i m u m i n t e n s i t y , a n d hence i t is t h o u g h t t h a t t h i s s a l t c o n t a i n s q u a d r i v a l e n t 
ruthenium. The salt, potassium oxychloroperruthenite, K4[Ru2OCl1 0] , is 
r e a d i l y p r e p a r e d f rom t h e a q . soln. , a n d f t is s u p p o s e d t o c o r r e s p o n d w i t h b r o w n 
p o t a s s i u m a-chloroperru theni te -—vide infra. R . C h a r o n n a t d o u b t e d t h e ex i s t ence 
of t h e sa l t , K 4 [ R u 2 O C l 1 0 ] . I t follows t h a t t h i s c o m p o u n d , w h i c h l ikewise c o n t a i n s 
q u a d r i v a l e n t r u t h e n i u m , rep laces t h e p r e v i o u s so-cal led " b r o w n o r <x~penta-
ch lo ro ru thena t . e s . " T h e b lue soln. o b t a i n e d b y t h e c o m p l e t e r e d u c t i o n of r u t h e -

chlororuthenat.es
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n i u m sa l t s b y s o d i u m a m a l g a m c o n t a i n t h e b i v a l e n t m e t a l . T h e g reen co lo ra t ion , 
f o r m e d i n t e r m e d i a t e l y d u r i n g t h e r e d u c t i o n exc lus ive ly of q u a d r i v a l e n t r u t h e n i u m 
sa l t s i n soln. s t r o n g l y acidified 'with h y d r o c h l o r i c ac id , is d u e t o c o m p o u n d s of 
t e r v a l e n t r u t h e n i u m . H . Gal l a n d G. L e h m a n n be l ieve t h a t t h e p r o d u c t o b t a i n e d 
b y t h e a c t i o n of h y d r o c h l o r i c ac id on r u t h e n i u m t e t r o x i d e is a m i x t u r e of t h e t r i -
a n d t e t r a - c h l o r i d e s . T h e g reen co lour of soln. of r u t h e n i u m ch lor ide is a t t r i b u t e d 
b y H . K e m y a n d co -worke r s t o t h e p resence of t e r v a l e n t m e t a l , b u t s ince soln. of 
t h e t e r v a l e n t m e t a l a r e s ep i a -b rown , t h e g reen soln. w o u l d i n d i c a t e t h e p r e sence 
of a n i somer ic fo rm of t h e t r i ch lo r ide . Th i s inference is n o t just if ied b y t h e k n o w n 
fac t s . T h e g reen co lour is d u e t o t h e a d m i x t u r e of b r o w n a n d b lue soln. S. A o y a m a 
a lso in fe r red t h a t t h e p r o d u c t of t h e a c t i o n of h y d r o g e n chlor ide o n r u t h e n i u m 
t e t r o x i d e c o n t a i n s b o t h t h e c h l o r o r u t h e n a t e s a n d c h l o r o p e r r u t h e n i t e s fo rmed b y 
t h e r e a c t i o n s : R u 0 4 + 6 H C l g a B — H 2 R u O 2 C l 4 + C L , + 2 H 2 O ; followed b y H 2 R u O 2 C l 4 
+ 4 H C l = H 2 R u C l 6 + C l 2 + 2 H 2 0 , a n d b y 2 H 2 R u C l 6 ^ 2 H 2 R u C l 5 + C l 2 . H . R e m y , 
a n d H . Gal l a lso sa id t h a t t h e p r o d u c t c o n t a i n s q u a d r i v a l e n t r u t h e n i u m , a n d 
F . K r a u s s , t h a t t h e r u t h e n i u m is n e a r l y all in t h e t e r v a l e n t s t a t e . F . K r a u s s a n d 
H . K u k e n t h a l sa id t h a t if t h e t e t r o x i d e be t r e a t e d "with hydroch lo r i c ac id a n d 
p o t a s s i u m iod ide , t h e iod ine l i b e r a t e d c o r r e s p o n d s w i t h a dec rease in va l ency of 5 
i n t h e t e t r o x i d e ; t h e r e d u c e d soln. fu rn i shes sa l t s of t h e t y p e R 2 R u C l 5 , R u C l 3 , 
a n d R u ( O H ) 3 , showing t h a t t h e m e t a l is h e r e t e r v a l e n t , a n d o c t o v a l e n t in t h e 
t e t r o x i d e . M. B u i v i d a i t e p r e p a r e d a m m o n i u m ch lororutheni te , N H 4 R u C l 4 . 2 H 2 O , 
b y r e d u c i n g t h e c o r r e s p o n d i n g r u t h e n a t e w i t h s t a n n o u s ch lor ide . T h e sa l t loses 
w a t e r a t 220° t o 230°, a n d a m m o n i a a t 230°. T h r e e on ly of t h e ch lor ine a t o m s 
c a n be r e m o v e d f rom t h e a q u o - s a l t b y s i lver n i t r a t e . 

J . Li. H o w e d id n o t i so la te t h e d ich lo r ide , b u t h e r e d u c e d a soln. of t h e t r i ­
ch lor ide e lec t ro ly t i ca l ly , a n d i m m e d i a t e l y a d d e d caesium chlor ide t o t h e blue 
l iquor , a n d o b t a i n e d a d a r k g reen i sh-b lue , or o l ive-green p r e c i p i t a t e of caes ium 
ch lororuthen i t e , 3 C s C l . 2 R u C l 2 . 2 H 2 O . T h e sa l t oxidizes w i t h g r ea t r a p i d i t y on 
e x p o s u r e t o a i r . !E. B r u c h h a u s t r e a t e d t h e colour less soln. , o b t a i n e d b y r e d u c i n g 
a soln. of r u t h e n i u m t r i ch lo r ide b y h y d r o g e n i n u l t r a -v io l e t l igh t , w i t h caesium 
chlor ide , a n d o b t a i n e d t h e c h l o r o r u t h e n i t e , C s 3 [ R u C l 5 H 2 O ] . M. B u i v i d a i t e 
p r e p a r e d t h e coesium sal t , C s R u C l 4 . 5 H 2 O , a n d rub id ium chlororutheni te , 
R b R u C l 4 . 4 H 2 O , b y a d d i n g caesium or r u b i d i u m chlor ide t o a soln. of a m m o n i u m 
c h l o r o r u t h e n i t e . These sa l t s a r e s t ab l e a q u o - s a l t s . T h e c e s i u m sa l t loses a mol . 
of w a t e r a t 100°. O. W . Gibbs r e p o r t e d r u t h e n i u m h e x a m m i n o c h l o r o m e r c u r a t e , 
[Ru<NH 8 ) 4 ]Cl 2 .HgCl 2 . 

F . K r a u s s a n d H . K u k e n t h a l o b s e r v e d t h a t t h e p ro longed ac t i on of ch lor ine 
a n d c a r b o n m o n o x i d e a t 360° o n f inely-divided r u t h e n i u m furnishes r u t h e n i u m 
h e m i p e n t a c h l o r i d e , R u 2 C l 5 . T h e soln. in dil . a lcohol is b lue or viole t , a n d r e a c t s 
o n l y s lowly w i t h h y d r o g e n su lph ide , p o t a s s i u m h y d r o x i d e , a n d si lver n i t r a t e , 
s h o w i n g t h a t a c o m p l e x sa l t is p r o b a b l y fo rmed . C. Claus d issolved r u t h e n i u m 
sesqu iox ide i n h y d r o c h l o r i c ac id , a n d e v a p o r a t e d t h e soln. t o d r y n e s s t o o b t a i n 
r u t h e n i u m tr ichloride , R u C l 3 . W . R . Crowell a n d D . M. Y o s t found t h a t soln . 
of r u t h e n i u m c o m p o u n d s in h y d r o c h l o r i c ac id a r e r educed b y p o t a s s i u m iod ide t o 
t h e t e r v a l e n t s t a t e . JJ. W o h l e r a n d P . BaIz o b t a i n e d on ly t h e t r i ch lo r ide b y t h e 
a c t i o n of ch lo r ine o n f inely-divided r u t h e n i u m b e t w e e n 380° a n d 420° ; a n d 
L». W o h l e r a n d co-workers , b y h e a t i n g t h e c h l o r o p e r r u t h e n i t e in h y d r o g e n a t 400° . 
A . J o I y h e a t e d r u t h e n i u m in ch lor ine , a n d f o u n d t h a t t h e t r a n s f o r m a t i o n t o 
t r i ch lo r ide is i n c o m p l e t e , b u t if t h e ch lo r ine be m i x e d w i t h c a r b o n m o n o x i d e , 
c h l o r i n a t i o n r ead i ly occurs a t 350° . Xi. W o h l e r a n d P . BaIz worked a t 400°. 
A . J o I y , K . T r e n k n e r , a n d A. G u t b i e r a n d K . T r e n k n e r o b t a i n e d t h e t r i ch lo r ide 
b y w a r m i n g r u t h e n i u m t e t r o x i d e w i th cone , h y d r o c h l o r i c ac id on a w a t e r - b a t h ; 
2 R u O 4 + 1 6 H C l = 2 R u C l 3 + 5 C l 2 + 8 H 2 O . A. G u t b i e r o b s e r v e d t h a t if t h e r eac t i on 
is s low t o begin , i t c a n be s t a r t e d b y t h e a d d i t i o n of a few d r o p s of a lcohol ; a n d 
h e r e c o m m e n d e d a l lowing a m i x t u r e of r u t h e n i u m t e t r o x i d e w i t h 20 p e r cen t , 
h y d r o c h l o r i c ac id t o s t a n d u n d e r r e d u c e d press , for a couple of h o u r s . T h e soln. 
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'was free f rom chlor ine a n d u n c o n v e r t e d ox ide , a n d w a s c o n c e n t r a t e d t o a s y r u p 
b y pass ing a i r over t h e w a r m l iquid . W h e n t h e p r o d u c t w a s confined ove r 
su lphur ic acid in a n e v a c u a t e d des icca tor , i t fu rn i shed a b lack , c rys ta l l ine m a s s of 
t h e t r ich lor ide . T h e t r i ch lo r ide is also p r o d u c e d w h e n t h e t e t r o x i d e is d issolved 
in chlor ine wa te r , a n d t h e soln. e v a p o r a t e d . A m a s s of c rys ta l s of t h e t r i ch lo r ide 
r ema ins . F . K r a u s s a n d H . K i i k e n t h a l o b t a i n e d t h e t r i ch lor ide b y t h e i n t e r a c t i o n 
of t h e v a p o u r of r u t h e n i u m t e t r o x i d e a n d d r y h y d r o g e n ch lor ide a t 105° t o 115°— 
t h e d a r k b rown , de l iquescen t m a s s is of a h igh degree of p u r i t y — a n d also b y t h e 
ac t ion of d r y h y d r o g e n chlor ide a t 105° on t h e purif ied t r i ox ide . V. Ipateeff 
s tud ied t h e ac t ion of h y d r o g e n u n d e r p ress . Accord ing t o H . R e m y a n d T . W a g n e r , 
o r d i n a r y r u t h e n i u m is on ly p a r t i a l l y a t t a c k e d b y chlor ine , b u t , in t h e p resence of 
c a r b o n m o n o x i d e , a n d a t t e m p , a b o v e r e d - h e a t , t h e r eac t ion is comple t e , a n d t h e 
t r i ch lor ide is fo rmed. J . L . H o w e o b t a i n e d r e d d i s h - b r o w n soln. of ch loroper-
r u t h e n o u s acid, H 2 R u C l 6 , b y cover ing r u t h e n i u m t e t r o x i d e w i t h cone, hyd roch lo r i c 
ac id . L . A. WeIo a n d K . B a u d i s c h s t u d i e d t h e m a g n e t i c p rope r t i e s . 

T h e t r i ch lor ide p r e p a r e d i n t h e d r y w a y b y A. J o I y furn ished a b r o w n p o w d e r 
which is n o t de l iquescent , a n d is insoluble in cold w a t e r . Boi l ing w a t e r a cqu i r e s 
a b lue colour, which changes t o green, a n d finally decolorizes a s a b lack oxych lo r ide 
is p r e c i p i t a t e d a n d a soln. of hydroch lo r i c ac id is fo rmed . T h e t r i ch lo r ide p r e ­
p a r e d in t h e w e t w a y furnishes a m a s s of b l a c k c rys t a l s . P . Vinassa d iscussed 
t h e mol . vol . H . R e m y a n d M. K o h n m e a s u r e d t h e d issocia t ion press . , p m m . , 
of r u t h e n i u m t r ich lor ide b e t w e e n 689° a n d 841° , a n d found : 

720° 742° 776° 816° 832° 841° 855° 
p . 138 187 288 562 673-5 727 o v e r 800 rn in . 

T h e resu l t s show t h a t i t decomposes d i r ec t ly i n t o i t s e l emen t s w i t h o u t t h e fo rma­
t i o n of i n t e r m e d i a t e lower chlor ides . L . W o h l e r a n d P . BaIz c a m e t o t h e s a m e 
conclus ion ; t h e y a d d e d t h a t t h e sa l t decomposes i n t o i t s e l emen t s a t 845°, a n d 
t h a t t h e v a p . press , m e a s u r e m e n t s a r e unsa t i s f ac to ry a b o v e 700° owing t o t h e 
vo la t i l i t y of t h e t r i ch lor ide . T h e y g a v e : 

450° 510° 620° 700° 740° 
p . . . 24 30 68 187 389 m m . 

T h e h e a t of f o rma t ion is ( R u , 1 ^ C l 2 ) = 6 3 CaIs. S. M. K a r i m a n d R . Samue l , a n d 
M. P e s t e m e r a n d P . B e r n s t e i n s t u d i e d t h e a b s o r p t i o n s p e c t r u m . B . Cabre ra a n d 
H . F a h l e n b r a c h , a n d A. N . G u t h r i e a n d L . T . B o u r l a n d s t u d i e d t h e m a g n e t i c 
p rope r t i e s . W . M a n c h o t a n d G. L e h m a n n o b s e r v e d t h a t in n i t r o g e n a t 270° n o 
chlor ine is evolved, b u t in c a r b o n m o n o x i d e , t r a c e s of phosgene a re fo rmed . T h e 
t r i ch lor ide w a s found t o b e insoluble in e t h e r , b u t i t fo rms a green soln. w i t h 
a b s o l u t e alcohol , a n d t h i s soln. c o n d u c t s e lec t r ic i ty w i t h t h e evo lu t ion of h y d r o g e n 
a t t h e c a t h o d e . T h e a q . soln. is a good c o n d u c t o r , evo lv ing h y d r o g e n a n d ch lor ine 
w i t h t h e depos i t ion of t h e h y d r o x i d e , R u ( O H ) 8 . T h e t r i ch lor ide is hygroscop ic , 
a n d is r ead i ly soluble i n w a t e r , a n d in a lcohol . T h e cone . aq . soln. is b r o w n , b u t 
w h e n d i lu t e , i t is o range-ye l low. T h e sa l t h a s g r e a t t i nc to r i a l power in a q . soln. 
T h e soln. is v e r y sens i t ive t o a rise in t e m p , a n d hyd ro lyzes a t 50° t o fo rm b lack 
h y d r a t e d ox ide or oxych lo r ide a n d hydroch lo r i c acid . T h e colour of t h e p r e ­
c ip i t a t e is so in tense t h a t a soln. w i t h 1 p a r t of m e t a l in 100,000 p a r t s of w a t e r 
becomes p e r c e p t i b l y d a r k e r . A. J o I y r e p o r t e d t h a t if t h e a q . soln. be e v a p o r a t e d 
t o a s y r u p y mass , o n cooling, i t solidifies t o a r e d d i s h - b r o w n m a s s of r u t h e n i u m 
hydrotetrachloride, 2 R u C l 3 . H C l . H 2 0 , a n d w h e n g e n t l y h e a t e d i t fo rms a b l a c k 
m a s s of t h e 2 R u C l 3 . 3 H 2 O , which y ie lds a b r o w n soln. w i t h cold w a t e r . 

R . C h a r o n n a t p r e p a r e d nydrochloroperruthenous ac id , R u C l 3 . H C 1 . 2 H 2 0 , or 
H R u C l 4 ^ H 2 O , or H [ R u C l 4 ] ^ H 2 O , ana logous w i t h t h e co r r e spond ing H F e C l 4 . 2 H 2 0 , 
H A u C l 4 , a n d HIrCl 4 .WH 2 O, b y boil ing a hyd roch lo r i c ac id soln. of r u t h e n i u m 
t e t r ach lo r ide a n d a lcohol , a n d e v a p o r a t i n g in v a c u o ove r su lphu r i c ac id a n d ca l c ium 
ox ide . T h e ac id fo rms d e e p red , de l iquescen t , ac icu la r c r y s t a l s v e r y so luble in 
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w a t e r . W h e n t h e r e d ac id is h e a t e d in a c u r r e n t of c a r b o n d iox ide , h y d r o g e n 
ch lo r ide a n d w a t e r , b u t n o t ch lor ine , come off t o w a r d s 120° l e a v i n g R u C l 3 . I f t h e 
di l . so ln . of r u t h e n i u m t e t r a c h l o r i d e b e r e d u c e d b y a lcohol a n d e v a p o r a t e d on a 
w a t e r - b a t h u n t i l a surface sk in is f o r m e d o n t h e l iqu id , a n d t h e p r o d u c t t r e a t e d 
w i t h a lcohol a n d a g a i n e v a p o r a t e d , t h e r e d co lour of t h e l i qu id c h a n g e s t o g r een 
a f t e r a few t r e a t m e n t s , a n d , o n e v a p o r a t i o n in v a c u o , a s i n t h e case of t h e r e d 
soln . , d a r k g reen spang les a r e f o r m e d w h i c h a r e so luble i n w a t e r . T h i s p r o d u c t is 
a hyg roscop i c , g reen i somer ic fo rm of t h e r e d ac id , R u C l 3 . H C l . 2 H 2 O . R . C h a r o n n a t 
cons ide r s t h a t t h e r e d a n d g reen fo rms of t h i s ac id a r e cis- a n d ' t r a n s - f o r m s of 
diaquochloroperruthenous acid, H[RuC]4(H2O)2] : 

[CK H 2 O l 

Cl ; R u ; ' H 2 O 
Cl/ Cl J 

W h e n a m o l . of h y d r o g e n is expe l led b y h e a t , t h e co -o rd ina t i on n u m b e r 6 c a n be 
m a i n t a i n e d on ly b y t h e s i m u l t a n e o u s e n t r y of a mo l . of t h e p r i m i t i v e ac id i n t o t h e 
c o m p l e x t o fo rm t h e c o n d e n s a t i o n p r o d u c t : 

[CK H 2 O CK H2O -I 

Cl-)Ru:;'- H 2 O Cl ) R u / H 2 O 
Cl^ C l — ^ Cl J 

W h e n a mo l . of w a t e r is expe l l ed t h e c o - o r d i n a t i o n n u m b e r c a n be p r e s e r v e d 
w i t h o u t fo rming a new c o n d e n s a t i o n p r o d u c t ; a n d s imi la r ly w i t h a second mo l . 
of w a t e r w h i c h is a lso a t t e n d e d b y a r e - a r r a n g e m e n t w i t h i n t h e c o m p l e x : 

TCl H 2 O CK H 2 O l TH 2O /Cl H2O -] 
H C l 7 R u - Cl ; R u : H 2 O H Cl - R / Cl > R U ^ Cl 

|_CK C l — / Cl J L CK CK ^Cl J 
F . C. Ph i l l i p s o b s e r v e d t h a t t h e r e d u c t i o n of r u t h e n i u m t r i ch lo r ide b y h y d r o g e n 

beg ins a t a b o u t 190°. A . J o I y f o u n d t h a t w h e n t h e h y d r a t e d sa l t is h e a t e d in a 
c u r r e n t of h y d r o g e n ch lor ide , i t f o rms t h e a n h y d r o u s ch lo r ide . F . K r a u s s a n d 
H . K i i k e n t h a l o b s e r v e d t h a t t h e sa l t is v e r y h y g r o s c o p i c , f o rming a d a r k r e d m a s s . 
I t f o rms a b r o w n soln . w i t h w a t e r . T h e b r o w n soln . i n h y d r o c h l o r i c ac id becomes 
r e d w h e n boi led. C. Claus f o u n d t h a t h y d r o g e n su lph ide r educes t h e a q . soln. t o 
t h e lower chlor ide , a n d a t t h e s a m e t i m e t h e o range-ye l low soln. becomes a z u r e -
b lue , a n d a d a r k b r o w n p r e c i p i t a t e is f o r m e d ; a s imi la r p r e c i p i t a t e is p r o d u c e d 
w h e n t h e soln . of t h e t r i ch lo r ide is t r e a t e d w i t h a m m o n i u m su lph ide , a n d i t is n o t 
p e r c e p t i b l y soluble i n a n excess of t h e r e a g e n t . T h e orange-ye l low soln. is s lowly 
decolor ized b y s u l p h u r o u s ac id . G-. Sai ler obse rved t h a t s o d i u m h y p o s u l p h i t e 
f o rms a s o d i u m s u l p h i t o r u t h e n i t e . F . K r a u s s a n d H . K i i k e n t h a l n o t e d t h a t i t f o rms 
a b r o w n soln . w i t h a q . a m m o n i a . A . J o I y f o u n d t h a t r u t h e n i u m t r i ch lo r ide r ead i ly 
a b s o r b s d r y a m m o n i a t o f o r m a d a r k viole t r u t h e n i u m h e m i h e p t a m m i n o h e x a -
Chloride, 2 R u C l 3 . 7 N H 3 . H e a t is l i b e r a t e d d u r i n g t h e a b s o r p t i o n of t h e a m m o n i a , 
a n d t h e r e a c t i o n is c o m p l e t e a t 0° . T h e a m m i n e fo rms a b r i g h t r e d soln. w i t h 
w a t e r . T h i s c o m p o u n d fo rms a v io le t - red , aq . soln. f rom w h i c h t h e h y d r o x y 1 
c o m p o u n d , R u 2 C l 4 ( O H ) 2 . 7 N H 8 . 3 H 2 0 , is p r o d u c e d , a n d t h e h y d r o x y l c o m p o u n d 
o b t a i n e d b y t h e a c t i o n of r u t h e n i u m chlor ide in aq . a m m o n i a is cal led ruthenium 
red. I t d y e s a n i m a l fibres a r e d colour , a n d w i th cone, hyd roch lo r i c acid, i t fo rms 
R u 2 C l 4 ( O H ) 2 . 7 N H 3 . H C 1 . 3 H 2 0 . 

Acco rd ing t o G. T. M o r g a n a n d F . H . B u r s t a l l , r u t h e n i u m t r ich lor ide abso rbs 
a m m o n i a , y ie ld ing a m i x t u r e of a m m i n e s inc lud ing p r o b a b l y r u t h e n i u m h e x a m m i n o -
trichloride, [ R u ( N H 3 ) 6]C13 , ana logous t o t h e ferric ch lor ide de r iva t ive , [Fe(NHg) 6 ]Cl 3 , 
s t u d i e d b y G. F . H t i t t i g , F . E p h r a i m a n d S. Mi l lmann , a n d W . Bi l tz a n d E . B i rk . 
T h e m i x t u r e dissolves in w a t e r t o fo rm a pu rp l e - r ed soln. of r u t h e n i u m red . 
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R u t h e n i u m red is p r o b a b l y h y d r a t e d r u t h e n i u m h y d r o x y c h l o r o t e t r a u u n i n o -
chloride, [Ru(OH)Cl (NHa) 4 ]CLH 2 O, wh ich w i t h hydroch lo r i c ac id forms r u t h e n i u m 
dich lorote tramminochlor ide , [RuCl 2 (NHg) 4 ]C l .2H 2 O ; a n d w i t h n i t r i c acid, 
ruthenium chloronitratotetramminonitrate, [Ru(N03)Cl(NH3)4]N03.4H20, which 
does n o t r eac t w i th si lver n i t r a t e e x c e p t on w a r m i n g . A n aq . soln. of r u t h e n i u m 
red w i t h p o t a s s i u m b r o m i d e forms r u t h e n i u m h y d r o x y b r o m o t e t r a m m i n o b r o m i d e , 
[ R u ( O H ) B r ( N H 3 ) 4 ] B r . H 2 0 , w i t h h y d r o b r o m i c acid, r u t h e n i u m d i b r o m o t e t r a m -
minobromide , [ R u B r 2 ( N H 3 ) 4 ] B r . H 2 0 ; w i t h a n aq . soln. of p o t a s s i u m iodide , 
successively r u t h e n i u m hydroxych lorote trammino iod ide , [ R u ( O H ) C1(NH3)4]I , 
r u t h e n i u m hydroxy iodote trammino iod ide , [ R u ( O H ) I ( N H 3 ) 4 ] I ; a n d u l t i m a t e l y 
r u t h e n i u m di iodotetramminoiodide , [ R u I 2 ( N H 3 ) 4 ] I ; a n d w i t h p o t a s s i u m n i t ro so -
r u t h e n i t e , i t y ie lds a c o m p l e x sa l t , [ R u ( O H ) C l ( N H 3 ) 4 ] 2 R u ( N O ) C l 5 . 

There a r e ana logues of t h e a m m i n e s , t h u s , w i t h e t h y l e n e d i a m i n e i t fo rms 
r u t h e n i u m chlorobise thy lenediaminochlor ide , [ R u C l 2 e n 2 ] C l ; r u t h e n i u m h y d r o x y -
ch lorobise thy lenediaminochlor ide , [ R u ( O H ) C l en 2]Cl , a n d r u t h e n i u m h y d r o x y -
iodobise thy lenediamino iod ide , [ R u ( O H ) I e n 2 ] I ; w i t h p y r i d i n e , r u t h e n i u m 
hydroxychlorotetrapyrid inechlor ide , [ R u ( O H ) C l py 4]Cl , a n d r u t h e n i u m d ich loro-
tetrapyridinechloride, [RuCl 2 py 4 ]Cl ; a n d w i t h e t h y l a m i n e , r u t h e n i u m d ich loro-
quaterethylaminochlor ide , [ R u C l 2 ( C 2 H 5 . N H 2 ] 4 ] C 1 , a n d r u t h e n i u m h y d r o x y c h l o r o -
quatere thy laminochlor ide , [Ru(OH)C1(C 2 H 5 NH 2 ) 4 ]C1 . 

Li. W o h l e r a n d P . BaIz sa id t h a t t h e b lue co lour p r o d u c e d b y t r e a t i n g t h e 
t r i ch lo r ide w i t h di l . a lcohol is p r o b a b l y d u e t o t h e r e d u c t i o n of t h e t r i ch lo r ide t o 
d ichlor ide . Accord ing t o C. Claus , a soln. of t h e sa l t g ives a p r e c i p i t a t e w i t h 
s o d i u m p h o s p h a t e . W . M a n c h o t a n d G-. L e h m a n n obse rved t h a t w h e n h e a t e d i n 
c a r b o n m o n o x i d e , some c a r b o n y l ch lor ide is f o rmed ; a n d W . M a n c h o t , t h a t w h e n 
t h e ch lo r ide is h e a t e d in c a r b o n m o n o x i d e , a d i ch lo ro -ca rbony l is fo rmed . W . M a n ­
c h o t a n d J . Ivonig found t h a t a q . or a lcohol ic soln. of r u t h e n i u m t r i ch lo r ide a b s o r b 
c a r b o n m o n o x i d e s lowly, b u t t h e d r y t r i ch lo r ide a t 270° a b s o r b s t h e gas s lowly w i t h 
t h e i ncomple t e f o r m a t i o n of r u t h e n i u m dicarbonyldichloride , RuCl 2 (CO) 2 . T h e 
acce le ra t ion of t h e ch lo r ina t ion of r u t h e n i u m a t 270° b y m i x i n g t h e ch lor ine w i t h 
c a r b o n m o n o x i d e d e p e n d s on t h e f o r m a t i o n of t h i s c o m p o u n d a n d i t s d e c o m p o s i t i o n 
w i t h t h e p r o d u c t i o n of f inely-divided r u t h e n i u m . Li. B r i z a r d , a n d J . L . H o w e 
p r e p a r e d r u t h e n i u m nitrosyltr ichloride, R u ( N O ) C l 3 , t h e monohydrate, a n d t h e 
pentahydrate. F . C. Ph i l l ips obse rved t h a t a n aq . soln. of t h e ch lor ide is b l e a c h e d 
b y e thy lene , b u t n o m e t a l is p r e c i p i t a t e d . F . K r a u s s a n d H . K i i k e n t h a l o b s e r v e d 
t h a t i t fo rms a r e d d i s h - b r o w n soln. w i t h a lcohol ; a n d t h e b r o w n soln. w i t h p o t a s ­
s i u m c y a n i d e becomes ye l lowish-green w h e n boi led . A . J o I y o b s e r v e d t h a t 
t h e soln. of t h e ch lor ide in a b s o l u t e a lcohol is purp le -v io le t , b u t in p re sence of 
a t m . m o i s t u r e , or , if t h e a lcohol is n o t q u i t e a n h y d r o u s , t h e soln. v e r y s lowly 
becomes v io le t -b lue a n d a f t e r w a r d s d e e p ind igo-b lue . T h e c h a n g e t a k e s p lace 
m o r e r a p i d l y a t 60° , a n d is d u e t o t h e f o r m a t i o n of hydroxychlor ide , R u C l 2 . O H , 
wh ich is o b t a i n e d a s a b l a c k p r o d u c t w h e n t h e a lcohol is dis t i l led off, a n d is s t a b l e 
a t 150°. I t is v e r y so luble i n w a t e r , fo rming a d e e p ind igo-b lue soln. , w h i c h 
g r a d u a l l y depos i t s r u t h e n i u m h y d r o x i d e , R u ( O H ) 3 . I f t h e h y d r o x y c h l o r i d e is 
d issolved in a cons ide rab le excess of hyd roch lo r i c ac id , i t fo rms a b r o w n soln . 
of a hydroch lo r ide , wh ich is s t ab l e a t a b o u t 150°, b u t a t 200° is c o n v e r t e d i n t o 
t h e a n h y d r o u s chlor ide . T h e h y d r o x y c h l o r i d e combines w i t h a m m o n i a a n d 
fo rms a c o m p o u n d v e r y soluble i n w a t e r ; i t y ie lds a n i n t e n s e c r imson soln. , t u r n i n g 
t o yel low in p resence of hyd roch lo r i c ac id . Accord ing t o C. Claus , s o d i u m f o r m a t e 
decolorizes t h e soln. b u t does n o t p r e c i p i t a t e t h e m e t a l ; oxal ic ac id a c t s s imi l a r ly ; 
p o t a s s i u m fe r rocyan ide first decolor izes t h e soln. a n d t h e n t u r n s i t b lue ; m e r c u r y 
c y a n i d e colours t h e soln. b lue , a n d d e p o s i t s a b lue p r e c i p i t a t e ; a n d z inc r e d u c e s 
t h e orange-ye l low soln. t o t h e b lue lower ch lor ide . W h e n t h e so ln . is t r e a t e d w i t h 
a n a lka l i h y d r o x i d e or c a r b o n a t e , a d a r k b r o w n p r e c i p i t a t e of t h e h y d r a t e d sesqu i -
oxide is fo rmed , soluble in excess . Cone . soln. of t h e t r i ch lo r ide g ive w i t h a m m o ­
n i u m or p o t a s s i u m chlor ide , a d a r k b r o w n , c rys t a l l ine p r e c i p i t a t e . W h e n t h e 
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soln. of t r i ch lo r ide is t r e a t e d w i t h si lver n i t r a t e , t h e r e is fo rmed a b l ack p r e c i p i t a t e 
w h i c h t u r n s w h i t e a n d t h e soln. a t t h e s a m e t i m e becomes rose- red . T h e b lack 
p r e c i p i t a t e is a m i x t u r e of s i lver ch lor ide a n d h y d r a t e d r u t h e n i u m sesqu iox ide ; 
i n t h e course of 24 h r s . , t h e h y d r a t e d r u t h e n i u m ox ide dissolves in t h e l i b e r a t e d 
n i t r i c ac id , a n d forms a r ed soln. whi l s t t h e s i lver ch lor ide r e m a i n s a s a w h i t e 
r e s idue . W h e n a q . a m m o n i a is a d d e d t o t h e m i x t u r e , t h e s i lver ch lor ide dissolves , 
a n d b l a c k r u t h e n i u m sesqu iox ide is depos i t ed . F . Gr. M a n n a n d W . J . P o p e p r e ­
p a r e d r u t h e n i u m cMoro-py3 /^ , ' - triaininotriethyleneaii i ine, 2KuCl 3 -N(C 2 H 4 -NH 2 )S . 
4 H C l . 2 H 2 O . F . C. Phi l l ips s t u d i e d t h e a c t i o n of h y d r o c a r b o n s on t h e t r i ch lo r ide . 

R u t h e n i u m t r i ch lo r ide fo rms a series of c o m p l e x sa l t s of t h e t y p e R 2 R u C l 5 , 
t h a t is 2RCLRuCl 3 , a n d t h e y a r e usua l ly cal led ruthenochlorides of chlororuthenites. 
T h e l a t t e r t e r m is app l i ed t o d o u b l e sa l t s of t h e lower chlor ide , so t h a t t he se sa l t s 
a r e h e r e cal led ch loropern i then i t e s . P . Niggli a n d W . N o w a c k i d iscussed t h e 
c r y s t a l s t r u c t u r e . C. Claus p r e p a r e d a m m o n i u m chloroperruthenite , ( N H 4 ) 2 R u C l 5 , 
b y a d d i n g a m m o n i u m chlor ide t o a cone . soln. of r u t h e n i u m t r ich lor ide , a n d 
e v a p o r a t i n g t h e l iqu id w i t h smal l a d d i t i o n s of n i t r i c ac id . T h e b r o w n c rys ta l l ine 
p o w d e r consis ts of smal l , t r a n s p a r e n t , o range-ye l low cubes . T h e sa l t d issolves 
s p a r i n g l y in w a t e r , a n d crys ta l l izes w i t h difficulty f rom t h e cone . soln. F . Myl ius 
a n d A. Mazzucchel l i a lso p r e p a r e d t h e sa l t , b u t n o t so A . Gu tb i e r . V. Ipateeff 
s t u d i e d t h e a c t i o n of h y d r o g e n u n d e r p ress . ; a n d V. Ipateeff a n d O. E . Zv jag ins t -
zefT e x a m i n e d t h e effect of h y d r o g e n u n d e r press , on t h e a m m o n i u m , p o t a s s i u m , 
a n d s o d i u m p e n t a c h l o r o p e r r u t h e n i t e s , a n d o n h y d r o d i h y d r o x y t e t r a c h l o r o r u t h e n i c 
ac id , H 2 R u ( O H ) 2 C l 4 , in di l . a q . soln. acidified w i t h hyd roch lo r i c ac id . T h e s a m e 
p r o d u c t s a r e fo rmed in all cases . R e d u c t i o n is slow a t 25° a n d 20 a t m . , t h e soln. 
is decolor ized a n d a s l imy, b l a c k p r e c i p i t a t e of r u t h e n i u m h y d r o x i d e is fo rmed , 
a n d i t is g r a d u a l l y redissolved a t a t m . p ress . A t 85° a n d 65 a t m . , a h e a v y , b lack 
p r e c i p i t a t e of t h e h y d r o x i d e is fo rmed ; a t 160° a n d 80 a t m . , a m i x t u r e of r u t h e ­
n i u m oxide a n d h y d r o x i d e is p r e c i p i t a t e d ; a n d a t 350° a n d 125 a t m . , a m i x t u r e 
of r u t h e n i u m a n d i t s ox ide is fo rmed . C. Claus p r e p a r e d p o t a s s i u m c h l o r o ­
perrutheni te , K 2 R u C l 5 , b y t h e ac t i on of fused p o t a s s i u m chlor ide a n d n i t r a t e on 
t h e m e t a l u n t i l all is in soln. T h e g reen m a s s becomes orange-ye l low w h e n cold. 
I t is d issolved in wa te r , a n d t r e a t e d w i t h cone, hyd roch lo r i c ac id un t i l t h e p r ec ip i t a t e 
first fo rmed is red isso lved . T h e excess of p o t a s s i u m chlor ide a n d n i t r a t e a r e 
depos i t ed a s t h e soln. is e v a p o r a t e d , t h e l iqu id is t h e n e v a p o r a t e d t o d rynes s , a n d 
t h e d r y m a s s e x t r a c t e d w i t h a l i t t le cold w a t e r , a n d t h e sa l t purif ied b y r ec rys t a l -
l i za t ion . U . A n t o n y a n d A. Lucches i e m p l o y e d a s imi la r process . R . C h a r o n n a t 
o b t a i n e d i t b y t h e a c t i o n of hyd roch lo r i c ac id on p o t a s s i u m o x a l a t o p e r r u t h e n i t e , 
a n d S. A o y a m a b y t h e a c t i o n of d r y h y d r o g e n ch lor ide on p o t a s s i u m chloro-
r u t h e n a t e a t 450° t o 560°. A . Jo Iy , a n d J . I J . H o w e showed t h a t t h e ch loroper ­
r u t h e n i t e first p r e p a r e d b y C. Claus w a s p r o b a b l y a n i t rosy l sa l t , K 2 R u ( N O ) C l 6 . 
I J . B r i z a r d o b t a i n e d t h e c h l o r o p e r r u t h e n i t e b y r educ ing r u t h e n i u m n i t ro sy l t r i -
h y d r o x i d e w i t h f o r m a l d e h y d e in a boi l ing a lka l ine soln. , d issolving t h e p r e c i p i t a t e 
in cone , hyd roch lo r i c ac id , a n d s e p a r a t i n g o u t t h e sa l t in b r o w n c rys ta l s b y t h e 
a d d i t i o n of p o t a s s i u m chlor ide . S. C. L i n d a n d F . W . Bliss p r e p a r e d t h e sa l t b y 
d iges t ing on a w a t e r - b a t h a m i x t u r e of freshly dis t i l led r u t h e n i u m t e t r o x i d e a n d 
cone , hydroch lo r i c acid u n t i l t h e evo lu t ion of chlor ine h a s ceased. Th i s r equ i r e s 
a b o u t t w o d a y s . P o t a s s i u m chlor ide is t h e n a d d e d t o t h e s t rong ly acidic soln. of 
r u t h e n i u m t r i ch lor ide , in smal l q u a n t i t i e s a t a t i m e , a n d c rys t a l s of p o t a s s i u m 
c h l o r o p e r r u t h e n i t e a r e depos i t ed . T h e sa l t is w a s h e d free f rom acid b y alcohol , a n d 
d r i ed b y e x p o s u r e over cone , su lphu r i c ac id . R . S a m u e l a n d A. R . R . D e s p a n d e 
s t u d i e d t h e a b s o r p t i o n s p e c t r u m of some c o m p l e x ch lor ides . Gr. F . H i i t t i g dis­
cussed t h e h y d r a t e K 2 R u C l 5 . H 2 O . Accord ing t o S. C. L i n d , a n a q . soln. of p o t a s ­
s i u m c h l o r o p e r r u t h e n i t e changes i t s co lour f rom r e d t o b l ack owing t o hydro lys i s . 
T h e r e a c t i o n is r e p r e s e n t e d K 2 R u C l 5 H - 2 H 2 0 = 2 K C l + 2 H C l + R u ( O H ) 2 C l . T h e 
s t a t e of equ i l i b r ium, co r re spond ing w i t h t h e hyd ro lys i s of a b o u t t w o - t h i r d s of t h e 
sa l t t o r u t h e n i u m dihydroxychloride , R u ( O H ) 2 C l , is n o t a l t e red b y d i lu t ion , b y 

V O L . x v . 2 M 
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t h e a d d i t i o n of ac id , or b y a c h a n g e of t e m p . , so t h a t t h e r e a c t i o n is i r revers ib le 
a n d t h e final s t a t e is n o t t h a t s t a t e of e q u i l i b r i u m t o w h i c h t h i s t e r m is u s u a l l y 
app l i ed . T h e sub jec t w a s s t u d i e d b y H . E r e u n d l i c h a n d A. P a r i s . T h e a d d i t i o n 
of a lka l i h y d r o x i d e t o t h e h y d r o l y z e d soln. w a s found b y S. C. L i n d a n d F . W . Bl i s s 
t o give a n i m m e d i a t e p r e c i p i t a t i o n of h y d r a t e d r u t h e n i u m sesqu iox ide . 

T h e p o t a s s i u m c h l o r o p e r r u t h e n i t e , K 2 RuCl 5 » p r e p a r e d b y t h e a d d i t i o n of 
p o t a s s i u m chlor ide t o cold, acidified soln . of r u t h e n i u m t r i ch lo r ide , w a s f o u n d b y 
A. Miola t i a n d C C . Tag iu r i t o fu rn i sh reddish-buff , f e a t h e r y c ry s t a l s of t h e mono-
hydrate, a l t h o u g h t h e e v a p o r a t e d m o t h e r - l i q u o r furn ishes c r y s t a l s of t h e a n h y d r o u s 
sa l t . A. Glut b ier a n d co -worker s , a n d R . C h a r o n n a t a lso f o u n d t h a t t h e a lka l i 
c h l o r o p e r r u t h e n i t e s fu rn i sh t h e m o n o h y d r a t e s . W h e n c rys ta l l i zed f rom h o t 
acidified soln . , J . ~L*. H o w e a n d L . P . H a y n e s o b t a i n e d d a r k b rown i sh - r ed , t e t r a g o n a l 
o c t a h e d r a or p l a t e s of t h e a n h y d r o u s sa l t . I f t h e a q u o - s a l t , K 2 R u ( H 2 O ) C l 5 — v i d e 
infra—be d e h y d r a t e d t h e r e su l t i ng p o t a s s i u m c h l o r o p e r r u t h e n i t e h a s s o m e w h a t 
different p r o p e r t i e s . T h e o r d i n a r y c h l o r o r u t h e n i t e s a r e cal led ct-chloroper-
ruthen i te s , a n d t h o s e o b t a i n e d b y d e h y d r a t i n g t h e a q u o - s a l t s , /3-chloroper-
ruthen i te s . I f t h e p o t a s s i u m c h l o r o r u t h e n a t e be h e a t e d in a c u r r e n t of d r y 
h y d r o g e n ch lor ide a t 540° t o 560° , S. A o y a m a o b t a i n e d w h a t h e r e g a r d e d 
a s p o t a s s i u m y -ch loroperruthen i te ; b u t A . G u t b ie r a n d W . N i e m a n n , a n d 
J . L . H o w e a n d L . P . H a y n e s c l a imed t h a t t h e y- a n d j8-forms a r e t h e s a m e . 
J . Li. H o w e a n d Li. P . H a y n e s g a v e t h e c o m p a r i s o n s h o w n in T a b l e I for t h e a- a n d 

T A B L E I . - - C O M P A R I S O N OT S O M K P R O P E R T I E S O P POTASSIXTM a- A N D 
J 5 - C H L O E O P E B B U T H B N I T E S . 

Soln . i n 
w a t e r 

A d d i t i o n 
ch lo r i ne 

A d d i t i o n 
N a O M 

A d d i t i o n 
H 8 S 

Ci-K2ItUCl5 

Disso lves ' s lowly ; 
p a l e r e d d i s h -
ye l low so ln . 

N o c h a n g e 

G r e e n so ln . ; d a r k 
p p . o n s t a n d i n g 

Colour less , t h e n 
d a r k b r o w n p p . , 
a n d a z u r e - b l u e 
l i q u i d 

K 2 R u ( H 2 O ) C l 6 

E a s i l y so lub le ; 
p a l e p i n k so ln . 

D a r k e n s ; d a r k 
g reen p p . in cone , 
so ln . l e a v i n g p a l e 
ye l low so ln . 

Loses co lou r ; 
b l ack p p . oix boil­
i n g 

Colour less , t h e n 
d a r k e n s ; b l a c k 
p p . b u t n o b l u e 
so ln . 

0-K2RuCl6 

Disso lves r e a d i l y ; 
ye l low, fluores­
c e n t so ln . 

D a r k e n s s l i g h t l y 
on s t a n d i n g 

B l u e so ln . be ­
c o m i n g p a l e 
g r e e n ; d i r t y 
g r e e n p p . o n boi l ­
i n g 

G r e e n so ln . 
c h a n g e s t o d e e p 
b l u e -which i n 
s o m e d a y s b e ­
c o m e s o p a q u e 
a n d g ives b l a c k 
p p . 

K 2 R u C l 6 

H a p i d l y d i s so lves ; 
r e d d i s h - y e l l o w 
soln . ; q u i c k l y 
h y d r o l y z e s . 

N o c h a n g e . 

Loses c o l o u r ; t h e n 
d i r t y g r e e n . 

Colour less ; p u r ­
p l i s h - b r o w n p p . 

/3-forms. T h e r e s u l t s w i t h t h e y - f o r m w e r e t h e s a m e a s for t h e /J-form. T h e /3-
a n d y - sa l t s w h e n c rys ta l l i zed f rom a q . soln . b o t h y ie ld t h e a q u o - s a l t . T h e soln . 
a t first a r e yel low, a n d t h e y b e c o m e p i n k a f t e r s t a n d i n g for some h o u r s . T h e 
ye l low soln. becomes b lue o n a d d i n g s o d i u m h y d r o x i d e , b u t n o t so a f te r s t a n d i n g 
for s o m e h o u r s . S. C. L i n d a n d F . W . Bl iss f o u n d t h a t whi le t h e ct-salt is t w o -
t h i r d s h y d r o l y z e d t o R u ( O H ) 2 C l i n di l . so ln . , t h e / ? - s a l t i s o n l y o n e - t h i r d h y d r o l y z e d 
u n d e r s imi lar c o n d i t i o n s t o f o r m r u t h e n i u m hydroxydich lor ide , !Ru(OH)Cl 2 . 

T h e n o r m a l , b r o w n m o n o h y d r a t e — t h e a - m o n o h y d r a t e — K 2 R u C l 5 . H 2 0 , is 
different in s o m e r e s p e c t s f r om i t s i somer p o t a s s i u m a q u o c h l o r o p e r r u t h e n i t e - — t h e 
/ J - m o n o h y d r a t e — K 2 R u ( H 2 O ) C l 5 . T h e s e s a l t s we re e x a m i n e d b y J . Li. H o w e , a n d 
A . Miola t i a n d C. C. T a g i u r i . T h e a - s a l t f o rms a d e e p b r o w n i s h - r e d s o l n . ; i t g ives 
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u p t w o a t o m s of ch lor ine on hydro lys i s , b u t is n o t c h a n g e d t o c h l o r o r u t h e n a t e b y 
ch lo r ine . T h e ct-salt is c h a n g e d i n t o t h e y3-salt b y t h e a c t i o n of s o m e o rgan ic 
agen t s—e .g . , a lcohol , p h e n o l , oxal ic ac id , b u t n o t ace t i c a c i d — a n d b y s o m e r e d u c i n g 
agen t s—e .g . , s t a n n o u s ch lor ide . T h e /3-salt g ives a rose- red soln. ; i t g ives u p 
one a t o m of chlor ine o n hyd ro ly s i s ; a n d ch lor ine c o n v e r t s i t i n t o c h l o r o r u t h e n a t e . 
T h e /S -monohydra t e is , a cco rd ing t o J . Li. H o w e , a n a q u o - s a l t i n w h i c h t h e w a t e r 
is m u c h m o r e f i rmly r e t a i n e d t h a n is t h e case w i t h t h e a - m o n o h y d r a t e . 
S. H . C. Br iggs ass igned t o w h a t is he re ca l led t h e y3-monohydra te t h e fo rmu la 
2 K 2 R u C l 5 . 3 H 2 O , b u t J . L . H o w e could n o t conf i rm t h i s . A. G u t b i e r a n d 
W . N i e m a n n o b s e r v e d n o ev idence of t h e ex i s t ence of a y - fo rm r e p o r t e d b y 
S. A o y a m a . 

R . C h a r o n n a t a r g u e d t h a t t h e red/8-sa l t , a n d t h e b r o w n <x-salt, a re n o t i somer ides , 
b u t differ i n r e spec t of t h e v a l e n c y of t h e c o n t a i n e d r u t h e n i u m . H e sa id t h a t t h e 
b r o w n ct-salt is n o t t r a n s f o r m e d b y chlor ine i n t o h e x a c h l o r o r u t h e n a t e , a n d i t 
c o n t a i n s less w a t e r t h a n c o r r e s p o n d s w i t h t h e m o n o h y d r a t e ; t h e r e d sa l t is 
f o r m e d f rom t h e b r o w n sa l t b y a r e d u c i n g a g e n t , i t loses a mol . of w a t e r b e t w e e n 
140° a n d 180°, a n d ch lor ine c o n v e r t s i t i n t o t h e c h l o r o r u t h e n a t e . T h e b r o w n 
ct-salt, b u t n o t t h e r e d yS-salt, l i be r a t e s iod ine f rom p o t a s s i u m iodide a n d h y d r o ­
chlor ic ac id . T h e v a l e n c y of t h e r ed j8-salt is d e t e r m i n e d b y i t s p r e p a r a t i o n f rom 
p o t a s s i u m t r i o x a l a t o p e r r u t h e n i t e , K 3 [ R u " ' ( C 2 0 4 ) 3 ] . T h e s e fac ts ag ree w i t h 
t h e a s s u m p t i o n t h a t t h e r e d /3-salt is p o t a s s i u m aquochloroperrutheni te , 
K 2 [ R u " ' ( H 2 0 ) C l 5 ] , a n d t h a t t h e b r o w n ct-salt is p o t a s s i u m hydroxych lororuthenate , 
K 2 [ R u " " ( O H ) C l 5 ] . J . L . H o w e sa id t h a t (i) t h e l i b e r a t i o n of iod ine f rom p o t a s s i u m 
iod ide b y t h e ct- a n d n o t b y t h e yS-salts is n o t conc lus ive ; (ii) t h e fact t h a t t h e y8-salt 
is f o r m e d w h e n t h e o x a l a t o p e r r u t h e n i t e is t r e a t e d w i t h hyd roch lo r i c ac id is in agree­
m e n t w i t h t h e f o r m a t i o n of theyS-salt f rom t h e ct-salt b y oxal ic ac id ; (iii) a l t h o u g h 
t h e y3-salt is f o r m e d f rom t h e a - sa l t b y r e d u c i n g a g e n t s , i t h a s n o t b e e n s h o w n t h a t 
t h e p rocess is one of r e d u c t i o n . S. H . C. Br iggs a d d e d t h a t t h e r u t h e n i u m in t h e 
a - s a l t is n o t l ikely t o be q u a d r i v a l e n t because (i) i t w a s f o r m e d d i rec t ly f rom t h e 
t e r v a l e n t ch lor ide a n d p o t a s s i u m chlor ide , by A. Miolat i a n d C. C. Tag iu r i , a n d 
b y A. G u t b i e r a n d co -worke r s ; (ii) a r e d u c i n g a g e n t is n o t necessa ry for t h e 
conve r s ion of t h e ct- t o t h e /3-salt, s ince hyd roch lo r i c ac id will effect t h e t r a n s f o r m a ­
t i o n ; a n d (iii) t h e o x i d a t i o n of t h e yS-salt w i t h o x y g e n does n o t y ie ld t h e ct-salt, 
b u t r a t h e r a t o t a l l y different s u b s t a n c e , K 2 R U C I 5 - K 2 R U C I 5 ( O H ) . H . R e m y a n d 
A. Liuhrs a lso be l ieved t h a t t h e b r o w n a.-salts c o n t a i n q u a d r i v a l e n t r u t h e n i u m , 
K 4 [ R u 2 O C l 1 0 ] — v i d e supra, r u t h e n i u m t e t r a c h l o r i d e . 

J . L». H o w e , K . T r e n k n e r , a n d A. G u t b i e r a n d K . T r e n k n e r , p r e p a r e d rub id ium 
Chloroperruthenite , R b 2 R u C l 5 - H 2 O , b y t h e a c t i o n of hyd roch lo r i c ac id o n r u t h e ­
n i u m t e t r o x i d e , a n d t h e s u b s e q u e n t a d d i t i o n of r u b i d i u m chlor ide t o t h e soln . 
T h e p r o d u c t is a d a r k b r o w n p o w d e r fair ly soluble in w a t e r a n d in hyd roch lo r i c ac id . 
R . C h a r o n n a t d o u b t e d t h e ex i s t ence of t h i s sa l t . T h e ana logous caes ium c h l o r o ­
perrutheni te , C s 2 R u C l 5 - H 2 O , w a s p r e p a r e d in t h e s a m e m a n n e r . T h e r e is w h a t 
J . L . H o w e s u p p o s e s t o be a n i somer ide , caesium c h l o r o a q u o p e r r u t h e n i t e , 
C s 2 R u ( H 2 O ) C l 5 — v i d e supra, t h e p o t a s s i u m s a l t — o b t a i n e d b y h e a t i n g a s l igh t ly 
ac id ic soln . of caesium c h l o r o r u t h e n a t e w i t h w a t e r a n d a lcohol—v ide supra. 
F . K r a u s s a n d E . B r u c h h a u s s t u d i e d t h i s sa l t . A. Miola t i a n d C. C. T a g i u r i o b t a i n e d 
a soln . of s o d i u m Chloroperruthenite , N a 2 R u C l 5 , b y t h e a c t i o n of o rgan ic s u b ­
s t a n c e s on a soln. of s o d i u m c h l o r o r u t h e n a t e or s i m p l y b y w a r m i n g a soln. of 
s o d i u m c h l o r o r u t h e n a t e . T h e brownish-ye l low soln. g ives a p r e c i p i t a t e of p o t a s ­
s i u m c h l o r o p e r r u t h e n i t e w h e n t r e a t e d w i t h p o t a s s i u m ch lor ide ; a n d w h e n boi led 
w i t h s o d i u m h y d r o s u l p h i t e , a p r e c i p i t a t e of N a 7 R u ( S 0 3 ) 5 . 2 H 2 0 . V. Ipat<Seff 
s t u d i e d t h e a c t i o n of h y d r o g e n u n d e r p ress . 

R . C h a r o n n a t p r e p a r e d p o t a s s i u m hexach loroperruthen i t e , K 3 [ R u C l 6 J - H 2 O , 
i n r e d c rys t a l s ; a m m o n i u m hexach loroperruthen i t e , ( N H 4 J 3 [ R u C l 6 ] . H 2 O , in 
r e d p l a t e s ; pyr id in ium hexach loroperruthen i te , ( C 5 H 6 N ) 3 [ R u C l 6 J - H 2 O , as a d e e p 
r e d c rys t a l l i ne p o w d e r ; a n d s o d i u m hexach loroperruthen i te , N a 3 [ R u C l 6 ] . 1 2 H 2 O , 



532 INORGANIC AND T H E O R E T I C A L CHEMISTRY 

in r e d c rys t a l s , -which a r e v e r y so luble in w a t e r , a n d m e l t in t h e i r o w n w a t e r of 
c rys t a l l i za t ion . 

J . Li. Howe prepared potassium chloroaquoperruthenite, K2Ru(H2O)Cl5 , by 
boi l ing a soln. of p o t a s s i u m c h l o r o p e r r u t h e n i t e , acidified w i t h hyd roch lo r i c ac id , 
w i t h a lcohol , or b y boi l ing a soln* of t h e h y d r a t e d sesquiox ide i n h y d r o c h l o r i c ac id 
w i t h a lcohol . T h e sa l t c rys ta l l i zes i n r h o m b i c o c t a h e d r a , wh ich , a cco rd ing t o 
R . C h a r o n n a t , a r e i s o m o r p h o u s w i t h c o r r e s p o n d i n g sa l t s of t e r v a l e n t i ron , t h a l l i u m , 
i r i d ium, a n d r h o d i u m . A c c o r d i n g t o J . L . H o w e , w h e n t h e a q . soln. is boi led, i t 
becomes g reen i sh -b rown , a n d t h e soln. is i m m e d i a t e l y d a r k e n e d on a d d i n g chlor ine 
w a t e r or b r o m i n e w a t e r . T h e sa l t is s t a b l e u p t o 140°, a n d i t loses w a t e r b e t w e e n 
140° a n d 180°, pa s s ing i n t o t h e a n h y d r o u s c h l o r o p e r r u t h e n i t e , K 2 R u C l 5 . S. A o y a m a 
a n d T . E u k u r o i s t u d i e d t h e a b s o r p t i o n s p e c t r u m of soln. of t h e p o t a s s i u m 
p e n t a c h l o r o r u t h e n i t e a n d i t s a q u o - s a l t i n hyd roch lo r i c ac id , a n d o b t a i n e d definite 
ev idence of t h e ex i s t ence of all t h r e e sa l t s : p o t a s s i u m <x-, y8-, a n d y - p e n t a c h l o r o -
r u t h e n i t e s . T h e c h l o r o a q u o p e r r u t h e n i t e s a r e i somer ic w i t h t h e m o n o h y d r a t e d 
c h l o r o r u t h e n i t e s . Crys t a l s of t h e d e h y d r a t e d p o t a s s i u m a q u o - s a l t a r e p s e u d o -
m o r p h s a f te r t h e or ig ina l sa l t . T h e a q . soln. of t h e t w o sa l t s b e h a v e different ly ; 
b o t h soln. a r e h y d r o l y z e d w i t h a co r r e spond ing inc rease in c o n d u c t i v i t y , b u t t h e 
increase w i t h t h e c h l o r o p e r r u t h e n i t e is s lower t h a n i t is w i t h t h e a q u o - s a l t , a n d 
whi l s t t h e in i t ia l v a l u e s of t h e t w o sa l t s a r e t h e s a m e , t h e final v a l u e for t h e aquo-* 
sa l t is less t h a n i t is for t h e c h l o r o p e r r u t h e n i t e — v i d e supra for a d iscuss ion on t h i s 
sub jec t . R . C h a r o n n a t sa id t h a t t h e c ry s t a l s of K 2 [ R u ( H 2 O ) C l 5 ] , a n d t h o s e of 
K 2 [ F e ( H 2 O ) C l 5 ] , a r e i s o m o r p h o u s . J . L . H o w e also p r e p a r e d a m m o n i u m c h l o r o -
a q u o p e m i t h e n i t e , ( N H 4 ) 2 R u ( H 2 0 ) C l 5 , b y boi l ing a m m o n i u m c h l o r o p e r r u t h e n i t e 
w i t h dil . acidified a lcohol ; i t c rys ta l l izes w i t h difficulty ; ch lo r ine c o n v e r t s t h e 
sa l t i n t o t h e c h l o r o r u t h e n a t e . J . L . H o w e p r e p a r e d caes ium ch loroaquoper-
ruthen i te , C s 2 R u ( H 2 O ) C l 5 , as a buff-coloured p r e c i p i t a t e o n a d d i n g a lcohol t o t h e 
b lue filtrate f rom e lec t ro ly t i ca l ly - reduced soln. of r u t h e n o u s t r i ch lo r ide a n d 
caesium ch lor ide . T h e rose- red p r i s m s a r e s l igh t ly so luble in w a t e r , a n d m a y be 
c rys ta l l i zed u n c h a n g e d f rom t h e soln. in h y d r o c h l o r i c ac id . 

J . L.. Howe prepared potassium nitrosylchloroperruthenite, K2RuCl5(NO), or 
2 K C l . R u C l 3 . N O , a s a p r e c i p i t a t e , b y t h e a c t i o n of cone . soln. of p o t a s s i u m chlor ide 
o n r u t h e n i u m n i t ro sy l ch lor ide ; a n d b y t h e e v a p o r a t i o n of m i x e d dil . soln. of t he se 
t w o sa l t s . T h e b lack , r h o m b i c c ry s t a l s fo rm a r edd i sh -v io le t soln. w i t h w a t e r , 
a n d t h e a q . soln. w a s f o u n d b y S. C. L i n d t o suffer n o c h a n g e in c o n d u c t i v i t y in 
t w o w e e k s ; i on iza t ion occurs i n acco rd w i t h K 2 R u C l 5 ( N O ) ^ 2 K * - 1 - R u ( N O ) C l 5 ' . 
T h e s a l t w a s a lso p r e p a r e d b y R . C h a r o n n a t . C. Claus t h o u g h t t h i s sa l t w a s a 
c h l o r o r u t h e n a t e , b u t A . J o I y s h o w e d t h a t i t is a n i t ro so - sa l t ; a n d h e o b t a i n e d t h e 
dihydrate i n b l a c k efflorescent c r y s t a l s b y s low e v a p o r a t i o n . J . L . H o w e p r e p a r e d 
rubidium nitrosylchloroperruthenite, Rb2Ru(NO)Cl5 , and its dihydrate; also 
caesium nitrosylchloroperruthenite, Cs2Ru(NO)Cl5, and its dihydrate; and 
A. JoIy, ammonium nitrosylchloroperruthenite, (NH4)2Ru(NO)Cl5 , and its 
dihydrate. R. Charonnat prepared ruthenium nitrosylhydroxyhydrochlorido-
bisethylenediaminochloride, [Ru(NO)(OH-HCl) en2]Cl2. 

A. Gutbier and F . Krauss prepared methylammonium chloroperruthenite, 
(CH3 .NH3)2RuCl5 ; dimethylammonium chloroperruthenite, {(CH3)2NH2}2RuCl5 ; 
trimethylammonium chloroperruthenite, {(CH3)3NH}2RuCl5 ; tetramethyl-
ammonium chloroperruthenite, (CH3)^NRuCl5 ; ethylammonium chloroper­
ruthenite, (C2H5 .NH3)2RuCl5 ; diethylammonium chloroperruthenite, 
{(C2H5)2NH2}2RuCl5 ; triethylammonium chloroperruthenite, (C2Hg)3NH)2-
RuCl5 ; tetraethylammonium chloroperruthenite, {(C2H5)4N}2RuCl5 ; n-propyl-
ammonium chloroperruthenite, (C3H7 .NH3)2RuCl5 ; iso-propylammonium 
chloroperruthenite, (C3H7 .NH3)2RuCl5 ; dipropylammonium chloroperruthenite, 
{(C3H7)2NH2}2RuCl5 ; tripropylammonium chloroperruthenite, {(C3H7)3NH}2-
RuCl5 ; n-butylammonium chloroperruthenite, (C4H9-NHa)2RuCl5 ; iso-butyl-
ammonium chloroperruthenite, (C4H0 .NH3)2RuCl5 ; di-iso-butylammonium 
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chloroperruthenite, {(C4H9)2NH2}2RuCl5 ; tri-iso-butylammonium chloro­
perruthenite, {(C4H9)3NH}2RuCl5 ; guanidinium chloroperruthenite, {NH : 
C(NH2)2}2RuCl5 ; ethylenediammonium chloroperruthenite, (C2H4(ISTHa)2)RuCl5 ; 
pyridinium chloroperruthenite, (C5H6N)2RuCl5 ; /3-picolinium chloroperruthenite, 
(C5H4-CH3-NH)2RuCl5 ; piperidinium chloroperruthenite, (C5H10 .NH2)2RuCl5 ; 
and Quinolinium chloroperruthenite, (C9H7-NH)2RuCl5 . 

A . Grutbier, a n d A. G u t b i e r a n d F . K r a u s s p r e p a r e d m e t h y l a m m o n i u m h e p t a -
chloroperruthenite, (CH3NH3)4RuCl7 , or [ R U C I 2 ( N H 3 - C H 3 C I ) 4 ] C I ; ethylammonium 
heptachloroperruthenite, (C 3H 7NH 3) 4RuCl 7 ; w-propylammonium heptachloro-
perruthenite, (C3H7NH3)4RuCl7 ; iso-propylammonium chloroperruthenite, 
(C3H7NH3)4RuCl7 ; M-butylammonium heptachloroperruthenite, (C4H9NH3)4-
R u C l 7 ; iso-butylammonium heptachloroperruthenite, (C 4H 9NH 3) 4RuCl 7 ; 
ethylenediammonium heptachloroperruthenite, (C2H4.N2H6)2RuCl7 ; propylene-
diammonium heptachloroperruthenite, (C3H6 .N2H6)2RuCl7 ; and pyridinium 
heptachloroperruthenite, (C5H5-NH)4RuCl7 . R. Charonnat prepared pyridinium 
hexachloroperruthenite, (C5H6N)3[RuCl6].H2O ; pyridinium pentachloropyridino-
perruthenite, (C5H6N)2[Ru,pyCl5], and pyridinium tetrachlorobispyridinoper-
ru then i t e , ( C 5 H 6 N ) [ R u , p y 2 C l 4 | . T h e following t w o c o m p o u n d s w i t h co -o rd ina t i on 
numbers of 8 were p repared : ethylenediamine aquoheptachloroperruthenite, 
{ C 2 H 4 ( N H 2 ) 2 } [ R u ( H 2 0 ) C l 7 ] , i n r ed c r y s t a l s w h i c h a r e d e c o m p o s e d b y w a t e r , a n d 
lose h y d r o g e n ch lor ide w h e n d r i ed a t 100° ; a n d e t h y l e n e d i a m i n e h y d r o x y h e p t a -
ch loroperrutheni te , { C 2 H 4 ( N H 2 ) 2 } [ R u ( O H ) C l 7 ] , i n b r o w n c r y s t a l s w h i c h a r e 
r e a d i l y r e d u c e d b y h y d r o g e n . R . C h a r o n n a t a lso p r e p a r e d n u m e r o u s d e r i v a t i v e s 
of o x a l a t e s a n d n i t rosy lch lo r ides a n d s t r y c h n i n e , p y r i d i n e , e t c . !F. M. J i iger a n d 
H . B . B l u m e n d a l n o t e d t h e r o t a t o r y d i spe r s ion of some d e r i v a t i v e s . R . C h a r o n n a t 
o b t a i n e d t h i s sa l t b y r e d u c i n g p o t a s s i u m h y d r o x y p e n t a c h l o r o r u t h e n a t e w i t h a lcohol 
in t h e p re sence of h y d r o c h l o r i c ac id . 

A c c o r d i n g t o A . Miola t i a n d C. C. Tag iu r i , a n d J . Li. H o w e , w h e n h y d r a t e d 
r u t h e n i u m d iox ide is d i sso lved in h y d r o c h l o r i c ac id , t h e yel low soln. c o n t a i n s 
r u t h e n i u m tetrachlor ide , R u C l 4 . L . W o h l e r a n d P . BaIz cou ld n o t p r e p a r e t h e 
a n h y d r o u s t e t r a c h l o r i d e f rom c h l o r o r u t h e n i c ac id , or b y c h l o r i n a t i n g t h e t r i ch lo r ide . 
A c c o r d i n g t o W . R . Crowell a n d D . M. Y o s t , if a h y d r o c h l o r i c ac id soln. of r u t h e n i u m 
h y d r o x i d e is ch lo r ina t ed , al l t h e r u t h e n i u m is c o n v e r t e d i n t o t h e q u a d r i v a l e n t 
s t a t e , a n d t h e e l ec t rome t r i c t i t r a t i o n of t h e soln. w i t h t i t a n o u s s u l p h a t e , before 
a n d a f te r ch lo r ina t i on , shows a n e n d - p o i n t w h e n r u t h e n i u m is r e d u c e d t o t h e 
t e r v a l e n t , n o t t h e b i v a l e n t s t a t e . A l t h o u g h r u t h e n i u m t e t r a c h l o r i d e i tself h a s n o t 
b e e n i so la ted , R . C h a r o n n a t p r e p a r e d r u t h e n i u m dipyridinotetrachloride , 
[ R u , p y C l 4 ] ; a n d d o u b l e s a l t s — c h l o r o r u t h e n a t e s — w i t h t h e a lka l i m e t a l s h a v e 
b e e n p r e p a r e d . T h e sa l t w a s a lso o b t a i n e d b y R . C h a r o n n a t , a n d S. A o y a m a . 
U . A n t o n y o b t a i n e d p o t a s s i u m ch lororuthenate , K 2 R u C l 6 , b y a d d i n g h y d r o ­
chlor ic ac id t o p o t a s s i u m r u t h e n a t e , a n d U . A n t o n y a n d A. Lrucchesi r e c o m m e n d e d 
t h e fol lowing p r o c e d u r e : 

A m i x t u r e of 6 p a r t s of p o t a s s i u m h y d r o x i d e a n d 1 p a r t of p o w d e r e d r u t h e n i u m i s 
h e a t e d t o fus ion i n a s i lve r b a s i n , a n d p o t a s s i u m c h l o r a t e a d d e d i n s m a l l q u a n t i t i e s w i t h 
s t i r r i n g u n t i l t h e r u t h e n i u m is c o m p l e t e l y d i s so lved . Af t e r h e a t i n g a t a h i g h t e m p , u n t i l 
a l l e v o l u t i o n of g a s ceases , t h e exces s of c h l o r a t e b e i n g t h e n d e c o m p o s e d , t h e cold m a s s , 
w h i c h i s of a n o r a n g e - r e d co lour , i s d i s so lved i n cold w a t e r , a n d v e r y d i l . h y d r o c h l o r i c 
a c i d a d d e d u n t i l t h e so ln . g ives a d e c i d e d ac id ic r e a c t i o n . W h e n a l l o w e d t o e v a p o r a t e a t t h e 
o r d i n a r y t e m p , i n v a c u o o v e r q u i c k l i m e , t h i s l i q u i d g r a d u a l l y d e p o s i t s t h e c h l o r o r u t h e n a t e 
which, is pur i f ied b y r e p e a t e d c r y s t a l l i z a t i o n . 

J . Li. H o w e o b t a i n e d t h e s a m e sa l t b y t h e a c t i o n of ch lor ine o n a cone . soln. of 
p o t a s s i u m c h l o r o a q u o p e r r u t h e n i t e ; a n d S. A o y a m a , b y t h e a c t i o n of cone, h y d r o ­
ch lor ic ac id o n r u t h e n i u m t e t r o x i d e , a n d s u b s e q u e n t l y t r e a t i n g t h e l iqu id w i t h 
p o t a s s i u m chlor ide as i n d i c a t e d i n c o n n e c t i o n w i t h t h e a m m o n i u m sal t . S. A o y a m a 
a lso p r e p a r e d i t b y t r e a t i n g a soln. of h y d r o x y t e t r a c h l o r o r u t h e n i c ac id i n cone , 
h y d r o c h l o r i c ac id for 5 h r s . , a t 100°, a n d e v a p o r a t i n g t h e l iqu id s p o n t a n e o u s l y a t 
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o r d i n a r y t e m p . , first over su lphur i c ac id , a n d t h e n o v e r p h o s p h o r i c ox ide , whi le a 
c u r r e n t of chlor ine is pas s ing t h r o u g h t h e l i qu id t h e whole t i m e . H y g r o s c o p i c , 
r edd i sh -b rown , monocl in ic c r y s t a l s of t h e pentahydrate, R u C l 4 . 5 H 2 O , a r e fo rmed . 
S. A o y a m a a n d T. F u k u r o i s t u d i e d t h e a b s o r p t i o n s p e c t r u m of K 2 R u C l 6 i n h y d r o ­
chloric acid soln. U . A n t o n y a n d A. Lucches i sa id t h a t t h e sa l t f o rms a r e d d i s h -
b rown , c rys ta l l ine p o w d e r ; a n d J . Li. H o w e , b l a c k o c t a h e d r a w i t h a g reen i sh sheen . 
S. A o y a m a said t h a t t h e p e n t a h y d r a t e m e l t s a t 25° ; loses 2*5 mols . of w a t e r a t 
57° ; 4 mol s . a t 78° ; a n d 4-5 mol s . a t 100°. T h e h y d r a t e w a s s t u d i e d b y 
G. F . H u t t i g . T h e sa l t o b t a i n e d b y TJ. A n t o n y a n d A . Lucches i w a s s p a r i n g l y 
soluble in co ld w a t e r , a n d inso lub le i n a soln. of p o t a s s i u m ch lor ide . T h e sa l t is 
soluble in h o t w a t e r , a n d i t is d e c o m p o s e d in a q . soln. J . L . H o w e f o u n d t h e sa l t 
t o be r e a d i l y soluble in a n d t o b e d e c o m p o s e d b y w a t e r . A di l . soln . in h y d r o ­
chloric ac id is ye l low, a n d a cone , soln. , d e e p ye l lowish- red . A c c o r d i n g t o 
S. A o y a m a , t h e cone . soln. is s t ab l e a t t h e o r d i n a r y t e m p . , does n o t l i b e r a t e iod ine 
from p o t a s s i u m iod ide , g ives a b l a c k p r e c i p i t a t e w i t h s i lver n i t r a t e , a n d y ie lds 
c rys ta l l ine d o u b l e sa l t s w i t h p o t a s s i u m a n d a m m o n i u m chlor ides . T h e di l . soln. 
s lowly h y d r o l y z e s w i t h t h e f o r m a t i o n of a b l ack , col loidal s o l n v y ie lds s i lver ch lor ide 
on t h e a d d i t i o n of s i lver n i t r a t e , l i be ra t e s iod ine f rom p o t a s s i u m iod ide , a n d first 
a col loidal , b r o w n soln. , t h e n a ye l lowish -b rown p r e c i p i t a t e of r u t h e n i u m t r i s u l p h i d e 
is o b t a i n e d on s a t u r a t i o n w i t h h y d r o g e n su lph ide . O. W . G ibbs o b s e r v e d t h a t 
p r o b a b l y c o m p l e x sa l t s a r e fo rmed w h e n r u t h e n i u m ch lor ide is t r e a t e d w i t h 
a m m o n i u m m o l y b d a t e or s o d i u m t u n g s t a t e . 

J . Li. Howe observed t h a t ammonium chlororuthenate, (NH4)2RuCl6 , is 
fo rmed w h e n ch lor ine is p a s s e d i n t o a cone . a q . soln. of t h e c h l o r o p e r r u t h e n i t e . 
S. A o y a m a o b t a i n e d t h e a m m o n i u m sa l t , ( N H 4 ) 2 R u C l 6 . ^ H 2 0 , b y t h e i n t e r a c t i o n 
of cone , hyd roch lo r i c ac id a n d r u t h e n i u m t e t r o x i d e , t h e soln. be ing h e a t e d , s a t u ­
r a t e d w i t h a m i x t u r e of ch lo r ine a n d h y d r o g e n ch lor ide , k e p t for some h o u r s , a n d 
t h e n a g a i n s a t u r a t e d w i t h ch lor ine a n d h y d r o g e n ch lor ide . T h e m i x t u r e is t h e n 
cooled i n ice a n d t r e a t e d w i t h cone , a m m o n i u m chlor ide soln. , w h e n t h e a m m o n i u m 
c h l o r o r u t h e n a t e s e p a r a t e s in pa l e b r o w n , s t a r - s h a p e d c ry s t a l s be long ing t o t h e 
cub ic s y s t e m . These c r y s t a l s d issolve i n w a t e r t o f o r m a b r o w n soln. , wh ich o n 
d i lu t ion first t u r n s yel low a n d t h e n depos i t s a b l a c k p r e c i p i t a t e owing t o h y d r o l y s i s . 
T h e sa l t is s lowly b u t c o m p l e t e l y d e c o m p o s e d b y h y d r o g e n su lph ide , t h e who le of 
t h e r u t h e n i u m be ing p r e c i p i t a t e d . T h e b lue co lour t e s t for r u t h e n i u m is n o t 
sens i t ive in t h i s case . A . G u t b i e r , H . Zwicker , A . G u t b i e r a n d F . K r a u s s , a n d 
A. G u t b i e r a n d H . Zwicke r o b t a i n e d s o m e d e r i v a t i v e s , t h u s , m e t h y l a m m o n i u m 
ch lororuthenate , ( C H 3 . N H 3 ) 2 R u C l 6 , i n g r een i sh -b rown , h e x a g o n a l leaflets ; d i -
methylammonium chlororuthenate, {(CH3)2NH2}2RuCl6, in glistening dark 
needles ; trimethylammonium chlororuthenate, {(CH3)3NH}2RuCl6, in dark 
green needles; tetramethylaxnmonium chlororuthenate, ((CH3)4N)2RuCl6; 
ethylammonium chlororuthenate, (C2H5 .NH3)2RuCl6 , in glistening, green needles ; 
diethylammonium chlororuthenate, ((C2H5)2NH2)2RuCl6 , in glistening, brownish-
green needles ; triethylammonium chlororuthenate, {(C2H5)3NH}2RuCl6, in 
black plates ; tetraethylanimonium chlororuthenate, ((C2H5)4N}2RuCl6 ; propyl-
ammonium chlororuthenate, (C3H7 .NH2)2RuCl f l , in glistening, dark green needles ; 
dipropylammonium chlororuthenate, {(C3H7)2NH2>2RuCl6, in dark green needles ; 
tripropylammonium chlororuthenate, ((C3Hy)3NHa)2RuCl6 ; butylamineam-
moniuzn chlororuthenate, (C4H9NHa)2RuCl6 , in glistening dark green leaflets ; 
di-iso-butylammonium chlororuthenate, ((C4H9)2NH2)2RuCl6; tri-iso-butyl-
ammonium chlororuthenate, {(C4H9)3NH}2RuCl6 ; di- iso-amylammonium chloro­
ruthenate, {(C5H11)2NH2}2RuCl6 ; ethylenediammoiiium chlororuthenate, 
(C2H4 : N 2H 6) 2RuCl 6 , in glistening black needles ; propylenediammonium chloro­
ruthenate, (C3H6 : N2H6J2RuCl6 , in greenish-black needles; benzylammonium 
chlororuthenate, (C6H5 .CH2 .NH3)2RuCl6 , in brown needles ; pyridinium 
chlororuthenate, (C5H5NH)2RuCl6 , in brown needles ; a- and /3-picJOlinium 
chlororuthenate, (C6H4(CH3) : NH) 2RuCl 6 , in bronze-coloured plates ; piperidinium 
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chlororuthenate, (C5H1 0 .NH2)2RuCl6; and quinolinium ch lororu thena te , 
(C9H7-ISrH)2RuCl6. 

J . L . H o w e p r e p a r e d r u b i d i u m ch lororuthenate , R b 2 R u C I 6 , a s i n t h e case of 
t h e p o t a s s i u m sa l t , a n d l ikewise a lso caes ium ch lororuthenate , C s 2 R u C l 6 , i n b l ack , 
a l m o s t o p a q u e , r e g u l a r o c t a h e d r a , s l igh t ly so luble i n w a t e r . F . K r a u s s a l so p r e ­
p a r e d t h i s sa l t . A . Miola t i a n d C. C. T a g i u r i o b s e r v e d t h a t w h e n ch lo r ine a c t s o n 
a m i x t u r e of s o d i u m a n d r u t h e n i u m chlor ides , a n d t h e p r o d u c t of t h e r e a c t i o n i s 
l i x i v i a t e d w i t h w a t e r , a d a r k r e d l i qu id s u p p o s e d t o c o n t a i n s o d i u m c h l o r o ­
r u t h e n a t e , N a 2 R u C l 6 , is o b t a i n e d . I f t h e soln. b e h o t a n d d i l u t e , or if i t b e p l a c e d 
i n c o n t a c t w i t h o rgan ic s u b s t a n c e s , i t b e c o m e s b r o w n , a n d t h e n c o n t a i n s r u t h e n i u m 
t r i ch lo r ide s ince p o t a s s i u m ch lor ide p r e c i p i t a t e s p o t a s s i u m c h l o r o p e r r u t h e n i t e . 
O. W . G i b b s p r e p a r e d cobal t ic h e x a m m i n o c h l o r o r u t h e n a t e , [Co(NH 3 ) 6 ] 2 (RuCl 6 ) 3 . 

A c c o r d i n g t o S. A o y a m a , r u t h e n i u m t e t r o x i d e a n d h y d r o g e n ch lor ide r e a c t t o 
f o r m t e t rach lorod ioxyruthen ic ac id , H 2 R u O 2 C l 4 . 3 H 2 O , in r e d d i s h - b r o w n , need le -
s h a p e d , hyg roscop ic c rys t a l s , w h i c h d issolve in w a t e r t o give a n ac idic soln. 
W h e n t h e s e c r y s t a l s a r e t r e a t e d w i t h cone . a q . h y d r o c h l o r i c ac id , ch lor ine is g iven 
off, a n d a r e d d i s h - b r o w n soln. is o b t a i n e d w h i c h c o n t a i n s b o t h h e x a c h l o r o r u t h e n i c 
ac id , H 2 R u C I 6 , a n d p e n t a c h l o r o r u t h e n i o u s ac id , H 2 R u C l 5 , wh i l s t t h e a m m o n i u m , 
sa l t s of t h e s e t w o ac ids a r e f o r m e d if t h e t e t r a c h l o r o - o X y r u t h e n i c ac id be t r e a t e d 
w i t h a m m o n i u m ch lor ide so ln . V. Ipateeff s t u d i e d t h e a c t i o n of h y d r o g e n u n d e r 
p r e s s . H . R e m y a n d A. L u h r s sa id r u t h e n i u m t e t r o x i d e r e a c t s in i t i a l ly w i t h cone, 
h y d r o c h l o r i c ac id t o f o r m r u t h e n i u m d ioxyd i ch lo r i de , R u O 2 C l 2 , wh ich is r a p i d l y 
r e d u c e d f u r t h e r b y excess of ac id t o r u t h e n i u m t e t r a c h l o r i d e . Th i s c o m p o u n d is 
u n s t a b l e in soln. , d e c o m p o s i n g e i t h e r i n t o t h e t r i ch lo r ide o r i n t o t h e h y d r o x y t r i -
ch lo r ide . P u r e soln. of t h e l a t t e r s u b s t a n c e c a n be p r e p a r e d r ead i ly , a n d f rom t h e m 
t h e " h y d r a t e d p e n t a c h l o r o r u t h e n a t e s " or h y d r o x y p e n t a c h l o r o r u t h e n a t e s . T h e y 
a lso sa id t h a t f r e sh ly -p repa red soln. of r u t h e n i u m t e t r o x i d e in cone, h y d r o c h l o r i c 
ac id c o n t a i n r u t h e n i u m t e t r a c h l o r i d e , or t h e c o r r e s p o n d i n g ac id as s h o w n b y t h e 
p r e p a r a t i o n of t h e a lka l i s a l t s . W h e n soln. of t h e t e t r a c h l o r i d e a r e h e a t e d , 
h y d r o l y s i s occurs , a n d r u t h e n i u m hydroxytr ich lor ide , R u ( O I l ) C l 3 , is fo rmed . 
T h e c h a n g e p roceeds s lowly e v e n i n soln. s a t u r a t e d w i t h h y d r o g e n ch lor ide . I n 
m o d e r a t e l y di l . soln. t h e p rocess is a r r e s t e d w h e n one ch lo r ine a t o m is r ep l aced b y 
h y d r o x y l a n d p roceeds b e y o n d t h i s s t a g e on ly in soln . c o n t a i n i n g m u c h less h y d r o ­
chlor ic ac id . I n a d d i t i o n , t h e r e d u c t i o n of r u t h e n i u m w i t h e v o l u t i o n of ch lor ine , 
R U C I 4 - R U C I 3 + C l , c a n occur , b u t , c o n t r a r y t o s o m e obse rve r s , t h e y s t a t e t h a t 
t h i s a c t i o n is h i n d e r e d r a t h e r t h a n a c c e l e r a t e d b y r ise in t e m p , unless a c u r r e n t of 
indi f ferent ga s is p a s s e d t h r o u g h t h e soln. I f c a r b o n d iox ide is p a s s e d u n t i l ch lo r ine 
is n o longer evo lved , a p a r t i a l r e d u c t i o n t o t e r v a l e n t r u t h e n i u m is obse rved unless 
t h e c o n d i t i o n s for h y d r o l y s i s h a v e b e e n p r o v i d e d before d r i v i n g o u t t h e ch lor ine . 
Soln . of r u t h e n i u m h y d r o x y t r i c h l o r i d e d o n o t evo lve ch lo r ine w h e n t r e a t e d w i t h 
c a r b o n d i o x i d e a n d t h e v a l e n c y of t h e m e t a l does n o t a l t e r . Soln . of t h e t r i ch lo r ide 
p r e p a r e d b y F . K r a u s s a n d H . K i i k e n t h a l , a n d H . Gal l a n d G. L e h m a n n , c o n t a i n 
s o m e q u a d r i v a l e n t ch lo r ide . T h e e v a p o r a t i o n t o a s y r u p y cons i s t ency w i t h cone. 
h y d r o c h l o r i c ac id h a s l i t t l e inf luence o n t h e v a l e n c y of r u t h e n i u m unless r e p e a t e d 
v e r y f r e q u e n t l y . A m o r e m a r k e d effect is p r o d u c e d w h e n t h e soln. a r e e v a p o r a t e d 
t o d r y n e s s , b u t , i n e v e r y case , t h e p rocess comes t o a conc lus ion w h e n a b o u t ha l f 
of t h e m e t a l h a s p a s s e d i n t o t h e t e r v a l e n t s t a t e . F u r t h e r r e d u c t i o n cou ld n o t b e 
effected b y r e p e a t e d e v a p o r a t i o n t o d r y n e s s e x t e n d i n g ove r m o r e t h a n a week. 
I t is the re fo re imposs ib le t o o b t a i n t h e p u r e t r i ch lo r ide b y s i m p l y e v a p o r a t i n g 
•with hyd roch lo r i c ac id a p r o d u c t c o n t a i n i n g l a rge a m o u n t s of q u a d r i v a l e n t r u t h e ­
n i u m . J . L . H o w e p r e p a r e d r u b i d i u m te trach lorod ioxyruthenate , R b 2 R u O 2 C l 4 , 
o r 2RbCl -RuO 2 Cl 4 , a n d a lso caes ium te trach lorod ioxyruthenate , Cs 2 RuO 2 Cl 4 , b y 
c o v e r i n g r u t h e n i u m t e t r o x i d e w i t h w a t e r , a c i d u l a t e d w i t h hydroch lo r i c ac id , t o 
w h i c h r u b i d i u m or csesium ch lor ide h a s b e e n a d d e d . T h e sa l t s furn ish d a r k p u r p l e 
c u b e s a n d r h o m b i c d o d e c a h e d r a be long ing t o t h e cub i c s y s t e m . T h e sa l t s 
a r e so lub le i n cold hyd roch lo r i c ac id f rom w h i c h t h e y m a y be rec rys ta l l i zed 
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u n c h a n g e d . Boil ing hydroch lo r i c ac id fo rms t h e c h l o r o r u t h e n a t e w i t h t h e evo lu t i on 
of ch lor ine . T h e sa l t s a re i n s t a n t l y d e c o m p o s e d b y w a t e r , a n d t h e w a t e r becomes 
black. R. Charonnat prepared methylammonium dihydroxytetrachlororuthenate, 
( C H 3 . N H 3 ) [ R u ( O H ) 2 C l 4 ] , i n r ed c rys t a l s , so luble i n w a t e r . 

Accord ing t o F . K r a u s s , w h e n t h e sa l t co r r e spond ing w i t h a m m o n i u m r u t h e n a t e 
(g.v.) o r r a t h e r r u t h e n i u m d i o x y d i h y d r o x y d i a m m i n e is t r e a t e d w i t h hyd roch lo r i c 
acid, i t yields ruthenium dioxydiaquodichlorodiammine, RuO2(H2O)2(NHg)2Cl2 , 
which is r e c o n v e r t e d i n t o t h e d i o x y d i h y d r o x y d i a m m i n e on t r e a t m e n t w i t h a q . 
a m m o n i a . 

As i n d i c a t e d in c o n n e c t i o n w i t h p o t a s s i u m c h l o r o p e r r u t h e n i t e , R . C h a r o n n a t 
assumed t ha t the brown a.-salt is potassium hydroxypentachlororuthenate, 
K 2 [ R u ( O H ) C l 5 ) , w h e r e t h e r u t h e n i u m is q u a d r i v a l e n t , whi l s t t h e r ed j8-salt is 
p o t a s s i u m a q u o p e n t a c h l o r o p e r r u t h e n i t e , K 2 [ R u ( H 2 O ) C l 5 ) , w i th t e r v a l e n t r u t h e ­
n i u m . S. H . C. Br iggs f o u n d t h a t w h e n a h o t acidified soln. of J . L . H o w e ' s 
p o t a s s i u m a q u o c h l o r o p e r r u t h e n i t e is ox id ized b y e x p o s u r e t o air , i t furnishes a 
p o t a s s i u m h y d r o x y c h l o r o r u t h e n a t e , I C 2 R U C I 5 - K 2 R U C I 5 ( O H ) , wh ich , accord ing t o 
J . Li. H o w e a n d L . P . H a y n e s , is a m i x t u r e of a n h y d r o u s a n d o r d i n a r y m o n o -
h y d r a t e d <x-chloroperruthenite . R . C h a r o n n a t p r e p a r e d t h e h y d r o x y p e n t a c h l o r o ­
r u t h e n a t e b y t h e ac t i on of hydroch lo r i c ac id on r u t h e n i u m t e t r o x i d e , a n d h y d r o -
lyz ing t h e p r o d u c t . R . C h a r o n n a t obse rved t h a t w h e n t h i s sa l t is r e d u c e d b y 
a lcohol in t h e presence of hyd roch lo r i c ac id , p o t a s s i u m a q u o p e n t a c h l o r o p e r r u t h e n i t e 
is formed. A. JoIy observed t h a t ruthenium hydroxyheptamminodichloride, 
2 R u ( O H ) C l 2 ( N H 3 ) 7 . 3 H 2 0 , a lso cal led ruthenium red, is f o rmed w h e n t h e finely-
d iv ided , a n h y d r o u s t r i ch lo r ide is p ro j ec t ed in successive smal l q u a n t i t i e s i n t o a n 
aq . soln. of a m m o n i a , sa t . a t a low t e m p . , a n d t h e m i x t u r e is h e a t e d for some t i m e 
a t 40°. T h e d e e p red , cone . soln. depos i t s b r o w n lamellae w i t h a meta l l i c l u s t r e b y 
reflected l igh t , a n d yel low b y t r a n s m i t t e d l igh t ; t h e soln. is red b y t r a n s m i t t e d 
l ight , a n d h a s a v io le t t i nge b y reflected l igh t . A soln . of one p a r t of t h e com­
p o u n d in 10,000 p a r t s of "water h a s a n i n t e n s e r ed colour , a n d even 1 p a r t in 5,000,000 
p a r t s of w a t e r h a s a d i s t i nc t rose colour . T h e d r y sa l t is s t ab l e w h e n exposed t o 
l igh t , b u t i t s soln. decompose w i t h p r e c i p i t a t i o n of t h e b r o w n sesquioxide . D e c o m ­
pos i t ion is r a p i d w h e n t h e soln. is boi led, a n d i n t e r m e d i a t e p r o d u c t s a r e fo rmed 
e i the r b y loss of a m m o n i a or b y progress ive s u b s t i t u t i o n of t h e e l e m e n t s of 
w a t e r for chlor ine . W h e n cone, hydroch lo r i c ac id is a d d e d t o cone , soln. , 
ruthenium hydroxyheptamminohydrotrichloride, 2Ru(OH)Cl2(NH3)7 .HC1.3H20, 
s e p a r a t e s as a b r o w n p r e c i p i t a t e . T h e r e d co lo ra t ion t h a t a p p e a r s on boi l ing a n 
a m m o n i a c a l soln. of t h e n i t roso -oxych lo r ide is d u e t o t h e f o r m a t i o n of t h e a m m o -
niaca l h y d r o x y c h l o r i d e n o w descr ibed , a n d is n o t d u e t o t h e r e p r o d u c t i o n of t h e 
or iginal n i t rosochlor ide b y loss of a m m o n i a . W h e n t h e sa l t is d issolved in w a t e r , 
i t fo rms a yel low soln. , b u t a s t h e p r o p o r t i o n of w a t e r is inc reased , t h e co lour 
changes t o red . A sma l l q u a n t i t y of a m m o n i a or o t h e r a lka l i changes t h e co lour 
a t once t o redd i sh-v io le t . B y d o u b l e d e c o m p o s i t i o n w i t h s i lver n i t r a t e in ac id 
soln. , t h e h y d r o c h l o r i d e y ie lds r e a d i l y c rys ta l l i zab le sa l t s , fo rming yel low soln . 
wh ich become r e d on t h e a d d i t i o n of a ba se . T h e use of r u t h e n i u m red for s t a i n i n g 
t i ssues , e t c . , i n h i s to logy w a s i n d i c a t e d b y L . M a n g i n , a n d b y A. Nicol le a n d 
J . C a n t a c u z e n e . 

C. Claus obtained potassium nitrosylchlororuthenate, K2Ru(NO)Cl5 , and it 
w a s s t u d i e d b y A. J o I y , a n d J . Ti. H o w e . T h e sa l t is f o rmed b y t h e a c t i o n of 
p o t a s s i u m h y d r o x i d e a n d n i t r a t e o n r u t h e n i u m in a s i lver c ruc ib le . T h e m a s s is 
e x t r a c t e d w i t h w a t e r a n d t h e soln. t r e a t e d w i t h h y d r o c h l o r i c ac id , u n t i l t h e b l a c k 
p r e c i p i t a t e a t first f o rmed redissolves . T h e c r y s t a l s o b t a i n e d on e v a p o r a t i n g t h e 
l iqu id a r e purif ied b y rec rys ta l l i za t ion . T h e sa l t c a n a lso be o b t a i n e d b y t h e a c t i o n 
of hyd roch lo r i c ac id o n a doub l e n i t r i t e , or b y a d d i n g p o t a s s i u m n i t r i t e t o a h y d r o ­
chlor ic ac id soln. of t h e t r i ch lo r ide . H . D u f e t o b s e r v e d t h a t t h e b l a c k c r y s t a l s 
a r e r h o m b i c . T h e y a r e soluble in w a t e r , f o rming a v io le t - red soln. ; t h e cone . so ln . 
is b l ack a n d o p a q u e . T h e soln . is s t ab l e , a n d S. C I i ind o b s e r v e d t h a t i t s e lec t r ica l 
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c o n d u c t i v i t y does n o t v a r y du r ing 3 d a y s . T h e dihydrate o b t a i n e d b y A. J o I y is 
depos i ted in black crys ta ls b y t h e slow e v a p o r a t i o n of t h e aq . soln. T h e c rys ta l s 
effloresce in air . T h e boil ing aq . soln. depos i t s t h e a n h y d r o u s sa l t . L . Br iza rd , 
a n d C. Claus p r e p a r e d t h e complex sa l t Ru 2 H 2 (NO)Cl 3 . 2HC1.3KCl . J . L,. H o w e 
p r e p a r e d caesium nitrosylchlororuthenate , C S 2 R U ( N O ) C I G , a n d also t h e dihydrate ; 
a n d A. JoIy , a n d H . Dufe t , s od ium nitrosylchlororuthenate , N a 2 R u ( N O ) C l 5 . 3 H 2 O ; 
a n d a complex Ru 2 H 2 (NO)Cl 3 .2HC1.3NaCl ; A. Jo Iy , a n d J . L . H o w e p r e p a r e d 
ammonium nitrosylchlororuthenate, (NH4)2Ru(NO)Cl5, and the dihydrate, as 
well as a complex Ru 2 H 2 (NO)Cl 3 . 2HC1.3NH 4 Cl . 

A. J o I y said t h a t A. Claus ' n i t rosy l c o m p o u n d can be rep resen ted R u X 2 . N O . 
OH(NHg) 4 , where X deno te s t h e acidic radic le . There is ru then ium t e t r a m m i n o -
dichloride, RuCl2(NH3)4 .3H20 ; ruthenium nitrosylhydroxytetrammmodichloride, 
RuCl2(NHg)4NO(OH); and ruthenium nitrosylhydroxytetrarnminochloroplatinite, 
R u C l 2 ( N H 3 ) 4 N O ( O H ) P t C l 4 ; L . Br iza rd r epo r t ed a series of sal ts i l l u s t r a t ed b y 
ruthenium dmydronitrosylhydroxydichloride, Ru2(NO)H2(OH)Cl2 ; ruthenium 
dihydronitrosyltrihydroxide, Ru2(NO)H2(OH)3 ; ruthenium dihydronitrosylhydro-
chloride, Ru2(NO)H2Cl3 .2HCl; ruthenium dihydronitrosylhexamminohydro-
chloride, Ru 2 (NO)H 2 (NHg) 6 Cl 3 . 2HCl , a n d doub le sa l t s w i th a m m o n i u m , p o t a s s i u m , 
a n d silver chlor ides , a n d w i t h p o t a s s i u m b r o m i d e . 

H . Gall a n d G. L e h m a n n p r e p a r e d r u t h e n i u m dibromide, R u B r 2 , b y reduc ing 
t h e t r i b r o m i d e , in abso lu te alcoholic soln., in t h e presence of b romoform—v ide 
supra, r u t h e n i u m dichlor ide . W . S t recker a n d M. F . Schur igen , a n d M. F . Schur igen 
o b t a i n e d r u t h e n i u m phosphobromide , 2 R u B r 2 . 5 P B r 3 , b y t h e ac t ion of phosphor ic 
p e n t a b r o m i d e on spongy r u t h e n i u m . A. J o I y p r e p a r e d r u t h e n i u m tribromide, 
R u B r 3 , b y t h e ac t ion of h y d r o b r o m i c ac id on r u t h e n i u m t e t rox ide ; A. Gu tb i e r 
a n d K . T r e n k n e r , b y e v a p o r a t i n g a n aq . soln. of t h e t e t rox ide wi th cone, h y d r o ­
b romic acid ; a n d F . K r a u s s a n d H . K u k e n t h a l , b y h e a t i n g t h e t r i h y d r o x i d e in 
t h e co r respond ing h y d r o g e n ha l ide a t 100° t o 110°. J . L . H o w e o b t a i n e d a 
r edd i sh -pu rp l e soln. of bromoperruthenous acid, H 2 R u B r 5 , b y covering r u b i d i u m 
t e t r o x i d e w i t h a 50 pe r cen t . soln. of h y d r o b r o m i c acid. O. RufT a n d E . Vidic said 
t h a t t h e first s t age of ac t ion of h y d r o b r o m i c acid on r u t h e n i u m t e t r o x i d e involves 
t h e fo rma t ion of ruthenium, tetrabromide which v e r y qu ick ly decomposes t o form 
t h e t r i b r o m i d e . R u t h e n i u m t r i b r o m i d e is d a r k b rown , a n d gives of£ b r o m i n e 
when h e a t e d . I t forms w i t h w a t e r a b r i g h t red soln. which decomposes slowly a t 
o r d i n a r y t e m p . , r ap id ly w h e n h e a t e d , a n d yie lds a b lack p rec ip i t a t e . F . K r a u s s 
a n d H . K u k e n t h a l found t h a t t h e soln. in cone, hydrochlor ic acid is b rown , a n d 
af ter boiling i t is red . Accord ing t o O. Ruff a n d F . Vidic, h y d r o g e n su lph ide 
forms r u t h e n i u m su lph ide . The solid b r o m i d e absorbs d r y a m m o n i a . F . K r a u s s 
a n d H . K u k e n t h a l sa id t h a t t h e sal t forms a green soln. w i th aq . a m m o n i a , which 
becomes wine-red w h e n boiled ; t h e soln. in alcohol is violet ; a n d t h e d a r k green 
soln. in p o t a s s i u m cyan ide soln. becomes violet-blue when boiled, t o form r u t h e n i u m 
hemiheptaamniinotribromide, 2RuBr3 .7NH3 . G. T. Morgan and F. H. Burstall 
p r e p a r e d t h e b romine analogues of r u t h e n i u m red (q.v.), a n d der iva t ives . 

Accord ing t o W . M a n c h o t a n d co-workers , r u t h e n i u m t r i b romide is conve r t ed b y 
ca rbon monox ide a t 185° t o 188° a n d 350 a t m . i n to colourless, c rys ta l l ine r u t h e n i u m 
carbonyl bromide, RuBr(CO), a complex of univalent ruthenium, ruthenium mono-
bromide , R u B r . T h e ca rbony l is slowly decomposed b y wa te r , a n d i t r educes 
a m m o n i a c a l si lver soln. I t evolves c a rbon monox ide w h e n h e a t e d in n i t r i c oxide 
a t 220°, a n d i n ca rbon monox ide , a t 200°, i t forms r u t h e n i u m , a n d r u t h e n i u m 
dicarbonyldibromide, RuBr2(CO)2 , a complex of ruthenium dibromide, RuBr2 . 
A. JoIy prepared ruthenium nitrosyltribromide, Ru(NO)Br3^H2O ; and L. Brizard, 
ruthenium dihydronitrosylhydrobromide, Ru2(NO)H2Br3 .2HBr, and the double 
sa l t po tass ium mtrosylbromoruthenate , K 2 R u ( N O ) B r 5 , a s in t h e case of t h e corre­
spond ing chloro-sal ts ; a n d t h e complex sa l t R u 2 H 2 ( N O ) B r 3 . 2 H B r . 3 K B r ; a n d 
Ru2H2(NO)Cl3-SKBr, as well as ruthenium dihydronitrosylhexamminohydro-
bromide, Ru2(NO)H2(NH3)6 .Br3 .2HBr. H. Dufet obtained potassium nitrosyl-
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bromoperruthenite, 2KBr.RuBr 3 .NO. R. Cliaronnat prepared ruthenium nitro-
sylbromobisethylenediamminobromide, [Ru(NO)BrCiIg]Br2. W. Manchot and 
J . Konig found t ha t the tribromide with carbon monoxide a t 270° to 290° forms 
ruthenium dicarbonyldibromide ; an aq. or alcoholic soln. of the tr ibromide 
absorbs carbon monoxide very slowly. Ruthen ium tribromide forms double salts 
with the alkali bromides—the bromoperruthenites, which form dark blue soln. 
with water. The soln. becomes reddish-brown and ult imately reddish-purple 
when warmed with hydrobromic acid. 

J . IJ . Howe, K. Trenkner, and A. Grutbier and K. Trenkner prepared 
potassium bromoperruthenite, K 2 RuBr 5 .H 2 O, by adding potassium bromide to 
a soln. of ruthenium tetroxide in hydrobromic acid, and evaporating the soln. over 
sulphuric acid, and by adding potassium chloride to a soln. of bromoperruthenous 
acid. The brown crystals are decomposed by water. With rubidium bromide in 
place of potassium chloride there is formed rubidium bromoperruthenite, 
Rb 2 RuBr 5 .H 2 O, which crystallizes from dil. hydrobromic acid. Similarly with 
caesium bromoperruthenite, Cs2RuBr5-H2O ; and with ammonium bromoper­
ruthenite, (NH 4 ) 2 RuBr 5 .H 2 0 . By boiling and then evaporating a soln. of 
potassium bromoperruthenite with alcohol and hydrobromic acid, J . IJ . Howe 
prepared brown crystals of potassium bromoaquoperruthenite, K 2 Ru(H 2 O)Br 5 ; 
and likewise^ also brownish-black crystals of rubidium bromoaquoperruthenite, 
Rb 2 Ru(H 2 O)Br 5 ; and caesium bromoperruthenite, Cs2RuBr5 . 

A. Gutbier and co-workers prepared methylammonium bromoperruthenite, 
(CH3NHg)2RuBr5 , in acicular crystals ; dimethylammonium bromoperruthenite, 
{(CH3)2NH2}2RuBr5 ; trimethylammonium bromoperruthenite, {(CH3)3NH}2-
RuBr 5 " tetramethylammorriiim bromoperruthenite, {(CH8)4N}2RuBr5 ; ethyl-
ammonium bromoperruthenite, (C 2 H 5 NH 3 ) 2 RuBr 5 ; diethylammonium bromo­
perruthenite, {(C2H5)2NH2}2RuBr5 ; triethylammonium bromoperruthenite, 
{(C2H5)3NH}2RuBr5 ; tetraethylammonium bromoperruthenite, {(C2H5)4N}2-
R u B r 5 ; ?i-propylammonium bromoperruthenite, (C 3H 7NH 3 ) 2RuBr 5 ; ^o-propyl-
ammonium bromoperruthenite, (C3H7NHg)2EuBr5 ; dipropylammonium bromo­
perruthenite, {(C3H7)2NH2}2RuBr5 ; /?-butylammonium bromoperruthenite, 
(C 4 H 9 NH 3 ) 2 RuBr 5 ; tso-butylammonium bromoperruthenite, (C4H0NH3)2-
RuBr 5 ; i.vo-amylammonium bromoperruthenite, (C5H1 1NHg)2RuBr5 ; ethylene-
diammonium bromoperruthenite, (C2H4-N2H6)RuBr5 ; propylenediammonium 
bromoperruthenite, (C3H6-N2H6)RuBr5 ; pyridinium bromoperruthenite, 
(C 5H 5 -NH) 2RuBr 5 ; yS-picolinium bromoperruthenite, <C5H4 .CH3 .NH)2RuBr5 ; 
and quinolinium bromoperruthenite, C 9H 7-NH) 2RuBr 5 . 

Although ruthenium tetrabromide, RuBr 4 , has not been isolated, bromo-
ruthenates have been obtained. Thus, J . Li. Howe obtained black, octahedral 
crystals of potassium bromoruthenate, K 2 RuBr 6 , by passing the vapour of 
bromine through a cone. soln. of the bromoaquoperruthenite a t 0°. W. R. Crowell 
and D. M. Yost observed t h a t if ru thenium chloride be digested with bromine and 
hydrobromic acid, and evaporated with potassium bromide, there is formed a salt 
with quadrivalent ruthenium, probably potassium hydroxypentabromoruthenate. 
J . Ii. Howe observed t h a t the less soluble rubidium bromoruthenate, Rb 2 RuBr 6 , 
is produced in a similar way, and likewise also with ammonium bromoruthenate, 
(NH 4 ) 2 RuBr 6 . A. Grutbier and F . Krauss, A. Gutbier, H . Zwicker, and A. Grutbier 
and H. Zwicker reported methylammonium bromoruthenate, (CH3 .NH3)2RuBr6 , 
in black, glistening leaflets ; dimethylanimoiiium bromoruthenate, {(CH3)2NH2}2-
RuBr 6 , in bluish-black, felted needles; trimethylammomum bromoruthenate, 
{(CH3)3NH}2RuBr6 , in bluish-black needles ; ethylammonium bromoruthen­
ate, (C2H5 .NH3J2KuBr6 , in glistening, green needles ; diethylammonium 
bromoruthenate, {(C2H5)2NH2}2RuBr6; triethylammonium bromoruthenate, 
{(C2H5)3NH}2RuBr6 , in black needles; propylammonium bromoruthenate, 
(C3H7 .NH3)2RuBr6 , in bluish-black, felted needles ; dipropylammonium bromo­
ruthenate* ((C3H7J2NHg)2RuBr6 , in dark green needles ; butylammonium 
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bromoruthenate , (C 4 H 9 -NH 2 )GRuBr 6 , i n g l i s ten ing , b lu i sh -b lack , fe l ted needles ; 
^ o amylammonium bromoruthenate, (C5H1 1-NHa)2RuBr6 ; ethylenediammonium 
bromoruthenate, (C2H4N2H3)2RuBr6 , in glistening, black needles ; propylene-
diammonium bromoruthenate, (C 3H 6N 2H 2) 6RuBr 6 , in bluish-black needles ; 
benzylammonium bromoruthenate, (C6H5 .CH2 .NH3)2RuBr6 , in black needles ; 
pyridinium bromoruthenate, (C 5H 5NH) 2RuBr 6 , in bluish-black needles ; o.-pico-
l i n i n m b r o m o r u t h e n a t e , (C 5 H 4 (CH 3 ) : N H ) 2 R u B r 6 , in b lu i sh -b lack need les ; a n d 
quinolinium bromoruthenate, (C9H7-NH)2RuBr6 . 

H . Gall a n d Gr. L e h m a n n o b t a i n e d ind ica t ions of t h e f o r m a t i o n of r u t h e n i u m 
di iodide, R u I 2 , b y r e d u c i n g a soln. of r u t h e n i u m t r i i od ide i n a b s o l u t e a lcohol 
s a t u r a t e d w i t h a m m o n i a . W . M a n c h o t a n d J . K o n i g o b t a i n e d r u t h e n i u m d i -
carbonyldiiodide, RuI2(CO)2 . C. Claus prepared ruthenium triiodide, R u I 3 , by 
t h e d o u b l e d e c o m p o s i t i o n of p o t a s s i u m iod ide a n d r u t h e n i u m t r i ch lo r ide i n a q . 
soln. K . T r e n k n e r , A. G u t b i e r a n d K , T r e n k n e r , a n d F . K r a u s s a n d H . K u k e n t h a l , 
o b t a i n e d i t in a s imi la r m a n n e r ; a n d O. Ruff a n d E . Vidic obse rved t h a t t h e sa l t 
is p r o d u c e d i m m e d i a t e l y b y t h e a c t i o n of h y d r i o d i e ac id on r u t h e n i u m t e t r o x i d e 
(q.v.). T h e b lack , inso lub le , a m o r p h o u s p r e c i p i t a t e evolves t h e whole of i t s iod ine 
w h e n h e a t e d . IP. K r a u s s a n d H . K u k e n t h a l o b s e r v e d t h a t t h e b l ack p o w d e r is 
n o t hygroscop ic ; i t is v e r y s p a r i n g l y soluble in watcvr, a n d in hyd roch lo r i c acid, 
i t fo rms a d a r k b r o w n soln. a n d a b l ack r e s idue w h e n t r e a t e d w i t h a q . a m m o n i a . 
K . T r e n k n e r , a n d A. G u t b i e r a n d K . T r e n k n e r f o u n d t h a t i t a b s o r b s d r y a m m o n i a 
y ie ld ing r u t h e n i u m h e m i h e p t a m m i n o t r i i o d i d e , 2 R u I 3 . 7 N H 3 ; a n d G. T. M o r g a n 
a n d F . H . B u r s t a l l p r e p a r e d t h e iod ine a n a l o g u e of r u t h e n i u m red (q.v.), a n d 
d e r i v a t i v e s . W . M a n c h o t a n d J . K o n i g o b t a i n e d r u t h e n i u m dicarbonyl di iodide, 
R u I 2 ( C O ) 2 , b y t h e a c t i o n of c a r b o n m o n o x i d e on t h e t r i i od ide a t 240° t o 250°. 
A. J o I y also p r e p a r e d r u t h e n i u m nitrosyltr i iodide, Ru (NO) I 3 .WH 2 O ; a n d A. Jo Iy , 
and H . Dufet prepared potassium nitrosyliodoruthenate, K 2 Ru(NO)I 5 , as 
in t h e case of t h e c o r r e s p o n d i n g ch loro- a n d b r o m o - s a l t s . These c o m p o u n d s 
were s t u d i e d b y W . M a n c h o t a n d E . S c h m i d . R . C h a r o n n a t p r e p a r e d r u t h e n i u m 
nitrosyliodide, Ru(NO)I 3 ; ruthenium nitrosylhydroxybisethylenediaminoiodide, 
f Ru(NO)(ON)en2]I2 ; ruthenium nitrosylhydroxyethylenediaininoamminoiodide, 
[Ru(NO)(OH)en(NH3)2]I2 ; ruthenium nitrosylhydroxyethylenediaminobis-
pyridinoiodide, [Ru(NO)(OH)en(C 5H 5N) 2]I 2 ; ruthenium nitrosylhydroxy-
hydrochlorobisethylenediamminoiodide, [Ru(NO)(OH.HCl)en2)I2 ; ruthenium 
nitrosylbromobisethylenediaminoiodide, [Ru(NO)Br en2]I2 ; ruthenium nitro-
syliodobisethylenediaminoiodide, [Ru(NO)I en 2]I 2 ; and ruthenium nitrosyl-
iodobisethylenedianiinobroniide, [Ru(NO)I en2]Br2 . F . Krauss and H. Kukenthal 
f o u n d t h a t t h e t r i i od ide is v e r y s p a r i n g l y so luble in a lcohol , a n d i t fo rms a b r o w n 
soln. w i t h p o t a s s i u m c y a n i d e wh ich w h e n boi led becomes viole t . 
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§ 8 . R u t h e n i u m Sulphides a n d Su lphate 

F . W o h l e r 1 o b s e r v e d s o m e b r i g h t , o c t a h e d r a l c r y s t a l s i n t h e fine-grained 
p l a t i n u m b r o u g h t f rom t h e p l a t i n u m w a s h i n g s of B o r n e o , a n d h e cal led t h e m i n e r a l 
l a u r i t e — a s a c o m p l i m e n t t o t h e wife of a p e r s o n a l f r iend. T h e s a m e m i n e r a l w a s 
o b s e r v e d i n t h e n a t i v e p l a t i n u m of R o g u e R i v e r , Oregon , col lec ted b y C F . C h a n d l e r . 
T h e a n a l y s i s led F . W o h l e r t o e m p l o y t h e f o r m u l a 1 2 R u 2 S 3 - O s S 4 ; J . D . D a n a , 
2 O R u S 2 - R u 4 O s ; C. F . R a m m e l s b e r g , R u 2 S 3 ; a n d a f te r t h e m i n e r a l h a d b e e n 
s y n t h e s i z e d b y H . S t . C. Devi l le a n d H . D e b r a y , t h e f o r m u l a a c c e p t e d b y P . G r o t h 
a n d K . Mie le i tner , a n d o t h e r s is t h a t of r u t h e n i u m disu lphide , R u S 2 , or , if a l low­
a n c e be m a d e for t h e p re sence of s o m e o s m i u m — - a b o u t 3 p e r c e n t . ( R u , O s ) S 2 . 

C. Claus o b s e r v e d t h a t t h e r e is n o s ign of chemica l c o m b i n a t i o n w h e n a m i x t u r e 
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of finely-divided r u t h e n i u m a n d s u l p h u r is h e a t e d i n a n a t m . of c a r b o n d iox ide . 
W h e n h y d r o g e n su lph ide is pa s sed for a s h o r t t i m e t h r o u g h a soln . of t h e t r i ch lo r ide 
t h e p r e c i p i t a t e w h i c h is f o r m e d c o r r e s p o n d s w i t h R u S 3 , b u t if t h e g a s b e p a s s e d 
t h r o u g h t h e soln. for seve ra l h o u r s , a ye l lowish -b rown su lph ide , R u S 2 , is f o rmed . 
Hi. W o h l e r a n d co-workers s t u d i e d t h e sub jec t . U . A n t o n y a n d A. L u c c h e s i f o u n d 
t h a t w h e n h y d r o g e n s u l p h i d e a c t s o n a soln. of p o t a s s i u m c h l o r o r u t h e n a t e a t 80° 
t o 90° , t h e b l a c k p r e c i p i t a t e c o r r e s p o n d s w i t h R u S 2 . Th i s is cons idered one of 
t h e b e s t w a y s of p r e p a r i n g t h e d i su lph ide . T h e b l a c k p r e c i p i t a t e o b t a i n e d b y 
C. Claus b y a d d i n g a m m o n i u m su lph ide t o a soln. of t h e oxych lo r ide w a s con­
s ide red t o be a r u t h e n i u m h e m i t r i s u l p h i d e , R u 2 S 3 , b u t t h i s h a s n o t b e e n conf i rmed. 
C. Claus n o t e d t h a t if t h e d r y p r e c i p i t a t e b e h e a t e d i n a n a t m . of c a r b o n d i o x i d e , 
i t b e c o m e s i n c a n d e s c e n t a n d exp lodes ; a n d U . A n t o n y a n d A. !Lucchesi o b s e r v e d 
a v io l en t exp los ion w h e n t h e s u l p h i d e is h e a t e d in a i r d i l u t e d w i t h m u c h n i t r ogen . 
E . K . F r i t z m a n s t u d i e d t h e o x i d a t i o n of t h e su lph ide b y hypoch lo r i t e s : W . F . d e 
J o n g a n d A . H o o g sa id t h a t t h e p r e c i p i t a t e o b t a i n e d b y h y d r o g e n su lph ide in 
soln . of r u t h e n i u m ch lor ide w h i c h h a s b e e n h e a t e d in a n a t m . of c a r b o n d iox ide 
cons i s t s en t i r e ly of R u S 2 . T h e d i s u l p h i d e is a lso f o r m e d b y h e a t i n g r u t h e n i u m 
t r i c h l o r i d e w i t h s u l p h u r for 3 d a y s a t a b o u t 400° . H . S t . C. Devi l le a n d H . D e b r a y 
o b t a i n e d c r y s t a l s r e s e m b l i n g l a u r i t e a s follows : 

A m i x t u r e of r u t h e n i u m a n d i r o n p y r i t e s w i t h a l i t t l e b o r a x i s heated, t o b r i g h t r e d n e s s 
d u r i n g 8 o r IO h r s . ; t h e r u t h e n i u m is c o n v e r t e d i n t o s u l p h i d e , a n d d i s so lved b y t h e m o l t e n 
f e r rous s u l p h i d e . O n t r e a t i n g t h e l a t t e r a f t e r coo l ing w i t h h y d r o c h l o r i c ac id , a m i x t u r e 
of t h e t w o s u l p h i d e s of r u t h e n i u m is left u n d i s s o l v e d ; t h e o n e o c c u r s a s a b l a c k p o w d e r , 
so lub l e in n i t r i c a c i d , w i t h c o n v e r s i o n i n t o r u t h e n i u m s u l p h a t e ; t h e o t h e r , c r y s t a l l i z e d 
i n c u b e s o r r e g u l a r o c t a h e d r o n s , h a s t h e m e t a l l i c l u s t r e a n d b l u i s h co lour of l a u r i t e . 

A c c o r d i n g t o !F. M. J a g e r a n d J . H . de !Boer, a m m o n i u m su lph ide a d d e d t o a so ln . 
of a s a l t of q u a d r i v a l e n t r u t h e n i u m a t 100°, fo rms b r o w n i s h - b l a c k r u t h e n i u m 
d i s u l p h i d e a n d free s u l p h u r . 

Liauri te occu r s i n s p h e r o i d s a n d smal l g r a in s , b u t m o r e usua l ly in smal l i ron-
g r e y o c t a h e d r a w i t h faces of ten r o u n d e d l ike t h e d i a m o n d . Acco rd ing t o 
F . W o h l e r , t h e c r y s t a l s be long t o t h e cub i c s y s t e m ; a n d t h e ( l l l ) - c l e a v a g e is 
d i s t i n c t . T h e c r y s t a l s were desc r ibed b y A . d e s Clo izeaux , P . Niggl i , a n d 
V. M. G o l d s c h m i d t . W . F . d e J o n g a n d A. H o o g , a n d I . Of teda l sa id t h a t t h e 
X - r a d i o g r a m s c o r r e s p o n d w i t h a l a t t i c e 
of t h e p y r i t e s t y p e ; V . M. G o l d s c h m i d t , 
a n d I . Of teda l c a l c u l a t e d for t h e l a t t i c e 
p a r a m e t e r edge a = 5 * 5 7 A. , a n d t h e 
s p . g r . 6*33 on t h e a s s u m p t i o n t h a t 
4 mo l s . a r e p r e s e n t i n u n i t cell ; a n d 
W . F . d e J o n g a n d A. H o o g , 6-28. 
Li. P a u l i n g a n d M. L . H u g g i n s d i scussed 
t h e s u b j e c t . F . W o h l e r f o u n d t h e s p . gr . 
of l a u r i t e t o be 6*99, a n d i t s h a r d n e s s 
7*5. R . J u z a a n d W . M e y e r g a v e 6-14 
t o 6*15 for t h e s p . g r . F . A . B a n n i s t e r 
g a v e a== 5*59 A. , t h e s h o r t e s t d i s t a n c e 
b e t w e e n t h e r u t h e n i u m a n d s u l p h u r 
a t o m s is 2*35 A. H . S t . C. Devi l le a n d 
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F I G . 4 . P r e s s u r e - C o n c e n t r a t i o n C u r v e of 
R u t h e n i u m I>i s u l p h i d e . 

H . D e b r a y o b s e r v e d t h a t w h e n h e a t e d t o t h e sof tening t e m p , of a f ireclay c ruc ib le , 
r u t h e n i u m d i s u l p h i d e is d e c o m p o s e d a n d me ta l l i c r u t h e n i u m is fo rmed . R . J u z a 
a n d W . M e y e r m e a s u r e d t h e i s o t h e r m a l c u r v e s of t h e v a p . p re s s , of t h e s u l p h u r a t 
1153° a n d 1185° a n d o b t a i n e d t h e r e s u l t s s h o w n in F i g . 4 . T h i s is t a k e n t o m e a n 
t h a t t h e r e is n o e v i d e n c e of t h e f o r m a t i o n of a s u l p h i d e lower t h a n R u S 2 . T h e 
vap . p ress , of t h e s u l p h u r , p m m . , is 

1123° 1153° 1184° 1208° 
<p 2-8 5-4 1OO 15*3 
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T h e h e a t of t h e r e a c t i o n is R u S 2 = R u + S 2 = 77 CaIs. a t 1170° ; a n d t h e h e a t of 
f o r m a t i o n a t o r d i n a r y t e m p , w i t h solid c o n s t i t u e n t s is (Ru ,2S) = 42 CaIs. Accord ­
i n g t o H . S t . C. Devi l le a n d H . D e b r a y , t h e m i n e r a l is inso luble i n all ac ids a n d i n 
a q u a regia . I t is n o t a t t a c k e d b y fused p o t a s s i u m h y d r o s u l p h a t e . W h e n h e a t e d 
i n h y d r o g e n , h y d r o g e n s u l p h i d e is f o r m e d . I t d issolves i n a m o l t e n m i x t u r e of 
p o t a s s i u m h y d r o x i d e a n d n i t r a t e . V. N . Ivanof I o b s e r v e d n o c o m p l e x f o r m a t i o n 
w i t h t h i o c a r b a m i d e . 

Acco rd ing t o U . A n t o n y a n d A. Xiucchesi, r u t h e n i u m tr isulphide, R u S a , * s 

o b t a i n e d a s a ye l lowish -b rown p r e c i p i t a t e w h e n h y d r o g e n su lph ide is p a s s e d i n t o 
a soln. of p o t a s s i u m r u t h e n i c h l o r i d e k e p t a t 0° . I n t h e d r y s t a t e , t h e su lph ide is 
r ead i ly oxid ized i n t h e a i r a n d b e c o m e s h e a t e d t o i ncandescence , so t h a t i t i s 
necessa ry t o d r y i t i n a n a t m . of c a r b o n d iox ide . 

F. M. J a g e r a n d J . H . d e B o e r o b s e r v e d t h a t w h e n a soln. of a s a l t of q u a d r i ­
v a l e n t r u t h e n i u m is t r e a t e d w i t h a m m o n i u m su lph ide , b r o w n i s h - b l a c k d i s u l p h i d e 
a n d free s u l p h u r a r e f o r m e d a t 100°, b u t a t 0° , g reen i sh -b lack r u t h e n i u m h e x a -
sulphide , R u S 6 , is p r o d u c e d wh ich h a s t h e c h a r a c t e r of a n i r revers ib le colloid a n d 
w i t h excess of a m m o n i u m su lph ide gives a g reen , u n s t a b l e colloidal soln. A t i n t e r ­
m e d i a t e t e m p , m i x t u r e s of b o t h su lph ides a n d free s u l p h u r a r e fo rmed . T h e d a r k 
g reen s u l p h i d e a n d t h e g reen col loidal soln. of t h e h e x a s u l p h i d e ( c o n t a i n i n g 
pos i t i ve ly c h a r g e d par t ic les ) r a p i d l y a b s o r b free o x y g e n , f o rming a r edd i sh -v io l e t 
soln. of t h e revers ib le colloid r u t h e n i u m p y r o s u l p h i d e , t h e pa r t i c l e s of w h i c h a r e 
pos i t ive ly c h a r g e d . Th i s sa l t is in t u r n c o n v e r t e d b y o x y g e n (air, n i t r i c ac id , 
p e r m a n g a n a t e ) i n t o r u t h e n i u m s u l p h a t e a n d free s u l p h u r i c ac id . R . J u z a a n d 
W . Meyer d i d n o t succeed in p r e p a r i n g a p u r e t r i s u l p h i d e b y t h e a c t i o n of s o d i u m 
su lph ide on a soln. of s o d i u m r u t h e n a t e . Af te r e x t r a c t i n g t h e free s u l p h u r w i t h 
a h o t , cone . soln. of s o d i u m su lph ide , t h e p r o d u c t s c o r r e s p o n d e d w i t h RuS2 .50-

C. Claus obse rved t h a t w h e n r u t h e n i u m su lph ide , o b t a i n e d b y t r e a t i n g t h e 
ch lor ide w i t h h y d r o g e n su lph ide , is d iges t ed i n n i t r i c ac id , t h e r e is fo rmed a n 
orange-ye l low soln. of r u t h e n i u m su lphate , Ru ( S O 4 J 2 , wh ich , w h e n e v a p o r a t e d t o 
d r y n e s s , fu rn i shes a r e d d i s h - b r o w n , a m o r p h o u s m a s s . U . A n t o n y a n d A. !Lucchesi 
o b t a i n e d a r e d soln. of t h e s u l p h a t e b y d isso lv ing b a r i u m r u t h e n a t e in cone , h y d r o ­
chlor ic ac id , e v a p o r a t i n g t h e l iqu id t o d r y n e s s , e x t r a c t i n g t h e d r y m a s s w i t h w a t e r , 
a n d a d d i n g a n excess of di l . s u lphu r i c ac id . T h e c o n c e n t r a t i o n of t h e f i l t ra te 
furn ishes a r e d l iqu id b u t n o t t h e c rys t a l l i ne s u l p h a t e . A soln. of t h e s u l p h a t e is 
a l so fo rmed w h e n r u t h e n i u m t e t r o x i d e is d i sso lved in s u l p h u r i c a c i d ; a n d t h e 
o range-ye l low soln. is e v a p o r a t e d . C. Claus o b s e r v e d t h a t t h e ye l lowish -b rown , 
de l iquescen t solid h a s a sour , a s t r i n g e n t t a s t e , a n d is r e a d i l y d i sso lved b y w a t e r . 
O n a d d i n g a lka l i lye t o t h e a q . soln. , n o p r e c i p i t a t e is f o r m e d a t f irst , b u t o n 
e v a p o r a t i o n , o r w a r m i n g t h e soln. , t h e h y d r a t e d ox ide is p r e c i p i t a t e d . H y d r o g e n 
su lph ide does n o t p r o d u c e t h e b l u e r e a c t i o n o b t a i n e d w i t h soln. of t h e ch lo r ide . 
S u l p h u r d iox ide w a s f o u n d b y TJ. A n t o n y a n d A . L u c c h e s i t o c o n v e r t i t i n t o t h e 
d i t h i o n a t e . J . L . H o w e a n d E . A . O ' N e a l o b t a i n e d n o success i n t h e a t t e m p t t o 
p r e p a r e ruthenium a l u m s . A . J o I y p r e p a r e d r u t h e n i u m n i t rosy lhydroxyte t ram-
minosulphate, RuS04(NO)OH(NH3)4 . 
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Ann., 69. 245, 1846 ; Bull. Acad. St. Petersburg, (2), 4. 46O, 1846 ; A. des Cloizeaux, Bull. Soc. 
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der JPlatinmetalle, D a r m s t a d t , 1933 ; P . Niggli, Zeit. Kryst., 75. 228, 1930 ; I . Oftedal, Zeit. 
phys. Chem., 185. 291 , 1928 ; L . Pau l ing a n d M. L,. Huggins , Zeit. Kryst., 87. 205, 1934 ; 
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§ 9. The Ruthenium Ammines 
C. Claus x described two classes of ammino-compounds, namely, rulhenous 

telramminohydroxide, Ru(NH3)4(OH)2, and ruthenium diamminohydr oxide, 
Ku(NH3)2(OH)2, but A. JoIy showed that these products contained both hydroxy! 
and nitrosyl groups linked to the ruthenium so that the former were represented 
by Ru(NHg)4(NO)(OH)X2, and the latter by Ru(NH3)O(NO)(OH)3-H2O. They were 
discussed by H. Schwarz. A. Werner confirmed A. Joly's observation with respect 
to the presence of the nitrosyl group, and regarded these compounds as derivatives 
of quadrivalent ruthenium, with the co-ordination number (J. There are a number 
of groups of the nitrosylammines : 

I. H ydroxynitrosyltetr ammines, [Ru(NHg)4(NO) (OH)]Xo, and they are repre­
sented by (1) hydroxide, [Ru(NH3)4(NO)(OH)l(OH)2 ; (2) chloride, [Ru(NHg)4-
(NO)(HO)ICl2, and its chloroplatinate, [Ru(NH3)4(NO)(OH)]PtCl6 ; (3) hydro­
chloride, [Ru(NHa)4(NO)(OH)]Cl2.HCl ; (4) bromide ; (5) iodide ; (6) sulphate ; 
(7) carbonate; (8) nitrate; and (9) hydronitrate, [Ru(NHg)4(NO)(OH)](NOg)2. 
HNO3. These salts were described by C. Claus, A. JoIy, H. Dufet, and A. Werner. 

II. Hydroxynilrosylbiselhylenediamiries, [Ru en2(NO)(OH)]X2, represented by 
(1) chloride, [Ru en2(NO)(OH)]Cl2 ; (2) bromide; (3) iodide; and (4) nitrate. 
Compounds were also prepared with optically active camphoric acid, camphor-
sulphonic acid, nitrocamphor, and tartaric acid. 

III. ChloronitrosyUelranimines, [Ru(NH3)4(NO)Cl |X2, represented by (1) 
chloride, [Ru(NH3)4(NO)ClJCl2, and its chloroplatinite, [Ru(NHg)4(NO)CIlVt(1I4 ; 
(2) iodide ; and (3) nitrate. 

IV. Broinonitroftyltetrammines, [Ru(NHg)4(NO)BrJX2, represented by (I) 
bromide ; (2) iodide ; (3) sulphate ; and (4) nitrate. 

V . 2VT ilratonitrosyltetrammines, [Ru(NHg)4(NO)(NO3)JXo, represented by the 
nitrate, [Ru(NHg)4(NO)(NO3)J(NOg)2. 

VI. Sulphalonitrosyltetrammines, [Ru(NH3J4(NO)(SO4) JoXo, illustrated by the 
sulphate, [Ru(NH3)4(NO)(S04)2]S04, and the hydrosulphate, [Ru(NHg)4(NO)-
(S04)]2S04.£H2S04. 

VII. Aquonitrosyltetrammines, [Ru(NHg)4(NO)(H2O) JX3, represented by (1) 
chloride, [Ru(NH3)4(NO)(H20)]Cl3.H20 ; (2) bromide ; and (3) nitrate. 

VIII. Nitrosylpentachlorides, R2[Ru(OH)Cl5], represented by the salt of 
(1) potassium, studied by A. JoIy, J. L. Howe, and S. C. Lind ; (2) rubidium, 
studied by J. Xi. Howe ; (3) caesium, studied by J. L. Howe ; and (4) ammonium 
salt, studied by A. JoIy. JL. Brizard also prepared potassium nilrosylhydrochloride, 
Ru2(NO)C1.3RC1.4HCl. 

IX. Nitrosylpentabromides, R2[Ru(NO)Br5], represented by (1) potassium and 
(2) ammonium salts of H. Dufet, and A. JoIy. 

X. Nilrosylpentaiodides, R2[Ru(NO)I5], represented by (1) potassium and 
(2) ammonium salts of H. Dufet, and A. JoIy. 

XI. Nilrosyldioxalatopyridinoruthenate, [Ru(C5H5N)(NO)(C204)2]R, represented 
by nitrosyldioxalatopyridinoruthenate, K[Ru(C5H5N)(NO)(C2O4J2J, obtained by 
R. Charonnat. 

XII. Chloronitrosyloxalatobispyridine, [Ru(C5H5N)2(NO)(C2O4)Cl], obtained by 
R. Charonnat. 

XIII. Tetrachloronitrosylpyridines, [Ru(C5H5N)(NO)Cl4], obtained by R. 
Charonnat. 
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X I V . Hydroxydichloronitrosylbispyridine, [Ru(C5H5N)2(NO)(OH)Cl2], obtained 
by R. Charonnat. 

XV. Hydroxytrichloronitrosylbispyridine, [Ru(C5H5N)2(NO)Cl3], obtained by 
R. Charonnat. R. Charonnat also prepared complex salts with quinine, and 
quinidine in place of pyridine. 

A. JoIy 2 prepared ruthenium nitrosylhydroxytetramrninocarbonate, 
RuCO3(NH3)4(NO)OH, by the action of silver carbonate on the chloride. 

A. JoIy3 prepared ruthenium nitrosylhydroxytetramminonitrate, Ru(N03)2-
(NH3)^(NO)OH, by the action of silver ni t ra te on the carbonate ; the compounds 
were studied by R. Charonnat. G. T. Morgan and F . H . Burstall prepared 
ruthenium chloronitratotetramminonitrate, [RuCl(N03)(NH3)4]N03.4H20. 
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CHAPTER LXX 
RHODl UM 

§ 1. The Occurrence of Rhodium 

T H E h i s t o r y of r h o d i u m h a s been i n d i c a t e d in connec t i on w i th t h e p l a t i n u m 
m e t a l s . R h o d i u m occurs in a s soc ia t ion w i t h t h e p l a t i n u m ores , a n d o s m i r i d i u m , 
a n d i t a lso occurs in a s soc ia t ion w i t h gold in t h e m i n e r a l rhodite , or rhodium gold, 
f o u n d in t h e aur i fe rous s a n d s of Braz i l , a n d Co lombia . Acco rd ing t o H . S t . C. 
Devi l le a n d H . D e b r a y , 1 a n d S. K e r n , r h o d i t e m a y c o n t a i n 34 t o 43 p e r cen t , of 
r h o d i u m . T h e p l a t i n u m m i n e r a l s h a v e u p t o n e a r l y 5 p e r cen t , of r h o d i u m — 
a v e r a g e , 1-92 pe r cen t . W . H . W o l l a s t o n o b s e r v e d 0-4 p e r c e n t , of r h o d i u m in a 
P e r u v i a n ore . N . W i s s o t s k y , a n d Li. D u p a r c a n d M. T i k a n o w i t c h r e p o r t e d s a m p l e s 
of R u s s i a n p l a t i n u m t o c o n t a i n 0-25 t o 1-32 p e r cen t , in t h a t f rom Tagi l ; 0-24 t o 
0-77 p e r cen t , in p l a t i n u m f rom t h e w a t e r - s h e d of t h e r i ve r I s s -Swet l i -Bor , a n d 
W e r e s s o w y - O u w a l ; 0 3 5 t o 0-80 p e r cen t , in t h a t f rom K a m e n o u c h k y , K o s w i n s k y , 
K a n j a k o w s k y , O m o u n t n a i a , a n d D a n e s k i n - K a m e n ; 0-61 t o 1-66 pe r cen t , in t h a t 
f rom G o u s s e w i - K a m e n , K i e d r o w k a , B a r a n t c h a , a n d Solwa ; a n d 1-82 t o 2-07 p e r 
cen t , i n t h a t f rom G o u s s e w k a , S c h o u n i i k a , a n d O b l e i s k a y a - K a m e n k a . I . K o i f m a n 
r e p o r t e d O 3 0 t o 0-74 in R u s s i a n p l a t i n u m ores ; J . J . Berze l ius , G. O s a n n , a n d 
O. Claus , 0-96 t o 4*44 p e r cen t , in t h e p l a t i n u m f rom G o r o b l a g o d a t (Ural ) ; 
J . J . Berze l ius , 0-59 t o 1-80 p e r cen t , in t h a t f r om Tag i l ; H . St . C. Devi l le a n d 
H . D e b r a y , 0-30 t o 2-80 p e r cen t , i n s o m e R u s s i a n ore ; J . J . Berze l ius , 3-46 p e r 
c e n t , in p l a t i n u m f rom B a r b a c o a s (Colombia) ; H . S t . C. Devi l le a n d H . D e b r a y , 
a n d L . F . S v a n b e r g , 1-20 t o 2-16 p e r cen t , in p l a t i n u m f rom Choco (Colombia) ; 
A. K r o m a y e r , F . Weil , H . S t . C. Devi l le a n d H . D e b r a y , a n d F . A. G e n t h , 
0-65 t o 2-45 p e r cen t , i n p l a t i n u m f rom Cal i fornia ; P . Collier, 3-10 p e r cen t , in 
p l a t i n u m f rom P l a t t s b u r g (New Y o r k ) ; G. C. H o f f m a n n , 1-70 t o 3-10 p e r cen t , in 
p l a t i n u m f rom B r i t i s h C o l u m b i a ; S. B l e e k r o d e , 0-50 p e r cen t , in a s a m p l e f rom 
B o r n e o ; H . S t . C. Devi l le a n d H . D e b r a y , 1-5O t o 1-85 p e r cen t , in p l a t i n u m f rom 
A u s t r a l i a ; J . C. H . M i n g a y e , 1-30 p e r cen t , in p l a t i n u m f rom N e w S o u t h W a l e s ; 
S. K e r n , 4*60 p e r cen t , in p l a t i n u m f r o m A m e r i c a ; a n d H . S t . C. Devi l le a n d 
H . D e b r a y , 2*65 t o 4*10 p e r cen t , in p l a t i n u m f rom Spa in . H . S t . C. Devi l le a n d 
H . D e b r a y , a n d C. Claus r e p o r t e d i n o s m i r i d i u m f rom t h e U r a l s , 0*50 t o 7*70 p e r 
c e n t , of r h o d i u m ; 0*63 t o 12*30 p e r cen t , in t h e ore f rom Colombia ; 2*60 p e r 
c e n t , i n t h e ore f rom California ; 2*64 p e r cen t , in t h e ore f rom B o r n e o ; a n d 
3*04 p e r cen t , in t h e ore f rom A u s t r a l i a ; a n d H . L . Wel l s r e p o r t e d 0-72 p e r cen t , 
of r h o d i u m in spe ry l l i t e . C. L a n g e r a n d C. J o h n s o n found 0*39 pe r c e n t . I r , R h , 
a n d R u in t h e res idue f rom t h e m a t t e s of t h e S u d b u r y n icke l -copper su lph ide ores , 
a f t e r e x t r a c t i n g t h e n icke l a n d c o p p e r ; t h e r e were a lso p r e s e n t 1*85 p e r cen t , of 
p l a t i n u m ; 1*91, P d ; 0*56, A u ; a n d 15*42, Ag . S. I i m o r i a n d J . Y o s h i m u r a sa id 
t h a t t h e p i n k ch ina c l ay f rom T a n o k a m i , J a p a n , c o n t a i n s r h o d i u m or r u t h e n i u m 
a s a m i n o r c o n s t i t u e n t . 

T h e gene ra l occu r r ence of r h o d i u m h a s b e e n d i scussed in connec t ion w i t h t h e 
p l a t i n u m m e t a l s . F . W . Cla rke a n d H . W a s h i n g t o n ' s 2 e s t i m a t e for t h e p r o ­
p o r t i o n of r h o d i u m in t h e igneous rocks of t h e e a r t h ' s c r u s t is of t h e o rde r n X 1 0 - 1 1 ; 
a n d I . a n d W . N o d d a c k g a v e 9 0 x l 0 ~ 1 3 for t h e e a r t h ' s c r u s t ; 5 * 0 x 1 0 - « for 
m e t e o r i c i ron ; l * 0 x l 0 ~ 6 for t ro i l i t e ; a n d for t h e a t o m i c d i s t r i bu t i on , o x y g e n 

V O L . x v . 546 2 N 



546 I N O R G A N I C A N D T H E O R E T I C A L , C H E M I S T R Y 

u n i t y , 1-0 X 10~ 6 ; l a te r , t h e y gave 2-2 X 10 _ s for t h e e a r t h ' s c rus t , a n d 1-9 X 10 _« 
for me teo r i t e s . T h e sub jec t w a s also d iscussed b y P . Niggl i ; F . B e r n a u e r , 
P . Vinassa , a n d V. M. G o l d s c h m i d t a n d C. P e t e r s also d iscussed t h e occur rence of 
r h o d i u m in coal . H . A. R o w l a n d classed r h o d i u m a m o n g s t t h e e l emen t s p r e s e n t 
in t h e solar s p e c t r u m ; b u t M. N . S a h a , a n d C. E . S t . J o h n cons idered i t s 
occurrence in t h e s u n t o be doub t fu l . H . v o n K l u b e r sa id t h a t t w e n t y of t h e 
l ines in t h e solar s p e c t r u m h a v e been ident if ied w i t h t h o s e of r h o d i u m . 
H . N . Russe l l s t u d i e d t h e sub jec t . 
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§ 2. The Extraction and Preparation of Rhodium 
T h e open ing u p of t h e p l a t i n u m ores is discussed in connec t ion w i t h p l a t i n u m . 

W . H . W o l l a s t o n * t r e a t e d a soln. of t h e p l a t i n u m m e t a l s w i t h a m m o n i u m chlor ide 
t o r e m o v e t h e p l a t i n u m ; p r e c i p i t a t e d t h e p a l l a d i u m b y mercu r i c c y a n i d e ; a n d 
e v a p o r a t e d t h e m i x t u r e w i t h s o d i u m chlor ide . W h e n t r e a t e d w i t h 8 4 p e r cen t , 
a lcohol , s o d i u m c h l o r o r h o d a t e r e m a i n s b e h i n d whi ls t t h e c o r r e s p o n d i n g sa l t s of 
p l a t i n u m , i ron , a n d copper , if p r e sen t , pa s s i n t o soln. A n a q . soln. of t h e s o d i u m 
c h l o r o r h o d a t e gives a b l ack , flaky p r ec ip i t a t e of r h o d i u m w h e n t r e a t e d w i t h z inc . 
Li. N . V a u q u e l i n r e m o v e d t h e p l a t i n u m b y a d d i n g a m m o n i u m chlor ide , a n d t h e 
filtrate w h e n e v a p o r a t e d t o d ryness a n d t a k e n u p w i t h cold w a t e r leaves a r e s idue 
of a m m o n i u m ch lo ro i r ida te a n d ch lo rop l a t i na t e ; t h e p a l l a d i u m a n d r h o d i u m a r e 
s e p a r a t e d b y e v a p o r a t i n g t h e soln. nea r ly t o d r y n e s s , so t h a t t h e m a s s solidifies 
on cool ing. T h e solid is w a s h e d w i t h a lcohol , is d i sso lved i n w a t e r , o r in w a t e r 
a c i d u l a t e d w i t h hyd roch lo r i c ac id . A n y p l a t i n u m sa l t p r e s e n t r e m a i n s und i s so lved . 
T h e r h o d i u m sa l t passes i n t o soln. T h e l iquid is e v a p o r a t e d t o d r y n e s s a n d ign i t ed 
for r h o d i u m . 

J . J . Berze l ius p r e c i p i t a t e d m o s t of t h e p l a t i n u m a n d i r i d i u m f rom t h e so ln . 
b y a n excess of a s a t . soln. of p o t a s s i u m ch lor ide ; t h e filtrate a n d w a s h i n g s were 
t h e n acidified w i t h hydroch lo r i c ac id a n d t h e nob l e m e t a l s r e d u c e d b y a p l a t e of 
z inc o r i r o n ; t h e we l l -washed p r e c i p i t a t e w a s d isso lved i n a q u a regia , t h e soln . 
n e u t r a l i z e d w i t h s o d i u m c a r b o n a t e , a n d t h e p l a t i n u m p r e c i p i t a t e d b y m e r c u r i c 
c y a n i d e . T h e l iqu id c o n t a i n i n g r h o d i u m a n d coppe r w i t h sma l l p r o p o r t i o n s of 
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p l a t i n u m , a n d i r i d ium, t o g e t h e r w i t h m e r c u r y , w a s e v a p o r a t e d t o d r y n e s s t o d r ive 
off h y d r o g e n c y a n i d e . T h e r e a r e t w o w a y s of i so la t ing t h e r h o d i u m : (1) T h e 
p o w d e r e d res idue is d iges t ed w i t h a lcohol of sp . gr . 0-837 t o e x t r a c t t h e s o d i u m 
ch lo rop l a t i na t e , ch lo ro i r ida te , c h l o r o c u p r a t e , a n d c h l o r o m e r c u r a t e — t h e ch loro-
r h o d a t e r e m a i n s a s a d a r k r ed p o w d e r . Th i s is w a s h e d w i t h a lcohol , a n d i gn i t ed 
a t a h igh t e m p . , or h e a t e d a t a lower t e m p , in h y d r o g e n . S o d i u m ch lor ide is 
r e m o v e d b y w a s h i n g w i t h w a t e r . (2) T h e p o w d e r e d res idue is fused w i t h one a n d 
a hal f t i m e s i t s we igh t of p o t a s s i u m c a r b o n a t e , a n d w a s h e d first w i t h w a t e r a n d 
t h e n w i t h hydroch lo r i c acid t o r e m o v e p o t a s h sa l t s a n d copper . T h e r e s idue is 
fused w i t h five t i m e s i t s we igh t of p o t a s s i u m h y d r o s u l p h a t e , a n d t h e cold m a s s 
boiled w i t h wa te r . T h e process is r e p e a t e d on a n y undisso lved m a t t e r s u n t i l a 
fusion w i th p o t a s s i u m h y d r o s u l p h a t e n o longer g ives a co loured cake . T h e r h o d i u m 
soln. t h u s o b t a i n e d a r e e v a p o r a t e d a n d i gn i t ed w i t h a n excess of p o t a s s i u m 
c a r b o n a t e . T h e cold m a s s w h e n l eached w i t h w a t e r l eaves a res idue of r h o d i u m 
ox ide which c a n be ign i t ed a t a h igh t e m p . , or r e d u c e d a t a lower t e m p , in h y d r o g e n 
t o o b t a i n t h e m e t a l . 

H . S t . C. Devi l le a n d H . D e b r a y p r e c i p i t a t e d p l a t i n u m a n d i r i d ium b y t h e 
a d d i t i o n of a m m o n i u m ch lor ide , a n d p r e c i p i t a t e d t h e nob le m e t a l s in t h e f i l t ra te 
a n d wash ings a c i d u l a t e d w i t h hydroch lo r i c ac id b y m e a n s of a n i ron p l a t e . T h e 
res idue w a s fused wi th a m i x t u r e of l ead a n d l i t ha rge . T h e r e m a i n i n g b u t t o n of 
lead is well c leaned. I t c o n t a i n s me ta l s , less easi ly oxid ized t h a n itself, t h e m o r e 
ox id izab le m e t a l s collect in t h e slag, e t c . T h e l ead is d iges ted w i th n i t r i c acid 
w h e n lead , copper , a n d p a l l a d i u m p a s s i n t o soln. , a n d t h e insoluble p o r t i o n , con­
t a i n i n g r h o d i u m a n d o t h e r m e t a l s , is fused w i t h a n excess of b a r i u m d iox ide , 
l ix iv ia ted w i t h wa t e r , a n d t r e a t e d w i t h a q u a regia . Th i s l i be ra t e s o s m i u m , which 
c a n be recovered b y d is t i l la t ion , or t h e po i sonous fumes can be boiled off in a fume-
c h a m b e r . W h e n t h e o s m i u m h a s been all expe l led t h e soln. is t r e a t e d w i t h 
su lphu r i c ac id t o p r e c i p i t a t e t h e b a r i u m , a n d t h e f i l t ra te is c o n c e n t r a t e d b y 
e v a p o r a t i o n w i t h n i t r i c ac id , m i x e d w i t h a m m o n i u m chlor ide , a n d t a k e n t o d r y ­
ness on a w a t e r - b a t h . T h e res idue is well washed with a soln. of ammonium. 
chlor ide t o e x t r a c t t h e r h o d i u m . When the wash ings a r e no longer rose-pink, the 
n i t r a t e a n d wash ings a re e v a p o r a t e d w i t h a n excess of n i t r ic acid t o d e s t r o y t h e 
a m m o n i u m chlor ide , a n d t h e res idual r h o d i u m sal t is mo i s t ened wi th a soln. of 
a m m o n i u m su lph ide , m i x e d w i t h su lphur , a n d h e a t e d t o redness in a closed 
crucible . T h e meta l l ic r h o d i u m which r e m a i n s can be c leaned by boil ing -with 
a q u a regia a n d cone, su lphur ic acid . T h e r h o d i u m c a n be still fu r ther purified by 
fusing i t w i th zinc a t a dul l r ed -hea t . The cold p r o d u c t is h e a t e d wi th cone, 
hydroch lo r i c acid t o r e m o v e t h e excess of zinc. The re r e m a i n s a crys ta l l ine al loy, 
R h Z n 2 . Th i s is dissolved in a q u a regia, a n excess of a m m o n i a is added , a n d t h e 
soln. e v a p o r a t e d t o d rynes s . T h e resul t ing r h o d i u m ch loropentamminoc l i lo r ide is 
recrys ta l l ized t o r e m o v e i r id ium, h e a t e d w i th su lphu r as before, a n d finally h e a t e d 
in a n o x y h y d r o g e n flame t o volat i l ize a n y o smium which m a y be p resen t . 

R . B u n s e n s e p a r a t e d t h e p l a t i n u m a n d p a l l a d i u m in t h e usua l Tray, a n d 
e v a p o r a t e d t h e soln. t o d ryness . T h e d r y res idue was fused for 2 t o 3 h r s . w i th 
6 t o 8 t i m e s i t s we igh t of zinc, a d d i n g some a m m o n i u m chloride from t i m e t o t i m e . 
T h e cold m a s s h a s a n o u t e r s t r a t u m , which is easily b roken a w a y , a n d which 
c o n t a i n s n o p l a t i n u m me ta l s ; t h e n e x t con ta ins par t ic les of zinc a n d p l a t i n u m 
al loy e m b e d d e d in basic zinc chlor ide, a n d i t is po rous a n d n o t ve ry t h i c k ; a n d 
t h e i n n e r m a s s is a c rys ta l l ine regulus . The middle po r t i on is washed wi th w a t e r 
a n d a d d e d t o t h e regulus . The m i x t u r e is aga in fused w i t h a b o u t a s ix th of t h e 
a m o u n t of zinc prev ious ly employed a n d some a m m o n i u m chloride, g r anu l a t ed by 
p o u r i n g in wa te r , a n d diges ted wi th fuming hydroch lor ic acid . T h e p l a t i n u m 
m e t a l s assoc ia ted w i t h t r a c e s of copper , i ron, e tc . , r e m a i n as a b lack powder . 
T h e p o w d e r is aga in d iges ted w i th hydrochlor ic ac id t o r e m o v e zinc, i ion , copper , 
a n d l e a d — t h e t w o l a t t e r me ta l s pass i n t o soln. owing t o t h e local cu r ren t s gene­
r a t e d b y c o n t a c t w i t h t h e p l a t i n u m me ta l s . T h e r e s idue—rhod ium, r u t h e n i u m , 
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a n d i r i d i u m , w i t h t r a c e s of p l a t i n u m , p a l l a d i u m , lead , copper , i ron , a n d z inc—is 
t h o r o u g h l y washed , m i x e d w i t h 3 or 4 t i m e s i t s w e i g h t of a n h y d r o u s b a r i u m 
ch lor ide , a n d h e a t e d t o a h igh t e m p , in a c u r r e n t of ch lor ine . T h e cold m a s s is 
d iges ted in wa t e r , w h e n m o s t of t h e p l a t i n u m m e t a l s p a s s i n t o soln. T h e inso lub le 
p o r t i o n is r e d u c e d -with h y d r o g e n , a l loyed w i t h z inc , d iges ted w i t h h y d r o c h l o r i c 
ac id , a n d r u t h e n i u m r e m a i n s . T h e soln. w i t h m o s t of t h e p l a t i n u m m e t a l s is 
t r e a t e d w i t h su lphu r i c ac id t o p r e c i p i t a t e t h e b a r i u m . T h e p l a t i n u m m e t a l s a r e 
p r e c i p i t a t e d f rom t h e soln. a t 100° b y m e a n s of h y d r o g e n . T h e p l a t i n u m a n d 
p a l l a d i u m a re p r e c i p i t a t e d first, t h e n t h e r h o d i u m , a n d finally t h e i r i d i u m . T h e 
o p e r a t i o n is s t o p p e d w h e n t h e l iqu id h a s a c q u i r e d a greenish-ye l low colour . T h e 
s e p a r a t e d m e t a l s a r e t r e a t e d w i t h a q u a reg ia a n d t h e p l a t i n u m a n d p a l l a d i u m 
wh ich dissolve a r e s e p a r a t e d a s p r e v i o u s l y i n d i c a t e d ; t h e t r a c e s of r h o d i u m a n d 
i r i d i u m in t h e m o t h e r - l i q u o r c a n be r e m o v e d b y boi l ing w i t h p o t a s s i u m iod ide . 
T h e p r e c i p i t a t e d iod ides a r e d i sso lved i n a q u a regia , a n d a d d e d t o t h e p o r t i o n n o t 
d issolved b y a q u a reg ia . T h e m i x t u r e is r e d u c e d in h y d r o g e n gas , t r e a t e d w i t h 
b a r i u m chlor ide a s before , a n d , a f te r r e m o v i n g t h e l a s t t r ace s of p l a t i n u m a n d 
p a l l a d i u m b y t r e a t m e n t w i t h s o d a lye , t h e r e r e m a i n s a m i x t u r e of r h o d i u m a n d 
i r i d i u m . T h e b r o w n i s h - r e d l iqu id is e v a p o r a t e d w i t h h y d r o c h l o r i c ac id , a n d af te r 
f i l t ra t ion m i x e d w i t h a l a rge excess of s o d i u m h y d r o s u l p h i t e , a n d a l lowed t o s t a n d 
for 2 o r 3 d a y s in t h e cold. T h e p r e c i p i t a t e c o n t a i n s r h o d i u m ; t h e soln. w h e n 
w a r m e d gives a p r e c i p i t a t e c o n t a i n i n g r h o d i u m assoc ia t ed w i t h a smal l p r o p o r t i o n 
of i r i d i u m . T h e f i l t ra te w h e n c o n c e n t r a t e d t o a sma l l vo l . g ives t w o p r e c i p i t a t e s 
•—a c u r d y p r e c i p i t a t e c o n t a i n i n g i r i d i u m as soc ia t ed w i t h a v e r y smal l p r o p o r t i o n 
of r h o d i u m , a n d a c rys t a l l ine p r e c i p i t a t e also c o n t a i n i n g i r i d ium. T h e s e t w o 
p r e c i p i t a t e s c a n b e s e p a r a t e d b y l ev iga t ion in -water. T h e m o t h e r - l i q u o r w a s free 
f rom t h e p l a t i n u m m e t a l s . 

T h e c o m p l e t e s e p a r a t i o n of r h o d i u m f rom i r i d i u m w a s accompl i shed b y t r e a t i n g 
t h e yel low p r e c i p i t a t e s w i t h cone , su lphu r i c ac id . T h e y were b r o u g h t in smal l 
p o r t i o n s i n t o t h e ac id , h e a t e d i n a porce la in capsu le u n t i l al l t h e s u l p h u r o u s ac id 
h a s e scaped , a n d t h e n left u p o n t h e s a n d - b a t h u n t i l al l t h e free su lphu r i c ac id h a d 
b e e n d r i v e n off. U p o n boi l ing t h e m a s s w i t h w a t e r , all t h e i r i d i u m dissolves a s 
s u l p h a t e , w i t h a ch rome-g reen colour ; whi le t h e r h o d i u m r e m a i n s b e h i n d as a 
flesh-red doub le sa l t of soda a n d r h o d i u m ox ide . T h e r h o d i u m sa l t w a s w a s h e d 
b y boi l ing in a q u a regia , a n d d e c a n t e d w i t h w a t e r . I t is inso lub le in w a t e r , 
h y d r o c h l o r i c a n d n i t r i c ac ids , a n d in a q u a reg ia . 

T h e first ye l low p r e c i p i t a t e o b t a i n e d in t h e cold b y t h e s o d i u m h y d r o s u l p h a t e , g a v e , 
b y t h i s t r e a t m e n t , t h e r h o d i u m q u i t e p u r e . T h e second a n d t h i r d p r e c i p i t a t e s , c o n t a i n i n g 
m u c h i r i d i u m , g a v e a v e r y fine r h o d i u m , b u t s t i l l s l i g h t l y c o n t a m i n a t e d by i r i d i u m . T h e 
p r o d u c t s , t he r e fo r e , o b t a i n e d b y t h i s t r e a t m e n t w i t h s u l p h u r i c ac id (wh ich b e t r a y t h e i r 
c o n t a m i n a t i o n b y i r i d i u m b y t h e i r s o m e w h a t brownish , co lour ) -were co l lec ted for t h e m ­
se lves , t h e r h o d i u m s e p a r a t e d b y t r e a t m e n t w i t h b a r i u m c h l o r i d e , a n d t h e o p e r a t i o n 
r e p e a t e d . T h e g r e e n soln . , c o n t a i n i n g o n l y i r i d i u m , w a s g r a d u a l l y h e a t e d in a p o r c e l a i n 
capsu l e , a n d , a f t e r w a r d s , u p o n t h e s a n d - b a t h , t o r e m o v e t h e excess of s u l p h u r i c a c id ; 
a n d , finally, t h e c a p s u l e a n d i t s c o n t e n t s 'were h e a t e d t o a h i g h t e m p , i n a fireclay c ruc ib l e . 
T h e r e w a s f o r m e d t h e r e b y s o d i u m i r i d i u m sulphate- . U p o n b o i l i n g t h e m a s s w i t h w a t e r , 
t h e l a s t r e m a i n e d a s a b l a c k , i n s o l u b l e p o w d e r , w h i c h w a s r e a d i l y w a s h e d b y d e c a n t a t i o n . 

E . W i c h e r s a n d co -worke r s b a s e d t h e i r p rocess o n t h e f o r m a t i o n of a r e l a t i v e l y 
inso luble p o t a s s i u m n i t r i t o r h o d a t e , K 3 Rh(NO 2 )G- T h e y sa id t h a t t h e p r e c i p i t a t e 
is a c c o m p a n i e d b y i m p u r i t i e s w h i c h a r e t h r o w n o u t b y h y d r o l y s i s in t h e n e u t r a l 
o r s l igh t ly a lka l ine soln . T h i s d i s a d v a n t a g e w a s o v e r c o m e b y fo rming first t h e 
m u c h m o r e so luble s o d i u m n i t r i t o r h o d a t e , filtering off i m p u r i t i e s p r e c i p i t a t e d b y 
h y d r o l y s i s , a n d t h e n a d d i n g a m m o n i u m chlor ide in o r d e r t o fo rm t h e r e l a t i ve ly 
inso lub le a m m o n i u m n i t r i t o r h o d a t e . T h e l a t t e r c o m p o u n d is r e a d i l y d e c o m p o s e d 
b y h y d r o c h l o r i c ac id , y ie ld ing a soln. of r h o d i u m ch lor ide . T h e i r p rocess for t h e 
pur i f i ca t ion of r h o d i u m is a s follows : 

C r u d e r h o d i u m i s b e s t c o n v e r t e d t o a so lub le c o m p o u n d b y m i x i n g t h e m e t a l w i t h 
about t w o and one-half t i m e s i t s w e i g h t of s o d i u m c h l o r i d e a n d h e a t i n g t o a b o u t 600° i n 
a c u r r e n t of chlorine. T h e m e t a l a n d t h e sa l t shou ld be m i x e d in t imate ly , -which m a y be 
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d o n e b y g r i n d i n g t h e t w o t o g e t h e r i n a ba l l -mi l l . T h e m i x t u r e is p l a c e d i n b o a t s i n a n 
e l ec t r i ca l ly h e a t e d t u b e f u r n a c e , o r o t h e r s u i t a b l e t y p e of fu rnace , a n d h e a t e d for 2 t o 
4 h r s . i n a s t r e a m of ch lo r ine , t h e t e m p , f inal ly b e i n g r a i s e d t o i n c i p i e n t fus ion . M i n o r 
a m o u n t s of c e r t a i n o t h e r p l a t i n u m - m e t a l c o m p o u n d s m a y d i s t i l o u t , b u t c a n b e r e c o v e r e d 
i n t h e cool p o r t i o n of t h e f u r n a c e o r i n a r e ce iv ing f lask c o n t a i n i n g w a t e r . T h e s i n t e r e d 
m a s s is cooled i n t h e a t m . of c h l o r i n e a n d is t h e n d i s so lved i n w a t e r . U s u a l l y t h e r e wi l l 
b e s o m e u n d i s s o l v e d r e s idue , t h e a m o u n t d e p e n d i n g on a n u m b e r of f a c t o r s s u c h a s t h e 
n a t u r e a n d a m o u n t of i m p u r i t i e s p r e s e n t , t h e t e m p e r a t u r e , a n d t h e t h o r o u g h n e s s w i t h 
•which t h e m e t a l w a s m i x e d w i t h s o d i u m ch lo r ide . T h e t r e a t m e n t of t h e u n d i s s o l v e d 
r e s i d u e i s r e p e a t e d u n t i l a l l o r n e a r l y a l l of t h e r h o d i u m is i n so ln . 

T h e so ln . i s d i m t e d so a s t o c o n t a i n a b o u t 4O g r m s . of r h o d i u m p e r l i t r e . I t is f i l te red 
f r o m a n y i n s o l u b l e r e s i d u e a n d h e a t e d o n t h e s t e a m - b a t h . S o d i u m nitrite? is a d d e d u n t i l 
t h e co lou r c h a n g e s f rom d e e p r e d t o ye l low, a f t e r w h i c h t h e so ln . i s bo i l ed for a b o u t a n 
h o u r ; 500 t o 55O g r m s . of s o d i u m n i t r i t e s h o u l d b e a d d e d for e v e r y 1OO g r m s . of r h o d i u m . 
T h i s r e s u l t s i n t h e c o n v e r s i o n of r h o d i u m a n d o t h e r p l a t i n u m m e t a l s t o d o u b l e n i t r i t e s , 
a l l of w h i c h a r e so lub le w i t h t h e pos s ib l e e x c e p t i o n of a m i x e d d o u b l e ch lo r ide a n d n i t r i t e 
of i r i d i u m , Na 3 I rC l 6 -Na 3 I r (NO 8 ) J j , w h i c h is v e r y s l i g h t l y so lub le in w a t e r . M o s t of t h e 
b a s e m e t a l s p r e s e n t a r e p r e c i p i t a t e d a s h y d r o x i d e s o r b a s i c s a l t s , b u t s o m e a r e c o n v e r t e d 
t o so lub le d o u b l e n i t r i t e s . If t h e so ln . w a s t o o c o n e , s o m e of t h e r h o d i u m sa l t m a y 
s e p a r a t e o u t on cool ing . I n t h i s case , m o r e w a t e r i s a d d e d t o red i s so lvo t h e s a l t . T h e 
p r e c i p i t a t e i s fil tered f rom t h e so ln . a n d r e w o r k e d for t h e s m a l l a m o u n t of p r e c i o u s m e t a l s 
w h i c h i t m a y c o n t a i n . 

A s m a l l a m o u n t of s o d i u m s u l p h i d e is a d d e d t o t h e co ld n i t r i t e so ln . , -which is t h e n s e t 
a s i d e o v e r n i g h t . T h i s r e a g e n t p r e c i p i t a t e s t h e lead a s wel l a s s o m e of t h e p a l l a d i u m , 
p l a t i n u m , a n d i r i d i u m p r e s e n t i n t h e soln . , b u t v e r y l i t t l e of t h e r h o d i u m . "Usually 5 t o 
IO g r m s . of s o d i u m s u l p h i d e a r e e n o u g h t o t r e a t a so ln . c o n t a i n i n g s eve ra l h u n d r e d g r a m s of 
r h o d i u m . Af t e r s t a n d i n g o v e r n i g h t t h e o d o u r of h y d r o g e n s u l p h i d e c a n u s u a l l y bo 
d e t e c t e d i n t h e so ln . T h i s m a y b e t a k e n a s i n d i c a t i n g a c o m p l e t e r e a c t i o n . T h e s u l p h i d e s 
a r e f i l tered off a n d w o r k e d u p s e p a r a t e l y for t h e r e c o v e r y of t h e p r e c i o u s m e t a l s . T h e 
f i l t r a te is h e a t e d t o bo i l i ng so t h a t a n y r e m a i n i n g s o d i u m s u l p h i d e wi l l r e a c t t o p r e c i p i t a t e 
r h o d i u m s u l p h i d e , w h i c h is f i l tered off. T h e so ln . i s t h e n t r e a t e d w i t h a n a d d i t i o n a l 
3O t o GO g r m s . of s o d i u m n i t r i t e for e a c h 1OO g r m s . of r h o d i u m , so a s t o m a k e sxire t h a t a l l 
of t h e r h o d i u m -will b e i n t h e f o r m of t h e d o u b l e n i t r i t e . T h e so ln . is cooled a n d t r e a t e d 
•with e n o u g h of a s a t . so ln . of a m m o n i u m , ch lo r i de t o f o r m t h e s l i g h t l y so lub le a m m o n i u m 
n i t r i t o r h o d a t e , ( N H ^ 3 R h ( N O 2 ) , . T h i s c o m p o u n d is a finely c r y s t a l l i n e sa l t , w h i t e w h e n 
p u r e , b u t ye l lowish if c o n t a m i n a t e d w i t h o t h e r m e t a l s of t h e p l a t i n u m g r o u p . T h e o t h e r 
m e t a l s d o n o t fo rm s i m i l a r s a l t s w h i c h a r e r e l a t i v e l y i n s o l u b l e . S o m e i r i d i u m sa l t m a y bo 
p r e c i p i t a t e d . I n d e e d , i r i d i u m is t h e m o s t difficult i m p u r i t y t o e l i m i n a t e a f t e r t h e l e a d 
l ias b e e n s e p a r a t e d b y t h e t r e a t m e n t w i t h s o d i u m s u l p h i d e . If t h e o r i g i n a l r h o d i u m 
m a t e r i a l c o n t a i n s m u c h i r i d i u m , i t is wel l t o effect a p r e l i m i n a r y s e p a r a t i o n of t h i s e l e m e n t 
b y p r e c i p i t a t i o n of a m m o n i u m c h l o r o i r i d a t e . 

I n t h e t r e a t m e n t of t h e s o d i u m n i t r i t o r h o d a t e so ln . w i t h a m m o n i u m ch lo r ide s e v e r a l 
p r e c a u t i o n s s h o u l d b e o b s e r v e d . T h e n i t r i t e so ln . i s u s u a l l y s l i g h t l y a l k a l i n e a n d -will 
t h e r e f o r e l i b e r a t e a m m o n i a w h e n a m m o n i u m ch lo r ide is a d d e d . f o r t h i s r e a s o n a s l i gh t l y 
ac id i c so ln . of a m m o n i u m ch lo r ide is u s e d . A s a t . so ln . of a m m o n i u m ch lo r ide c o n t a i n i n g 
IO m l . of h y d r o c h l o r i c a c i d ( sp . g r . 1-18) p e r l i t r e i s s a t i s f a c t o r y . T h e h e a t of r e a c t i o n 
w h i c h o c c u r s w h e n t h e so ln . of a m m o n i u m ch lo r ide is a d d e d c a u s e s s o m e loss of n i t r i t e 
b e c a u s e of t h e s p o n t a n e o u s d e c o m p o s i t i o n of a m m o n i u m n i t r i t e f o r m e d b y t h e fo l lowing 
r e a c t i o n : N a N O 3 - J - N M 4 C I = N a C l -f N M 4 N O 2 . T h i s exces s ive loss of n i t r i t e r e s u l t s i n 
i n c o m p l e t e p r e c i p i t a t i o n of t h e r h o d i u m . F o r t h i s r e a s o n t h e so ln . i s cooled in r u n n i n g 
w a t e r , p r e f e r a b l y be low 18°, d u r i n g a n d a f t e r t h e a d d i t i o n of a m m o n i u m c h l o r i d e . T h e 
p r e c i p i t a t e of t h e a m m o n i u m n i t r i t o r h o d a t e is a l l owed t o r e m a i n i n t h e so ln . for a b o u t 
a n h o u r , a f t e r w h i c h i t i s f i l tered off on a s u c t i o n funne l a n d w a s h e d w i t h co ld w a t e r . I f 
t h e s a l t r e m a i n s in t h e so ln . for a l onge r t i m e , i t is q u i t e l i ke ly t o b e c o n t a m i n a t e d b e c a u s e 
of t h e s low p r e c i p i t a t i o n of c e r t a i n i m p u r i t i e s , espec ia l ly i r i d i u m . T h e f i l t r a t e is h e a t e d 
t o bo i l i ng . Af te r t h e d e c o m p o s i t i o n of r e s idua l a m m o n i u m n i t r i t e h a s ceased , t h e m e t a l s 
left i n t h e so ln . a r e p r e c i p i t a t e d w i t h h y d r o g e n s u l p h i d e . T h e p r e c i p i t a t e of a m m o n i u m 
n i t r i t o r h o d a t e is p r e p a r e d for t h e n e x t s t e p i n t h e pu r i f i c a t i on b y d i g e s t i n g i t w i t h h y d r o ­
ch lo r i c ac id o n t h e s t e a m - b a t h . T h e ac id s h o u l d b e d i l u t e d w i t h a b o u t four vo l s , of w a t e r 
t o a v o i d t o o v i g o r o u s a r e a c t i o n . T h e so ln . of r h o d i u m c h l o r i d e r e s u l t i n g f rom t h i s t r e a t ­
m e n t i s e v a p o r a t e d t o a s y r u p t o d r i v e off t h e exces s of ac id , a n d is t h e n d i l u t e d a n d 
t r e a t e d w i t h s o d i u m n i t r i t e a s before . T h e w h o l e p r o c e d u r e m a y b e r e p e a t e d a s m a n y 
t i m e s a s n e c e s s a r y t o o b t a i n r h o d i u m of t h e de s i r ed d e g r e e of p u r i t y . F i v e o r s i x t r e a t ­
m e n t s h a v e b e e n f o u n d sufficient t o p r o d u c e m e t a l i n w h i c h o n l y t h e s l i g h t e s t t r a c e s of 
i m p u r i t i e s c o u l d b e d e t e c t e d s p e c t r o s c o p i c a l l y . 

P r o g r e s s of pu r i f i ca t ion i s fo l lowed b y e x a m i n i n g t h e m e t a l s o b t a i n e d f rom t h e m o t h e r -
l i q u o r s r e s u l t i n g f r o m t h e p r e c i p i t a t i o n of a m m o n i u m r h o d i u m n i t r i t e , a n d a lso b y 
e x a m i n i n g t h e p r e c i p i t a t e o b t a i n e d w i t h s o d i u m s u l p h i d e . T w o or t h r e e t r e a t m e n t s w i t h 
s o d i u m s u l p h i d e h a v e b e e n f o u n d sufficient t o e l i m i n a t e l e a d . W h e n lead c a n n o l o n g e r 
b e f o u n d , t h i s s t e p is o m i t t e d f r o m t h e cyc le of o p e r a t i o n s . 
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T h e f inal p r e c i p i t a t e of a m m o n i u m r h o d i u m n i t r i t e m a y b e d r i e d a n d k e p t a s a sou rce 
of p u r e r h o d i u m , b u t is n o t s u i t a b l e for d i r e c t i g n i t i o n t o m e t a l . I t i s b e t t e r t o c o n v e r t 
i t t o a m m o n i u m c h l o r o r h o d a t e . T h i s is d o n e b y d i s so lv ing t h e s a l t i n h y d r o c h l o r i c a c id 
a n d a d d i n g a b o u t 5 p e r c e n t , m o r e a m m o n i u m ch lo r ide t h a n is r e q u i r e d t o fo rm 
( N H ^ g R h C l g . T h i s sa l t is v e r y so luble i n w a t e r , b u t c a n b e p r e c i p i t a t e d b y a d d i n g t o t h e 
so ln . o n e a n d one-hal f t i m e s i t s vo l . of 95 p e r c e n t , a l coho l . T h e s a l t i s f i l tered off, w a s h e d 
w i t h a lcohol , a n d d r i e d . T h e r e s i d u a l r h o d i u m c a n b e p r e c i p i t a t e d f rom t h e so ln . b y 
h y d r o g e n s u l p h i d e . A m m o n i u m c h l o r o r h o d a t e m a y b e i g n i t e d d i r e c t l y t o m e t a l , a s in 
t h e case of t h e o t h e r s i m i l a r s a l t s . U n l e s s t h i s i s d o n e i n h y d r o g e n , t h e m e t a l wil l b e 
p a r t l y ox id ized , b u t m a y r e a d i l y b e r e d u c e d b y i g n i t i o n a n d coo l ing i n h y d r o g e n . 

R . Gi lchr is t a n d co-workers s e p a r a t e d r h o d i u m a n d i r i d i u m b y m a k i n g t w o 
p rec ip i t a t i ons w i t h t i t a n o u s ch lor ide f rom a h o t soln. of t h e s u l p h a t e in d i l . 
su lphur i c ac id (1 : 19). T h e t i t a n i u m is r e m o v e d f rom t h e m i x e d f i l t ra tes b y 
cupfer ron , a n d t h e i r i d i u m p r e c i p i t a t e d h y d r o l y t i c a l l y as desc r ibed b y L . Moser 
a n d H . G r a b e r , a n d R . Gi lchr is t . B . G. Karpoff s e p a r a t e d i r i d i u m a n d r h o d i u m 
b y first a l loy ing t h e m e t a l w i t h b i s m u t h . K . H e s s n e r d iscussed t h e r ecove ry of 
r h o d i u m . 

O t h e r modi f ica t ions h a v e b e e n e m p l o y e d — b y C. A. M a r t i u s , C. Claus , E . F r e m y , 
R . Schne ider , M. C. L e a , I . W a d a a n d T. N a k a z o n o , a n d O. W . G i b b s — b a s e d on 
t h e a t t a c k b y ch lor ine a n d s o d i u m chlor ide , or b y p o t a s s i u m h y d r o s u l p h a t e . 
W . P a l m e r , a n d S. M. J o r g e n s e n o b t a i n e d r h o d i u m of a h igh degree of p u r i t y b y 
c rys ta l l i z ing r h o d i u m c h l o r o p e n t a m m i n o c h l o r i d e f rom a soln. of r h o d i u m ch lo r ide 
a n d a n excess of aq . a m m o n i a . T h e sa l t c a n t h e n be t r a n s f o r m e d i n t o t h e n i t r a t e , 
b y h e a t i n g t h e sa l t on t h e w a t e r - b a t h w i t h n i t r i c ac id of sp . gr . 1-40 u n t i l n o p r e ­
c ip i t a t i on is o b t a i n e d w h e n t h e soln. is d i l u t e d a n d t r e a t e d w i t h si lver n i t r a t e ; o n 
cooling, r e c t a n g u l a r c ry s t a l s of r h o d i u m c h l o r o p e n t a m m i n o n i t r a t e s e p a r a t e o u t . T h e 
l iquid is a d d e d t o i t s o w n vol . of w a t e r a n d t h e depos i t ed sa l t fil tered a n d w a s h e d , 
t h e n a i r -dr ied , d i sso lved in w a r m w a t e r , a n d a d d e d t o c o n c e n t r a t e d h y d r o c h l o r i c 
ac id , w h e n i r id ium-f ree r h o d i u m c h l o r o p e n t a m m i n o c h l o r i d e is depos i t ed , f rom 
w h i c h p u r e r h o d i u m c a n b e o b t a i n e d . T h e sa l t , h o w e v e r , a l w a y s c o n t a i n s some 
n i t r i c ac id f rom wh ich i t is freed b y t r e a t m e n t , first w i t h 7 pe r cen t , s o d i u m 
h y d r o x i d e soln. , t h e n w i t h hyd roch lo r i c ac id . T h e c h l o r o p e n t a m m i n o c h l o r i d e c a n 
be r e d u c e d b y h e a t i n g i t in a c u r r e n t of h y d r o g e n , a n d a l lowing t h e m e t a l t o cool 
in a c u r r e n t of c a r b o n d iox ide . E . W i c h e r s a n d co -worke r s d id n o t ge t such good 
r e su l t s w i t h t h e c h l o r o p e n t a m m i n o c h l o r i d e p rocess a s w i t h t h e p o t a s s i u m n i t r i t o -
r h o d a t e p r ec ip i t a t i on . Accord ing t o E . E . S m i t h , t h e e l ec t rodepos i t ion of r h o d i u m 
f rom soln. of ac id p h o s p h a t e is r a p i d a n d c o m p l e t e w h e n a c u r r e n t of 0-18 a m p . 
is e m p l o y e d . T h e depos i t is genera l ly b l ack , c o m p a c t , a n d a d h e r e n t . T h e 
sub jec t w a s s t u d i e d b y A. J o I y a n d E . Le id ie , a n d J . L a n g n e s s . 

R . B u n s e n obse rved t h a t finely-divided r h o d i u m , i r i d ium, e tc . , " possesses t h e 
p r o p e r t y , u p o n b e i n g g e n t l y h e a t e d , of exp lod ing w e a k l y , a n d , w h e n h igh ly h e a t e d , 
w i t h violence, t h e exp los ion b e i n g a c c o m p a n i e d w i t h t h e e v o l u t i o n of l i gh t ; 
t h e r e b y n e i t h e r h y d r o g e n , n o r ch lor ine , n o r n i t r o g e n , n o r a q u e o u s v a p o u r a r e 
g iven off ; a n d , as t h e s e a r e t h e on ly e l e m e n t s wh ich i t is poss ib le t h a t t h e me ta l l i c 
p o w d e r could h a v e t a k e n u p , i t m u s t be a s s u m e d t h e s e m e t a l s a re , b y o u r t r e a t ­
m e n t , c o n v e r t e d i n t o a n a l l o t rop ic cond i t i on , a n d t h a t , u p o n h e a t i n g , t h e y r e t u r n , 
w i th m o r e or less ene rgy , t o t h e i r or iginal c o n d i t i o n . " T h e exp los ive r h o d i u m 
w a s found b y E . Cohen a n d T . S t r e n g e r s t o lose i t s exp los ive c h a r a c t e r if k e p t a t 
100° t o 200° for severa l d a y s , a n d if p r e p a r e d in t h e e n t i r e ab sence of a i r , i t is n o t 
exp los ive . Consequen t ly , t h e y c o n c l u d e d t h a t t h e exp los iveness is d u e t o t h e 
u n i o n of occ luded h y d r o g e n a n d o x y g e n t o fo rm w a t e r a n d n o t t o a n i n h e r e n t 
c h a n g e in t h e m e t a l itself. Th i s h y p o t h e s i s is s u p p o r t e d b y m e a s u r e m e n t s of t h e 
a m o u n t of h e a t d e v e l o p e d b y t h e explos ion . W . H . S w a n g e r found t h a t z i rconia 
c ruc ib les s o m e t i m e s sof ten a t t h e t e m p , a t t a i n e d b y m o l t e n r h o d i u m ; a n d t h e y 
f o u n d t h o r i a c ruc ib les were m o s t su i t ab l e . T h e y were m a d e b y t h e p rocess of 
C. O. F a i r c h i l d a n d M. F . P e t e r s . Acco rd ing t o W . H . S w a n g e r , a s soon a s t h e 
r h o d i u m m e l t s i n t h e o x y h y d r o g e n flame i t beg ins t o sp i t , sma l l b e a d s of meta l 
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a r e t h r o w n off v e r y r a p i d l y , a n d w h e n t h e m e l t freezes l a rge excrescences fo rm o n 
t h e sur face . Th i s is p r e s u m a b l y d u e t o t h e e v o l u t i o n of gases w h i c h h a v e b e e n 
a b s o r b e d f rom t h e flame b y t h e m o l t e n m e t a l . B y sufficiently r e d u c i n g t h e flow 
of o x y g e n t o t h e m e l t i n g t o r c h , t h i s s p i t t i n g of r h o d i u m c a n b e a v o i d e d t o a con­
s ide rab l e e x t e n t a n d t h e m e t a l m a d e t o freeze w i th a fa i r ly s m o o t h sur face . M o l t e n 
r h o d i u m in a n o p e n c ruc ib le in t h e i n d u c t i o n fu rnace sp i t s b a d l y , a n d if t h e f u r n a c e 
c u r r e n t is s h u t off s u d d e n l y so t h a t t h e m e t a l freezes r a p i d l y , l a rge b l i s te r s will 
g r o w o u t f rom t h e sur face . B y p r o p e r m a n i p u l a t i o n of t h e fu rnace c u r r e n t t h e 
m e t a l c a n be frozen s lowly so t h a t a m i n i m u m of b l i s t e r ing occurs , a n d fo rgeab le 
i n g o t s a r e o b t a i n e d . 

T h e b l a c k p r e c i p i t a t e of indef in i te compos i t i on o b t a i n e d b y r educ ing soln. of 
r h o d i u m sa l t s w i t h a lcohol a n d p o t a s h lye , or w i t h a q . a m m o n i a a n d a m m o n i u m 
f o r m a t e , e t c . , is ca l led r h o d i u m black . O. F . Schonbe in , 2 a n d F . H o p p e -
Seyle r in fe r red t h a t r h o d i u m b l a c k is a m i x t u r e of r h o d i u m w i t h i t s o x i d e 
a n d h y d r i d e all in a n exceed ing ly fine s t a t e of subd iv i s ion . G. R . L e v i a n d 
R . H a a r d t s t u d i e d t h e s t r u c t u r e of t h e p o w d e r . T . W i I m , a n d H . S t . C. Dev i l l e 
a n d H . D e b r a y o b s e r v e d t h a t r h o d i u m b l a c k d issolves in a q u a rcgia , a n d also i n 
t h e p r e sence of a i r , i n h y d r o c h l o r i c a n d cone , s u l p h u r i c ac ids . P r e c i p i t a t e d 
r h o d i u m w a s found b y A . S i e v e r t s a n d E . J u r i s c h t o furnish a cons ide rab le a m o u n t 
of g a s — a m i x t u r e of c a r b o n d iox ide , o x y g e n , h y d r o g e n , a n d w a t e r — w h e n i t is 
h e a t e d in v a c u o . A . G u t b i e r a n d O. Maisch o b s e r v e d t h a t w h e n h e a t e d t o 400° 
t o 500° i t fo rms r h o d i u m s p o n g e l ike s p o n g y p l a t i n u m . W . H . S w a n g e r , a n d 
E . W i o h e r s a n d co -worker s p r e p a r e d r h o d i u m sponges a s follows : 

FiIIeIy-OIiVmOd c o m m e r c i a l o r c r u d e r h o d i u m w a s h e a t e d w i t h s o d i u m c h l o r i d e i t i a n 
a t m o s p h e r e of c h l o r i n e g a s , t o a t e m p , of a b o u t 6 0 0 ° . T h e p a r t i a l l y f u s e d m a s s of s o d i u m 
r h o d i u m c h l o r i d e t h u s o b t a i n e d w a s d i s s o l v e d i n w a t e r . T h i s s o l n . w a s t h e n b o i l e d w i t h 
a n e x c e s s of s o d i u m n i t r i t e , w h i c h c o n v e r t e d t h e r h o d i u m t o t h e s o l u b l e s o d i u m r h o d i u m 
n i t r i t e . A s m a l l a m o u n t of s o d i u m s u l p h i d e -was t h e n a d d e d t o r e m o v e l e a d a s s u l p h i d e . 
S o m e of t h e p l a t i n u m a n d p a l l a d i u m p r e s e n t w a s a l s o p r e c i p i t a t e d , b u t n o t m u c h of t h e 
r h o d i u m . A f t e r f i l t r a t i o n , a s a t . s o l n . of a m m o n i u m c h l o r i d e w a s a d d e d t o p r e c i p i t a t e 
a m m o n i u m r h o d i u m n i t r i t e , ( N H 4 ) 3 K h ( N 0 2 ) 6 . T h i s s a l t w a s e a s i l y d e c o m p o s e d b y h y d r o ­
c h l o r i c a c i d , y i e l d i n g a s o l n . of r h o d i u m c h l o r i d e . T h e f o r e g o i n g p r o c e s s w a s t h e n 
r e p e a t e d a s m a n y t i m e s a s n e c e s s a r y t o p r o d u c e a f i n a l p r o d u c t of t h e d e s i r e d d e g r e e of 
p u r i t y . A s a m m o n i u m r h o d i u m n i t r i t e i s n o t a s u i t a b l e s a l t f o r r e d u c t i o n t o s p o n g e b y 
i g n i t i o n , i t w a s c o n v e r t e d t o a m m o n i u m r h o d i u m c h l o r i d e . T h i s s a l t w a s i g n i t e d i n a i r , 
a n d t h e s o m e w h a t o x i d i z e d s p o n g e t h u s o b t a i n e d w a s r e d u c e d in. h y d r o g e n . 

R h o d i u m b lack is a power fu l c a t a l y t i c a g e n t . I t s c a t a l y t i c p r o p e r t i e s w e r e 
s t u d i e d b y I . I . Tschukoff a n d co -worke r s , a n d A . A . Po l l i t t . A c c o r d i n g t o 
G. B r e d i g a n d T . B l a c k a d d e r , t h e p resence of s u l p h u r c o m p o u n d s f avou r s i t s 
c a t a l y t i c a c t i v i t y , a n d t h e a c t i v e r h o d i u m b l a c k c a n be p r e p a r e d b y r e d u c i n g 
r h o d i u m sesqu i - su lph ide w i t h formic acid , or b y t h e e lec t ro ly t i c depos i t i on of 
r h o d i u m b lack f rom a soln. of r h o d i u m in 60 pe r cen t , su lphu r i c ac id , b y a c u r r e n t 
of 0-02 a m p . a t 180°. I n a c t i v e r h o d i u m b lack becomes a c t i v e af te r i t h a s b e e n 
a l lowed t o a b s o r b o x y g e n for s o m e t i m e . M. F a r a d a y o b t a i n e d r h o d i u m films b y 
r e d u c i n g t h e ch lo r ide b y p h o s p h o r u s ; b u t n o t b y h y d r o g e n ; a n d S. G. S. D icke r , 
b y t h e t h e r m a l d e c o m p o s i t i o n of t h e c a r b o n y l . 

G. K e r n o t a n d F . A r e n a 3 p r e p a r e d a soln. of co l lo idal r h o d i u m b y s p a r k i n g 
r h o d i u m e lec t rodes s u b m e r g e d in ice-cold w a t e r u s ing a c u r r e n t of 2 a m p s , a n d 
110 v o l t s — 3 . 2 3 , 10. T h e soln. is r e d d i s h - b r o w n a n d is v e r y u n s t a b l e . A . G u t b i e r 
a n d c o - w o r k e r s p r e p a r e d col loidal r h o d i u m b y r e d u c i n g a soln. of a r h o d i u m sa l t 
w i t h h y d r a z i n e h y d r a t e ; a n d A . L o t t e r m o s e r , b y t h e a c t i o n of f o r m a l d e h y d e a n d 
p o t a s s i u m h y d r o c a r b o n a t e ; a n d A. G u t b i e r a n d E . L e u t h e u s s e r , b y t i t a n o u s 
ch lo r ide . T h e p re sence of some i m p u r i t i e s m a y p r e v e n t t h e f o r m a t i o n of t h e 
h y d r o s o l , w h i c h is v e r y u n s t a b l e . T h e a d d i t i o n of a p r o t e c t i v e colloid, s a y a 1 p e r 
c e n t . so ln . of g u m a r a b i c , r e n d e r s t h e soln. so s t a b l e t h a t i t c a n be c o n c e n t r a t e d 
in. v a c u o o v e r s u l p h u r i c a c i d t o fo rm a d a r k b r o w n solid c o n t a i n i n g 99-4 p e r c e n t , 
of r h o d i u m , a n d w h i c h fo rms a h y d r o s o l w h e n t r e a t e d w i t h w a t e r . A . G u t b i e r a n d 
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E . L e u t h e u s s e r sa id t h a t t h e colloidal pa r t i c l e s a r e n e g a t i v e l y c h a r g e d . C. P a a l 
a n d C. A m b e r g e r , a n d C. Zenghel is a n d B . P a p a c o n s t a n t i n o u , u sed s o d i u m p r o t a l -
b a t e o r l y s a l b a t e a s p r o t e c t i v e col loids. T h e col loidal soln. is c o a g u l a t e d b y 
b a r i u m s u l p h a t e or a n i m a l cha rcoa l . J . D o n a u o b s e r v e d t h a t t h e colloid co lours 
a b o r a x bead b r o w n ; a n d A. "Lancien a n d M. P i v o t e a u , t h e op t i ca l d i spers ion . 
Acco rd ing t o A. L a n c e i n , t h e soln. p r e p a r e d b y Gr. K e r n o t a n d F . A r e n a , c o n t a i n i n g 
0*002 g r m . of m e t a l p e r l i t r e , is t o x i c t o w a r d s p a t h o g e n i c o r g a n i s m s , b u t is w i t h o u t 
po i sonous a c t i o n o n fish, frogs, a n d dogs , un less e m p l o y e d in v e r y l a rge doses . 
W h e n r ende red i so ton ic t o b lood b y m e a n s of s o d i u m ch lor ide , a n d s t a b l e b y t h e 
a d d i t i o n of a t r a c e of s o d i u m g lycocho la te , i t w a s found t o h a v e a v e r y beneficial 
effect in cases of p n e u m o n i a , t y p h o i d , pe r i t on i t i s , en t e r i t i s , p o s t - o p e r a t i v e 
septicaemia, a n d i n t u b e r c u l o s i s d u r i n g febrile pe r iods . T h e in jec t ions were 
pa in less , a n d in fever r e d u c e d t h e t e m p e r a t u r e t o n o r m a l . T h e p a t i e n t ' s u r i n e 
s h o w e d a n inc rease i n ch lo r ine a n d u r i c ac id , b u t a m a r k e d d i m i n u t i o n i n 
u rob i l in a n d in sca to le a n d indo le d e r i v a t i v e s . L e u c o c y t o s i s w a s i nc rea sed . 
V. N . IvanofT o b t a i n e d a colloid a n a l o g o u s t o p u r p l e of Cassius b y boi l ing soln. of 
r h o d i u m sa l t s w i t h s t a n n o u s ch lor ide . 
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89, 1805 ; Oehlen's Journ., 5. 166, 1805. 
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Accad. Napoli, (3) 15. 157, 1909 ; A. Lancein, Compt. Rend., 153. 1088, 1911 ; A. Lancien and 
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§ 3 . The Physical Properties of Rhodium 

R h o d i u m o b t a i n e d b y r e d u c i n g i t s sa l t s in h y d r o g e n is a g rey p o w d e r , b u t t h e 
co lour of t h e m e t a l wh ich h a s b e e n fused is w h i t e r e sembl ing t h a t of a l u m i n i u m , 
b u t is less b r i l l i an t t h a n si lver . M. F a r a d a y 1 ob se rved t h a t t h i n films of r h o d i u m 
in t r a n s m i t t e d l igh t v a r y f rom b r o w n t o g r ey . L . H o l b o r n a n d co-workers o b s e r v e d 
t h a t r h o d i u m foil a f te r be ing h e a t e d t o r ednes s acqu i r e s a f ine-grained, c rys t a l l i ne 
s t r u c t u r e , a n d t h e different c rys ta l - faces show different t i n t s . H . Ross le r obse rved 
t h a t w h e n cupel led w i t h l ead a n d si lver , a b u t t o n is left w i t h a g rey c o a t i n g of 
r h o d i u m , a n d w h e n t h e s i lver is r e m o v e d b y ac id , t h e r h o d i u m r e m a i n s a s a n 
a g g r e g a t e of crys ta l s cons is t ing of mic roscop ic , s ix-s ided p l a t e s , a r r a n g e d a s l adde r -
or s t a r - s h a p e d a g g r e g a t e s . C rys t a l a g g r e g a t e s were also o b t a i n e d b y t h e a n a l o g o u s 
t r e a t m e n t of a l loys w i t h gold, a n d w i t h b i s m u t h ; in t h e case of r h o d i u m b i s m u t h i d e , 
some o c t a h e d r a l fo rms a r e p r o d u c e d . A c c o r d i n g t o A. W . H u l l , t h e X - r a d i o g r a m s 
i n d i c a t e t h a t r h o d i u m h a s a f ace -cen t red , cub i c l a t t i c e w i t h s ide a = 3 - 8 2 0 A. ; a n d 
t h e d i s t a n c e b e t w e e n t h e n e a r e s t a t o m s is 2-70O A. W . H . S w a n g e r g a v e 
a = , 3 - 7 7 A. ; a n d R . W . D r i e r a n d H . L . W a l k e r , a = 3 - 7 9 9 A. ; T . B a r t h a n d 
Gr. L u n d e , a = 3 - 7 9 5 A. E . A. O w e n a n d E . L . Y a t e s , a n d E . A. O w e n a n d J . I ba l l 
g a v e a = 3 - 7 9 5 4 A. , a n d ca l cu l a t ed t h a t t h e d i s t a n c e of c losest a p p r o a c h of t h e 
a t o m s is 2-684 A. T h e sub j ec t w a s d iscussed b y R . W . Gr. Wyckoff, V. I . I v e r o n o v a , 
a n d A . E . v a n Arke l . E . A. O w e n a n d E . L . Y a t e s s t u d i e d t h e d i s t o r t i o n of t h e 
l a t t i c e b y occ luded gas . F . M. J a g e r a n d co -worker s obse rved t h a t t h e X - r a d i o ­
g r a m s of r h o d i u m c h a n g e in t h e n e i g h b o u r h o o d of 1200°, co r r e spond ing w i t h a 
t r a n s i t i o n p o i n t as a r e su l t of d y n a m i c a l lo trop i sm, a n d t h i s m a k e s t h e t r a n s i t i o n 
p o i n t r a t h e r indef in i te . B o t h fo rms ex i s t a t o r d i n a r y t e m p . , b u t t h e p r o p o r t i o n 
of t h e a.-form dec reases , a n d t h a t of t h e /?-form increases w i t h rise of t e m p , un t i l , 
a t 1000°, on ly t h e y3-form is p r e s e n t . T h e a - fo rm h a s a face-cen t red cub ic l a t t i c e , 
w i t h a= 9-211 A . , a n d the /3- form also h a s a f ace -cen t red cub ic l a t t i c e w i t h a = 3 * 7 9 A. 
T h e s p . gr . of t h e ct-form is sma l l e r t h a n is t h a t of t h e /3-form. T h e r e is no per­
cep t ib l e h e a t effect on t h e t r a n s i t i o n f rom t h e a.- t o t h e ^3-form. These o b s e r v a t i o n s 
ag ree w i t h t h e sp . h t . d a t a ; t h e t e m p . coefF. of t h e e lec t r ica l r es i s t ance ; t h e 
c h a n g e in t h e p h o t o c h e m i c a l effect a n d t h e r m i o n i c emiss ion obse rved by 
H . E . D i x o n t o a l t e r b e t w e e n 1100° a n d 1200° ; a n d t h e c h a n g e in t h e surface 
r a d i a t i o n o b s e r v e d b y C. E . M e n d e n h a l l a n d L.. R . Ingerso l l . A. Schulze d iscussed 
t h e t r a n s i t i o n t e m p . 

H . S t . C. Devi l le a n d H . D e b r a y found t h e specific grav i ty of t h e cas t , u n -
w o r k e d m e t a l t o b e 12-1 . W . H . W o l l a s t o n , a n d R . H a r e h a d p rev ious ly found 
11*0, a n d J . Cloud, 11-2 for, p r e s u m a b l y , m e t a l of a lower degree of p u r i t y . 
F . Myl ius a n d R . D i e t z g a v e 12-6 for c a s t a n d h a m m e r e d r h o d i u m w i t h 1-6 pe r 
cen t , of o t h e r p l a t i n u m m e t a l s . E . G r u n e i s e n g a v e 12-23 for t h e m e t a l of a h igh 
deg ree of p u r i t y ; L . H o l b o r n a n d co -worke r s , 12-44 ; W . H . Swange r , 12-4 ; a n d 
T . K . R o s e g a v e 12-222 a t 0° /4° for h a m m e r e d r h o d i u m sponge a n d 12-472 for 
c o m p a c t m e t a l w h i c h h a d b e e n fused in t h e o x y h y d r o g e n flame. T h e bes t r ep re ­
s e n t a t i v e v a l u e is 12-2. A . W . H u l l c a l c u l a t e d 12-18 f rom t h e X - r a d i o g r a m d a t a . 
V. M. G o l d s c h m i d t c a l c u l a t e d 1-342 A. for t h e a t o m i c radius . E . H . Wes t l i ng , 
J . C. S l a t e r , G. H a g g , a n d W . Bi l t z a n d K . Meisel s t u d i e d t h e p a c k i n g dens i ty , 
a n d t h e a t o m i c r a d i u s . I . R . R y d b e r g g a v e 4-0 for t h e h a r d n e s s of t h e m e t a l on 
M o h s ' sca le . C. A . E d w a r d s g a v e 156 for Br ine l l ' s h a r d n e s s ; a n d F E . Car t e r 
g a v e for c a s t r h o d i u m t h e Br ine l l ' s h a r d n e s s (12-8 k g r m s . ) , 139 ; a n d W . H . Swanger , 
101 ; a n d a sc le roscope h a r d n e s s of 10. T h e s u b j e c t was d iscussed b y C. J o h n s o n . 
T h e meta l w h i c h h a s b e e n c a s t is duc t i l e a n d ma l l eab le a t a r e d - h e a t , b u t t h e 
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m e t a l wh ich h a s been a g g l o m e r a t e d b y compres s ion a t a h igh t e m p , d o e s n o t w o r k 
so read i ly . Accord ing t o W . H . Swange r , r h o d i u m wire p r o d u c e d b y swagg ing 
a t 800° or over w a s n o t duc t i l e a t r o o m t e m p . I t could n o t b e s t r a i g h t e n e d o u t 
f rom a s h a r p b e n d w i t h o u t f r ac tu r ing , n o r r e d u c e d in d i a m e t e r b y co ld -d rawing . 
T h e f rac tu re a p p e a r e d coarse ly c rys t a l l i ne . T h e e n d of a piece of s u c h wi re could 
be f l a t t ened on a n anv i l t o hal f i t s t h i c k n e s s b y one s h a r p blow w i t h a h a m m e r , 
b u t f r ac tu r ed w h e n t h e s a m e t h i n g w a s a t t e m p t e d w i t h severa l l igh t b lows . 
E . Gri ineisen found t h e e last ic m o d u l u s t o b e 32,500 k g r m s . p e r sq. m m . a t 17-5° 
t o 19° ; a n d b y a n o t h e r m e t h o d , 28,000 k g r m s . p e r sq. m m . a t 16-9° t o 17-8°. 
A. Mal lock gave 1-18 for t h e r a t i o of Y o u n g ' s m o d u l u s a t —273° , a n d a t 0° , E . W i d d e r 
g a v e E=EZ0{1—0-0005128(0—20)}. C. Schafer found t h e tors ion m o d u l u s t o 
be inc reased 3*69 pe r cen t , for 1(X)0 r ise of t e m p . P . W . B r i d g m a n g a v e for t h e 
compress ibi l i ty of r h o d i u m a t 30° , 3-72 X 1 0 - 7 , a n d a t a p ress , p, dv/v= — 0 0 6 3 7 2 ^ 
+ 0 - 0 ! ! 2 6 7 ^ . a n d a t 750^ d v / v = = = _ o . 0 6 3 8 l 2 ? + 0 - 0 1 1 2 6 7 p 2 . L.. H . A d a m s g a v e 
0 - 3 8 x 1 0 - 6 m e g a b a r s . 

H . P i z e a u g a v e 0-06850 a t 20° , a n d 0-05850 a t 40° , a n d 0-05858 a t 50° , for t h e 
coeff. of l inear e x p a n s i o n , a. W . H . S w a n g e r obse rved for t h e a v e r a g e coeff., ct, 
pe r degree , b e t w e e n 20° a n d 

ctX 10« 
50° 
81 

100° 
8-3 

200° 
8-5 

300° 
8-9 

400° 
9-3 

50O° 
9-6 

F . E . Ca r t e r g a v e 0-0584 a t 20°, a n d 0-0585 a t 40°. 
-J~O-O8457(0—20). S. V a l e n t i n e r a n d J . W a l l o t g a v e 

H . H o l z m a n n g a v e 0-057628 
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C1, a n d Cv : 

T. B a r r a t t a n d R . M. W i n t e r f o u n d t h e 
t h e r m a l conduct iv i ty t o be 0-210 cal . p e r 
cm. p e r degree p e r second a t 17°, a n d 
0-192 a t 100° ; a n d E . Gr i ine isen a n d 
E . Groens g a v e 2-15 a n d 23-8 w a t t s p e r c m . 
p e r degree , a t —190° a n d —252° , r e spec t ive ly . 
H . V. R e g n a u l t f o u n d t h e specific h e a t of 
r h o d i u m t o b e 0-0580 b e t w e e n 10° a n d 97° ; 
a n d J . D e w a r , 0-0134 b e t w e e n —253° a n d 
—196° . Accord ing t o F . M. J a g e r a n d co­
w o r k e r s , t h e sp . h t . c u r v e rises t o a m a x i m u m 
n e a r 1204°, or r a t h e r b e t w e e n 1200° a n d 
1470°, a s r e p r e s e n t e d b y t h e a t o m i c h e a t 
cu rves , Cv a n d Cv, in F ig . 1. T h e fol lowing 

t h e t r u e s p . h t s . , cp a n d cv, a n d t h e a t . h t s . , 

Cp 
cv 

Cv 

o° 
0 0 5 8 9 3 
0 0 5 7 9 3 
0-064 
tf-961 

1000 

0 0 6 0 2 6 
0 0 6 0 1 3 
6-201 
6-063 

30O° 
0-06415 
0-06393 
6-601 
6-362 

500° 
0 0 6 8 9 9 
0 0 6 8 6 6 
7 0 9 9 
6-742 

700° 
0 0 7 3 9 3 
0 0 7 3 4 8 
7-607 
7 1 2 5 

900° 
0-07814 
0-07755 
8 0 4 1 
7-429 

1100° 
0-08074 
0 0 8 0 0 1 
8-308 
7-559 

1300° 
0 0 8 0 9 2 
0-08008 
8-327 
7-422 

T h e resu l t s a re p l o t t e d in F i g . 1. C ^ = 0 - 0 5 8 9 3 - f O-O4lO660-hO-O72774402 

—0O 1 0 176420 3 , u p t o 1300°. T h e exp re s s ion h a s a m a x i m u m a t 1204° ; a n d t h e 
s p . h t . c a n b e r e p r e s e n t e d b y CV=O-054008-|-O-O45846O80—O-O78697302 

-+-O-Olo7825603—O-O13244O7204 u p t o 1604% a n d t h i s h a s a m a x i m u m a t 1470°. 
T h e second express ion does n o t fit t h e o b s e r v e d d a t a so well a s t h e first o n e a t 
t e m p , u p t o 400°. These fac t s ag ree w i t h t h e a s s u m p t i o n t h a t t h e r e is a n a l lo-
t r o p i c c h a n g e in t h e m e t a l b e t w e e n 1100° a n d 1200°. H . H o l z m a n n f o u n d t h e 
s p . h t . t o be 0-060467-+-0-0000183030. E . H . D i x o n s h o w e d t h a t t h e sp . h t . a t l ow 
t e m p , is n o t u n i q u e l y reprociucible o n a cool ing c u r v e , so t h a t i t is a s s u m e d t h a t 
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t h e m e t a l e x h i b i t s d y n a m i c a l lo t rop i sm—v ide supra. A c c o r d i n g t o F . M. J a g e r , 
t h e a t o m i c h e a t s for Cv a n d Cv b o t h exceed t h e v a l u e 3R ca ls . a t 0° , a n d r ise 
u p t o a b o u t 8-354 a n d 7*53 Cals . r e spec t ive ly a t 1200°. G. N . L ew i s a n d co -worker s 
g a v e 7*6 for t h e en tropy of r h o d i u m a t 25° . A. H . S t u a r t d i scussed t h e r e l a t i on 
b e t w e e n t h e sp . h t . a n d t h e e las t ic c o n s t a n t s . 

J . S t o d a r t a n d M. F a r a d a y o b s e r v e d t h a t r h o d i u m fuses impe r f ec t l y i n t h e 
forge-fire ; J . Cloud, t h a t i t fuses in t h e o x y h y d r o g e n b lowpipe n a m e t o fo rm a 
s tee l -grey , h a r d , b r i t t l e b u t t o n of sp . gr . 11-2 ; a n d E . D . Cla rke , t h a t r h o d i u m 
ox ide a n d ch lor ide in t h e o x y h y d r o g e n b lowpipe flame, b o t h yie ld a ma l l eab le , 
s i lve ry b u t t o n , a n d t h a t c o m b u s t i o n p roceeds a t t h e s a m e t i m e a c c o m p a n i e d b y a 
g r een l ight , a n d a vo l a t i l i z a t i on of t h e m e t a l . J . Cloud, a n d R . H a r e o b s e r v e d 
t h a t r h o d i u m fuses m o r e r ead i ly t h a n p l a t i n u m ; b u t t h e i m p u r e m e t a l m u s t h a v e 
b e e n e m p l o y e d . J . L . B y e r s d i scussed t h e b e h a v i o u r of t h e m e t a l on cupe l l a t ion . 

H . von W a r t e n b e r g o b s e r v e d t h a t w i t h m e t a l s of a h igh degree of p u r i t y , if 
t h e m e l t i n g po int of p l a t i n u m is 1745°, t h a t of r h o d i u m is 1940° ; J . S. A c k e n 
g a v e 1966°. W . F . R o e s e r a n d H . T . W e n s e l g a v e 1966° for t h e f .p .—gold, 1063°. 
I!.. H o l b o r n a n d co -worker s g a v e 1946° ; W . F . R o e s e r a n d co-workers , 1966° ; 
W . H . Swange r , 1985° ; O. F e u s s n e r a n d L . Miiller, 1970° ; W . G u e r t l e r a n d 
M. P i r in i , I 9 6 0 0 ; F . E . Ca r t e r , 1 9 5 0 ° ; I , . D . Morr i s a n d S. R . Scholes , 1 9 6 6 ° ; 
a n d C. E . M e n d e n h a l l a n d L . R . Ingerso l l g a v e 1907° (wi th P t , 1745°) for t h e 
m . p . , a n d 2500° for t h e bo i l ing po int of r h o d i u m — F . E . C a r t e r also g a v e 2500°. 
W . R . M o t t g a v e 1950° for t h e m . p . , a n d ca l cu l a t ed 3700° for t h e b .p . W . Crookes 
o b s e r v e d t h a t r h o d i u m is ha l f a s vo la t i le a s p l a t i n u m a t 1300° (q.v.) ; r h o d i u m 
suffered n o pe rcep t ib l e loss d u r i n g 10 h r s . h e a t i n g a t 900° , a n d a t 1300°, 

T i m e 4 8 12 16 20 24 30 l i rs . 
L o s s . 0-021 0-034 0 0 4 9 0-067 0-085 0 1 0 7 0 1 3 1 por c e n t . 

L. W o h l e r a n d W . Miiller f ound t h a t r h o d i u m is n o t vo la t i l e in a i r a t 1150°. 
J . H . T . R o b e r t s showed t h a t t h e r a t e of loss of w e i g h t of r h o d i u m , l ike t h a t 
w i t h p l a t i n u m a n d i r i d ium, is p r ac t i ca l l y zero w h e n o x y g e n is a b s e n t , a n d w h e n 
o x y g e n is p r e s e n t , t h e r a t e of loss of w e i g h t d imin i shes w i t h a d i m i n u t i o n in t h e 
press , of o x y g e n . H e n c e , as in t h e case of p l a t i n u m (q.v.), t h e p h e n o m e n o n is 
c o n n e c t e d w i t h t h e f o r m a t i o n a n d d e c o m p o s i t i o n of a vo la t i l e ox ide . Gr. K. B u r g e s s 
a n d co-workers found t h a t w h e n a l loyed w i t h p l a t i n u m , t h e m e t a l is stifFer a n d , 
un l ike t h e case w i t h i r i d ium, t h e v o l a t i l i t y a t al l t e m p , a b o v e 900° is r e d u c e d . 
F . E . Ca r t e r sa id t h a t app rec i ab l e vo la t i l i za t ion occurs a t 1000°. H . Moissan 
o b s e r v e d t h a t w h e n h e a t e d in t h e e lec t r ic a r c fu rnace , r h o d i u m furnishes a b lue 
v a p o u r a n d dis t i ls t o furn ish spheru les cons i s t ing of microscopic c ry s t a l s . 
H . S t . C. Devi l le a n d H . D e b r a y , a n d W . H . S w a n g e r n o t e d t h a t w h e n the* m o l t e n 
m e t a l solidifies, i t e x h i b i t s t h e p h e n o m e n o n of sp i t t ing—v ide supra. C. E . M e n d e n ­
ha l l a n d Li. R . Ingerso l l f o u n d t h a t t h e m o l t e n m e t a l m a y be supercoo led a s m u c h 
a s 3 7 0 ° — t h e r e is a flash d u e t o l i be ra t i on of h e a t a t t h e m o m e n t of solidif icat ion. 
A. D . v a n R i e m s d i j k obse rved n o flashing on cupe l la t ion . J . W . R i c h a r d s es t i ­
m a t e d t h e l a t e n t h e a t of f u s i o n t o be 52 cals . p e r g r a m , or 5-1 ki lojoules p e r 
g r a m a t o m . 

F . M. J a g e r a n d E . R o s e n b o h m could d e t e c t n o app rec i ab l e h e a t effect i n t h e 
t r a n s f o r m a t i o n of ex-rhodium i n t o ^ - r h o d i u m . E . D . E a s t m a n , a n d G. N . L ew i s 
a n d co-workers c a l cu l a t ed 7-49 t o 7-60 Cals. for t h e entropy of r h o d i u m a t 25° ; 
E . D . E a s t m a n , b y different m e t h o d s , c a l cu l a t ed 7-6 t o 8-0 cals . a t 25°. T h e 
i n t e r n a l ene rgy a n d e n t r o p y were s t u d i e d b y R . D . K I e c m a n , K . KL. Ke l l ey , a n d 
W . H e r z . M. R a b i n o v i t s c h s t u d i e d t h e glow on h e a t i n g t h e f inely-divided m e t a l . 

W . W . Coblen tz 2 f ound t h e p e r c e n t a g e ref lect ing p o w e r of r h o d i u m for l igh t 
of w a v e - l e n g t h , A in /u/z, t o be : 

A . 500 800 1000 2000 300O 4000 5000 7000 9000 
R . 76 81 84 91 92 92-5 93 93-5 94-5 

W . W . Coblen tz a n d R . S t a i r f o u n d t h a t t h e u l t r a -v io l e t reflecting power of 
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r h o d i u m increases f rom 30 p e r cen t , a t 260m/x t o 45 p e r cen t , a t 365 mjjL. O b s e r v a ­
t i o n s were also m a d e b y W . H . Swange r . A . d e G r a m o n t s t u d i e d t h e ref lect ing 
p o w e r of t h i n films. H . v o n W a r t e n b e r g obse rved t h e i ndex of refract ion , t h e 
a b s o r p t i o n coeff., a n d t h e p e r c e n t a g e ref lect ing p o w e r t o b e , r e spec t ive ly , 1*54, 
4-67, a n d 78-3 for A=579A i f t ; a n d 1-81, 5-31, a n d 79-7 for A==660/uft. T h e e m i s -
s iv i ty is 0-29 a t 0-55/z, a n d 0-65/LC for t h e solid, a n d 0-30 a t O-65/z, for t h e l iqu id . 
L . V. W h i t n e y , a n d F . H e n n i n g s t u d i e d t h e sub jec t . C. E . M e n d e n h a l l a n d 
L. R . Ingersol l obse rved a revers ib le c h a n g e in t h e rad ia t ion f rom r h o d i u m a t 
1050°. F . H e n n i n g , F . H e n n i n g a n d W . H e u s e , a n d G. R . Greens l ade s t u d i e d 
t h e t h e r m a l r a d i a t i o n f rom r h o d i u m . 

S o m e of t h e ea r ly o b s e r v a t i o n s on t h e s p e c t r u m of r h o d i u m were m a d e o n 
i m p u r e m e t a l , a n d t h o s e of M. McClean a r e cons ide red t o be of t h i s c lass . 
E . D e m a r e a y r e p o r t e d t h a t a l ine s p e c t r u m is o b t a i n e d b y s p a r k i n g soln. of 
r h o d i u m sa l t s . T h e m o s t i n t e n s e l ines of t h e s p a r k s p e c t r u m obse rved b y F . E x n e r 
a n d E . H a s c h e k , were 2910-30, 3396-99, 3502-71 , 3528-19, 3658-11 , 3692-51 , 3701-10, 
3799-45, 3822-41,3856-65, 3959-02, a n d 4375-01 . O b s e r v a t i o n s on t h e s p a r k s p e c t r u m 
were a lso m a d e b y W . E . A d e n e y , G. K a i l , J . M. E d e r a n d E . V a l e n t a , a n d 
A. G. S h e n s t o n e a n d J . J . L iv ingood . E . O. H u l b e r t , L . H . G. Cla rk a n d E . Cohen , 
a n d W . F . Meggers s t u d i e d t h e u n d e r - w a t e r s p a r k s p e c t r u m . T h e m o s t i n t e n s e 
l ines obse rved b y F . E x n e r a n d E . H a s c h e k i n t h e a r c S p e c t r u m of r h o d i u m a r e : 
3280-68, 3283-71 , 3323-24, 3396-95, 3 4 3 5 0 3 , 3462-19, 3470-82, 3474-95, 3502-67, 
3507-48, 3528-18, 3596-32, 3597-31, 3658-15, 3692-51 , 3701-07, 3799-46, 3959-00, 
4139-06, 4135-45, 4211-26, 4375-0(3, 5354-60, 5599-68, a n d 5983-84. J . F o r m a n e k 
g a v e for t h e m o s t i n t ense l ines in t h e vis ible s p e c t r u m , 5984 in t h e o range-ye l low ; 
5687, 5609, 56CX), 5257, 5255 , a n d 5237 in t h e g reen ; a n d 4375 in t h e i nd igo -b lue 
-—Fig. 2. T h e a r c s p e c t r u m w a s also e x a m i n e d b y H . A. R o w l a n d , F . E x n e r a n d 

^ T T n - T 1 T1-TT-J-T-T-I--T J . 

8000 7000 6000 5000 4000 
JPiCi. 2. Spectrum of filiodium. 

E . H a s c h e k , H . K a y s e r , L . A. S o m m e r , W . F . Meggers , A . H a g e n b a c h a n d 
H . K o n e n , a n d J . M. E d e r a n d E . V a l e n t a . W . Ger l ach a n d co -worke r s s t u d i e d 
t h e s p e c t r o m c t r i c d e t e r m i n a t i o n of r h o d i u m . 

T h e u l t r a - v i o l e t s p e c t r u m w a s o b s e r v e d b y A. Mie the a n d B . Seega r t , G. K a i l , 
F . E x n e r a n d E . H a s c h e k . W . v o n R o l t o n o b s e r v e d t h e s p e c t r u m of t h e c a t h o d i c 
l i g h t e m i t t e d b y r h o d i u m e lec t rodes w i th s t r o n g c u r r e n t s . W . J . H u m p h r e y s 
m e a s u r e d t h e d i s p l a c e m e n t of t h e l ines b y p re s su re ; a n d J . E . P u r v i s , a n d 
L. A. S o m m e r , t h e effect of a s t r o n g magnetic field—the Z e e m a n effect . 
H . Schii ler a n d H . Gol lnow s t u d i e d t h e spec t roscop ic d e t e c t i o n of r h o d i u m ; a n d 
C. P . S n y d e r , L . A. S o m m e r , W . F . Meggers a n d C. C. Kiess , C. C. Kiess a n d 
O. L a p o r t e , a n d O. L a p o r t e , t h e s e r i e s s p e c t r a o r t h e s t r u c t u r e of t h e s p e c t r u m 
or t h e regu la r i t i e s in t h e o r i e n t a t i o n of t h e l ines . 

J . F o r m a n e k sa id t h a t c o n e , b rowni sh -ye l low soln. of r h o d i u m ch lor ide e x h i b i t 
a n a b s o r p t i o n s p e c t r u m in all reg ions b u t t h e r ed a n d ye l low ; w i t h di l . soln. , t h e r e 
is a w e a k b a n d in t h e v io le t a t 4900. T h e r e is n o c h a r a c t e r i s t i c a b s o r p t i o n s p e c t r a 
w i t h soln. c o n t a i n i n g t i n c t u r e of a l k a n n a ; if a n e u t r a l soln. of t h e ch lo r ide b e 
t r e a t e d w i t h t i n c t u r e of a l k a n n a , t h e r edd i sh -v io l e t soln . soon b e c o m e s b lu i sh -
viole t , a n d t h e r e is a w e a k b a n d a b o u t 4920 . I f 2 or 3 d r o p s of a q . a m m o n i a be 
a d d e d , t h e l iqu id becomes t u r b i d , a n d t h e s u s p e n d e d p r e c i p i t a t e s h o w s a n a b s o r p ­
t i o n b a n d a b o u t 6730 w h i c h c a n be u t i l i zed for t h e iden t i f i ca t ion of r h o d i u m . 
R . S a m u e l a n d co -worker s s t u d i e d t h e a b s o r p t i o n s p e c t r a of soln . of t h e s a l t s . 

T h e jRT-series of t h e X - r a y s p e c t r u m w a s f o u n d b y S. K . Al l i son , 3 M. d e Brog l ie , 
F . C. a n d L . P . Cha lk l in , L). Coster , W . E h r e n b e r g a n d H . M a r k , G. B . D e o d h a r , 
F . E u g e r , F . C. H o y t , M. H u l u b e i a n d co -worke r s , O . L a p o r t e , A . L e i d e , 
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F . K . R i c h t m y e r a n d S. K a u f m a n , P . A. R o s s , M. S i e g b a h n , M. S i e g b a h n a n d 
JE. F r i m a n , A. Sommer fe ld , E . C. U n n e w e h r , a n d J . H . Wi l l i ams t o e x h i b i t 
l ines co r r e spond ing w i t h o . 1a,=0-612023, Ct2Ct1 = 0-616371, ^S1)S=0-544491, j32y 
= 0 - 5 3 3 9 3 7 , a n d ^ 3 = 0 - 5 4 5 0 9 3 . L ines in t h e Z-series were r e p o r t e d b y M. S i e g b a h n , 
A. Le ide , O. L a p o r t e , A. Sommer fe ld , F . R . H i r s c h a n d F . K . R i c h t m y e r , J . Z a h r a d -
n icek , G. D . v a n D y k e a n d G. A. L i n d s a y , E . F r i m a n , a n d A. J o n s s o n a t Ct1CL 
==4-58778, Ci2Ct1 = 4-59556, Ct3Ct11 = 4-572, fc=5-2070, 77^ = 4-9112, Z i = 3 - 6 2 0 8 , 
£ ! 1 = 3 - 9 3 1 5 , X I I I = 4 - 1 1 8 4 , ^ = 4 - 3 6 4 0 0 , £ 2 y = 4 - 1 2 2 1 , £3</r=4-4767, £ 4 ^ = 4 - 5 1 2 6 , 
) 8 6 J /=4 -2301 , y i S = 3 - 9 3 5 7 , y 2 - 3 X = 3 * 6 7 7 0 > r 5 ^ = 4 - 0 3 5 2 , ^ = 0-0488, y3 1 2 =4-0725 , 
a n d y 7 — 3 - 8 9 6 8 . O b s e r v a t i o n s were also m a d e b y P . A. Ros s , O. L a p o r t e , 
A. J o n s s o n , F . R . H i r s c h a n d F . K . R i c h t m y e r , F . K . a n d R . D . R i c h t m y e r , a n d 
M. J . D r u y v e s t e y n . G. H a g e n s t u d i e d t h e Compton effect ; S. B jo rek , a n d 
D . Cos te r a n d F . P . Mulde r , t h e X - r a y levels ; K . G r o s s k u r t h , t h e a b s o r p t i o n of 
X - r a y s ; Y . F . Cheng , t h e po l a r i za t i on ; a n d E . F e r m i a n d co-workers , artificial 
radioactivity. 

O. L a p o r t e 4 s t u d i e d t h e s creen ing c o n s t a n t s . Acco rd ing t o E . H . D i x o n , 
w h e n a r i b b o n of r h o d i u m is s u b j e c t e d t o h e a t t r e a t m e n t a t 950° t o 1450° in v a c u o 
for 1050 h rs . , t h e l ong -wave l imi t shi f ted f rom 2530 A. t o 3150 A. a n d b a c k t o 
2509 A. T h e pho toe l ec t r i c c u r r e n t inc reased a b o u t 130 pe r cen t , for t h e t e m p , 
r a n g e 25° t o 950° w i t h a s u d d e n inc rease a t 240° . T h e r e is a n i r r egu la r i ty in t h e 
t h e r m i o n i c c u r r e n t cu rve a t 1100°. L . R . L . B a r n e s , a n d H . B . W a h l i n s t u d i e d 
t h e emiss ion of pos i t ive ions b y t h e h o t m e t a l ; a n d F . C. a n d L . P . Chalk l in , t h e 
emiss ion of X - r a y s ; J . Chad wick a n d M. Goldhaber , t h e p h o t o n u c l e a r effect w h e n 
b o m b a r d e d wi th y - r a y s ; L . A r t s i m o v i t s c h a n d co-workers , t h e c a p t u r e of slow 
n e u t r o n s b y r h o d i u m ; K . A. H o f m a n n a n d co-workers , F . Tl. N c u m a n arid 
IT. J . W a l k e , and E . A m a l d i a n d co-workers , s t u d i e d t h e artificial r a d i o a c t i v i t y ; 
P . B . Moon a n d J . R . T i l lman , t h e i nduced r a d i o a c t i v i t y d u e t o a b o m b a r d ­
m e n t w i t h fast n e u t r o n s ; G. L . Loche r , a n d E . H . D ixon , t h e photoelectr ic 
effect ; B . B . R a y a n d D . P . R . C h a u d h u r i d iscussed t h e i on izat ion potent ia l of 
r h o d i u m ; a n d N . Piltschikoff, t h e Moser rays . 

W . B r o n i e w s k y , 5 a n d L . Hacksp i l l a n d W . B r o n i e w s k y found t h e effect of 
t e m p , on t h e e lectr ical res i s tance , R, of r h o d i u m t o be O-70 a t —186° ; 3-09 a t 
— 78-3° ; 4-70 a t 0° ; a n d 6-60 a t 100°. W . H . S w a n g e r gave for t h e res i s t ance 
of a 1-mm. wire a n n e a l e d ove r 1200°, 4-93 m i c r o h m s a t 20° ; a n d F . E . Car t e r . 
5-11 m i c r o h m s a t 0° . W . J a g e r a n d H . Diesse lhors t found t h e sp . gr. c o n d u c t i v i t y 
a t 18° t o be 16-6 X l O 4 a t 18°, a n d t h e t e m p , coeff. of t h e res i s t ance is 0-00421 
b e t w e e n 0° a n d 100°. W . H . S w a n g e r g a v e for t h e t e m p , coeff. of t h e res i s t ance 
b e t w e e n 0° a n d 100°, 0-00436. L . H o l b o r n , a n d L. H o I b o r n a n d A. D a y gave for 
t h e m e a n t e m p , coeff. of t h e res i s tance pe r degree a t 

— 135° —39° 50° 150° 250° 350° 4 RO" 
R . O-OO4307 O0O43G2 0 0 0 4 4 2 8 0 0 0 4 5 9 9 0-004800 0 0 0 5 0 7 8 0-005278 

T h e s u b j e c t was s t u d i e d b y E . Gri ineisen, A . Schulze , J . T. MaeGregor -Morr i s a n d 
R . P . H u n t . W . Meissner a n d co-workers , a n d J . O. L i n d e s tud ied t h e super ­
c o n d u c t i v i t y of r h o d i u m a t low t e m p . ; E . Gri ineisen a n d E . Goens , t h e 
a p p l i c a t i o n of W i e d e m a n - F r a n z ' s ru le ; a n d F . S imon , a n d A. T. W a t e r m a n , t h e 
t h e o r y of c o n d u c t i v i t y . G. B r a u n s f u r t h s t u d i e d t h e c o n d u c t i v i t y of t h i n films ; 
F . M. J a g e r a n d E . R o s e n b o h m obse rved t h a t t h e c u r v e showing t h e e lectr ical 
r e s i s t ance of r h o d i u m a s a func t ion of t e m p , is s l igh t ly c o n c a v e t o w a r d s t h e t e m p , 
ax i s b e t w e e n 600° a n d 1000° ; b u t a b o v e 1000°, i t becomes s l igh t ty convex t o w a r d s 
t h e t e m p . ax i s . P . W . B r i d g m a n found t h e f r ac t iona l c h a n g e of res i s tance , R3 
w i t h v a r i a t i o n s of p ress . , p, t o b e dR/R= —0-051738p+0 01097p a t 30°, a n d a t 
65° , dR/R=-~005l776p-\-009l01p2. L . Hacksp i l l a n d W . B r o n i e w s k y s v a l u e 
for t h e t e m p , coeff. of t h e r e s i s t ance is O-0O4O4, a n d P . W . B r i d g m a n ' s , 0-00309. 
T h e p res s , coeff. a t 0° , —78-4°, a n d —182-9°, a n d 7000 k g r m s . per sq. cm. , were , 
r e spec t ive ly , — 0-O6164, - 0 O 6 1 4 2 , —0-O6136. G. N o r d s t r o m discussed r h o d i u m 
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for r e s i s t ance wires in e lectr ic furnaces . R . H . A t k i n s o n s t u d i e d t h e e lec t ro ly t ic 
t r a n s f e r of r h o d i u m us ing fused a lkal i ch lor ides a s e l ec t ro ly te . 

Li. H o l b o r n a n d A. D a y found t h e thermoe lec tr i c force of a platinum a n d 
r h o d i u m t h e r m o c o u p l e w i t h t h e cold j u n c t i o n a t 0° , t o be E mi l l ivo l t s , a t . 

— 185° 
— 0 2 4 

— 80° 
— 0 - 3 1 

100° 
0 - 6 4 

300° 
2 - 5 8 

500° 
5 1 2 

700° 
8 1 9 

900° 
1 1 - 8 0 

1100° 
1 5 - 8 8 

1300° 
2 0 - 3 4 

1500° 
2 5 O O 

o° 
O 

100° 
0 - 7 0 

200° 
1-61 

400° 
3 - 9 2 

coo° 
6-77 

800° 
1 0 1 6 

1000° 
1 4 0 5 

1200° 
1 8 - 4 2 

E 

T h e — s y m b o l m e a n s t h a t t h e c u r r e n t flows t h r o u g h t h e cold j u n c t i o n t o t h e 
r h o d i u m . W . H . S w a n g e r g a v e for t h e t h e r m o e l e c t r i c force of r h o d i u m , E mil l i ­
vo l t s , a g a i n s t purif ied p l a t i n u m w i t h t h e cold j u n c t i o n a t 0° , 

E . 

E . M. J a g e r a n d E . R o s e n b o h m f o u n d t h a t t h e inc rease in t h e t h e r m o e l e c t r i c force 
of t h e p l a t i n u m - r h o d i u m t h e r m o c o u p l e is c o n t i n u o u s , a n d e x h i b i t s n o s ign of a 
c h a n g e d u e t o a t r a n s i t i o n f rom one a l lo t rop ic fo rm t o a n o t h e r . I J . H a c k s p i l l a n d 
W . B r o n i e w s k y expres sed t h e t h e r m o e l e c t r i c force of t h e copper a n d r h o d i u m 
couple b y dEjdO= 2- 17-f-00005r? mi l l ivo l t s a t 6° b e t w e e n —80° a n d 100°. 
J . M o n h e i m s t u d i e d t h e r h o d i u m - c o p p e r couple . 

A. J o I y a n d E . Leidie 6 s t u d i e d t h e e lec trodepos i t ion of r h o d i u m , a n d obse rved 
t h a t soln. of r h o d i u m t r i ch lo r ide , or of i t s c o m p l e x s a l t s w i t h s o d i u m , a m m o n i u m , 
o r p o t a s s i u m chlor ide , s l igh t ly acidified, a n d c o n t a i n i n g n o t m o r e t h a n 4 g r m s . of 
m e t a l p e r l i t re , furn ish c o h e r e n t depos i t s of r h o d i u m w h e n e lec t ro lyzed a t 50° t o 

60° w i th a c u r r e n t of 0-5 
a m p . a t t h e s t a r t , a n d 
f inishing w i t h 0-1 a m p . a t 
o r d i n a r y t e m p . T h e depos i ­
t i o n is slow f rom s t r o n g l y 
acidified soln . of t h e su l ­
p h a t e . T h e p re sence of 
20 p e r cen t , n i t r i c ac id 
p r e v e n t s t h e d e c o m p o s i t i o n 
of t h e m e t a l ; a n d w i t h 
10 p e r cen t , n i t r i c ac id , t h e 
d e p o s i t i o n is v e r y s low. 
N o r h o d i u m s e p a r a t e s a t 
t h e c a t h o d e w i t h soln . con­
t a i n i n g oxa l ic ac id , b u t 
t h e r e is a d a r k g r e e n 
p e r o x i d e d e p o s i t e d o n t h e 
a n o d e . H . Ande r s sen , 
R . H . A t k i n s o n a n d 
A. R . R a p e r , L . C i n a m o n , 

t-08 + O (J + 0-4 + 0-2 O 
Cathode potential EH in uolt 

F i a . 3 . — P o t e n t i a l - C u r r e n t D e n s i t y C u r v e s of S o d i u m 
Chlororh.od.ate. 
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C. G. F i n k a n d G. C. L a m b r o s , P . H a a s , C. W . K e i t e l a n d H . E . Zschiegner , 
J . L a n g n e s s , O. M a c c h i a , J . Mil inaire , I . I . Tschukoff, a n d A. W o g r i n z s t u d i e d t h e 
e l ec t rodepos i t ion of r h o d i u m . C W . K e i t e l p r e p a r e d a b a t h f rom a 10 p e r cen t . soln . 
of a m m o n i u m s u l p h a t e or n i t r a t e w i t h 5 p e r cen t , of free a m m o n i a , a n d 2 p e r cen t , of 
r h o d i u m d i a m m i n o n i t r i t e , r ep l en i sh ing t h e a m m o n i a a n d n i t r i t e f rom t i m e t o t i m e . 
T h e b a t h is w o r k e d a t 95°, w i t h 2-2 vo l t s . H . E . Zsch iegner boi led r h o d i u m ch lo r ide 
so ln . w i t h s o d i u m n i t r i t e u n t i l t h e l iqu id w a s colour less o r ye l low, a n d t h e n a d d e d 
a n excess of a m m o n i a . A. S i m e k f o u n d t h a t d r o p s of m o l t e n t e l l u r i u m d i o x i d e 
on h o t r h o d i u m d o n o t m o v e a s w h e n on p l a t i n u m . Gr. G r u b e a n d E . K e s t i n g 
m e a s u r e d t h e c u r r e n t dens i t i e s a n d p o t e n t i a l s of soln . of s o d i u m c h l o r o r h o d a t e , 
r h o d i u m t r i ch lo r ide , p h o s p h a t e , o x a l a t e , p e r c h l o r a t e , s u l p h a t e , a n d fluosilicate. 
T h e r e su l t s w i t h acidified soln . of t h e s o d i u m c h l o r o r h o d a t e a r e s u m m a r i z e d i n 
P i g . 3 . T h e y a lso i n v e s t i g a t e d t h e inf luence of t h e a c i d i t y of t h e soln. , a n d t e m p , 
o n t h e depos i t i on of t h e meta l , a n d t h e y found t h a t e v e n a t r e l a t i ve ly low c u r r e n t 

Chlororh.od.ate
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dens i t i e s , t h e s e p a r a t i o n of t h e m e t a l occur s w i t h t h e e v o l u t i o n of h y d r o g e n . 
A. Thie l a n d W . H a m m e r s c h m i d t s t u d i e d t h e ove r -vo l t age of h y d r o g e n . S. K o i d z u m i 
e x a m i n e d t h e a n o d i c b e h a v i o u r of r h o d i u m in a lka l ine soln. J . A. V. B u t l e r a n d 
G. D r e v e r f o u n d t h a t w h e n e lec t rodes of r h o d i u m a r e anod ica l l y po l a r i z ed i n 
ac idic o r a lka l ine soln. , a n a d s o r b e d l a y e r of o x y g e n is fo rmed p r io r t o t h e es tab l i sh ­
m e n t of t h e o x y g e n ove r -vo l t age , a n d t h e r e is a slow f o r m a t i o n of ox ides of a 
pe rox id i c c h a r a c t e r w h i c h a r e r e d u c e d c a t h o d i c a l l y a t a m o r e pos i t i ve p o t e n t i a l 
t h a n t h e adso rbed o x y g e n ; J . A. V. B u t l e r a n d co-workers , t h e o x i d a t i o n p o t e n t i a l ; 
a n d I . S l e n d y k a n d P . H e r a s y m e n k o , t h e s e p a r a t i o n of h y d r o g e n f rom r h o d i u m 
c a t h o d e s . 

M. F a r a d a y 7 r e g a r d e d r h o d i u m a s d i a m a g n e t i c . M. O w e n f o u n d t h e m a g n e t i c 
suscept ib i l i ty of r h o d i u m t o be 1-08 X 1 0 ~ 6 m a s s u n i t , a n d t h e v a l u e inc reases w i t h 
a r ise of t e m p . O b s e r v a t i o n s w e r e a l so m a d e b y K . H o n d a , w h o g a v e 1*1 X 1O - G 

m a s s u n i t , a n d W . F i n k e , w h o g a v e 12*58 X l O - 6 m a s s u n i t . B . C a b r e r a a n d 
A. D u p e r i e r g a v e Rh***==45-5x 1 O - 6 c .g.s . u n i t . M. F a r a d a y g a v e 1*1 X 10~ 6 m a s s 
u n i t . A . N . G u t h r i e a n d Li. T. B o u r l a n d f o u n d t h a t t h e p a r a m a g n e t i c suscep t ib i l i t y 
inc reases w i t h t e m p , u p t o 427° . F . H . L o r i n g s t u d i e d t h e sub j ec t ; a n d K . H o n d a 
a n d Y . S h i m i z u , t h e effect of cold w o r k . 
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§ 4. The Chemical Properties of Rhodium 

A. G u t b i e r a n d O. Maisch x o b s e r v e d t h a t r h o d i u m sponge a b s o r b s on ly t r a c e s 
of h y d r o g e n ; a n d A. S i eve r t s a n d E . J u r i s c h obse rved t h a t w h e n p r e c i p i t a t e d 
r h o d i u m b lack is h e a t e d in v a c u o , i t evo lves a re la t ive ly la rge vol . of m i x e d gases 
— h y d r o g e n , c a r b o n d iox ide , a n d o x y g e n — b u t af ter t h i s t r e a t m e n t , t h e m e t a l does 
n o t occ lude a p p r e c i a b l e q u a n t i t i e s of h y d r o g e n or c a r b o n d iox ide b e t w e e n 420° 
a n d 1020°. F . H o p p e - S e y l e r r e g a r d e d r h o d i u m b lack a s a m i x t u r e of m e t a l a n d 
rhodium hydride ; a n d C. F . Schonbe in , a s a m i x t u r e of m e t a l a n d ox ide . 
I . I . Tschukoff a l so s u p p o s e d a h y d r i d e is formed. A c c o r d i n g t o A. G u t b i e r a n d 
O. Maisch , t h e d e e p b l a c k f o r m of r h o d i u m b lack , A , F i g . 4, a b s o r b s m o r e h y d r o g e n 
t h a n a n y o t h e r fo rm. T h e m a x i m u m a b s o r p t i o n is 180 vols , a t 19° for t h e greyish-
b l a c k fo rm, C, F i g . 4 ; 165 vo l s , a t a b o u t 40° for t h e s l igh t ly g rey ish-b lack form ; 
a n d 206 vols , a t a b o u t 0° for t h e d e e p b l a c k fo rm, A, F ig . 4. V a r i e t y A w a s 
o b t a i n e d b y r e d u c i n g s o d i u m c h l o r o r h o d a t e in a m m o n i a c a l soln. ; C, f rom fa in t ly 
ac id ic soln. ; a n d B , f rom n e u t r a l soln. T h e a b s o r p t i o n of h y d r o g e n by r h o d i u m 
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is a b o u t t h e s a m e o r d e r of m a g n i t u d e a s i t is w i t h p l a t i n u m . T h e sub jec t w a s 
s t u d i e d b y D . P . S m i t h , E . Miiller a n d K . S c h w a b e , a n d T . Wi Im. C. Zenghel is 
a n d B . P a p a c o n s t a n t i n o u obse rved t h a t t h e colloidal soln . a b s o r b s h y d r o g e n t o t h e 
e x t e n t of 2510 t o 2960 t i m e s t h e vol . of r h o d i u m . E . Miiller a n d K . S c h w a b e 
obse rved t h a t of t h e h y d r o g e n t a k e n u p b y r e d u c e d r h o d i u m , 1OO p e r cen t , is 
i r revers ib ly a b s o r b e d (or chemica l ly c o m b i n e d ) . H . R e m y a n d H . G o n n i n g t o n , 
L . Quennessen , a n d F . C. Ph i l l ips obse rved t h a t r h o d i u m b l a c k acce le ra tes t h e 
un ion of h y d r o g e n a n d o x y g e n ; a n d T . WiIm, t h a t t h e p o w d e r e d m e t a l w i t h 
occluded h y d r o g e n becomes h o t w h e n exposed t o a i r owing t o t h e o x i d a t i o n of t h e 
hydrogen—v ide supra, explos ive p l a t i n u m . L . Q u e n n e s s e n showed t h a t r h o d i u m 
does n o t a b s o r b h y d r o g e n t o a n y t h i n g l ike t h e e x t e n t r e p o r t e d b y T. Wi Im. 
R h o d i u m h e a t e d in a c u r r e n t of h y d r o g e n a b s o r b s a l i t t l e of t h e gas , a n d , on 
exposu re t o air , t h e m e t a l so t r e a t e d gives rise t o a smal l q u a n t i t y of m o i s t u r e , 
b u t n o m o i s t u r e is p r o d u c e d if, before t h e a i r is a d m i t t e d , a c u r r e n t of d r y cold 
c a r b o n d iox ide is pas sed o v e r r h o d i u m which h a s been h e a t e d i n h y d r o g e n . 
F u r t h e r , r h o d i u m p rev ious ly h e a t e d in h y d r o g e n evolves n o n e of t h i s ga s w h e n 
s u b s e q u e n t l y h e a t e d u n d e r r e d u c e d press . 

A. S ieve r t s a n d E . J u r i s c h obse rved o x y g e n a m o n g s t t h e gases wh ich c a n be 
e x t r a c t e d b y h e a t i n g r h o d i u m b lack in oxygen—v ide supra. A t o r d i n a r y t e m p . , 
air a n d o x y g e n h a v e n o a c t i o n on r h o d i u m , b u t J . J . Berze l ius obse rved t h a t t h e 

F I G . 4 . — T h e A d s o r p t i o n of H y d r o g e n F iG. 5 .—Losses in W e i g h t w h e n R h o d i u m 
b y R h o d i u m B l a c k . i s H e a t e d in A i r a t 1300°. 

m e t a l is ox id ized w h e n i t is h e a t e d in a i r , a n d wrong ly a s s u m e d t h a t t h e m o n o x i d e 
is fo rmed . A . G u t b i e r a n d co -worke r s s h o w e d t h a t w h e n r h o d i u m is h e a t e d in 
a i r o r o x y g e n b e t w e e n 600° a n d 1000°, t h e e n d - p r o d u c t is t h e sesqu iox ide , R h 2 O 3 , 
a n d t h a t t h e r a t e of o x i d a t i o n increases w i t h t h e t e m p . T h u s , a t 

600° 700° 800° 1000° 
Veloc i ty 1 30 7O 80 u n i t s 

a b o v e 1150°, t h e ox ide is d e c o m p o s e d a n d r h o d i u m is fo rmed . F . E . C a r t e r sa id 
t h a t finely-divided r h o d i u m begins t o oxid ize t o b l a c k rhod ic ox ide a t 600° , a n d 
t h a t t h i s ox ide decomposes i n t o t h e m e t a l a n d o x y g e n a t 1150°. L . H o l b o r n 
a n d co-workers showed t h a t t h e m e t a l a c q u i r e s a b lu i sh t a r n i s h b y h e a t - t i n t i n g 
w h i c h is d u e t o o x i d a t i o n ; a n d t h a t t h e s p l u t t e r i n g or vo l a t i l i z a t i on of r h o d i u m 
w h e n h e a t e d in oxidiz ing gases t o 1610° t o 1670° is c o n n e c t e d w i t h t h i s p h e n o m e n o n . 
W . Crookes obse rved n o decrease in w e i g h t a t 900° d u r i n g 8 h r s . , b u t t h e p e r c e n t a g e 
losses i n w e i g h t b y h e a t i n g t h e m e t a l for u p t o 30 h r s . a t 1300° a r e i n d i c a t e d in 
F ig . 5 . Ti. W o h l e r a n d W . Miiller sa id t h a t r h o d i u m is n o t vo la t i l e i n a i r a t 1150°. 
F . C. Ph i l l i p s p l aced t h e p l a t i n u m m e t a l s in t h e o rde r of dec reas ing c a t a l y t i c 
a c t i v i t y : Os , P d , P t , R u , I r , R h , a n d A u in p r o m o t i n g t h e o x i d a t i o n of h y d r o g e n . 
C. S a n d o n n i n i a n d A . Quaglia, a n d H . R e m y a n d co -worke r s s t u d i e d t h e sub j ec t . 
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K . A. H o f m a n n , a n d K . A. H o f m a n n a n d O. Schne ide r f o u n d t h a t t h e c a t a l y t i c 
a c t i v i t y of t h e p l a t i n u m m e t a l s in oxidiz ing h y d r o g e n in t h e p resence of a soln. of 
s o d i u m ch lo ra t e decreases in t h e o rde r P t , R h , R u , P d , A u , Os , I r , Ag . C. F . Schon-
be in obse rved t h a t r h o d i u m b lack t r a n s f o r m s o z o n e i n t o o x y g e n . F . H o p p e -
Seyler , a n d G. K e r n o t a n d F . A r e n a found t h a t t h e c a t a l y t i c a c t i v i t y of r h o d i u m 
b lack t o w a r d s h y d r o g e n dioxide is acce le ra ted b y p o t a s s i u m p e r s u l p h a t e o r pe r -
c a r b o n a t e owing t o t h e f o r m a t i o n of a h igh ly o x y g e n a t e d p r o d u c t m o r e easi ly 
d e c o m p o s e d t h a n h y d r o g e n d iox ide ; p o t a s s i u m pe rch lo ra t e , perchlor ic ac id , a n d 
a m m o n i u m p e r s u l p h a t e r e t a r d t h e ca ta lys i s . T h e r eac t i on w a s s t u d i e d b y 
C. Zenghel is a n d B . P a p a c o n s t a n t i n o u . I . I . Shukoff a n d co-workers , a n d 
G. R . Lev i s t u d i e d t h e sub jec t . H y d r o g e n d iox ide is also decomposed b y col loidal 
r h o d i u m . H . S t . C. Devi l le a n d H . D e b r a y observed t h a t t h e m e t a l is ox id ized 
w h e n h e a t e d w i t h b a r i u m dioxide . E . Leid ie a n d I J . Quennessen found t h a t 
r h o d i u m forms a n inso luble p r o d u c t w h e n fused w i th s o d i u m dioxide. 

O. Ruff obse rved t h a t r h o d i u m is scarce ly a t t a c k e d b y fluorine a t a r e d - h e a t , 
a l t h o u g h J . J . Berze l ius obse rved t h a t w i t h ch lor ine , f inely-divided r h o d i u m 
forms a ch lor ide . A. G u t b i e r a n d A. H u t t l i n g e r found t h a t r h o d i u m begins t o 
r e a c t w i t h chlor ine a t 250° , fo rming t h e t r i ch lo r ide . L.. W o h l e r a n d W . Muller 
said t h e r eac t ion occurs b e t w e e n 300° a n d 968° ; r h o d i u m m o n o - a n d d ich lor ides 
a r e fo rmed b e t w e e n 948° a n d 968°. O. RufE a n d H . K r u g obse rved t h a t ch lor ine 
trifluoride a t t a c k s t h e m e t a l w i t h incandescence . C. F . Schonbe in , a n d E . D e m a r -
c a y n o t e d t h a t r h o d i u m b lack decomposes chlor ine w a t e r , a n d soln. of h y p o ­
chlor i tes , wi th t h e evo lu t ion of oxygen . W . H . W o l l a s t o n obse rved t h a t r h o d i u m 
scarcely dissolves in a n y ac id , b u t T. Wi Im, a n d H . S t . O. Devi l le a n d H . D e b r a y 
found t h a t r h o d i u m b l a c k dissolves in hydrochlor ic ac id in t h e p resence of a i r . 
A. M. Vasileff, a n d C M a t i g n o n obse rved t h a t a m i x t u r e of hydroch lo r i c ac id a n d 
a i r s lowly a t t a c k s r h o d i u m a t 150°. A. G u t b i e r a n d A. H u t t l i n g e r found t h a t 
b r o m i n e r e a c t s w i t h r h o d i u m a t 250°, fo rming a va r i ab l e p r o d u c t — p o s s i b l y p a r t l y 
d i ssoc ia ted t r i b r o m i d e . W . E n g e l h a r d t f ound t h a t i od ine h a s no ac t i on on t h e 
colloid. 

J . J . Berze l ius obse rved t h a t r h o d i u m w h e n h e a t e d in su lphur v a p o u r u n i t e s 
w i t h incandescence , fo rming a su lph ide wh ich decomposes a t a b igh t e m p . 
A. S iever t s a n d E . J u r i s c h sa id t h a t su lphur .dioxide does n o t dissolve i n t h e 
m e t a l ; a n d L . D u p a r c a n d co-workers s t u d i e d t h e a c t i v i t y of t h e c a t a l y s t in t h e 
o x i d a t i o n of s u l p h u r d iox ide . S. F . S c h e m t s c h u s c h n y found t h a t i t dissolves in 
h o t , c o n c e n t r a t e d su lphuric ac id ; a n d L . D u p a r c a n d co-workers , a n d P . W e n g e r 
a n d C. TJrfer n o t e d t h e o x i d a t i o n of s u l p h u r d iox ide w i t h r h o d i u m black as c a t a l y s t . 
G. R . Lievi a n d M. F a l d i n i f ound t h a t t h e p resence of r h o d i u m in a p l a t i n u m 
c a t a l y s t decreases t h e y ie ld i n t h e o x i d a t i o n of s u l p h u r d ioxide , owing, sa id 
S. P a s t o r e l l o , t o t h e f o r m a t i o n of a r h o d i u m oxide . E . Tiede a n d R . P i w o n k a 
s t u d i e d t h e a l u m i n a r h o d i u m p h o s p h o r . S u l p h u r i c ac id h a s no ac t ion on r h o d i u m , 
b u t H . S t . C. Devi l le a n d H . D e b r a y , a n d T. W i I m found t h a t w h e n r h o d i u m b lack 
is t r e a t e d w i t h cone , su lphuric ac id some m e t a l is dissolved. S. F . Schem­
t s c h u s c h n y sa id t h a t h o t , cone , su lphu r i c acid, w i th mechan ica l s t i r r ing , dissolves 
r h o d i u m . W . H . W o l l a s t o n sa id t h a t r h o d i u m is n o t a t t a c k e d b y aqua reg ia , b u t 
T. Wi Im, a n d H . S t . C. Devi l le a n d H . D e b r a y n o t e d t h a t r h o d i u m b lack is in p a r t 
d i sso lved b y a q u a regia ; a n d W . H . W o l l a s t o n found t h a t some r h o d i u m is d is­
solved b y a q u a regia w h e n i t is a l loyed w i t h copper , lead , b i s m u t h , or p l a t i n u m , 
b u t n o t w i t h si lver or gold ; b u t H . Ross le r f ound t h a t r h o d i u m is d issolved from 
gold a l loys w i t h on ly 1 p e r cent , of r h o d i u m . C. Zenghel is a n d B . P a p a c o n s t a n t i n o u 
o b s e r v e d t h a t colloidal r h o d i u m in a lka l ine soln. fo rms a m m o n i a f rom a m i x t u r e 
of h y d r o g e n a n d n i t rogen ; a n d L . D u p a r c a n d co-workers , I . E . Adaduroi f a n d 
B . Schenke l s t u d i e d t h e o x i d a t i o n of a m m o n i a i n t h e p resence of r h o d i u m ; n i trous 
ox ide is r e d u c e d b y h y d r o g e n i n t h e p resence of r h o d i u m b l a c k ; a n d s imi lar ly 
w i t h n i tr ic ox ide . T h e r e d u c t i o n of t he se t w o ox ides was also s t ud i ed b y L. D u p a r c 
a n d co-workers . W . S t r e c k e r a n d M. F . Schur ig in , a n d M. F . Schur ig in could n o t 
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p r e p a r e phosphoch lo r ide s or p h o s p h o b r o m i d e s b y t h e a c t i o n of p h o s p h o r u s p e n t a -
chlor ide or phosphorus pentabromide on s p o n g y r h o d i u m . N . W . F i s c h e r showed 
t h a t r h o d i u m dissolves in fused phosphor ic ac id . W . H . W o l l a s t o n o b s e r v e d t h a t 
r h o d i u m read i ly a l loys w i t h arsen ic , a n d also w i t h b i s m u t h . E . J . R o d e s t u d i e d 
t h e a l loys of r h o d i u m a n d b i s m u t h ; a n d H . Ross le r n o t e d t h e d i r ec t f o r m a t i o n 
of r h o d i u m b i smuth ide , R h B i 4 . E . J . R o d e s t u d i e d t h e s e a l loys . H . Moissan 
found t h a t w h e n r h o d i u m is m e l t e d i n t h e p resence of c a r b o n , a b o u t 7 p e r cen t , 
is d issolved, a n d r e j ec ted a s g r a p h i t e on cool ing. H . W o l b l i n g s t u d i e d t h e a d s o r p ­
t i on of r h o d i u m b y a c t i v a t e d c a r b o n . A . S i eve r t s a n d E . J u r i s c h sa id t h a t carbon 
m o n o x i d e does n o t dissolve in r h o d i u m ; b u t C. Zenghel is a n d B . P a p a c o n s t a n t i n o u 
obse rved t h a t col loidal r h o d i u m a b s o r b s c a r b o n m o n o x i d e t o t h e e x t e n t of 346 
t i m e s t h e vol . of r h o d i u m a t 12° t o 14°, a n d 1820 t i m e s t h a t vo l . a t 60° . L . D u p a r c 
a n d co-workers , a n d E . F i s c h e r a n d co -worke r s s t u d i e d a c t i v i t y of t h e p l a t i n u m 
m e t a l s a s c a t a l y s t s in t h e r e d u c t i o n of c a r b o n m o n o x i d e t o m e t h a n e . K . A. Hof-
m a n n a n d O. Schne ide r f o u n d t h a t t h e c a t a l y t i c a c t i v i t y of t h e p l a t i n u m m e t a l s 
in oxid iz ing c a r b o n m o n o x i d e in t h e p resence of a soln. of s o d i u m c h l o r a t e dec reases 
in t h e o rde r Os, R h , A u , P t , R u , P d , I r , Ag . B . Schenke l obse rved t h a t r h o d i u m 
b lack a c t s c a t a l y t i c a l l y on c a r b o n m o n o x i d e or carbon dioxide , m i x e d w i t h h y d r o g e n , 
a n d m e t h a n e is fo rmed . I J . D u p a r c a n d co -worke r s also s t u d i e d t h e r e d u c t i o n of 
c a r b o n d iox ide w i t h r h o d i u m as c a t a l y s t . A. S i eve r t s a n d E . J u r i s c h n o t e d t h a t 
c a r b o n d iox ide is p r e s e n t a m o n g s t t h e gases occ luded b y r h o d i u m b lack—v ide 
supra. T h e d e c o m p o s i t i o n of hydrocarbons i n p resence of t h e r h o d i u m c a t a l y s t 
w a s s t u d i e d b y T. W i I m , a n d b y F . Myl ius a n d O. H i i t t n e r . A c c o r d i n g t o T. Wi Im, 
t h e a c t i o n of coal ga s on r h o d i u m is q u i t e different f rom t h a t of p a l l a d i u m , for 
u n d e r t h e s a m e c i r c u m s t a n c e s n o t t h e s l igh tes t depos i t i on of c a r b o n t a k e s p lace 
on t h e s ides of t h e c ruc ib le or b u l b - t u b e , a s is t h e case w i t h p a l l a d i u m , b u t i t a p p e a r s 
t o e n t e r i n t o a loose c o m b i n a t i o n w i t h t h e r h o d i u m , w h i c h is l a rge ly i nc reased in 
vol . , a n d a s s u m e s a n a p p e a r a n c e l ike t e a - l eaves , o r t h e c h r o m i c ox ide o b t a i n e d 
b y t h e i gn i t i on of a m m o n i u m c h r o m a t e . O n a d m i t t i n g a i r t o t h e t u b e t h e c o n t e n t s 
beg in t o glow, b u t d o n o t suffer a n y d i m i n u t i o n in vol . ; w h e n t h i s h a s ceased n o 
f u r t h e r c o m b u s t i o n of c a r b o n cou ld be o b s e r v e d o n pas s ing in a c u r r e n t of a i r or 
o x y g e n . O n l y af te r cool ing in o x y g e n a n d t h e n pas s ing in h y d r o g e n does t h e 
g lowing r e c o m m e n c e , b u t sti l l w i t h o u t p r o d u c i n g a n y a l t e r a t i o n in t h e vo l . of t h e 
c o n t e n t s of t h e t u b e . T h e vol . left a f te r t h e a b o v e t r e a t m e n t is e q u a l t o t h r e e 
o r four t i m e s t h a t of t h e o r ig ina l m e t a l , a n d is free f rom c a r b o n . T h e compos i ­
t i o n of t h e m a s s left a f te r t h e a c t i o n of t h e coa l -gas a p p r o x i m a t e s t o R h C . 
F . Myl ius a n d C. H i i t t n e r found t h a t a t 100° r h o d i u m t a k e s u p s u l p h u r f rom c a r b o n 
disulphide . A c c o r d i n g t o H . S t . C. Devi l l e a n d H . D e b r a y , r h o d i u m b l a c k oxid izes 
a l c o h o l i n a lka l ine soln. t o fo rm a c e t a t e a n d h y d r o g e n ; a n d H . S t . C. Devi l l e a n d 
H . D e b r a y , a n d E . Miiller a n d K . Sponse l f o u n d t h a t i t d e c o m p o s e s f o r m i c ac id 
a t o r d i n a r y t e m p , i n t o c a r b o n d i o x i d e a n d h y d r o g e n . T h e r e a c t i o n w a s s t u d i e d 
b y C N . H i n s h e l w o o d a n d B . T o p l e y , P . P i k o s , G. B r e d i g a n d T- B l a c k a d d e r , 
M. B e r t h e l o t , N . D . Ze l in sky a n d N . G l inka , a n d P . S a b a t i e r a n d A. Mai lhe . 
G. F . H i i t t i g a n d E . W e i s s b e r g e r s t u d i e d t h e c a t a l y t i c d e c o m p o s i t i o n of m e t h y l 
a l c o h o l ; E . Miiller a n d K . S c h w a b e s t u d i e d t h e c a t a l y t i c a c t i o n of r h o d i u m i n t h e 
o x i d a t i o n of e t h y l a l coho l ; E . Miiller a n d co -worke r s , P . P i k o s , V. H a a s , a n d 
T . B l a c k a d d e r , f o r m i c ac id ; L.. Tschugaeff , t h e d e c o m p o s i t i o n of f o r m a l d e h y d e ; 
a n d N . D . Ze l insky a n d M. B . T. P o l l a k , t h e h y d r o g e n a t i o n of b e n z e n e . 

W . H . W o l l a s t o n found t h a t r h o d i u m c a n be a l loyed w i t h s o m e of t h e m e t a l s . 
T h u s , P . G. E h r h a r d t o b s e r v e d t h a t a l i t h i u m - r h o d i u m a l loy is h a r d e r t h a n 
r h o d i u m a lone . A c o p p e r - r h o d i u m a l loy w i t h 75 p e r c e n t , of c o p p e r d isso lves 
c o m p l e t e l y i n a q u a regia . O. E . ZujagintseiT a n d B . K . B r u n o v s k y o b s e r v e d t h e 
p resence of r h o d i u m c u p r i d e , R h C u , w i t h a t r a n s i t i o n p o i n t of 1015°, a n d a cub ic 
face-cent red l a t t i c e ; t h e r e m a y also be a r h o d i u m t r i t a c u p r i d e , R h 8 C u . 
J . J . Berze l ius , a n d W . H . W o l l a s t o n p r e p a r e d s i l ver - rhod ium a l l o y s w h i c h 
were c o m p l e t e l y d i s so lved b y a q u a reg ia . H . Ross l e r s a id t h a t r h o d i u m 
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does n o t a l loy w i t h si lver , a n d w h e n r h o d i u m is a d d e d t o m o l t e n si lver , i t 
f loats o n t h e surface a n d on cooling is r ecove red in t h e a m o r p h o u s cond i t ion . 
R . W . D r i e r a n d H . Li. W a l k e r cou ld d e t e c t n o ev idence of t h e so lub i l i ty of 
s i lver in r h o d i u m . W . T r u t h e s t u d i e d t h e b e h a v i o u r of t h e a l loy on cupe l l a t i on . 
W . H . W o l l a s t o n o b s e r v e d ma l l eab le g o l d - r h o d i u m a l loys w i th go ld ( 1 : 4 t o 
1 : 6 ) . T h e r h o d i u m is n o t d isso lved w h e n t h e a l loy is d iges t ed w i th a q u a reg ia . 
H . Ross le r sa id t h a t a r h o d i u m auride is p r o b a b l y fo rmed , a n d t h a t a n a l loy 
c o n t a i n i n g 1 p e r cen t , of r h o d i u m is c o m p l e t e l y soluble in a q u a regia ; a m o l t e n 
m e t a l w i t h 10 pe r cen t , of r h o d i u m furn ishes on cooling f e a t h e r y c rys t a l s of r h o d i u m , 
a n d a l loys st i l l r i cher in r h o d i u m give t h e a m o r p h o u s m e t a l . R . W . Dr i e r a n d 
H . JJ. W a l k e r o b s e r v e d t h a t t h e a l loys c o n t a i n t w o solid soln. T h e gold l a t t i c e 
c o n t r a c t e d a m a x i m u m of 0 0 1 1 A. b y a l loy ing w i t h r h o d i u m , a n d t h i s is t a k e n t o 
r e p r e s e n t a so lub i l i ty of 4-1 a t . p e r cen t , of r h o d i u m in gold. L ikewise t h e edge 
of u n i t cell of r h o d i u m e x p a n d e d a m a x i m u m of 0-003 A. , showing t h a t t h e so lubi l i ty 
of gold in r h o d i u m is n e a r 1-5 a t . p e r c e n t . W . T r u t h e s t u d i e d t h e b e h a v i o u r of 
t h e a l loy on cupe l l a t i on . J . O. L i n d e s t u d i e d t h e a t o m i c res i s tance . A. M. de R i o 
found t h a t some a n a l y s e s of gold ores , of sp . gr . 15-5 t o 16-8, in t h e aur i fe rous 
s a n d s of Co lombia , a n d Braz i l , s h o w e d t h e p resence of 34 t o 43 pe r cen t , of r h o d i u m , 
a n d w a s hence cal led rhodiutngold. M. A d a m cal led t h e m i n e r a l rhodi te . O. F . de 
L a n d e r o descr ibed t h e Mex ican g o l d - r h o d i u m ores . 

H . S t . C. Devi l le a n d H . D e b r a y , a n d H . D e b r a y f o u n d t h a t r h o d i u m dissolves 
in m o l t e n z inc a t a dul l r e d - h e a t , a n d t h a t w h e n t h e z i n c - r h o d i u m a l loy is t r e a t e d 
wi th hyd roch lo r i c ac id t o r e m o v e t h e excess of z inc , H . D e b r a y obse rved t h a t t h e r e 
r e m a i n s a c rys ta l l ine p o w d e r of r h o d i u m diz inc ide , R h Z n 2 . A. J . B r a d l e y , 
U . Deh l inger , a n d W . E . S e h m i d d iscussed t h e X - r a d i o g r a m s of r h o d i u m 
zincide , R h 5 Z n 2 I . R h o d i u m also a l loys w i t h m o l t e n t i n , a n d w h e n t h e excess 
of t i n is r e m o v e d b y h y d r o c h l o r i c ac id f rom t h e t i n - r h o d i u m a l l o y , t h e r e 
r e m a i n s r h o d i u m tr i s tannide , R h S n 3 . W . H . W o l l a s t o n obse rved t h a t a l e a d -
r h o d i u m a l loy w i t h 75 p e r cen t , of l e a d is c o m p l e t e l y soluble in a q u a regia . 
W . C R o b e r t s - A u s t e n o b s e r v e d t h a t r h o d i u m diffused in lead a t 550° a t t h e r a t e 
of 3-035 g r m s . pe r sq. cm. p e r d a y , or 3-15 X l O - 1 g r m . p e r sec. H . D e b r a y found 
t h a t a l loys w i t h 2 or 3 p e r c e n t , of lead a re a t t a c k e d b y dil . n i t r i c ac id , a n d t h e n 
leave a c rys ta l l ine res idue of r h o d i u m dip lumbide , R h P b 2 . A. Schulzc s t ud i ed 
t h e t he rmoe lec t r i c p r o p e r t i e s of r h o d i u m - r h e n i u m a l l o y s ; a n d F . Beck , t h e 
e t c h i n g of t h e a l loys . J . S t o d a r t a n d M. F a r a d a y p r e p a r e d i r o n - r h o d i u m a l loys , 
a n d found t h a t t h e 1 : 1 -al loy of i ron or r a t h e r s teel h a s a sp . gr . 9*176, a n d does 
n o t t a r n i s h in a i r , so t h a t a po l i shed surface c a n be e m p l o y e d as a m e t a l - m i r r o r ; 
a 1 : 50 t o ICK) a l loy is h a r d a n d m o d e r a t e l y t o u g h a n d requ i res a t e m p . 39° h ighe r 
t h a n t h a t r e q u i r e d for t e m p e r i n g o r d i n a r y s teel . S o m e meta l lu rg ica l , a n d mechan ica l , 
a n d p h y s i c a l p r o p e r t i e s of t he se a l loys were d e t e r m i n e d b y R . A. Hadf ie ld . 
N . Agecff a n d M. Z a m o t o r i n s t u d i e d t h e diffusion of r h o d i u m in steel ; J . W. Greig 
a n d co-workers , t h e ac t i on of i ron oxides on r h o d i u m ; a n d F . Wever , t h e effect 
of r h o d i u m on t h e t r a n s i t i o n p o i n t s of i ron . H . R e m y a n d H . Gdn i i ing ton 
s t u d i e d t h e c a t a l y t i c effect of t h e i r o n - r h o d i u m al loys , a n d also of t h e CObalt-iron 
a l l o y s a n d of t h e n i c k e l - i r o n a l loys . H . R e m y a n d co-workers found t h a t t h e 
r u t h e n i u m - r h o d i u m a l l o y s a re very a c t i v e c a t a l y s t s in t h e r eac t i on b e t w e e n 
h y d r o g e n a n d o x y g e n even t h o u g h r h o d i u m a lone is on ly s l igh t ly ac t ive , a n d 
r u t h e n i u m a lone is i n a c t i v e . 

E . T iede a n d R . P i w o n k a s t u d i e d t h e a l u m i n a r h o d i u m phosphors . J . J . Ber -
zelius showed t h a t m o l t e n p o t a s s i u m hydrosu lphate a t t a c k s t h e m e t a l a t a dull 
r e d - h e a t , f o rming a soluble s u l p h a t e , a n d t h i s r e a c t i o n c a n be ut i l ized in s e p a r a t i n g 
r h o d i u m a n d i r id ium. J . J . Berze l ius a lso found t h a t t h e m e t a l is ox id ized w h e n 
heated to redness with a mixture of potassium hydroxide and nitrate. H. Weisz 
o b s e r v e d t h a t r h o d i u m c a n se rve as nucle i in t h e so la r i za t ion of s i lver bromide films. 
E . T iede a n d H . L u d e r s s t u d i e d t h e effect of r h o d i u m on l u m i n e s c e n t a l u m i n a . 

Some reactions of analytical interest.—A soln. of sodium chloroperrhodite 
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w i t h h y d r o g e n sulphide i n t h e cold s lowly fo rms a b r o w n p r e c i p i t a t e of r h o d i u m 
sesqu i su lph ide ; t h e p r e c i p i t a t i o n occurs m o r e r a p i d l y w i t h w a r m soln. T h e p r e ­
c i p i t a t e is insoluble in a soln. of a m m o n i u m su lph ide , b u t so luble in boi l ing n i t r i c 
ac id , in a q u a regia , or i n b r o m i n e w a t e r . A d a r k b r o w n p r e c i p i t a t e of a lka l i 
r h o d i u m su lph ide is p r o d u c e d b y a lkal i su lphide , a n d i t is d e c o m p o s e d b y w a t e r . 
A t first, n o p r e c i p i t a t e is p r o d u c e d b y p o t a s s i u m or s o d i u m hydroxide , b u t o n 
s t a n d i n g s o m e t i m e a yel low p r e c i p i t a t e of R h ( O H ) 3 . H 2 O s e p a r a t e s o u t . T h e 
p r e c i p i t a t e is soluble i n a n excess of a lka l i lye , a n d t h e soln. depos i t s d a r k b r o w n 
R h ( O H ) 3 w h e n boiled. A soln. of p o t a s s i u m s u l p h a t e p e r r h o d i t e gives a p r e c i p i t a t e 
i m m e d i a t e l y on a d d i n g p o t a s h lye ; a n d a soln. of r h o d i u m t r i ch lo r ide g ives a t 
first n o p r e c i p i t a t e w i t h p o t a s h lye , b u t on a d d i n g a lcohol , t h e d a r k b r o w n h y d r o x i d e 
is p r e c i p i t a t e d . A q . a m m o n i a p r o d u c e s in cone, soln. , af ter s t a n d i n g some t i m e , 
a yel low p r e c i p i t a t e of t h e c h l o r o p e n t a m m i n o c h l o r i d e soluble in hyd roch lo r i c ac id . 
W h e n p o t a s s i u m nitrite is w a r m e d w i t h a soln. of s o d i u m ch lo rope r rhod i t e a 
s p a r i n g l y soluble , o range-ye l low p o t a s s i u m h e x a n i t r i t o p e r r h o d i t e is p r e c i p i t a t e d ; 
t h e p r e c i p i t a t e is so luble in hyd roch lo r i c ac id . W h e n boi led w i t h s t a n n o u s 
Chloride, a b r o w n colloidal soln. is fo rmed which deve lops a fine c r imson—reca l l ing 
p u r p l e of Cassius . W . S ing le ton r e c o m m e n d e d t h e r e a c t i o n w i t h s t a n n o u s ch lor ide 
a s a t e s t . B lack , me ta l l i c r h o d i u m is p r e c i p i t a t e d b y z i n c in acidic soln. b y f ormic 
ac id ; a n d hydraz ine su lphate or hydraz ine hydrate in a lka l ine soln. , b u t n o t i n 
ac id ic soln. AU solid r h o d i u m c o m p o u n d s a re r e d u c e d t o r h o d i u m w h e n h e a t e d 
in a c u r r e n t of hydrogen . 

V. N . Ivanoff 2 ob se rved t h a t t h i o c y a n a t e s g ive a b l a c k p r e c i p i t a t e w i t h 
r h o d i u m sa l t s . V. G. Chlop in found t h a t benz id ine g ives w i t h sa l t s of t e r v a l e n t 
r h o d i u m a rose-yel low p r e c i p i t a t e ; J . H . Y o e , t h a t a b rown i sh - r ed p r e c i p i t a t e 
is produced with ammonium aurintricarboxylate. 

P h y s i o l o g i c a l a c t i o n of r h o d i u m . — O . C. G m e l i n 3 sa id t h a t t h e t o x i c a c t i o n 
of r h o d i u m sa l t s comes b e t w e e n t h o s e of p l a t i n u m a n d p a l l a d i u m . 

S o m e u s e s of r h o d i u m . — G . K . Burges s a n d co-workers 4 showed t h a t r h o d i u m 
stiffens l a b o r a t o r y p l a t i n u m cruc ib les , a n d i t t e n d s t o r e d u c e t h e loss b y vola t i l i za­
t i o n a b o v e 900°, so t h a t b e s t q u a l i t y p l a t i n u m crucib les " wou ld be p l a t i n u m 
c o n t a i n i n g 3 t o 5 p e r cen t , of r h o d i u m , p r ac t i c a l l y free f rom i ron a n d i r i d ium, a n d 
c o n t a i n i n g no o t h e r d e t e c t a b l e i m p u r i t i e s . " These cruc ib les shou ld be c h e a p e r 
a n d l igh te r t h a n o r d i n a r y p l a t i n u m crucib les . W . Crookes d iscussed s o m e a d v a n ­
t a g e s of r h o d i u m crucib les . H . Ie Chate l ie r , a n d R . B . S o s m a n e m p l o y e d t h e 
r h o d i u m p l a t i n u m al loy for t h e r m o c o u p l e s ; I . W e s t e r m a n n , for l a b o r a t o r y res is t ­
ance furnaces ; a n d G. T r o m e l a n d !F. W e v e r , for c rucib les for i n v e s t i g a t i n g ox ides a t 
h igh t e m p . R h o d i u m is also e m p l o y e d a s a finish for reflectors, a n d also for t h e 
p r o t e c t i o n of s i lverware f rom t a r n i s h . R h o d a n i z e d s i lver is sold i n j ewel le ry 
s to res in t h e U n i t e d S t a t e s . G. F . C. F r i c k r ecommendeoLrhod ium-b lack a s a b l ack 
for p o t t e r y p a i n t i n g , b u t n o p a r t i c u l a r use h a s been m a d e of t h e sugges t ion . 
G. W o k e r discussed t h e use as a c a t a l y t i c agen t . 
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§ 5. The Atomic Weigh t and Valency of Rhodium 
The equivalent weight of rhodium is about 51-5, making the at . wt. of rhodium 

about 103, if rhodium is bivalent in harmony with the ill-defined monoxide, and 
with the dichloride. H . Reihlen and W. H u h n 1 discussed bivalent rhodium 
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su lph i t e s . L . W o h l e r a n d W . Muller r e p o r t e d b o t h t h e s e c o m p o u n d s , a n d also 
p r o d u c t s co r re spond ing -with univalent r h o d i u m , n a m e l y , R h C l , a n d R h 2 O . 
R h o d i u m is tervalent in t h e t r i f luor ide , t h e t r i ch lo r ide , a n d in t h e h e m i t r i o x i d e . 
T h e t e r v a l e n c y is conf i rmed b y t h e a n a l o g y b e t w e e n t h e i s o m o r p h o u s K 8 R h C y 6 , 
a n d t h e co r r e spond ing c o m p o u n d s of coba l t , i ron , a n d c h r o m i u m ; a n d b e t w e e n 
t h e r h o d i u m a n d a l u m i n i u m a l u m s . T h e e l e m e n t is quadrivalent i n t h e d iox ide , 
R h O 2 - T h e sub jec t w a s d iscussed b y H . K a u f f m a n n , a n d T . M. L o w r y ; t h e 
r e l a t ions of t h e a t . w t s . , b y M. G e r b e r ; a n d t h e s t e r e o c h e m i s t r y of r h o d i u m sa l t s , 
b y F . G. M a n n , A . W e r n e r , E . Leid ie , F . M. J a g e r , C. E . W o o d a n d S. D . Nico las , 
a n d C. J . Dippe l l a n d F . M. J a g e r . 

T h e v a l u e 103 for t h e a t . w t . of r h o d i u m is i n a p p r o x i m a t e h a r m o n y w i t h t h e 
sp . h t . ru le ; w i t h t h e i s o m o r p h o u s ru le for t h e coba l t i c , ferric, a n d a l u m i n i u m 
a l u m s ; a n d w i t h t h e per iod ic l aw in t h a t t h e p r o p e r t i e s of r h o d i u m a re b e t w e e n 
t hose of coba l t a n d i r i d ium, a n d b e t w e e n t h o s e of r u t h e n i u m a n d p a l l a d i u m . 
J . J . Berze l ius 2 o b t a i n e d va lue s r a n g i n g f rom 103 t o 106 for t h e a t . w t . of i m p u r e 
spec imens of r h o d i u m ; t h e r e su l t s were based o n ana ly se s of s o d i u m a n d p o t a s s i u m 
ch lo rope r rhod i t e s . T. T h o m s o n also o b t a i n e d 110-9 f rom a n ana lys i s of t h e s o d i u m 
ch lo rope r rhod i t e . C. Claus a d o p t e d 104*4, b u t m e t h o d s for pur i fy ing t h e e l e m e n t 
sa t i s fac tor i ly were t h e n u n k n o w n . R . B u n s e n , for i n s t a n c e , showed t h a t i r i d i u m 
m u s t h a v e been assoc ia ted w i t h t h e ea r ly spec imens of r h o d i u m . 

S. M. J o r g e n s e n r e d u c e d r h o d i u m c h l o r o p e n t a m m i n o c h l o r i d e i n a s t e a m of 
h y d r o g e n , a n d f rom t h e r a t i o [ R h ( N H 3 ) 5 C l ] C l 2 : R h , c a l c u l a t e d for t h e a t . w t . 
103-06 ; K . S e u b e r t a n d K . K o b b e s imi la r ly o b t a i n e d 102-92 ; A. H i i t t l i nge r , 
102-93 ; a n d H . D i t t m a r , 102-91. S. M. J o r g e n s e n d e t e r m i n e d t h e r a t i o 
LRh(NHg) 5 Br]Br 2 : R h , a n d ca l cu la t ed 102-97 for t h e a t . w t . ; a n d C. R e n z l ikewise 
o b t a i n e d 102-90. S. M. J o r g e n s e n d e t e r m i n e d t h e r a t i o [ R h ( N H 3 ) 5 B r J B r 2 : 2AgBr , 
a n d c a l c u l a t e d 103-14 ; a n d K . S e u b e r t a n d K . K o b b e ca l cu l a t ed 103-13 f rom t h e 
r a t i o [ R h ( N H 3 ) 5 C l JCl2 : AgCl. T h e bes t r e p r e s e n t a t i v e v a l u e g iven b y t h e 
J n t e r n a t i o n a l C o m m i t t e e on A t o m i c W e i g h t s for 1931 is 102-9. 

T h e a t o m i c n u m b e r of r h o d i u m is 45 . A. J . D e m p s t e r , 3 F . W . As ton , a n d 
F . Al l ison a n d E . J . M u r p h y obse rved t h a t r h o d i u m h a s one i so tope ; b u t 
F . W . A s t o n n o t e d t h a t t h e r e a r e p r o b a b l y t w o i so topes of a t . masses 185 a n d 
187, occur r ing in t h e p e r c e n t a g e a b u n d a n c e s 38 a n d 62 , r e spec t ive ly . J . H . B a r t l e t t 
s t u d i e d t h e subject—-see p a l l a d i u m . T h e e l ec tronic s tructure , a c c o r d i n g t o 
N . B o h r , a n d E . C. S tone r , is (2) for t h e /iT-shell ; (2, 2, 4) for t h e Z-shel l ; 
(2, 2, 4, 4, 6) for t h e itf-shell ; (2, 2, 4, 4, 3) for t h e iV-shell ; a n d (2) for t h e 
O-shell. T h e sub jec t w a s s t u d i e d b y H . P e r l i t z , P . D . F o o t e , W . H u l m e -
R o t h e r y , H . L e r s h e i m a n d R . S a m u e l , H . J . W a l k e , H . Schu le r a n d T. S c h m i d t , 
a n d S. K a t o . N e i t h e r E . R u t h e r f o r d a n d J . C h a d w i c k , n o r H . P e t t e r s s o n a n d 
Gr. K i r s c h h a v e obse rved t h e a t o m i c disrupt ion of r h o d i u m b y b o m b a r d m e n t w i t h 
t h e a - r a y s . 

R E F E R E N C E S . 

1 C. J . Dippell and F . M. J age r , Rev. Trav. Chim. Pays-Bas, 50. 547, 1931 ; M. Gerber , 
Chem. News, 43. 242, 1881 ; F . M. J a g e r , ib., 88. 18O, 262, 1919 ; H. Kauffmann, Die Valenzlehre, 
S t u t t g a r t , 261, 1911 ; E . Leidie, Ann. Chim. Phys., (6), 17. 307, 1889 ; T. M. Lowry , Journ. 
Soc. Chem. Ind.—Chem. Ind., 46. 79, 103, 1927 ; F . G. Mann , Nature, 130. 368, 1932 ; H . Reihlen 
a n d W. Hi ihn , Zeit. anorg. Chem., 214. 189, 1933 ; A. Werner , Ber., 45 . 1228, 1912 ; 47. 1954, 
1915 ; L. Wohler a n d W. Muller, Zeit. anorg. Chem., 149. 125, 1925 ; C. E . Wood a n d 
S. D. Nicolas, Journ. Chem. Soc, 1712, 1727, 1928. 

2 J . J . Berzelius, Pogg. Ann., 18. 435, 527, 1928 ; Acad. Handl. Stockholm, 25 , 1828 ; Phil. 
Mag., (2), 5. 395, 1829 ; (2), 6. 146, 1829 ; R. Bunsen , Liebig's Ann., 146. 265, 1868 ; Chem. 
News, 21. 39, 1870 ; Phil. Mag., (4), 86. 253, 1868 ; C. Claus, Beitrage zur Chemie der Platin-
metalle, D o r p a t , 1847 ; H . D i t t m a r , Das Atomgewicht des Rhodiums, E r l angen , 1910 ; Sitzber. 
Phys. Med. Soz. Erlangen, 40. 184, 1909 ; A. Hu t t l i nge r , ib., 89. 1, 1907 ; S. M. Jo rgensen , 
Journ. prakt. Chem., (2), 27. 486, 1883 ; C. Renz , Das Atomgewicht des Rhodiums, E r l angen , 
1910 ; K . Seuber t , Liebig's Ann., 261. 272, 1891 ; K . Seuber t a n d K . K o b b e , ib., 260. 314, 
1890 ; T. Thomson.. Ann. Phil., (2), 2. 17, 1926 ; Ann. Mines, (1), 12. 326, 1826 ; Schweigger's 
Journ., 47. 55, 1826. 



R H O D I U M 5 6 9 

8 F . Allison a n d E . J . Murphy , Phys. Rev., (2), 36. 1097, 1930 ; F . W . Aston , Nature, 126. 
913, 1930 ; 127. 233, 591, 1931 ; Proc. Boy. Soc, 132. A, 487, 1931 ; 149. A, 396, 1935 ; 
J . H . B a r t l e t t , Phys. Rev., (2), 45. 847, 1934;* N . Bohr , Nature, 112. Suppl . , 1 9 2 3 ; Zeit. Physik, 
9. 1, 1922 ; A. J . Demps te r , Nature, 185. 993, 1935 ; P . D . F o o t e , Trans. Amer. Inst. Min. 
Eng., 73 . 628, 1926 ; H . Lersheim a n d R. Samuel , Zeit. Physik, 42. 614, 1927 ; S. K a t o , Bull. 
Inst. Phys. Chern. Besearch Tokyo, 13. 53 , 1930; H . J . Walke , ib., (7), 17. 1176, 1934 ; (7), 18. 
154, 1934 ; (7), 19. 33 , 1935 ; H . Per l i tz , Metallwirtschaft, 12. 103, 1932 ; H . Pe t te rsson a n d 
G. KLirsch, Atomzertrilmmerung, Leipzig, 1926 ; W. H u l m e - R o t h e r y , Phil. Mag., (7), 10. 217, 
1930 ; E . Ru ther fo rd a n d J . Chadwick, Nature, 107. 4 1 , 1921 ; Proc. Phys. Soc, 36. 417, 1924 ; 
Phil. Mag., (6), 42. 812, 1921 ; E . Ru the r fo rd , J . Chadwick a n d C. D. Ellis, Badiations from 
Badioactive Substances, Cambr idge , 1 9 3 0 ; E . C. Stoner , Phil. Mag., (6), 48. 719, 1924 ; 
C. D. Nivon, Phil. Mag., (7), 3 . 1314, 1927 ; H . Schiiler a n d T. Schmidt , Naturwiss., 22. 838, 1934. 

§ 6. The Oxides of Rhodium 
A c c o r d i n g t o J . J . !Berzelius,1 a n d T . W i I m , w h e n r u t h e n i u m is h e a t e d t o b r i g h t 

r ednes s in c o n t a c t w i t h a i r , t h e r e is a r a p i d inc rease in we igh t un t i l r h o d i u m 
m o n o x i d e , R h O , is fo rmed . T h e increase in we igh t t h e n p roceeds m o r e slowly 
un t i l t h e p r o d u c t c o n t a i n s !Rh 5O 6 . A c c o r d i n g t o C. Claus , t hese p r o d u c t s a re 
m i x t u r e s of t h e h e m i t r i o x i d e a n d m e t a l , a n d he o b t a i n e d a n ana logous c o m p o u n d 
b y h e a t i n g t h e h y d r a t e d h e m i t r i o x i d e t o dul l r e d n e s s ; a n d H . St . C. Devi l le a n d 
H . D e b r a y , b y cupel l ing a t a w h i t e h e a t a n a l loy of r h o d i u m a n d lead . K. Leidie 
w a s u n a b l e t o o b t a i n p r o d u c t s of c o n s t a n t compos i t i on e i the r b y r o a s t i n g t h e 
m e t a l , or b y d e c o m p o s i n g t h e h e m i t r i o x i d e . T h e g rey p r o d u c t o b t a i n e d a t a 
g iven t e m p , gives off o x y g e n if t h e t e m p , is ra i sed , a n d ga ins o x y g e n if t h e t e m p , 
is lowered . H e n c e , E . Le id ie w a s u n a b l e t o confirm t h e ex i s tence of r h o d i u m 
m o n o x i d e . A . G u t b i e r a n d co-workers o b s e r v e d t h a t t h e p r o d u c t o b t a i n e d a t 
t e m p , b e t w e e n 600° a n d 1000° is a l w a y s t h e h e m i t r i o x i d e , a n d t h a t t h e r a t e of 
o x i d a t i o n increases r a p i d l y w i t h t e m p , a s i n d i c a t e d in c o n n e c t i o n w i t h t h e a c t i o n 
of o x y g e n on r h o d i u m — v i d e supra. T h e so-called m o n o x i d e is a m i x t u r e of h e m i ­
t r i o x i d e a n d m e t a l . T h i s p r o d u c t , sa id E . Leid ie , is insoluble in all t h e c o m m o n 
ac ids , a n d in a q u a reg ia . F . M. J a g e r d i scussed t h e sp . h t . L . W o h l e r a n d 
W . Miiller obse rved t h a t in t h e d i s soc ia t ion of r h o d i u m h e m i t r i o x i d e p r e p a r e d b y 
h e a t i n g t h e t r i ch lo r ide in o x y g e n a t a t e m p , exceed ing 750°, b o t h r h o d i u m 
m o n o x i d e , R h O , a n d r h o d i u m h e m i o x i d e , R h 2 O , a r e fo rmed . T h e p r o d u c t s c a n 
be s e p a r a t e d b y l ev iga t ion . T h e v a p . p ress , c u r v e s show t h a t a t a t m . press . , in 
o x y g e n , t h e h e m i t r i o x i d e decomposes a t 1113°, t h e m o n o x i d e a t 1121°, a n d t h e 
h e m i o x i d e a t 1127°. F . M. J a g e r d i scussed t h e sp . lit . L . W o h l e r a n d co-workers 
found t h e mol . h t . of R h 2 O t o be C = I 7 - 3 5 5 + 0 0 0 6 4 70, a n d for R h O , 
C= 1 1 - 3 5 1 + 0 0 0 5 5 3 0 ; a n d t h e co r r e spond ing h e a t s of f o r m a t i o n , 22-70 CaIs. a n d 
21-72 CaIs. r e spec t ive ly . I J . W o h l e r a n d N . J o c h u m gave for t h e h e a t of 
f o r m a t i o n of R h 2 O , 22-7 CaIs. ; a n d for R h O , 21-72 CaIs. 

J . J . Be rze l iu s m e n t i o n s s o m e o t h e r p r o d u c t s bes ides R h 5 O 6 or 3KIiO-I3Ih2O3 , n a m e l y , 
R h 4 O 5 o r 2 R h O . H h 2 O 3 , o b t a i n e d a s a h y d r a t e b y t h e a c t i o n of bo i l ing p o t a s h lye o n t h e 
4 : 5 ch lo r ide ; a n d Rh s O J 1 L o r 2 R h O - S I t 2 O 3 , o b t a i n e d a s a h y d r a t e ~hy t h e a c t i o n of a n 
excess of s o d i u m c a r b o n a t e a n d p o t a s s i u m e h l o r o p e r r h o d i t e a t a r e d - h e a t . T h e r e i s 
n o t h i n g h e r e t o s h o w t h a t t h e s e p r o d u c t s a r e c h e m i c a l i n d i v i d u a l s . E . L e i d i e o b s e r v e d 
t h a t if t h e h y d r a t e d h e m i t r i o x i d e is h e a t e d t o r e d n e s s , t h e r e is f o r m e d a p r o d u c t co r r e ­
s p o n d i n g w i t h rhodium tritatetroxide, Rh 3 O 4 -—rhod ium perrhodite, R h ( R h O j ) 2 . I t i s 
i n so lub le in ac id s a n d a lka l i lye ; a n d is r e d u c e d t o m e t a l w h e n h e a t e d in h y d r o g e n . 

C. Claus , a n d J . J . Berze l ius r e p o r t e d r h o d i u m h e m i t r i o x i d e , R h 2 O 3 , o r 
r h o d i u m sesquioxide , t o be f o r m e d b y t h e a c t i o n of h e a t o n t h e h y d r a t e . T h e 
w a t e r is r e t a i n e d w i t h g r e a t t e n a c i t y , a n d r equ i r e s a n h o u r ' s i gn i t ion t o d r ive i t 
off ; n o o x y g e n is g iven off d u r i n g t h e d e h y d r a t i o n . C. Claus p r e p a r e d t h i s oxide 
b y r o a s t i n g t h e n i t r a t e ; a n d E . F r e m y , b y ox id iz ing t h e t r i ch lo r ide in oxygen , 
o r b y p o t a s s i u m n i t r a t e or ch lo ra t e . L . W o h l e r a n d W . Miiller p r e p a r e d t h e h e m i ­
t r i o x i d e b y h e a t i n g r h o d i u m t r i ch lo r ide in o x y g e n a t a b o u t 800° . L . W o h l e r a n d 
N . J o c h u m g a v e for t h e mol . h t . of R h 2 O 3 , C = 24 -504+0-013800 , a n d t h e h e a t of 
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f o r m a t i o n , 68-30 CaIs. Accord ing t o A . G u t b i e r a n d co-workers , w h e n r h o d i u m 
is h e a t e d in a i r or oxygen , b e t w e e n 600° a n d 1000°, r h o d i u m h e m i t r i o x i d e is f o r m e d 
as a g rey ish-b lack p o w d e r wh ich , a cco rd ing t o W . Zacha r i sen , G. L u n d e , a n d 
V. M. Go ldschmid t a n d W . Zachar i sen , h a s a r h o m b o h e d r a l l a t t i c e w i t h a—5-47 A. , 
a n d <x=55° 40 ' , a n d mol . vol . , 52 -1 . A. G u t b i e r a n d co-workers o b s e r v e d t h a t t h e 
ox ide decomposes i n t o o x y g e n a n d r h o d i u m a b o v e 1150°. L . W o h l e r a n d W . Miiller 
found t h e v a p . p ress . , p m m . , t o b e : 

772° 920° 1060° 1100° 1112° 1115° 
<p . . 1 4 5 4 4 0 6 66O 75O 7 6 0 m m . 

F . M. J a g e r d iscussed t h e sp . h t . G. K r o g e r s t u d i e d t h e t h e r m a l d issoc ia t ion of 
t h e ox ide . M. Ie B l a n c a n d H . Sachse f o u n d t h e e lectr ical c o n d u c t i v i t y of r h o d i u m 
oxide is smal l . A. N . G u t h r i e a n d L . T . B o u r l a n d found t h a t t h e p a r a m a g n e t i c 
suscep t ib i l i ty is i n d e p e n d e n t of t e m p . S. Pa s to r e l l o f o u n d t h e h e m i t r i o x i d e is 
s t ab l e in a c u r r e n t of s u l p h u r d iox ide a t t e m p . 450°, b u t b e y o n d t h i s , t h e ox ide is 
r e d u c e d t o m e t a l . H e a t t r i b u t e d t h e dec reas ing c a t a l y t i c a c t i v i t y of p l a t i n u m 
c o n t a i n i n g r h o d i u m t o t h e f o r m a t i o n of a sesquioxide—v ide i r i d i u m d iox ide . 
C. Claus obse rved t h a t t h e p r o d u c t is inso luble in ac ids a n d in a q u a regia , a n d i t 
is r educed b y h y d r o g e n a t a dul l r e d - h e a t , or , if t h e ox ide be in a v e r y fine s t a t e of 
subd iv i s ion , a t o r d i n a r y t e m p . 

Accord ing t o J . J . Berzel ius , w h e n finely-divided r h o d i u m , m i x e d w i t h p o t a s s i u m 
h y d r o x i d e a n d n i t r a t e , is h e a t e d , i t d e t o n a t e s s l ight ly , t a k e s fire, a n d swells u p t o 
a b r o w n m a s s of p o t a s s i u m p e r r h o d i t e . W a s h i n g w i t h w a t e r e x t r a c t s m o s t of t h e 
a lka l i , a n d t h e r e r e m a i n s t h e monohydrate, R h 2 O 3 - H 2 O , c o n t a m i n a t e d w i t h some 
a lka l i . T h e p r o d u c t m a y be d iges ted w i t h hyd roch lo r i c ac id , a l i t t le ch lo r ine m a y 
be evo lved owing t o t h e p resence of a l i t t l e a lkal i n i t r a t e , a n d w a s h e d w i t h w a t e r . 
J . J . Berze l ius also o b t a i n e d t h i s h y d r a t e b y e v a p o r a t i n g t o d r y n e s s a n aq . soln. 
of t h e a lka l i c h l o r o p e r r h o d i t e w i t h a n excess of a lka l i c a r b o n a t e . T h e c lear 
m i x t u r e g r a d u a l l y opacifies a n d becom es ge l a t i nous . I t is t h e n w a s h e d w i t h w a t e r . 
C. Claus o b t a i n e d t h e pentahydrate, R h 2 O 3 - S H 2 O , a s a p r e c i p i t a t e b y a d d i n g n o t 
t o o la rge a p r o p o r t i o n of a lkal i lye t o a soln . of a r h o d i u m s a l t — s a y t h e t r i ch lo r ide . 
W h e n t h e red l iquor is a l lowed t o s t a n d , i t depos i t s a rose- red p r e c i p i t a t e cons i s t ing 
of t h e p e n t a h y d r a t e a n d some u n c h a n g e d r h o d i u m sa l t . T h e rose- red co lour of 
t h e p r e c i p i t a t e g r a d u a l l y c h a n g e s t o yel low, a n d i t is t h e n well w a s h e d . E . Le id ie 
a d d e d t h a t t h e s u l p h a t e shou ld n o t be e m p l o y e d because i t fo rms a bas ic s u l p h a t e 
a n d n o t t h e h e m i t r i h y d r a t e . C. Claus also descr ibed a trihydrale, R h 2 O 3 . 3 H 2 O , 
or r h o d i u m tr ihydroxide, R h ( O H ) 3 ; t h e n a t u r e of t he se h y d r a t e s h a s n o t been 
e s t ab l i shed . 

Accord ing t o C. Claus , a n d J . J . Berze l ius , h y d r a t e d r h o d i u m h e m i t r i o x i d e is 
a l emon-ye l low p o w d e r , wh ich a l w a y s r e t a i n s a t r a c e of t h e a lka l i e m p l o y e d a s 
p r e c i p i t a n t , a n d a p ro longed w a s h i n g w i t h dil . acid does n o t r e m o v e all t h e a lka l i . 
W h e n t h e h y d r a t e d ox ide is h e a t e d , i t loses w a t e r a n d o x y g e n , fo rming a b l a c k 
p o w d e r wh ich C. Claus a s s u m e d t o be t h e a n h y d r o u s h e m i t r i o x i d e , b u t E . Le id ie ' s 
ana ly se s c o r r e s p o n d e d w i t h R h 3 O 4 . F r e s h l y - p r e c i p i t a t e d h y d r a t e of r h o d i u m 
h e m i t r i o x i d e w a s found b y C. Claus t o d issolve in cone , p o t a s h lye , a n d t o b e 
p r e c i p i t a t e d aga in w h e n t h e soln. is d i l u t e d w i t h w a t e r ; b u t if ch lor ine be pa s sed 
t h r o u g h t h e soln. a d a r k g reen , ox id ized p r e c i p i t a t e is fo rmed . T h e c o m p o s i t i o n 
of t h e p r ec ip i t a t e is u n c e r t a i n , a n d C. Claus found i t t o be r o u n d a b o u t R h 3 O 5 , o r 
R h 2 O 3 - R h O 2 . T h e f r e sh ly -p rec ip i t a t ed h y d r a t e a lso dissolves r e a d i l y i n t h e 
o r d i n a r y m i n e r a l a n d o rgan ic ac ids , a n d less r ead i ly in cone , bor ic , p h o s p h o r i c , 
a n d t a r t a r i c ac ids . F . B u l l n h e i m e r sa id t h a t r h o d i u m is r e d u c e d t o m e t a l b y 
g lycerol . A soln. of t h e f r e sh ly -p rec ip i t a t ed h y d r a t e in s u l p h u r o u s ac id fu rn i shes 
a w h i t e , c rys t a l l i ne m a s s of rhodium sulphite, R h 2 ( S 0 3 ) 3 . 6 H 2 0 . T h e o r d i n a r y 
sa l t s of r h o d i u m a r e de r ived f rom t h i s ox ide . T h e soln. of t h e h y d r o x i d e in a lka l i 
lye w a s a s s u m e d b y J . J . Berze l ius , a n d b y H . V. Col le t -Descot i l s t o c o n t a i n 
alkali perrhodite, 
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S. M. J o r g e n s e n o b t a i n e d r h o d i u m h e x a m m i n o h y d r o x i d e , [ E h ( N H 3 ) 6 ] ( O H ) 3 , 
b y a d d i n g moi s t s i lver ox ide t o a soln. of t h e ch lo r ide . T h e l iqu id is s t r o n g l y 
a lka l ine , a n d w i t h ac ids fo rms sa l t s of t h e h e x a m m i n e . S. M. J o r g e n s e n also 
prepared rhodium aquopentamminohydroxide, [Rh(NHg)5(H2O)](OH)3 , in soln. 
b y t h e a c t i o n of mo i s t s i lver ox ide on t h e c o r r e s p o n d i n g ch lor ide . T h e s t r o n g l y 
a lka l ine soln. fo rms t h e co r r e spond ing sa l t s w i t h ac ids , a n d a t a h i g h e r t e m p , 
fo rms t h e a q u o p e n t a m m i n e s . 

J . J . Berze l ius , a n d C. Claus p r e p a r e d r h o d i u m dioxide , R h O 2 , b y h e a t i n g t o 
r ednes s a m i x t u r e of finely-divided, r h o d i u m a n d p o t a s s i u m h y d r o x i d e a n d n i t r a t e , 
w a s h i n g t h e p r o d u c t first w i t h w a t e r , t h e n w i t h h y d r o c h l o r i c ac id , a n d finally 
d r y i n g i t a t 100° in a n i n e r t a t m . — s a y , of c a r b o n d iox ide . J . J . Berze l ius sa id t h a t 
t h e co lour is g rey i sh -g reen , b u t C. Claus showed t h a t t r a c e s of i r i d ium m u s t h a v e 
b e e n p r e s e n t , s ince, w i t h purif ied r h o d i u m , t h e co lour is d a r k b r o w n , a n d t h a t t h e 
ana ly s i s ag rees w i t h R h O 2 - T h e b r o w n or b l ack ox ide is insoluble in ac ids a n d 
in a lka l i lye . L . W o h l e r a n d K . F . A . E w a l d obse rved t h a t r h o d i u m d iox ide can ­
n o t be o b t a i n e d a n h y d r o u s ; a t t e m p t s t o d e h y d r a t e t h e h y d r a t e d d iox ide furnish 
t h e a n h y d r o u s sesqu iox ide . R h o d i u m d iox ide c a n be o b t a i n e d in i t s h y d r a t e d 
fo rm on ly b y t h e use of s t r o n g ox id iz ing a g e n t s , b u t q u a n t i t a t i v e l y on ly b y anod i c 
o x i d a t i o n in cone , a lka l ine soln. F u s i o n processes g a v e on ly h y d r a t e d sesqu iox ide , 
wh i l s t ch lo r ine in a lka l ine soln . g ives a h y d r a t e d d iox ide c o n t a m i n a t e d w i t h t h e 
t e r v a l e n t oxych lo r ide . S. P a s t o r e l l o sa id t h a t t h e ox ide d e c o m p o s e s a t 450°. 

C. Claus p r e p a r e d t h e dihydrate, R h O 2 . 2 H 2 O , or r h o d i u m te trahydroxide , 
R h ( O H ) 4 , b y pas s ing ch lo r ine i n t o a soln. of f r e sh ly -p rec ip i t a t ed h y d r a t e d h e m i -
t r i o x i d e in cone , p o t a s h lye . T h e p r e c i p i t a t e d d i h y d r a t e is green , a n d t h e super ­
n a t a n t l i quo r is co loured v io le t -b lue . T h e p r o d u c t i o n of t h i s b lue co lour w a s 
r e c o m m e n d e d a s a r ecogn i t i on t e s t for r h o d i u m b y E . P . A lva rez . C Claus 
be l i eved t h a t t h e g reen p r e c i p i t a t e is a h y d r a t e d rhodium hemipentoxide,Rh2O5.wH20. 
E . D e m a r ^ a y o b t a i n e d t h e d i h y d r a t e d r h o d i u m d iox ide b y oxidiz ing s o d i u m 
c h l o r o p e r r u t h e n i t e w i t h h y p o c h l o r i t e s , a n d S. M. J o r g e n s e n s imi lar ly , b y oxid iz ing 
r h o d i u m c h l o r o p e n t a m m i n o c h l o r i d e . A. J o I y a n d E . Le id ie o b t a i n e d a green , 
a n o d i c d e p o s i t of t h e h y d r a t e b y e lec t ro lyz ing a soln. of a n a lkal i r h o d i u m o x a l a t e 
o r of a d o u b l e ch lor ide in t h e p resence of a n excess of oxal ic ac id . T h e h y d r a t e d 
d iox ide is inso luble in w a t e r ; a n d w i t h h y d r o c h l o r i c acid i t passes i n t o soln. w i t h 
t h e e v o l u t i o n of ch lo r ine . 

A c c o r d i n g t o J . J . Berze l ius , w h e n finely-divided r h o d i u m m i x e d wi th p o t a s ­
s i u m h y d r o x i d e a n d a l i t t le n i t r a t e is i gn i t ed , a n d t h e cold p r o d u c t w a s h e d wi th 
cold w a t e r , t h e r e r e m a i n s p o t a s s i u m rhodi te , a s a f lea-brown p o w d e r which g ives 
u p i t s a lka l i w h e n w a s h e d w i t h n i t r i c or s u l p h u r i c ac id . A. J o I y a n d E . Leidie 
f o u n d t h a t w h e n t h e a lka l i n i t r i t e s a r e h e a t e d t o 360° , t h e decompos i t i on p r o d u c t s 
a r e indef in i te , b u t in v a c u o , b e t w e e n 440° a n d 520°, w h e n t h e evo lu t ion of gas h a s 
ceased , p o t a s s i u m r h o d i u m n i t r i t e furn ishes p o t a s s i u m hexarhodate , K 2 O - G R h O 2 ; 
a n d E . Le id ie a d d e d t h a t t h e f o r m a t i o n of t h i s sa l t shows t h a t r h o d i u m d iox ide 
h a s ac id ic p r o p e r t i e s l ike t h e c o r r e s p o n d i n g p e r c h r o m i t e s (or ch romi t e s ) , pe r -
c o b a l t i t e s , a n d p e r m a n g a n i t e s . A . J o I y a n d E . Leidie l ikewise p r e p a r e d s o d i u m 
oc torhodate , N a 2 0 . 8 R h O 2 ; a n d b a r i u m hexarhodate , B a O ( 6 R h 0 2 ) 2 . 

C. Claus obse rved t h a t t h e v io le t -b lue l iquid , fo rmed w h e n ch lor ine is p a s s e d 
i n t o a soln. of f r e sh ly -p rec ip i t a t ed , h y d r a t e d r h o d i u m h e m i t r i o x i d e , c o n t a i n s 
p o t a s s i u m perrhodite . W h e n t h e a lka l ine soln. is n e u t r a l i z e d w i t h n i t r i c ac id , 
t h e r e is f o rmed a flocculent, b lue p r e c i p i t a t e of r h o d i u m tr ioxide , R h O 3 . I t 
d issolves i n hyd roch lo r i c ac id w i t h t h e evo lu t i on of ch lor ine . T h e b lue colour of 
t h e soln . of p o t a s s i u m r h o d a t e w a s found b y E . P . A l v a r e z t o be d e s t r o y e d b y 
s o d i u m d iox ide , p o t a s s i u m p e r s u l p h a t e , a n d s u l p h u r o u s ac id . If t h e gases evo lved 
b y h e a t i n g a m i x t u r e of hyd roch lo r i c ac id a n d p o t a s s i u m c h l o r a t e a r e passed i n t o 
a soln . of a r h o d i u m sa l t in s o d i u m h y d r o x i d e , t h e l iqu id becomes ye l lowish- red , 
t h e n red , a n d finally, a g r een p r e c i p i t a t e fo rms . T h e p r e c i p i t a t e dissolves, fo rming 
a b lue so ln .—Claus 3 blue solution—which c o n t a i n s s o d i u m perrhodate . 
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§ 7. The Rhodium Halides 
O. Ruff 1 obse rved t h a t r h o d i u m is scarce ly a t t a c k e d b y fluorine a t a r e d - h e a t 

a n d was u n a b l e t o p r e p a r e a fluoride of r h o d i u m d i rec t ly ; b u t b y t h e ac t i on of 
d r y fluorine on d r y r h o d i u m chlor ide , E . Ascher , a n d O. RufE a n d E . Ascher were 
able t o p r e p a r e r h o d i u m trifluoride, R h F 3 . T h e r eac t i on beg ins b e t w e e n 400° a n d 
500°, a n d t o o b t a i n a c o m p l e t e t r a n s f o r m a t i o n , t h e t e m p , is ra ised t o 500° or 600°. 
T h e f luorine is t h e n d isp laced b y d r y n i t rogen . T h e t r i f luoride is a red , c rys ta l l ine 
p o w d e r wh ich is n o t hygroscopic , a n d which is s t ab l e . T h e crystals be long t o t h e 
r h o m b i c s y s t e m h a v i n g t h e ax ia l r a t io s a : b : ' c = 1-355 : 1 : 0*916, a n d t h e X - r a d i o -
g r a m s ind ica t e t h a t t h e r e a re 4 mols . p e r u n i t cell. J . A. A . K e t e l a a r , on t h e 
o t h e r h a n d , said t h a t t h e sa l t is h e x a g o n a l a n d i s o m o r p h o u s w i th t h e co r r e spond ing 
fluorides of a l u m i n i u m , i ron , coba l t , a n d p a l l a d i u m . T h e r e a re 3 mols . in 
u n i t cell, a n d t h e cell c o n s t a n t s a re a = 4-88 A., a n d c = 6 - 8 1 A. T h e d i s t a n c e 
b e t w e e n t w o fluorine a t o m s is 2*44 A. L . P a u l i n g , E . E b e r t , a n d W . N o w a c k i dis­
cussed t h e subjec t . E . Ascher , a n d O. Ruff a n d E . Ascher found t h a t t h e calc . 
specific gravi ty is 5-67, a n d t h e obse rved sp . gr. is 5-38. T h e t r i f luoride volat i l izes 
a b o v e 600°. T h e sa l t is r educed in h y d r o g e n a t a b o u t 70° ; a n d w h e n h e a t e d in 
a i r i t d a r k e n s a n d forms a n oxide ; i t is v e r y s t ab le t o w a r d s water , a n d i t is a l m o s t 
insoluble even in boi l ing w a t e r ; in s t e a m , a t 250°, t h e sa l t is h y d r o l y z e d t o b l ack 
r h o d i u m t r i h y d r o x i d e , wh ich is soluble in hydroch lo r i c ac id . T h e t r i f luoride a b o v e 
600° is c o n v e r t e d b y fluorine i n t o a s u b l i m a t e of h igher fluoride, b u t t h e yie ld is so 
smal l , a n d so i m p u r e , t h a t i t was n o t poss ible t o decide w h e t h e r t h e p r o d u c t is 
r h o d i u m t e t r a f l u o r i d e , R h P 4 , o r r h o d i u m pentaf luoride, R h F 5 . T h e t r i f luor ide is 
scarce ly affected b y iod ine ; boi l ing cone , hydrochlor ic ac id scarce ly a t t a c k s t h e 
t r i f luoride ; a t 100°, 40 pe r cen t , hydrofluoric ac id d issolves i t spa r ing ly w i t h slow 
hydro lys i s ; su lphur h a s n o pe rcep t ib l e a c t i o n ; hydrogen sulphide a t a dul l r e d - h e a t 
fo rms p r o b a b l y t h e m o n o s u l p h i d e , inso luble in ac ids ; w h e n h e a t e d w i t h su lphur 
dioxide, the salt is slowly blackened and reduced to rhodium ; hot cone, su lphur ic 
ac id slowly decomposes the salt with the evo lu t i on of hydrogen fluoride ; a n d 
when strongly heated with ammonia, i t forms ammonium fluoride and rhodium ; 
t\vexfe \ftBcaice\y svivy a t t a c h \ry b o n i n g , cone , n i tr ic a d d Z t h e r e 18 a de tona t i on . 
^ r n S 1 W * , " *Vea

77?a w £ h r e d Phosphorus ; carbon h a s s ca r ce ly a n y a c t i o n ; 
with the: s a l t ' ^ t ^ i ^ ^ 0 0 1 1 T a c t s 7 i t h t h e s a l t ' *od ium b u r n s w h e n h e a t e d 
^ m e i r o n r e a ^ s ^ f ^ fS f "*?* 8 ^ P J ^ e l y ; a l u m i n i u m b u m s w i t h a, w h i t e 
flame , i r o n r e a c t s a t a r e d - h e a t ; r h o d i u m h a s n o p e r c e p t i b l e a c t i o n ; a boiling 
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33 pe r cen t . soln. of s o d i u m hydroxide ha s scarce ly a n y ac t ion , a n d in t h e presence 
of r educ ing agen t s , f inely-divided r h o d i u m , soluble in a q u a regia , is fo rmed ; 
m o l t e n s o d i u m carbonate forms s o d i u m fluoride a n d r h o d i u m h e m i t r i o x i d e , 
wh ich is insoluble in ac ids a n d in a q u a regia . 

J . J . Berzel ius r e p o r t e d t h a t r h o d i u m dichloride, R h C l 2 , is fo rmed on pass ing 
chlor ine over hea t ed r h o d i u m , or, accord ing t o L . R . v o n Fe l l enberg , over h e a t e d 
r h o d i u m m o n o s u l p h i d e . C. Claus , a n d E . Leidie ques t ioned t h e chemica l ind i ­
v i d u a l i t y of t hese p r o d u c t s . A. G u t b i e r a n d A. Hl i t t l i nge r observed t h a t ch lor ine 
beg ins t o a c t on r h o d i u m a t 250°, fo rming t h e t r ich lor ide ; E . Leidie said t h a t t h e 
a t t a c k is v e r y slow a t 350° t o 440°. L . W o h l e r a n d W . Miiller a d d e d t h a t t h e 
r eac t i on occurs b e t w e e n 300° a n d 968°, a n d t h a t below 948°, t h e t r i ch lor ide is 
fo rmed , b u t be tween 965° a n d 970°, r e d d i s h - b r o w n r h o d i u m dichlor ide , as well a s 
r h o d i u m monoch lor ide , R h C l , a re fo rmed . T h e y c a n be s e p a r a t e d b y l ev iga t ion 
in c a r b o n t e t r a c h l o r i d e , the* d ichlor ide is t h e l ighter , a n d t h e monoch lo r ide is t h e 
heav ie r . If t h e ch lo r ina t ion occurs a t 950° t o 955°, t h e l igh tes t f rac t ion is t h e 
d ich lor ide , a n d t h e heav ies t , t h e t r i ch lor ide . I n chlor ine a t a t m . press . , t h e v a p . 
press , cu rves show t h a t t h e t r i ch lo r ide decomposes a t 948°, t h e dichlor ide a t 958°, 
a n d t h e monoch lo r ide a t 964° . J . J . Berze l ius , a n d L. R . v o n Fe l l enberg sa id t h a t 
t h e d ich lor ide is a grey ish- red , d i n g y viole t , or rose- red powder . V. M. GoId-
s c h m i d t , a n d G. B r u n i a n d A. F e r r a r i d i scussed t h e possible s t r u c t u r e of t h e space 
l a t t i ce of t h e d ichlor ide . J . J . Berzel ius , a n d L . R . v o n Fe l l enbe rg found t h a t 
w h a t t h e y cons idered t o be t h e d ichlor ide m a y be g e n t l y h e a t e d w i t h o u t d e c o m ­
posi t ion , b u t in h y d r o g e n i t fo rms h y d r o g e n chlor ide a n d r h o d i u m ; i t is n o t 
a l t e red w h e n h e a t e d in ch lor ine ; i t is n o t affected b y boiling soln. of p o t a s s i u m 
h y d r o x i d e or c a r b o n a t e ; a n d i t is insoluble in wa t e r , hydroch lor ic acid, a n d 
n i t r i c ac id . 

J . J. Berzel ius t h o u g h t t h a t he h a d fo rmed a c o m p l e x chlor ide , R h C l 2 - R h C l 3 ; 
b y r educ ing alkal i c h l o r o p e r r h o d i t e in h y d r o g e n , a n d pass ing chlor ine over t h e 
p r o d u c t u n t i l i t s we igh t is c o n s t a n t . T h e r e is n o t h i n g he re t o show t h a t t h e 
p r o d u c t is pa r t i a l l y - ch lo r ina t ed r h o d i u m . C. Claus showed t h a t ne i the r t h e 
d ich lor ide no r J . J . Berze l ius ' R u 2 C l 5 c a n be o b t a i n e d as chemica l i nd iv idua l s b y 
t h i s process , a n d t h a t t h e p r o d u c t s a r e m i x t u r e s of r h o d i u m a n d i t s t r i ch lo r ide . 
C. Claus was also u n a b l e t o ch lo r ina t e r h o d i u m comple t e ly t o r h o d i u m trichloride, 
R h C l 3 , a n d E . Leidie o b t a i n e d t h e bes t r esu l t s w i t h f inely-divided r h o d i u m , a n d 
r h o d i u m b lack ; t h e l a t t e r g a v e t h e b e t t e r r esu l t s a t a r e d - h e a t . T h e p r o d u c t s 
were a b o u t 2 pe r cen t , s h o r t of ch lor ine for t h e t r i ch lor ide . T h e p ropor t i on is less 
t h e h ighe r is t h e t e m p . T h e inference is t h a t t h e t r i ch lor ide pa r t i a l l y d issocia tes 
a t a r e d - h e a t : 2 R h C l 3 ^ 2 R h - f - 3 C l 2 . A. G u t b i e r a n d A. H i i t t l i nge r obse rved t h a t 
t h e r eac t i on "with chlor ine begins a t a b o u t 250°. L . W o h l e r a n d W . Miiller f ound 
t h e v a p . p ress . , p m m . , of t h e t r i ch lor ide t o be 

7(55° 825° 002° 915° 042° 945° 947° 948° 
p . 66 134 39O 459 674-5 706 736 760 m m . 

T h e a n h y d r o u s sa l t a n d t h e t r i t a d i h y d r a t e were p r e p a r e d b y M. De lep ine . 
E . Leidie obse rved t h a t L . R . v o n Fe l l enbc rg ' s m e t h o d of p r epa r ing t h e ch lor ide , 
b y h e a t i n g r h o d i u m su lph ide i n ch lor ine was unsa t i s f ac to ry because w h e n t h e 
t e m p , is h igh e n o u g h t o e l imina te t h e su lphu r , t h e chlor ide is p a r t l y decomposed . 
A s a m p l e of su lph ide af ter be ing h e a t e d t o dul l r edness in chlor ine for 8 h r s . still 
r e t a i n e d 0 8 1 p e r cent , of s u lphu r . If h y d r a t e d r h o d i u m t r ich lor ide is h e a t e d in 
d r y n i t r o g e n a t 440°, t h e h e m i t r i o x i d e , a n d hydrogen ch lor ide a re formed, b u t if 
t h e h y d r a t e be h e a t e d t o 440° in chlor ine , i t furnishes t h e a n h y d r o u s trichloride. 
I f h y d r a t e d a m m o n i u m ch lo rope r rhod i t e is h e a t e d t o 440° in d r y n i t rogen , t h e 
p r o d u c t s a r e t h e hemi t r i ox ide , a n d h y d r o g e n a n d a m m o n i u m chlor ides . E . Leidie 
o b t a i n e d t h e a n h y d r o u s t r i ch lor ide b y h e a t i n g t h e R h S n 3 - a l l o y be tween 360° a n d 
440° in a c u r r e n t of ch lor ine . S t a n n o u s chlor ide volat i l izes . The p r o d u c t is 
a l lowed t o cool comple t e ly in a c u r r e n t of ch lor ine , a n d t h i s gas is t h e n d isp laced 
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b y c a r b o n d iox ide . S. M. J d r g e n s e n o b t a i n e d t h e a n h y d r o u s t r i ch lo r ide b y 
h e a t i n g r h o d i u m c h l o r o p e n t a m m i n o c h l o r i d e in ch lo r ine . 

A n h y d r o u s r h o d i u m t r i ch lo r ide is a b r i ck - r ed , o r b r o w n i s h - r e d p o w d e r . 
F . E b e r t found t h e c r y s t a l s h a v e t r i g o n a l r h o m b o h e d r a l s y m m e t r y , t h e r e is 1 mo l . 
in u n i t cell, a n d a=4*898 A-, a n d c—6*81 A. , for t r i g o n a l s y m m e t r y , a n d for 
r h o m b o h e d r a l s y m m e t r y , a = 3-617 A. , a n d a = 84° 4 8 ' , t h e d i s t a n c e b e t w e e n t h e 
R h - a n d F - a t o m s is 1-98 A. , a n d t h e c a l c u l a t e d sp . gr . is 5*64, w h e n t h e o b s e r v e d 
v a l u e is 5*38. S. M. K a r i m a n d R . S a m u e l s t u d i e d t h e a b s o r p t i o n s p e c t r u m ; 
a n d B . C a b r e r a a n d H . F a h l e n b r a c h , t h e p a r a m a g n e t i s m . W . H a m p e f o u n d t h a t 
t h e ch lo r ide fused a t a du l l r e d - h e a t is a good c o n d u c t o r of e l ec t r i c i ty a n d 
d e c o m p o s e s w i t h such v i g o u r a s t o t a k e fire ; ch lo r ine is evo lved f rom t h e c a r b o n 
a n o d e , a n d r h o d i u m s e p a r a t e s a t t h e p l a t i n u m wire c a t h o d e . F . C. Ph i l l ips 
o b s e r v e d t h a t h y d r o g e n r e d u c e s t h e t r i ch lo r ide a t a du l l r e d - h e a t , f o rming t h e 
m e t a l , t h e r e d u c i n g a c t i o n t a k e s p lace a s low as 190°. E . Le id ie f o u n d t h a t 
t h e a n h y d r o u s t r i ch lo r ide is inso luble i n w a t e r ; a n d t h a t w h e n h e a t e d in a 
r a p i d c u r r e n t of ch lor ine a t a b r i g h t r e d - h e a t , a d e p o s i t t h e co lour of p e a c h -
b lossom fo rms on t h e cold p a r t of t h e t u b e — i t is a p r o d u c t of t h e d i s soc ia t ion of 
t h e ch lor ide , a n d i t s c o m p o s i t i o n is v a r i a b l e , b u t i t a p p r o x i m a t e s R h C l 3 . C. C laus 
f o u n d t h a t a t a b r i g h t r e d - h e a t t h e t r i ch lo r ide is g r a d u a l l y r e d u c e d t o m e t a l , 
wh ich , a cco rd ing t o H . D e b r a y , is n e a r l y free f rom ch lo r ine . I J . A . W e I o a n d 
K . "Baudisch s t u d i e d t h e m a g n e t i c p r o p e r t i e s . F o r t h e d i s soc ia t ion p ress , of t h e 
t r i ch lo r ide , vide supra. W h e n h e a t e d in ch lo r ine w i t h a n a lka l i ch lo r ide , a c o m p l e x 
sa l t is f o rmed . T h e a n h y d r o u s t r i ch lo r ide is inso lub le in ac ids . I t d i sso lves in , 
a n d is d e c o m p o s e d b y , soln. of a lkal i hydrox ides , a n d t h e l iqu id b e h a v e s l ike a 
soln. of r h o d i u m h e m i t r i o x i d e in a lka l i lye . W . M a n c h o t a n d G. L e h r a a n n o b s e r v e d 
t h a t c a r b o n m o n o x i d e lowers t h e t e m p , a t wh ich h a l o g e n is evo lved , b u t n o c a r b o n y l 
ch lor ide is f o rmed ; b u t , as i n d i c a t e d be low, R h C l 2 - R h O - ( C O ) 3 c a n b e p r e p a r e d . 
H e r e , t h e n i t r o sy l a n d c a r b o n y l rad ic les a r e i n t e r c h a n g e a b l e , fo rming , a c c o r d i n g t o 
W . M a n c h o t a n d W . P n a u m , r h o d i u m tr in i trosy loxydichlor ide , R h C l 2 . R h O . ( N O ) 3 . 
A c c o r d i n g t o C. Claus, t h e a n h y d r o u s t r i ch lo r ide dissolves in cone . soln. of p o t a s s i u m 
cyanide, alkali tartrates, and alkali oxalates, forming in each case a complex 
sa l t . F . C. Ph i l l i p s s t u d i e d t h e a c t i o n of t h e t r i ch lo r ide o n h y d r o c a r b o n s . 

J . J . Berze l ius p r e p a r e d a so luble h y d r a t e , p r o b a b l y t h e tetrahydrate, R h C l 3 . 4 H 2 O , 
b y a d d i n g hydronuos i l i c ic ac id , n o t in excess , t o a soln. of p o t a s s i u m ch lo rope r -
r u t h e n i t e , e v a p o r a t i n g t h e f i l tered soln. t o d r y n e s s , e x t r a c t i n g t h e m a s s w i t h 
w a t e r , a n d aga in e v a p o r a t i n g t h e h y d r o c h l o r i c ac id soln . t o d r y n e s s t o d r i v e off t h e 
sil icon fluoride. C. Claus p r e p a r e d i t b y e v a p o r a t i n g a soln. of t h e h y d r a t e d 
h e m i t r i o x i d e in h y d r o c h l o r i c ac id , b u t , a s n o t e d b y J . J . Berze l ius , a n d W . H . WoI -
l a s t o n , t h e soln. does n o t fu rn i sh c r y s t a l s of t h e sa l t . T h e p r o d u c t , a l so , is 
c o n t a m i n a t e d w i t h a lka l i o r ig ina l ly e m p l o y e d t o p r e c i p i t a t e t h e h y d r a t e d h e m i ­
t r i o x i d e . H . D e b r a y r e c o m m e n d e d e x t r a c t i n g t h e m a s s w i t h a lcohol w h i c h d is ­
solves t h e t r i ch lo r ide , e v a p o r a t i n g t h e e x t r a c t t o d r i v e off t h e a lcohol , d i sso lv ing 
t h e r e s idue in w a t e r , a n d e v a p o r a t i n g a s before . E . !Leidie a d d e d t h a t t h e a lcohol 
e m p l o y e d shou ld b e free f rom r e d u c i n g a g e n t s . G. G o l o u b k i n e f o u n d t h a t h y d r o ­
chlor ic ac id s a t u r a t e d w i t h ch lo r ine r e a d i l y d isso lves s p o n g y r h o d i u m f o r m i n g t h e 
t r i ch lo r ide . E . Le id ie r e c o m m e n d e d p r e p a r i n g t h e h y d r a t e d t r i ch lo r ide a s follows : 

A current of chlorine i s pas sed over a fused m i x t u r e of f inely-divided rhodium a n d a n 
exces s of sod ium chloride, a n d t h e product d i s so lved in t w i c e i t s w e i g h t of water . Cone, 
hydrochloric ac id is added, and t h e l iquid is a l lowed t o s t a n d for 24 hrs . t o a l low t h e s o d i u m 
chloride t o crystal l ize out . T h e clear l iquid, a t 0°, i s sa turated w i t h h y d r o g e n chloride, 
a n d t h e product a l lowed t o s tand several d a y s a t 0° t o r e m o v e t h e remain ing s o d i u m 
chloride. T h e decanted l iquid is g e n t l y e v a p o r a t e d t o a syrup, a n d a l lowed t o s t a n d in 
a des iccator over p o t a s s i u m hydrox ide t o r e m o v e t h e u n c o m b i n e d water . 

C Claus sa id t h a t t h e h y d r a t e d t r i c h l o r i d e is t e t r a h y d r a t e d , b u t E . .Leidie* 
a d d e d t h a t t h e b r i ck - r ed , de l i quescen t h y d r a t e is a m o r p h o u s a n d d o e s n o t co r r e ­
s p o n d w i t h a n y def ini te h y d r a t e . W h e n h e a t e d i t b r e a k s d o w n i n t o h y d r o g e n 
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ch lor ide a n d r h o d i u m h e m i t r i o x i d e — a t 90° t o 95° , i t r e t a i n s 4 mols . of wa t e r , a n d 
2 mols . of H C l ; a t 100°, i t loses b o t h w a t e r a n d h y d r o g e n ch lor ide ; a n d a t 175°, 
i t is c o m p l e t e l y d e h y d r a t e d . W h e n h e a t e d in a c u r r e n t of h y d r o g e n chlor ide a t 
180°, t h e t r i ch lo r ide is d e h y d r a t e d , a n d i t c a n t a k e u p w a t e r aga in , b u t a t a b o v e 
t h a t t e m p . , s a y a t 360° , t h e t r i ch lo r ide becomes insoluble in w a t e r , a n d a t 440°, 
t h e t r a n s f o r m a t i o n , in a c u r r e n t of chlor ine , is c o m p l e t e . T h e h y d r a t e d t r i ch lo r ide 
is freely soluble in water . A c c o r d i n g t o J . J . Berzel ius , t h e soln. in w a t e r is rose-
red , a n d i n hydrochlor ic ac id t h e soln. is yel low a n d does n o t recover i ts r ed co lour 
u n t i l t h e ac id h a s b e e n expel led b y e v a p o r a t i o n . H . Hose n o t e d t h a t p o t a s s i u m 
iodide d a r k e n s a soln. of t h e t r i ch lo r ide , a n d af ter a t i m e gives a s l ight p r e c i p i t a t e . 
A c c o r d i n g t o N . W . F i scher , h y d r o g e n sulphide g ives a b r o w n p rec ip i t a t e—so lub l e 
i n hyd roch lo r i c a c i d — w i t h soln. c o n t a i n i n g a t l eas t 1 p a r t of r h o d i u m in 2000 
p a r t s of l iqu id ; J . J . Berze l ius a d d e d t h a t t h e p r e c i p i t a t e forms read i ly in w a r m 
soln. , a n d H . R o s e , t h a t t h e p r e c i p i t a t e forms af te r t h e m i x t u r e h a s s tood s o m e 
t i m e . H . V. Col le t -Descot i ls obse rved t h a t a m m o n i u m sulphide v e r y slowly 
f o r m s a b r o w n p r e c i p i t a t e of su lph ide , m o r e r a p i d l y if t h e soln. is h e a t e d , a n d 
J . J . Berze l ius a d d e d t h a t t h e p r e c i p i t a t e is so luble in excess . T h e h y d r a t e d 
t r i ch lo r ide is t r a n s f o r m e d b y su lphur ic ac id i n t o s u l p h a t e . G. Sailer found t h a t 
s o d i u m hyposu lphi te fo rms a su lph i t e , N a 6 [ R h 4 ( S O s ) 7 ] . 1 2 H 2 . 3- J- Berzel ius 
found t h a t a q . a m m o n i a , o r a m m o n i u m carbonate , p r o d u c e s a lemon-ye l low 
p r e c i p i t a t e of t h e a m m o n i u m c h l o r o p e r r h o d i t e w h i c h fo rms a yel low soln. w i t h 
hyd roch lo r i c ac id . S. M. J o r g e n s e n n o t e d t h a t r h o d i u m c h l o r o p e n t a m m i n o c h l o r i d e 
is f o r m e d in a m m o n i a c a l soln. W . M a n c h o t sa id t h a t w h e n h e a t e d in c a r b o n 
m o n o x i d e , a s u b l i m a t e of a c a r b o n y l is fo rmed , a n d W . M a n c h o t a n d J . Kon ig 
found t h a t t h e a n h y d r o u s ch lor ide does n o t r e a c t w i t h d r y c a r b o n m o n o x i d e , b u t 
t h e h y d r a t e d chlor ide , p re fe rab ly a t 150°, fo rms r h o d i u m tr icarbonyloxydichloride , 
R h 2 O C l 2 ( C O ) 3 , wh ich m e l t s a t 125-5°, a n d decomposes a t 300° . W . H . W o l l a s t o n 
a lso obse rved t h a t t h e h y d r a t e d t r i ch lo r ide is freely soluble in a lcohol , a n d t h a t 
t h e soln. is rose- red . T h e sa l t is insoluble in e the r . P . Claesson obse rved t h a t 
a lcohol ic soln. of t h e t r i ch lo r ide g ive a yel low, a m o r p h o u s p r ec ip i t a t e w i t h me r -
c a p t a n . H . R o s e o b s e r v e d t h a t n o p r e c i p i t a t e s were p r o d u c e d in a q . soln. of t h e 
trichloride by mercuric cyanide* potassium cyanide, ferroeyanide, or ferri-
cyan ide , oxa l i c ac id , o r ga l l i c ac id . W . H . W o l l a s t o n n o t e d t h a t some m e t a l s — 
coppe r , z inc , m e r c u r y , a n d i r o n — p r e c i p i t a t e r h o d i u m as a b l ack p o w d e r f rom t h e 
a q . soln. , b u t n o t so w i t h si lver. N . W . F i s c h e r obse rved t h a t t i n g ives a b r o w n 
p r e c i p i t a t e . J . J . Berze l ius s t a t e d t h a t a soln. of p o t a s s i u m hydroxide , or 
carbonate , o n e v a p o r a t i o n , p r e c i p i t a t e s ye l lowish-brown, ge la t inous , h y d r a t e d 
h e m i t r i o x i d e ; a n d H . V. Col le t -Descot i ls , t h a t l i m e - w a t e r also y ie lds a s imi la r 
p r e c i p i t a t e , e v e n in t h e d a r k . H . R o s e obse rved t h a t t h e p r e c i p i t a t e s were 
observed with sodium phosphate, ammonium or sodium chlorides, or with 
p o t a s s i u m Chromate. J . J . Berze l ius n o t e d t h a t s t a n n o u s chloride g ives a p r e ­
c i p i t a t e of t h e h y d r a t e d ox ide , soluble i n ac ids ; a n d N . W . F ischer , t h a t soln. of 
s t a n n o u s ch lo r ide g ive w i t h cone . soln. of r h o d i u m t r i ch lor ide a b rownish-ye l low 
p r e c i p i t a t e or a b r o w n soln. , w i t h m o r e di l . soln. , a yel low p rec ip i t a t e , a n d w i t h 
soln. h a v i n g 1 p a r t of r h o d i u m in 1500 p a r t s of l iquid , a yel low co lora t ion . A soln. 
of f errous su lphate p r e c i p i t a t e s a yel low p o w d e r f rom soln. of r h o d i u m t r i ch lo r ide 
a n d a m m o n i a ; t h e p o w d e r is so luble in hyd roch lo r i c ac id . 

L . N . V a u q u e l i n , a n d J . J . Berze l ius s t u d i e d t h e a c t i o n of a m m o n i a o n soln. of 
a m m o n i u m t r i c h l o r o p e r r h o d i t e , a n d o b t a i n e d a n a m m i n e . S. M. J o r g e n s e n p re ­
p a r e d r h o d i u m h e x a m m i n o c h l o r i d e , [ R h ( N H 3 ) 6 ] C l 3 , b y h e a t i n g a t 100° r h o d i u m 
c h l o r o p e n t a m m i n o c h l o r i d e for a long t i m e i n a c losed vessel , a n d a d d i n g h y d r o ­
chlor ic ac id . T h e p r e c i p i t a t e is a n h y d r o u s , b u t if o b t a i n e d b y gen t le e v a p o r a t i o n , 
t h e dihydrate i s fo rmed . G. B e c k s t u d i e d t h e ion iza t ion of t h e sa l t . Accord ing 
t o S. M. J o r g e n s e n , t h e a n h y d r o u s sa l t furn ishes l u s t r o u s , r h o m b i c p r i sms ; t h e 
p r i s m a t i c c rys t a l s of t h e d i h y d r a t e a r e efflorescent. Accord ing t o C. D . Wes t , t h e 
c ry s t a l s a r e cubic . S. M. J o r g e n s e n obse rved t h a t b o t h sa l ts a re soluble in 
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wa te r , a n d insoluble in hydroch lo r i c ac id , b u t if h e a t e d w i t h cone, hyd roch lo r i c 
ac id , t h e c h l o r o p e n t a m m i n o c h l o r i d e is fo rmed . T h e a q . soln. gives cha rac t e r i s t i c 
p r ec ip i t a t e s w i t h gold chlor ide , m e r c u r i c ch lor ide , p o t a s s i u m d i c h r o m a t e , e t c . ; 
a n d if t r e a t e d w i t h p la t in i c ch lor ide t h e r e a r e fo rmed t w o r h o d i u m h e x a m m i n o -
chloroplat inates , [ R h ( N H 3 ) 6 ] C ] 3 . P t C l 4 . | H 2 0 , a n d 2 [ R h ( N H 3 ) 6 ] C l 3 . 3 P t C l 4 . 6 H 2 0 . 
J . A. Chr i s t i ansen a n d R . W . A s m u s s e n s t u d i e d t h e m a g n e t i c p r o p e r t i e s of t h e 
c o m p l e x r h o d i u m c o m p o u n d s . F o r t h e a c t i o n of v a r i o u s r e a g e n t s , vide infra, t h e 
h e x a m m i n o n i t r a t e . A. W e r n e r p r e p a r e d r h o d i u m tr i se thy lenediaminochlor ide , 
[ R h Cn 3 ]Cl 3 .2^H 2 O, b y t h e i n t e r a c t i o n of 45 g r m s . of e t h y l e n e d i a m m i n e m o n o -
h y d r a t e w i th 1OO g r m s . of s o d i u m ch lo r ope r r hod i t e . T h e sa l t c a n n o t b e s e p a r a t e d 
f rom s o d i u m chlor ide b y rec rys ta l l i za t ion , a n d i t is the re fore c o n v e r t e d i n t o iod ide 
b y t r e a t m e n t w i t h s o d i u m iod ide . T h e iodide is purif ied b y c rys ta l l i za t ion , a n d 
a soln. is s h a k e n w i t h f r e sh ly -p rec ip i t a t ed si lver ch lor ide , a n d filtered. T h e soln. 
furnishes cub ic c r y s t a l s w h i c h lose t h e i r w a t e r of c rys t a l l i za t ion a t 120°. 
F . M. J a g e r sa id t h a t t h e c ry s t a l s of t h e r acemic c o m p o u n d a r e trihydrated, a n d 
t h a t t h e c rys t a l s a r e s t r o n g l y re f rac t ing , d i t e t r a g o n a l p r i s m s w i t h t h e axial , r a t i o 
a : c=l : 0-6730, a n d a re i s o m o r p h o u s w i t h t hose of t h e co r r e spond ing coba l t i c sa l t . 
E . R o s e n b o h m s t u d i e d t h e m a g n e t i c suscep t ib i l i ty . A. W e r n e r p r e p a r e d r h o d i u m 
cZ-trisethylenediaminochloride, with [Vx]n=TS0, and rhodium /-trisethylene-
diaminochlor ide , w i t h [ a ] 0 = — 8 0 ° . F . M. J a g e r also p r e p a r e d t h e s e sa l t s a n d 
e x a m i n e d t h e c rys t a l s . J . Lifschi tz a n d E . R o s e n b o h m s t u d i e d t h e op t i ca l 
p rope r t i e s . M. Delep ine p r e p a r e d rhodium-dich loroquaterpyr id ine , [ R h p y 4 C l 2 ] , 
r e p r e s e n t e d b y a c o m p l e x w i t h [ R h p y 2 C l 4 ] ; r h o d i u m dichloroaquotr ispyridine , 
[ R h p y 3 ( H 2 0 ) C l 2 ] , r e p r e s e n t e d b y a c o m p l e x w i t h [ R h p y 2 C l 4 ] ; r h o d i u m tr ich loro-
trispyridine, [Rhpy 3 CI 3 ] ; r h o d i u m tr ichloraquobispyridine , [ R h p y 2 ( H 2 0 ) C l 3 ] ; 
r h o d i u m tetrachlorobispyridines , [ R h p y 2 C l 4 ] , i n i t s cis- a n d t r ans - fo rms , r ep re ­
sen ted b y p o t a s s i u m , a m m o n i u m , si lver, a n d p y r i d i n i u m sa l t s a s well a s complexes 
w i t h [ R h p y 3 ( H 2 0 ) C l 2 ] , a n d w i t h | R h p y 4 C l 2 ] ; a n d r h o d i u m ni tratotr ichloro-
pyridines , [ R h p y 2 ( N 0 3 ) C l 3 ] — v i d e infra. M. De lep ine a n d R . C h a r o n n a t p r e p a r e d 
d e x t r o - a n d lsevo-forms of cobal t ic r h o d i u m tr i se thy lenediaminochlor ide , 
[ C o 0 . 5 R h 0 . 5 en 3]Cl 3 , m a y be in solid soln. C. J . D i p p e l a n d F . M. J a g e r p r e p a r e d 
t h e d e x t r o - a n d lsovo-forms of <x/38- a n d /?yS8-ammopentane, r h o d i u m t r i s a m i n o -
pentanochlor ide , [ R h p t n 3 JCl 3 .2H 2 O. F . M. J a g e r a n d H . B . B l u m e n d a l p r e p a r e d 
rhodium trisdiammocyclopentanochloride, [Rh(C5H1 2N2)3]C]3 .2H20. S. M. Jor-
gensen obtained rhodium aquopentamminochloride, [Rh (NH 3 ) 5 (H 2 0) ]0 3 , by 
h e a t i n g t h e c h l o r o p e n t a m m i n o c h l o r i d e for a long t i m e w i t h a l a rge excess of a q . 
a m m o n i a , a n d crys ta l l iz ing t h e soln. in a n a t m . of a m m o n i a , o the rwi se s o m e of t h e 
a q u o - s a l t will r e v e r t t o t h e ch loro-sa l t . I t is a lso p r o d u c e d b y s a t u r a t i n g t h e 
h y d r o x i d e w i t h h y d r o c h l o r i c ac id . T h e ye l lowish-whi te c r y s t a l s a r e soluble in 
w a t e r , a n d t h e sa l t h a s a t e n d e n c y t o fo rm t h e c h l o r o p e n t a m m i n o - s a l t . Th i s 
t r a n s f o r m a t i o n occvirs a t 100°, or in t h e cold i n t h e p re sence of hyd roch lo r i c ac id . 
J . N . B r o n s t e d a n d K . V o l q v a r t z s t u d i e d t h e ac id ic d issocia t ion of th i s sa l t . 
V. V. Lrebedinsky a n d co-workers p r e p a r e d r h o d i u m tr iamminotr ichlor ide , 
R h ( N H 3 ) 3 C l 3 , complexes w i t h th iocarbamide—e .g . [ R h R 3 C l 3 ] , a n d [ R h R 5 C l ] C l 2 , 
where R d e n o t e s C S ( N H 2 ) 2 ; a n d w i t h m e t h y l Cyanide, M 2 [ R h ( C H 3 C y ) C l 5 ] . H 2 O , 
where M d e n o t e s N H 4 , R b , Cs, a n d Ag ; a n d F . M. J a g e r a n d J . A. v a n I ) i jk , com­
plexes w i t h 2 , 2 -bipyridyl . 

C. Claus p r e p a r e d r h o d i u m c h l o r o p e n t a m m i n o c h l o r i d e , [Rh (NH 3 ) 5 Cl ]C l 2 , b y 
boi l ing w i t h a n excess of a m m o n i a a soln. of r h o d i u m t r i ch lo r ide , a n d a m m o n i u m 
c h l o r o p e r r h o d i t e , f i l tering t h e h o t soln. , e v a p o r a t i n g t o d r y n e s s , e x t r a c t i n g t h e 
p r o d u c t w i t h boi l ing w a t e r , a n d a l lowing t h e h o t l iqu id t o cool w h e n i t depos i t s 
t h e sa l t in c ry s t a l s w h i c h a re t o be w a s h e d w i t h di l . ac id , a n d d r i ed a t 100°. T o 
avo id t h e f o r m a t i o n of t h e a q u o p e n t a m m i n e , i t i s a d v i s a b l e t o p r e c i p i t a t e t h e s a l t 
f rom a soln. acidified w i t h hyd roch lo r i c ac id w h i c h dissolves t h e a q u o - s a l t . 
C. Claus , a n d S. M. J o r g e n s e n obse rved t h a t i n s t e a d of u s ing t h e t r i ch lo r ide , t h e 
hyd roch lo r i c ac id soln. of t h e r h o d i u m - z i n c a l loy c a n b e e m p l o y e d . A c c o r d i n g t o 
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H . Topsoe , t h e pa l e yel low, c rys t a l l ine p o w d e r cons i s t s of r h o m b i c p r i s m s i somor-
p h o u s w i t h t h e co r r e spond ing a m m i n e s of coba l t a n d c h r o m i u m . C. D . W e s t found 
t h a t t h e c ry s t a l s t r u c t u r e is r h o m b i c w i t h a = 13-32 A., 6 = 6-71 A., a n d c = 1 0 4 2 A. 
T h e s a l t i s s t a b l e a t o r d i n a r y t e m p . , b u t d e c o m p o s e s a t a b o u t 200° . H e a t e d in 
h y d r o g e n , i t fo rms r h o d i u m . T h e sa l t is spa r ing ly soluble i n cold w a t e r , b u t freely 
so luble i n boi l ing w a t e r . J . N . B r o n s t e d a n d A. P e t e r s e n s t u d i e d t h e so lub i l i ty of 
t h e sa l t in v a r i o u s a q . soln. of different sa l t s . S. P . S c h e m t s c h u s c h n y f o u n d t h a t , a t 
25° , a s a t . a q . soln. c o n t a i n s 0-828 p e r cen t , of t h e sa l t ; a n d w h e n t h e so lven t is 2 -61 , 
4*51, a n d 10-56 p e r cen t , h y d r o c h l o r i c ac id , t h e v a l u e s a r e , r e spec t ive ly , 0*086, 
0 -021 , a n d 0-007 p e r c e n t . D r y ch lor ine a t a r e d - h e a t fo rms a n h y d r o u s r h o d i u m 
t r i ch lo r i de . Th i s s a l t is a c o n v e n i e n t source of t h e o t h e r c h l o r o p e n t a m m i n e s , 
s ince h y d r o b r o m i c a n d h y d r i o d i c ac ids fo rm t h e co r r e spond ing ha l ides ; s i lver 
n i t r a t e r e m o v e s o n l y t w o - t h i r d s of t h e ch lor ine f rom cold soln. , b u t all t h e con­
t a i n e d ch lo r ine is c o m p l e t e l y p r e c i p i t a t e d f rom h o t soln. Oxidiz ing a g e n t s a c t on 
t h e a q . so ln . fo rming r h o d i u m d iox ide ; z inc decomposes t h e ac idic or a lka l ine soln. 
t o fo rm r h o d i u m ; s o d a lye a t 100° fo rms a q u o p e n t a m m i n e s w i t h o u t l i be r a t i ng 
a m m o n i a ; a q . a m m o n i a a c t s s imi la r ly a n d p l a t i n i c ch lo r ide furnishes yel lowish-
b r o w n c rys t a l s of r h o d i u m c t d o r o p e n t a m m i n o c h l o r o p l a t i n a t e , [ R h ( N H a ) 5 C l ] P t C l 6 . 
I f t h e c h l o r o p e n t a m m i n o c h l o r i d e be t r e a t e d w i t h s i lver ox ide , a soln. of r h o d i u m 
c h l o r o p e n t a m m i n o h y d r o x i d e , [ R h ( N H g ) 5 C l ] ( O H ) 2 , a n d a p r e c i p i t a t e of s i lver 
ch lo r ide a r e fo rmed . T h e s t r o n g l y a lka l ine soln. a b s o r b s c a r b o n d iox ide f rom t h e 
a t m o s p h e r e , a n d i t d i sp laces a m m o n i a f rom t h e a m m o n i u m sa l t s ; i t d issolves 
a l u m i n a , b u t n o t t h e ox ides of c o p p e r or silica, b u t b e h a v e s t o w a r d s t h e m l ike 
a lka l i lye ; a n d i t u n i t e s w i t h ac ids t o fo rm t h e co r r e spond ing sa l t s . T h e h y d r o x i d e 
is k n o w n on ly in soln. , b e c a u s e i t is t r a n s f o r m e d i n t o t h e a q u o p e n t a m i n i n e — s l o w l y 
in t h e cold, r a p i d l y a t 100°, so t h a t t h e soln . t h e n g ives a p r e c i p i t a t e w i t h s i lver 
n i t r a t e . S. M. J o r g e n s e n o b t a i n e d r h o d i u m d i c h l o r o q u a t e r p y r i d i n e c h l o r i d e , 
IRhPy 4 Cl 2 ]C l , b y t h e a c t i o n of p y r i d i n e o n a h o t soln. of r h o d i u m t r i ch lo r ide . 
Yel low p r i s m s a re d e p o s i t e d w h e n t h e l iqu id cools. J . A. Chr i s t i ansen a n d 
R . W . A s m u s u n e x a m i n e d t h e m a g n e t i c p r o p e r t i e s of t h e sal t . S. M. J o r g e n s e n 
obse rved t h a t platinic; ch lor ide fo rms r h o d i u m dichloroquaterpyr id inechloro-
p l a t i n a t e , [ R h p y 4 C l 2 ] 2 P t C I 6 . I f t h e ch lor ide be t r i t u r a t e d w i t h f resh ly-pre­
c i p i t a t e d s i lver ox ide , t h e r e is f o r m e d r h o d i u m dichloroquaterpyrid inehydroxide , 
[ R h p y 4 C l 2 ] ( O H ) . P . P o u l e n c s t u d i e d t h e ch lo ropy r id ine s . F . G. M a n n a n d 
W . J . P o p e p r e p a r e d r h o d i u m chloro-ySyS'yS'-triaminotriethylamine, 3RhCl 2 . 2 N -
( C 2 H 4 . N H 2 ) 3 . 6 H C 1 . 6 H 2 0 , a n d 2 R h C l 2 . N ( C 2 H 4 . N H 2 ) 3 . 4 H C l . F . G. M a n n p r e ­
p a r e d r h o d i u m d i c m o r o b i s d i a m i n o d i e t h y l a i n i n o h y d r o c h l o r i d e r h o d i o c h l o r i d e , 
l C l 2 R h { C H 2 N . C 2 H 4 ) 2 N H . H C l } 2 C l . R h C l 3 . L . A . Tschugaeff a n d W . L e b e d i n s k y 
prepared rhodium bisdimethylglyoximodiamminocbiorides, rRh(NH3)2D2H2J-
Cl.5H2O ; rhodium bisdimethylglyoximodiamminochloroplatinate ; and 
dichlorobisdimethylglyoximorhodous acid, Hf RhD 2 H 2 Cl 2 1; ammonium dichloro-
bisdimethylglyoximorhodite, (NH4)[RhD2H2Cl2].H20~; and guanidinium 
dicblorobisdimethylglyoximorhodite. F . M. Jiiger studied the rhodium 
2 : 2'- dipyridy !chlorides. 

R h o d i u m t r i ch lo r ide f o r m s t w o classes of sa l t s w i t h t h e a lka l i a n d a m m o n i u m 
ch lor ides , n a m e l y , a lka l i hexach loroperrhodi tes , wh ich , acco rd ing t o A . Duff our , 
a r e i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g sa l t s of i r i d ium, a n d a lka l i p e n t a c h l o r o -
perrhodi tes , w h i c h r e s e m b l e t h e c o r r e s p o n d i n g sa l t s of i r i d i u m a n d r u t h e n i u m . 
M. De l^p ine a n d P . Bouss i s t u d i e d t h e d e h y d r a t i o n of t h e c h l o r o p e r r h o d i t e s , b u t 
o b t a i n e d n o ev idence of t h e p resence of p o l y m e r i z e d w a t e r molecu les . 

C. Claus , T . Wi Im, a n d W . Kefe r s t e in o b s e r v e d t h a t a m m o n i u m h e x a c h l o r o -
perrhodi te , ( N H 4 ) 3 R h C l 6 . l ^ H 2 0 , is f o r m e d b y s lowly e v a p o r a t i n g in t h e cold a 
so ln . of r h o d i u m t r i ch lo r ide a n d a n excess of a m m o n i u m ch lor ide . T h e s a m e sa l t 
w a s p r e p a r e d b y E . Lieidie, a n d T . W i I m , b y a l lowing a m m o n i u m c h l o r o n i t r a t o -
p e r r h o d i t e t o s t a n d in c o n t a c t w i t h w a t e r ; E . Le id ie , b y w a r m i n g a m m o n i u m 
n i t r i t o p e r r h o d i t e w i t h cone , h y d r o c h l o r i c ac id ; a n d A . G u t b i e r a n d A. H i i t t l i n g e r , 
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b y s a t u r a t i n g a n aq . soln. of p o t a s s i u m p e n t a c h l o r o p e r r h o d i t e w i t h h y d r o g e n 
chlor ide t o p rec ip i t a t e m o s t of t h e p o t a s s i u m chlor ide , a n d t h e n a d d i n g a m m o n i u m 
chlor ide . T h e r ed c rys t a l s a r e freely soluble in w a t e r , b u t n o t in a lcohol ; t h e y 
d o n o t effloresce in a i r ; a n d w h e n h e a t e d t o r edness , r h o d i u m r e m a i n s . A . Duffour 
sa id t h a t t h i s sa l t is i s o m o r p h o u s w i t h t h e p o t a s s i u m sa l t , a n d w i t h t h e cor re ­
spond ing sa l t s of i r i d ium. O. E . Zvyagintzeff o b t a i n e d a d d i t i o n p r o d u c t s — 
e.g., R h C l 6 ( N H 3 ) 4 . N H 4 N 0 3 . 

J . J . Berze l ius , L . N . Vauque l in , T. Wi Im, a n d C. Claus o b t a i n e d a m m o n i u m 
pentachloroperrhodite , ( N H 4 ) 2 R h C l 5 . 2 H 2 0 , f rom a soln. of t h e c o m p o n e n t sa l t s , 
a n d A. G u t b i e r a n d A. H u t t l i n g e r obse rved t h a t t h e monohydrate is fo rmed , in r e d 
c rys ta l s , if t heore t i ca l p r o p o r t i o n s of t h e c o m p o n e n t sa l t s a r e e m p l o y e d . M. Dele -
p ine also p r e p a r e d t h e m o n o h y d r a t e . C. Claus r e p o r t e d t h a t t h e dihydrate is 
fo rmed b y boi l ing soln. of t h e hexach lo ro-sa l t . V. V. L e b e d i n s k y p r e p a r e d 
( N H 4 ) 2 . [ R h ( N H 3 ) C l 5 ] , wh ich on hydro lys i s fo rms ( N H 4 ) 2 [ R h ( N H 3 ) C l ( O H ) 4 ] ; a lso 
M. Delepine prepared potassium pentachloroaquoperrhodite, (NH 4) 3Rh(H 20)Cl 5 ; 
rubidium pentachloroaquoperrhodite, Rb3Rh(H2O)Cl5 ; csesium pentachloro­
aquoperrhodite, Cs3[Rh(H2O)C]5] ; ammonium pentachloroaquoperrhodite, 
(NH 4 ) 3 [Rh(H 20)Cl 5 ] ; and silver pentachlorohydroxyperrhodite, Ag3Rh(OH)Cl5 . 
F . M. J a g e r sa id t h a t t h e r edd i sh -b lack , o c t a h e d r a l c ry s t a l s of t h e s o d i u m sa l t a r e 
monocl in ic w i t h t h e ax ia l r a t io s a : b : c = l - 2 0 3 4 : 1 : 1-4576, a n d / 3 = 5 7 ° 9£ ' . 

A. Gutbier prepared methylammonium heptachloroperrhodite, (OH3NHg)4-
RhCl7 ; and ethylenediainmonium heptachloroperrhodite, (C2H6 .N2H6)2RhCl7 . 

According to C. Claus, potassium hexachloroperrhodite, K3RhCl6-^H2O, is 
o b t a i n e d f rom a soln. of p o t a s s i u m ch lor ide a n d r h o d i u m t r i ch lo r ide , t h e yel low 
soln. g r a d u a l l y becomes red , a n d in a few weeks depos i t s r ed c rys t a l s of t h e hexa-
hydrate which , on e x p o s u r e t o air , fo rms t h e trihydrate. T h e m o n o h y d r a t e w a s 
p r e p a r e d b y M. De lep ine . E . Leid ie d id n o t succeed in p r e p a r i n g C. Claus ' sa l t , 
b u t he r e p o r t e d t h e t r i h y d r a t e t o be fo rmed w h e n p o t a s s i u m r h o d i u m n i t r i t e is 
t r e a t e d w i t h w a r m hydroch lo r i c ac id . A. Duffour , however , said t h a t E . Le id ie ' s 
sa l t is t h e m o n o h y d r a t e i s o m o r p h o u s w i t h t h e co r r e spond ing i r id ium sa l t . W a t e r 
decomposes t h e hexach lo ro - sa l t i n t o t h e a n h y d r o u s pen t ach lo ro - sa l t , a n d for t h i s 
reason , i t is t h o u g h t t h a t C. C laus ' sa l t w a s rea l ly t h e p e n t a c h l o r o p e r r h o d i t e . W h e n 
t h e sa l t is h e a t e d in d r y h y d r o g e n ch lor ide , t h e w a t e r of c rys t a l l i za t ion is d r i v e n 
off, a n d s lowly a t 360°, r a p i d l y a t 440°, a m i x t u r e of inso luble , a n h y d r o u s r h o d i u m 
t r i ch lo r ide a n d of p o t a s s i u m chlor ide is fo rmed . J . J . Berze l ius r e p o r t e d a n h y d r o u s 
p o t a s s i u m pentachloroperrhodite , K 2 R h C l 5 , t o be fo rmed w h e n finely-divided 
r h o d i u m m i x e d w i t h p o t a s s i u m chlor ide is h e a t e d in a c u r r e n t of ch lor ine . T h e 
m a s s is e x t r a c t e d w i t h w a t e r a n d c rys ta l l i zed . J . J . Berze l ius r e p r e s e n t e d t h e sa l t 
as a h y d r a t e , b u t E . Leid ie cou ld n o t conf i rm t h e p resence of w a t e r . E . Le id ie 
also p r e p a r e d t h i s sa l t b y a l lowing a m i x e d soln. of r h o d i u m t r i ch lo r ide w i t h a n 
excess of p o t a s s i u m ch lor ide t o c rys ta l l i ze . Acco rd ing t o H . Dufe t , t h e r ed 
c rys t a l s a r e r h o m b i c . E . Leid ie found t h a t t h e y a r e s l igh t ly soluble i n w a t e r , a n d 
insoluble in a lcohol . M. De lep ine a n d P . Bouss i s t u d i e d t h e h y d r a t e s . C. Claus 
r e p o r t e d t h e dihydrate t o be fo rmed w h e n p o t a s s i u m ch lor ide is a d d e d t o a soln. 
of s o d i u m ch lo rope r rhod i t e . I t f o rms non-eff lorescent , b r o w n p r i s m s w h i c h a r e 
spa r ing ly soluble i n w a t e r . A. G u t b i e r a n d A. H u t t l i n g e r , a n d K . S e u b e r t a n d 
K . K o b b e o b t a i n e d t h e monohydrate b y fusing s p o n g y r h o d i u m w i t h tw ice i t s 
w e i g h t of p o t a s s i u m chlor ide in a s t r e a m of ch lor ine . T h e a q . e x t r a c t of t h e cold 
m a s s , on e v a p o r a t i o n , furnishes r e d c ry s t a l s of t h e m o n o h y d r a t e ; a n d t h e m o t h e r -
l iquor , w h e n s a t u r a t e d w i t h h y d r o g e n ch lor ide , depos i t s c r y s t a l s of t h e h e x a c h l o r o -
sa l t . M. De lep ine s t u d i e d t h e a c t i o n of oxa l ic ac id . 

A . G u t b i e r a n d A. H u t t l i n g e r o b t a i n e d a r e d p r e c i p i t a t e of ru b id iu m p e n t a ­
chloroperrhodite , R b 2 R h C l 5 - H 2 O , b y c o n c e n t r a t i n g m i x e d soln. of r u b i d i u m 
chlor ide a n d t h e p o t a s s i u m p e n t a c h l o r o - s a l t ; a n d a lso b y c o n c e n t r a t i n g a m i x e d 
soln. of t h e c o m p o n e n t ch lor ides in t heo re t i c a l p r o p o r t i o n s . A rose-co loured p r e ­
c ip i t a t e of caes ium pentachloroperrhodi te , C s 2 R h C l 5 - H 2 O , w a s o b t a i n e d in a s imi la r 
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manner. M. Delepine prepared rubidium chloroperrhodite, Rb 3 RhCl 6 -H 2 O; sodium 
chloroperrhodite, Na3RhCl6 .12H2O ; lithium chloroperrhodite, Li3RhCl6 .12H2O, 
a mixed sodium lithium chloroperrhodite, Li3 jNai 4RhCl4-12H2O ; and ammonium 
Chloroperrhodite, ( N H 4 ) 3 R h C l 6 . C. V i n c e n t , a n d C. F r i e d e l d i scussed m e t h y l -
ammonium hexachloroperrhodite, (CH3 .NH3)4RhCl7 ; dimethylammonium 
heacachloroperrhodite, ( ( C H 3 ) 2 N H 2 ) 3 R h 0 6 . l | H 2 0 ; and trimethylammonium 
hexachloroperrhodite, ( (CH 3 ) 3 NH) 3 RhCl 6 .4 lH 2 0. 

J . J . Berze l ius , W . H . W o l l a s t o n , a n d H . V. Col le t -Descot i ls p r e p a r e d s o d i u m 
h e x a c h l o r o r h o d a t e , N a 3 R h C l 6 . 1 8 H 2 O , b y h e a t i n g a m i x t u r e of f inely-divided 
r h o d i u m a n d s o d i u m ch lor ide t o r ednes s in a c u r r e n t of ch lor ine . C. Claus a d d e d 
t h a t t h e r e is less r i sk of pa r t i c l e s of r h o d i u m escap ing a t t a c k if i t be first h e a t e d 
in ch lo r ine , t h e p r o d u c t m i x e d w i t h t h e s o d i u m chlor ide , a n d aga in exposed t o 
t h e ch lo r ine . On e x t r a c t i n g t h e cold m a s s w i t h w a t e r , a n d e v a p o r a t i n g , t h e octo-
decahydrate c rys ta l l izes ou t . T h e sa l t was p r e p a r e d by V. V. JLebedinsky a n d 
I . A. Fedoroff. C. Claus , T . T h o m s o n , a n d E . B i e w e n d sa id t h a t t h e sa l t 
c o n t a i n s 2 4 H 2 O ; F . M. J a g e r , a n d A. G u t b i e r a n d A. Hi i t t l i nge r , 1 2 H 2 O ; 
a n d J . J . Berze l ius , a n d E . Lei d ie , 1 8 H 2 O . E . Leid ie r e c o m m e n d e d p r e p a r i n g t h e 
sa l t b y w a r m i n g s o d i u m r h o d i u m n i t r i t e w i t h cone , hyd roch lo r i c ac id . G a r n e t -
r e d o c t a h e d r a of t h e o c t o d e c a h y d r a t e a r e fo rmed which effloresce on e x p o s u r e t o 
a i r . T h e c rys t a l s a r e so lub le in w a t e r , b u t n o t in a lcohol . F . M. J a g e r said t h a t 
t h e c r y s t a l s of t h e d o d e c a h y d r a t e a r e o c t a h e d r a l , a n d be long t o t h e monocl in ic 
s y s t e m h a v i n g t h e ax ia l r a t i o s a : b : c—1-2034 : 1. : 1-4576, a n d yS=57° 94 ' . 
R . S a m u e l a n d A. R . D e s p a n d e s t u d i e d t h e a b s o r p t i o n s p e c t r u m . G. F o u s s e r e a u 
f o u n d t h a t t h e e lec t r ica l c o n d u c t i v i t y of a soln. of s o d i u m c h l o r o r h o d a t e (1 : IOO) 
c h a n g e s v e r y s lowly a t o r d i n a r y t e m p . G. Gire obse rved t h a t t h e sa l t begins t o 
d i s soc ia te below 6OO0, a n d t h a t t h e m . p . is 901° , t h e h e a t of t h e r e a c t i o n below 
904° is 35-3 CaIs. , a n d a b o v e t h a t t e m p . , 46-0 CaIs. T h e v a p . press . , p, in m m . 
of m e r c u r y , is : 

GOO" 0 0 3 ° 7 1 2 ° 7.r>l° 8 0 0 ° 8 2 5 ' 
-p . . H O 30-9 73-3 120 274 4(K) 

V. Ipateeff a n d V. G. TronefT s t u d i e d t h e d i s p l a c e m e n t of r h o d i u m from aq . soln. 
of t h e sa l t b y h y d r o g e n u n d e r press . ; a n d R . S a m u e l a n d M. TJddin, t h e a b s o r p t i o n 
s p e c t r u m of N a 2 R h C l 6 . G. Sai ler o b s e r v e d t h a t s o d i u m h y p o s u l p h i t e furnishes a 
s o d i u m s u l p h i t o r h o d a t e . G. Gire a n d F . P u c h e found t h e d issocia t ion press , of 
b a r i u m h e x a c h l o r o r h o d a t e , J3a 3 (RhCl 6 ) 2 , t o be less t h a n t hose of r h o d i u m m o n o -
ch lor ide . T h e h e a t of d i ssoc ia t ion a r e 32-9 cals . 

W . H . W o l l a s t o n , a n d H . D e b r a y a d d e d si lver ch lor ide t o a soln. of r h o d i u m 
t r i ch lo r ide , a n d o b t a i n e d a p r e c i p i t a t e t h o u g h t t o be , n o t a s i lver r h o d i u m chlor ide , 
b u t a l a k e of s i lver ch lor ide co loured b y t h e r h o d i u m sa l t ; t h e p r e c i p i t a t e w i t h 
m e r c u r o u s n i t r a t e h a d t h e c o m p o s i t i o n m e r c u r o u s r h o d i u m chloride , RhCl 3 . 3HgCl , 
b u t i t t o o is cons ide red t o be a k i n d of l ake of m e r c u r o u s ch lor ide co loured b y t h e 
r h o d i u m sa l t . T h e rose-co loured p r e c i p i t a t e w i t h a lead sa l t , obse rved b y C. Claus , 
is n o t , a s i n d i c a t e d b y t h e ana lys i s , l ead r h o d i u m chloride , 2RhCl 3 -SPbCl 2 , b u t is 
a l a k e of l e a d ch lor ide t i n t e d b y t h e r h o d i u m sa l t . O. W . G i b b s o b t a i n e d a c o m p l e x 
salt, cobaltic hexamminochloroperrhodate, [Co(NH3)6JRhCl6, as an insoluble, pale 
ye l low p r e c i p i t a t e wh ich c a n be u t i l ized in t h e s e p a r a t i o n of t h e p l a t i n u m m e t a l s . 

A. Gutbier prepared dimethylainmomum chlororhodate, ((CH3)2NH2)3RhCl6 ; 
trimethylainmonium chlororhodate, ((CH3)3NH)3RhCl6 ; ethylammonium chloro­
rhodate, <C2H5NH3)3RhCl6 ; diethylammonium chlororhodate, ((C2H5)2NH2) : r 
RhCl6 ; triethylamnioniuni chlororhodate, ( (C2Hs)3NH)3RhCl6 ; n -propylam-
monium chlororhodate, (C3H7NHg)3RhCl6 ; iso-propylammonium chlororhodate, 
(C3H7NH1J)3RhCl6; dipropylammonium chlororhodate, {(C3H7)2NH2}3RhCl6; 
tripropylammoniuin chlororhodate, ((C3H7J3NH)3RhCl6 ; n-butylammonium 
chlororhodate, (C4H9NHg)3RhCl6 ; iso-butylammonium chlororhodate, (C4H9-
NHa)3RhCl6; di-iso-butylammonium chlororhodate, ( (C 4H 9 ) 2NH 2 ) 3RhCl 6 ; 
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guanidinium chlororhodate, (C.NH.NH2 .NH3)3RhCl6; propylenediammonium 
chlororhodate, (C3H6N2H6)3(RhCl6)2; pyridinium chlororhodate, (C5H51NH)3-
RILCI6 ; ^-picolinium ctdororhodate, (C5H4-CH3-NH)3RhCl6 ; lutidinium chloro-
rhodate, {C5H2(CH3)3NH}3RhCl6 ; coUidinium chlororhodate, {C5H2(CH3)3.NH}3-
RhCI6; quinolinium chlororhodate, (C9H7-NH)3RhCl6; and iso-quinolinium 
chlororhodate, (C9H7-NH)3RhCl6. A. Gutbier also prepared tetramethylam-
monium enneachlorodirhodate, {(CH3)4N}3Rh2Cl9 ; tetraethylaznxuonium enea-
chlorodirhodate, {(C2H5)4N}3Rh2Cl9. 

According to A. Gutbier and A. Hiittlinger, bromine begins to act on finely-
divided rhodium a t 250°, forming a bromide which varies in composition with the 
temp. , presumably owing to the dissociation of rhodium tribromide, RhBr 3 , in 
accord with the balanced reaction : 2 R h + 3 B r 2 ^ 2RhBr3—vide supra, the tr i­
chloride. G. Goloubkine prepared the tribromide by dissolving spongy rhodium 
in hydrobromic acid saturated with bromine : 

O n e g r a m of s p o n g y r h o d i u m is heated, w i t h 24 g r m s . of 4O p e r c e n t , h y d r o b r o m i c ac id 
c o n t a i n i n g 7 g r m s . of b r o m i n e i n a sea led t u b e a t 80° t o 100° for 48 h r s . T h e c o n t e n t s of 
t h e t u b e a r e d i s t i l l ed u n d e r d i m i n i s h e d p r e s s . , t h e r e s i d u e t r e a t e d w i t h a l i t t l e w a t e r , ar id 
a g a i n d i s t i l l ed t o r e m o v e a l l h y d r o b r o m i c ac id . T h e b r o m i d e r e m a i n i n g is d i s so lved in 
w a t e r , a n d t h e so ln . e v a p o r a t e d i n v a c u o o v e r s u l p h u r i c ac id , t h e final d r y i n g of t h e p r o d u c t 
b e i n g c a r r i e d o u t i n v a c u o o v e r fused p o t a s s i u m h y d r o x i d e . If t h e s p o n g y r h o d i u m u s e d 
c o n t a i n s z inc o r b i s m u t h , t h e r e s u l t i n g i m p u r e b r o m i d e is r e d u c e d in a c u r r e n t of h y d r o g e n ; 
t h e z inc o r b i s m u t h b r o m i d e s u b l i m e s , l e a v i n g p u r e r h o d i u m , f rom w h i c h t h e p u r e b r o m i d e 
i s o b t a i n e d b y t h e t r e a t m e n t a l r e a d y d e t a i l e d . 

The dihydrate, RhBr 3 .2H 2 O, is very dark red, and is freely soluble in water. 
I t gives off water and hydrogen bromide a t 100° to 140°. A soln. of potassium 
hydroxide precipitates rhodium dihydroxybromide, Rh(OH) 2 Br.2H 2 O, and the 
filtrate yields the complex K 2 RhBr 5 . A series of pentabromoperrhodites has been 
prepared by the union of alkali and other bromides with rhodium tribromide. 

S. M. Jorgensen prepared rhodium hexamminobromide, [Rh(NH3)6]Br3 , by 
t reat ing a soln. of the corresponding chloride or ni t ra te with hydrobromic acid. 
The white, rhombic plates are stable a t 100°. F . M. Jager prepared rhodium 
Z-trisethylenediaminobromide, [Rh en3 JBr3.2H2O, in colourless, ditetragonal 
bipyramids with the axial ratio, a : c ~ l : 0-8330, which are isomorphous with the 
corresponding cobaltic salt. E. Rosenbohm studied the magnetic susceptibility. 
M. Delepine and R. Charonnat obtained the dextro- and lsevo-forms of this salt, 
and what they regarded as a compound cobaltic rhodium trisethylenediamino-
bromide, [Cop.5Rh0.5 en 3 ]Br 3 .3H 2 0. C. J . Dippel and F . M, Jager prepared 
dextro- and laovo-forms of aj38- and /3j8S-diaminopentane, rhodium trisdiamino-
pentanobromide, [Rhptn 3 Br 3 ] .2H 2 0 . P . Poulenc prepared rhodium trispvri-
dinotribromide, [Rh(C5H5N)3Br3] ; pyridinium tetrabromobispyridinoperrhodite, 
[Rh(C5H5N)2Br4]C5H5N ; rhodium dibromoquateiTpyridinobromide, [Rh(C5H5N)4-
Br2]Br.6H20 ; pyridinium enneabromodiperrhodite acid, (C5H5N)3H3[Rh2Br9J ; 
and rhodium hexabromoaquobispyridine, [Rh2(C5H5N)2(H20)Br6] .2H20. 
F. M. Jager and H. B. Blumendal prepared rhodium triaminocyclopentano-
bromide, [Rh(C 5 H 1 2 N 2 ) 3 ]Br 3 .H 2 0. By treat ing a soln. of aquopentammino-
hydroxide with hydrobromic acid, S. M. Jorgensen prepared rhodium aquopentam-
niinobromide, [Rh(NH3J5(H2O)]Br3 , in pale yellow, rhombic crystals, which lose 
their constitutional water a t 100°. The salt is soluble in water, and the soln. gives 
characteristic precipitates with gold bromide, and magnesium sulphate. S. M. Jor­
gensen obtained rhodium bromopentamrninobromide, [Rh(NHa)5Br]Br2 , by 
boiling with an excess of ammonia a soln. of the rhodium-zinc alloy in hydrobromic 
acid and bromine, as in the case of the corresponding chloride ; and also, by 
heating the aquopentamminobromide a t 100°, or heating i t with an excess of 
hydrobromic acid on a water-bath. E . Birk and H . K a m m found t h a t the bromo­
pentamminobromide is quanti tat ively converted into the t r ibromotriammine a t 
210° ; and a t 280°, the t r iammine forms the monammine. The chloride and 
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i od ides c a n n o t be o b t a i n e d b y t h e s a m e t h e r m a l d e c o m p o s i t i o n . H . Topsoe sa id 
t h a t t h e yel low c rys t a l s a r e r h o m b i c . S. M. J o r g e n s e n o b s e r v e d t h a t t h e sa l t is 
n e a r l y inso luble in cold w a t e r , i n h y d r o c h l o r i c ac id , a n d i n a lcohol . I t h a s a 
c o n s t i t u t i o n l ike t h a t of t h e c h l o r o p e n t a m m i n o c h l o r i d e ; a n d w h e n t r e a t e d w i t h 
n i t r i c ac id , or s i lver c a r b o n a t e , i t f o rms t h e c o r r e s p o n d i n g sa l t s . W i t h h y d r o ­
ch lor ic ac id , i t fo rms r h o d i u m bromopentan iminoch lor ide , [ R h ( N H g ) 5 B r ] C l 2 . 
J . N". B r o n s t e d a n d A. P e t e r s e n g a v e 0-015 for t h e mo la l so lub i l i ty of t h e sa l t a t 20° . 
Moist silver oxide forms rhodium bromopentamrninohydroxide, [Rh(NH 3) 5Br]-
( O H ) 2 , wh ich h a s p r o p e r t i e s s imi la r t o t h o s e of t h e co r r e spond ing c h l o r o p e n t a m -
minohydroxide. B. E. Dixon prepared rhodium hydroxylpentaimiunobromide, 
[ R h ( N H g ) 5 ( O H ) ] B r 2 1 H 2 O . S. M. J o r g e n s e n p r e p a r e d r h o d i u m dichloroquater-
pyridine bromide , [ R h p y 4 C l 2 ] B r , b y t h e a c t i o n of h y d r o b r o m i c ac id on t h e ch lor ide . 
E . B i r k a n d H . K a m m f o u n d t h a t t h e l igh t b r o w n c rys t a l s of r h o d i u m tr ibromo-
t r i a m m i n o b r o m i d e , [ R h ( N H 3 ) 3 B r 3 ] , p r e p a r e d a s j u s t i nd i ca t ed , a re insoluble in 
water, acids, and alkali lye. At 280°, it forms rhodium monamminotxibromide, 
R h ( N H 3 ) B r 3 , so luble in cone , ac ids . IJ. Tschugaeff a n d W . L e b e n d i n s k y p r e p a r e d 
rhodium bisdimethylglyoximediamminobromide, [Rh(NH 3) 2D 2H 2]Br, and the 
rhodium bisdimethylglyoximediamminobromoplatinate. 

P. Poulenc prepared sodium hexabromoperrhodite, Na3[RhBr6] .12H2O, in 
r e d c r y s t a l s wh ich a r e n o t i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g ch lor ide . A. G u t b i e r 
and A. Hutt l inger prepared ammonium pentabromoperrhodite, (NH 4 ) 2RhBr 5 , 
b y pas s ing h y d r o g e n b r o m i d e t h r o u g h a soln. of t h e c o r r e s p o n d i n g p o t a s s i u m sa l t , 
a n d a d d i n g t o t h e f i l t ra te f rom t h e p r e c i p i t a t e d p o t a s s i u m b r o m i d e , a dil . soln. of 
a m m o n i u m b r o m i d e . D a r k g reen c ry s t a l s a r e d e p o s i t e d if t h e soln. is a l lowed t o 
s t a n d a few d a y s . A cone . soln. of a m m o n i u m b r o m i d e does n o t furnish so good 
a c r o p of c r y s t a l s a s is t h e case w i t h a di l . s o l n . — p r e s u m a b l y owing t o a so lven t 
a c t i o n . G. G o l o u b k i n e a lso p r e p a r e d t h i s sa l t b y a d d i n g a s l ight excess of r h o d i u m 
t r i b r o m i d e t o a soln . of a m m o n i u m b r o m i d e , e v a p o r a t i n g t h e l iqu id t o d r y n e s s , 
a n d e x t r a c t i n g t h e excess of r h o d i u m t r i b r o m i d e w i t h a lcohol . A. G u t b i e r a n d 
A. H u t t l i n g e r p r e p a r e d p o t a s s i u m pentabromoperrhodi te , K 2 R h B r 5 , b y h e a t i n g 
f ine ly-div ided r h o d i u m , m i x e d w i t h p o t a s s i u m b r o m i d e , in a c u r r e n t of b r o m i n e 
v a p o u r . T h e cold m a s s is e x t r a c t e d w i t h w a t e r , a n d t h e f i l tered soln. e v a p o r a t e d 
for c rys t a l l i za t ion . T h e c r y s t a l s a p p e a r in d a r k g reen leaflets. G. G o l o u b k i n e 
o b t a i n e d t h e p o t a s s i u m sa l t a s in t h e case of t h e a m m o n i u m sa l t ; a n d s imi la r ly 
with rubidium pentabromoperrhodite, R b 2 R h B r 5 ; A. Gutbier and A. Hutt l inger 
o b t a i n e d t h i s sa l t , a s a d a r k g reen p r e c i p i t a t e b y a d d i n g r u b i d i u m b r o m i d e t o a 
soln. of t h e p o t a s s i u m sa l t ; a n d s imi la r ly w i t h caes ium pentabromoperrhodi te , 
Cs2RhBr5 . G. Goloubkine prepared sodium pentabromoperrhodite, Na 2 RhBr 5 , 
b y t h e m e t h o d she e m p l o y e d for t h e a m m o n i u m sa l t ; a n d l ikewise a lso w i t h 
b a r i u m pentabromoperrhodi te , B a R h B r 5 . P . P o u l e n c p r e p a r e d green, h e x a g o n a l 
crystals of ammonium enneabromodiperrhodite, (NH4J3[Rh2Br9] , which are 
isomorphous with the corresponding potassium enneabromodiperrhodite, 
K 3 [Rh 2 Br 9 ] ; rubidium enneabromodiperrhodite, Rb 3 [Rh 2 Br 9 ] ; and caesium 
enneabromodiperrhodite, Cs3[Rh2Br9] . 

P . P o u l e n c o b t a i n e d a s a l t of r h o d i u m tetrabromide , n a m e l y , R h ( C 5 H 5 N ) 2 B r 4 -
( C 5 H 5 N ) . 

A c c o r d i n g t o G. G o l o u b k i n e , a w a r m , cone . soln. of p o t a s s i u m iod ide p r o d u c e s 
a b l a c k p r e c i p i t a t e of r h o d i u m tri iodide, R h I 3 , w h e n a d d e d t o a soln. of r h o d i u m 
t r i b r o m i d e . N o p r e c i p i t a t e is fo rmed i n cold, di l . soln. 

A . W e r n e r p r e p a r e d r h o d i u m tr i se thy lenediamino iod ide , [ R h e n 3 ] I 3 . l | H 2 0 , 
b y t h e a c t i o n of s o d i u m iod ide on t h e c o r r e s p o n d i n g ch lor ide ; i t fo rms c rys t a l s 
w h i c h a r e so luble in w a t e r . F . M. J a g e r sa id t h a t t h e c r y s t a l s a re r h o m b i c w i th 
t h e a x i a l r a t i o s a : b : c = 0 - 8 5 4 1 : 1 : 0-8632, a n d a re i s o m o r p h o u s w i t h t h e cor re ­
s p o n d i n g coba l t i c sa l t . J . P . M a t h i e u s t u d i e d t h e a b s o r p t i o n s p e c t r u m of soln. 
of t h e sa l t . Acco rd ing t o A . W e r n e r , if t h e eZ-camphorni t ronate is t r e a t e d 
with sodium iodide, rhodium d-trisethylenedianmainoiodide, [ R h e n 3 ] I 3 . l | H 2 0 , is 
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formed in cubic crystals with [Ct]1,= 48°. F . M. Jager said t ha t the crystals 
of rhodium Z-trisethylenediaminoiodide, [Rh en 3 ] I 3 .H 2 0, are rhombic with 
the axial ratios a : b : c—08064. : 1 : 0-7380, and isomorphous with the corre­
sponding cobaltic salt. M. Delepine and R. Charonnat obtained what they regarded 
as cobaltic rhodium trisethylendiamminoiodide, [Co05Rh0-SCn3]I3-SH2O. 
A. Werner also prepared the la3vo-salt. L. TschugaefE and W. JLebendinsky 
prepared rhodium bisdimethylglyoximoiliarnrn inoiodide, [Rh(NHg)2D2H2]I . 
C. J . Dippel and F . M. Jager, and F . M. Jager and H. B. Blumendal prepared 
dextro- and leevo-forms of a.y3S- and /3y88-diaminopentane, rhodium trisdiamino-
pentaneiodide, [Rhptn 3 ] l3 .1£H 20. S. M. Jorgensen prepared rhodium iodopentam-
minoiodide,[Rh(NH3)5l]I2 , by heating the aquopentamminohydroxide with an excess 
of hydriodic acid a t 100°. H . Topsoe said t ha t the rhombic crystals are isomor­
phous with those of the chloride and bromide. They have the colour of potassium 
dichromate, and are soluble in cold water, but more soluble in hot water ; they 
are insoluble in hydriodic acid, and in alcohol. If digested with dil. hydrochloric 
acid, a chrome-yellow rhodium iodopentam in i nochloride, [Rh(NH3)5I]Cl2 , 
sparingly soluble in water, insoluble in alcohol, is formed. L. TschugaefE prepared 
rhodium triiodotriammine, [Rh(NH3)3I3] , in small reddish-brown prisms, by 
warming an aq. soln. of rhodium triiodide with an excess of ammonia. 
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§ 8. The Rhodium Ammines 
C o m p o u n d s of t h e t e r v a l e n t r h o d i u m sa l t s w i t h a m m o n i a were obse rved b y 

L . N . V a u q u e l i n A in 1813 , b y J . J . Berze l ius in 1828, b y C. Claus in 1854, a n d b y 
E . F r c m y in 1852. S o m e of t h e m h a v e b e e n s y s t e m a t i c a l l y e x a m i n e d b y 
S. M. J o r g e n s e n , A. W e r n e r , F . M. J a g e r , a n d R . C h a r o n n a t . 

I. T h e h e x a m m i n e f a m i l y o r c o m p o u n d s w i t h t h e t e r v a l e n t bas ic g r o u p s 
[ R h A 6 I * - . 

(i) Hexammines, [ R I I ( N J H S ) 6 ] X 3 , r e p r e s e n t e d b y (1) h y d r o x i d e ; (2) ch lor ide ; 
(3) b r o m i d e ; (4) s u l p h a t e ; (5) n i t r a t e ; (6) h y d r o n i t r a t e ; (7) p h o s p h a t e ; a n d 
(S) s o d i u m p y r o p h o s p h a t e . 

(ii) Trisethylenediammines, [ R h e n 3 ) X 3 , r e p r e s e n t e d b y r a c e m i c , d e x t r o - , a n d 
laovo-forms of (1) chlorides ; (2) b r o m i d e ; (3) iod ide ; (4) n i t r a t e ; (5) t h i o -
c y a n a t e ; (6) c h l o r o t a r t r a t e ; a n d (7) c a m p h o r n i t r o n a t e . 

(iii) Trisdiaminopenlanes, [ R h p t n 3 ] X 3 , r e p r e s e n t e d b y t h e d e x t r o - a n d lrevo-
fo rms of <x)8S- a n d /3 /3S-diaminopentanes—(1) ch lor ide ; (2) ch lo ra t e ; (3) pe r -
c h l o r a t e ; (4) b r o m i d e ; (5) iod ide ; (6) s u l p h a t e ; (7) n i t r i t e ; (8) n i t r a t e ; a n d 
(9) t a r t r a t e . 

(iv) Aquopcntamrtiines, [ R h ( N H 3 ) 5 ( H 2 0 ) ] X 3 , r e p r e s e n t e d b y (1) h y d r o x i d e ; 
(2) ch lo r ide ; (3) b r o m i d e ; (4) s u l p h a t e , a n d s u l p h a t o c h l o r o p l a t i n a t e ; (5) n i t r a t e 
a n d n i t r a t o c h l o r o p l a t i n a t e ; (6) h y d r o n i t r a t e ; (7) p h o s p h a t e ; a n d (8) s o d i u m 
p y r o p h o s p h a t e . 

I I . T h e p e n t a m m i n e f a m i l y or c o m p o u n d s w i t h t h e b i v a l e n t bas ic g r o u p 
[ R h A 5 X j * . 

(i) Hydroxypentammines, [ R h ( N H 3 ) 5 ( O H ) j X 2 , r ep re sen t ed b y (1) t h e b r o m i d e ; 
(2) t h e s u l p h a t e ; a n d (3) t h e n i t r a t e . 

(ii) Chloropcntlatnmines, [ R h ( N H 3 ) 5 O l ] X 2 , r e p r e s e n t e d b y (1) h y d r o x i d e ; 
(2) ch lo r ide , a n d c h l o r o p l a t i n a t e ; (3) s u l p h a t e ; (4) h y d r o s u l p h a t e ; (5) ca r ­
b o n a t e ; (6) n i t r a t e ; a n d (7) f luosi l icate. 

(iii) Bromopentammines, [Rh (NJH 3 ) 6 Br]X 2 , r e p r e s e n t e d b y (1) ch lor ide ; 
(2) b r o m i d e ; (3) n i t r a t e ; a n d (4) c a r b o n a t e . 

(iv) lodopentammines, [ R h ( N H 3 ) B I j X 2 , r e p r e s e n t e d b y (1) i o d i d e ; (2) s u l p h a t e ; 
a n d (3) n i t r a t e . 

(v) Nitritopentamminesy [ R h ( N H 3 ) 5 ( N 0 2 ) ] X 2 , r e p r e s e n t e d b y (1) h y d r o x i d e ; 
(2) ch lo r ide ; (3) b r o m i d e ; (4) s u l p h a t e ; (5) h y d r o s u l p h a t e ; a n d (0) n i t r a t e . 

(vi) i V ^ r a t o y m t o w w m e * , [ R h ( N H g ) 5 ( N O 3 ) J X 2 , r e p r e s e n t e d b y (1) ch lor ide , a n d 
t h e c h l o r o p l a t i n a t e ; (2) n i t r a t e ; a n d (3) d i t h i o n a t e . 
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I I I . T h e t e t r a m m i n e fami ly o r c o m p o u n d s w i t h t h e u n i v a l e n t bas ic g r o u p 
[ R h A 4 X 2 ] * . 

(i) Dichloroqttaterpyridines, [ R h p y 4 C l 2 ] X , r e p r e s e n t e d b y (1) h y d r o x i d e ; 
(2) chlor ide ; (3) b r o m i d e ; (4) s u l p h a t e ; a n d (5) n i t r a t e , a s well a s a c o m p l e x 
w i t h [ R h P y 2 C l 4 ] . 

(ii) Dichloroaquotrispyridine, [ R h p y 3 ( H 2 0 ) C l 2 ] , r e p r e s e n t e d b y a c o m p l e x w i t h 
[ R h P y 2 C l 4 ] . 

(iii) Dibromoqualerpyridine, [ R h ( C 6 H 5 N ) 4 B r 2 ] B r . 6 H 2 O . 
I V . T h e t r i a m m i n e fami ly , o r c o m p o u n d s of t h e nu l l - va l en t g r o u p [ R h A 3 X 3 ] . 
(i) Trichlorotrispyridines, [ R h p y 3 C l 3 ] . 
(ii) Tribromolrispyridines, [ R h ( C 5 H 5 N ) 3 B r 3 ] ; a lso [ R h 2 ( C 5 H 5 N ) 2 ( H 2 O ) B r 6 ] . 2 H 2 O 

a n d 2 R h B r 3 . 3 C 5 H 5 N . 3 H B r . 
(iii) Trichloroaquobispyridines, [ R h p y 2 ( H 2 0 ) C l 3 ] , in i t s cis- a n d t r a n s - f o r m s . 
V. T h e d i a m m i n e f a m i l y or c o m p o u n d of t h e u n i v a l e n t [ R h A 2 X 4 ] ' . 
(i) Tetrachlorobispyridines, [ R h p y 2 C l 4 ] ' , r e p r e s e n t e d b y cis- a n d t r a n s - f o r m s of 

t h e p o t a s s i u m , a m m o n i u m , si lver, a n d p y r i d i n i u m sa l t s a s well as c o m p l e x e s w i t h 
[ R h p y 3 ( H 2 0 ) C l 2 ] , a n d w i t h [ R h p y 4 C l 2 ] . 

(ii) Nilralolrichlorobispyridines, [ R h p y 2 ( N 0 3 ) C l 3 ] , r e p r e s e n t e d b y cis- a n d t r a n s ­
fo rms of t h e a m m o n i u m , p o t a s s i u m , s i lver , a n d p y r i d i n i u m sa l t s . 
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§ 9. The Rhodium Sulphides 
Accord ing t o J . J . Berze l ius , 1 r h o d i u m m o n o s u l p h i d e , R h S , is f o rmed w h e n 

r h o d i u m is h e a t e d in s u l p h u r v a p o u r ; t h e m e t a l t a k e s u p s u l p h u r w i t h i n c a n d e s ­
cence . H . D e b r a y found t h a t c ry s t a l s of t h e m o n o s u l p h i d e a r e p r o d u c e d w h e n 
f inely-divided r h o d i u m is h e a t e d w i t h m o l t e n p y r i t e , a n d t h e regu lus e x t r a c t e d 
w i t h di l . hyd roch lo r i c ac id ; L . N . V a u q u e l i n , w h e n a m m o n i u m c h l o r o p e r r h o d i t e 
is h e a t e d w i t h s u l p h u r ; L . R . v o n Fe l l enbe rg , b y p r e c i p i t a t i n g a su lph ide f rom 
a n a q . soln. of s o d i u m c h l o r o p e r r h o d i t e w i t h h y d r o g e n su lph ide , w a s h i n g t h e p r e ­
c i p i t a t e w i t h boi l ing w a t e r , a n d h e a t i n g t h e d r i ed p r o d u c t in a c u r r e n t of c a r b o n 
d iox ide . T h e su lph ide is a g r ey p o w d e r , or a b lu i sh -wh i t e , meta l l i c - look ing m a s s . 
W h e n h e a t e d in a i r , L». N . V a u q u e l i n obse rved t h a t i t g ives off s u l p h u r d iox ide , a n d 
leaves t h e m e t a l in a s p o n g y , fr iable s t a t e ; a n d L . R . v o n Fe l l enbe rg , t h a t w h e n i t 
is h e a t e d w i t h ch lor ine , s u l p h u r a n d r h o d i u m chlor ides a r e fo rmed . T h e m o n o ­
su lph ide res is ts al l o r d i n a r y so lven t s . E . Le id ie cou ld n o t sa t is fy h imsel f t h a t 
t h e m o n o s u l p h i d e is a defini te c o m p o u n d , b u t r e g a r d e d i t r a t h e r a s a m i x t u r e of 
r h o d i u m a n d r h o d i u m h e m i t r i s u l p h i d e f o r m e d b y t h e p a r t i a l d i s soc ia t ion of t h e 
l a t t e r a t a h igh t e m p . V . N . IvanofE o b t a i n e d a c o m p l e x w i t h t h i o c a r b a m i d e 
r e s e m b l i n g t h a t w i t h p l a t i n u m . 

Acco rd ing t o R . J u z a a n d co-workers , t h e following r h o d i u m su lph ides a p p e a r 
w h e n t h e h ighe r su lph ide is h e a t e d , R h 9 S 8 , R h 3 S 4 , R h 2 S 3 , a n d R h 2 S 5 , b u t n o t t h e 
d i su lph ide . S t a r t i n g w i t h t h e h e m i p e n t a s u l p h i d e , t h e v a p . press , a t different 
t e m p , shows t h a t t h e su lph ide is d e c o m p o s i n g a t a b o u t 760° w h e n t h e v a p . press , 
a p p r o x i m a t e s 170 m m . , a n d a t 1043°, i t furn ishes R h 2 S 3 , w h i c h begins t o d e c o m ­
pose w h e n t h e v a p . p ress , is a b o u t 122 m m . fo rming R h 3 S 4 . Th i s c o m p o u n d b r e a k s 
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d o w n a t a b o u t 1003°, w h e n t h e v a p . press , is a b o u t 25 m m . t o form R h S 9 . 8 T h e 
sp . gr . is 7-51 a t 25°/4°, a n d t h e mol . vol . 158. T h e co r re spond ing va lues for 
rhodium tritatetrasulphide, Rh3S4 , are 6-33, a n d 69-0 ; a n d t h e v a p . press , p m m . , 

953° 1003° 1043° 1083° 

V . . . . . 8 24 54 120 

There are two forms of rhodium sesquisulphide, or rhodium hemitrisulphide, 
R h 2 S 3 . One form w a s p r o d u c e d in t h e d r y w a y b y E . Leid ie , b y h e a t i n g t h e 
t r i ch lo r ide p r e p a r e d a t 400° i n a c u r r e n t of d r y h y d r o g e n su lph ide a t a t e m p , n o t 
exceed ing 360°, because a t 400° t h e p a r t i a l d issocia t ion of t h e h y d r o g e n su lph ide 
fo rms h y d r o g e n wh ich r e d u c e s t h e r h o d i u m su lph ide t o m e t a l . F o r t h e s a m e 
r eason , t h e h y d r o g e n su lph ide e m p l o y e d should be free f rom h y d r o g e n . A m m o ­
n i u m c h l o r o p e r r h o d i t e in p lace of r h o d i u m t r i ch lor ide gives unsa t i s f ac to ry re su l t s . 
T h e b lack p o w d e r is c rys ta l l ine a n d t h e c rys t a l s a re p s e u d o m o r p h s af ter t h e 
or ig inal t r ich lor ide . R . J u z a a n d co-workers found t h a t t h e space- la t t ice is formed 
b y t h e coup l ing of t w o p y r i t e cubes ; t h e sp . gr. , 6-40 a t 25°/4° ; t h e mol . vol . , 
47-2 ; a n d t h e v a p . press . , p m m . , 

9 5 3 " 1O03 ' 1 0 4 3 " 1 (J83 ' 
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T h e h e m i t r i s u l p h i d e is s t ab le u p t o a b o u t 500° . A t a du l l r e d - h e a t in an a t m . 
of n i t r o g e n , i t loses 8 pe r cen t , of s u l p h u r , a n d t h e res idue co r r e sponds w i t h t h e 
s u p p o s e d m o n o s u l p h i d e . If h e a t e d a t b r i g h t r ednes s in v a c u o , or in a b r a s q u e d 
c ruc ib le , i t y ie lds a r egu lus wh ich h a s a meta l l i c a p p e a r a n c e b u t con ta in s 9 pe r 
cen t , of s u l p h u r . T h e whole of t h e s u l p h u r c a n only be expel led in t h e o x y -
h y d r o g e n flame. R h o d i u m sesqu i su lph ide is insoluble in alkal i lye , a n d i t is n o t 
a t t a c k e d b y b r o m i n e - w a t e r , n o r by hyd roch lo r i c acid, n i t r i c acid, or a q u a regia . 
W h e n h e a t e d s t rong ly in a i r or oxygen , t h e oxides of s u l p h u r a n d of r h o d i u m 
a r e fo rmed . 

K. Le id ie found t h e h e m i t r i s u l p h i d e c a n be p r e p a r e d b y pass ing a c u r r e n t of 
h y d r o g e n su lph ide i n t o a soln. of t h e t r i ch lo r ide , a n d t h e n ra is ing t h e t e m p , to 100° so 
a s t o d e c o m p o s e t h e h y d r o s u l p h i d e , R h 2 S 3 . 3 H 2 S , wh ich is fo rmed. Less hyd rogen 
su lph ide t h a n is r equ i r ed for t h e p r e c i p i t a t i o n is e m p l o y e d , for t h e excess of r h o d i u m 
sa l t is p r e c i p i t a t e d f rom t h e boi l ing soln. b y t h e h y d r o g e n su lph ide f rom t h e decom­
pos i t ion of t h e h y d r o s u l p h i d e . T h e b l ack p o w d e r is insoluble in a lkal i su lph ides , 
in n i t r i c a n d hydroch lo r i c ac ids , a n d in a q u a regia a t 100°. I t is n o t ac ted on b y 
m o i s t a i r , or by b r o m i n e . K. Leidie found t h a t t h i s p r o d u c t c o n t a i n s r a t h e r m o r e 
s u l p h u r t h a n co r r e sponds w i t h t h e h e m i t r i s u l p h i d e , b u t when h e a t e d in v a c u o a t 
440° , i t loses s u l p h u r d iox ide a n d w a t e r , a n d h a s t h e n a compos i t ion a p p r o x i m a t i n g 
R h 2 S 3 . 

J . J . Berze l ius obse rved t h a t t h e b r o w n p r e c i p i t a t e fo rmed b y a m m o n i u m 
su lph ide in a h o t soln. of s o d i u m ch lo rope r rhod i t e becomes acidic w h e n exposed 
t o a i r ; i t dissolves in p o t a s s i u m h y d r o s u l p h a t e a n d p a r t l y in p o t a s h lye . 
H . V. Oollet-Descoti ls a d d e d t h a t i t fo rms a b r o w n soln. wi th n i t r ic acid. E . Leid ie 
obse rved t h a t a d a r k b r o w n p r e c i p i t a t e of r h o d i u m hydrosulphide, R h 2 S 3 . 3 H 2 S , 
o r R h ( H S ) 3 , is fo rmed w h e n a soln. of a r h o d i u m sa l t is m i x e d wi th a l a rge excess 
of h y d r o g e n su lph ide in a closed vessel . T h e p rec ip i t a t i on of t h e r h o d i u m is com­
p l e t e in a few m i n u t e s a t 100°, b u t requ i res m o n t h s a t o r d i n a r y t e m p . T h e h y d r o ­
s u l p h i d e is insoluble in a lka l i lye a n d in hydroch lo r i c or n i t r i c ac id , b u t i t is a t t a c k e d 
b y b r o m i n e - w a t e r a n d a q u a reg ia . W h e n h e a t e d w i t h 500 t i m e s i t s we igh t of 
w a t e r in a closed vessel or i n a n a t m . of n i t rogen , t h e h y d r o s u l p h i d e is decomposed 
i n t o r h o d i u m su lph ide a n d h y d r o g e n su lph ide . W h e n e v e r a r h o d i u m sa l t is p r e ­
c i p i t a t e d b y h y d r o g e n su lph ide a t 100°, t h e h y d r o s u l p h i d e is formed, b u t i t i m m e ­
d i a t e l y decomposes , t h e c h a n g e t a k i n g p lace m o r e r ead i ly i n presence of a n excess 
of rhodium sa l t t h a n in p resence of w a t e r a lone . H . B a u b i g n y said t h a t t h e 
h y d r o s u l p h i d e is s t ab l e in t h e p resence of a n excess of h y d r o g e n su lph ide . L . de 
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B o i s b a u d r a n r e p o r t e d t h a t t h e h e m i t r i s u l p h i d e fo rmed a t a low t e m p , is so luble 
in a m m o n i u m su lph ide , a n d h y d r o c h l o r i c ac id , b u t h is " su lph ide " m a y h a v e b e e n 
a m i x t u r e of su lph ide a n d ox ide . 

Accord ing t o E . L»eidie, if a n o r m a l sa l t of r h o d i u m , such a s a n a lka l i ch lo ro -
p e r r h o d i t e , is t r e a t e d w i t h a n excess of a cone . soln. of a n a lka l i m o n o s u l p h i d e , a 
c o m p o u n d of r h o d i u m su lph ide w i t h t h e a lka l i su lph ide is p r e c i p i t a t e d , a n d is 
s t ab l e in p resence of excess of t h e l a t t e r , b u t is d e c o m p o s e d b y w a t e r . W h e n t h e 
l iqu id c o n t a i n s n o t m o r e t h a n 16 mols . of w a t e r t o e a c h m o l . of s o d i u m s u l p h i d e 
t h e p r e c i p i t a t e h a s t h e compos i t i on of s o d i u m sulphoperrhodi te , 3 N a 2 S - R h 2 S 3 , 
o r N a 3 R h S 3 . W i t h 1-10 mols . of w a t e r t o e a c h m o l . of s o d i u m su lph ide , t h e p r e ­
c ip i t a t e is r h o d i u m su lph ide a lone , a n d b e t w e e n t h e s e l imi t s t h e d o u b l e s u l p h i d e 
is g r a d u a l l y d i s soc ia ted a s t h e p r o p o r t i o n of w a t e r inc reases . W i t h 550 mol s . of 
w a t e r t o each mol . of s o d i u m su lph ide , t h e p r e c i p i t a t e f o r m e d in t h e cold is yel low 
r h o d i u m h y d r o x i d e , t h e a lka l ine s u l p h i d e be ing c o m p l e t e l y d i s soc ia ted b y t h e 
w a t e r i n t o t h e h y d r o x i d e a n d h y d r o g e n s u l p h i d e . E . Le id ie o b t a i n e d p o t a s s i u m 
sulphoperrl iodite , 3 K 2 S - R h 2 S 3 , o r K 3 R h S 3 , i n a s imi la r m a n n e r . 

L . T h o m a s s e n p r e p a r e d r h o d i u m disulphide , R h S 2 , b y m e l t i n g t h e c o m p o n e n t s 
in a n e v a c u a t e d q u a r t z t u b e , a n d slowly cool ing t h e p r o d u c t d u r i n g 74 h r s . f rom 
900° t o 430° , a n d d u r i n g 34 h r s . t o o r d i n a r y t e m p . T h e p r o d u c t is a g rey i sh -b l ack , 
coarse p o w d e r w i t h s o m e s in t e red c l u m p s . A b o u t 7 p e r cen t , of t h e s u l p h u r is 
n o t t a k e n u p b y t h e r h o d i u m . T h e X - r a d i o g r a m s h o w s t h a t t h e d i s u l p h i d e 
c ry s t a l s be long t o t h e cub ic s y s t e m , a n d h a v e t h e p y r i t i c s t r u c t u r e , w i t h t h e p a r a ­
m e t e r a, 5-574 A. P . Niggl i , a n d Li. P a u l i n g a n d M. \L. H u g g i n s d i scussed t h e 
sub jec t . L«. W o h l e r a n d co-worke r s p r e p a r e d r h o d i u m h e m i p e n t a s u l p h i d e , R h 2 S 5 
b y t h e ac t i on of s u l p h u r on r h o d i u m t r i ch lo r ide a t 600°, H . G. K r a l l sa id t h a t t h e 
h e m i p e n t a s u l p h i d e is a d a r k g rey c rys ta l l ine mass , which is n o t a t t a c k e d by 
dil . o r cone, mine ra l ac ids , or a q u a regia . R . J u z a a n d co-workers f o u n d t h a t t h e 
space- la t t i ce is fo rmed b y t h e coup l ing of t w o p y r i t e cubes ; t h e sp . gr.f 5-0O a t 
25°/4° ; t h e mol . vol . , 73-0 ; a n d t h e v a p . press . , p m m . , 

715° 757° 798 J 830° 
7> • - . . 4O 122 285 575 
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§ 10. The Rhodium Sulphates 
J . J . Berze l ius * p r e p a r e d r h o d i u m s u l p h a t e , R h 2 ( S 0 4 ) 3 , b y h e a t i n g t h e h e m i ­

t r i s u l p h i d e w i t h f u m i n g n i t r i c ac id , o r w i t h b r o m i n e - w a t e r ; H . S t . C. Devi l l e a n d 
H . D e b r a y , b y h e a t i n g t h e m e t a l a t a r e d - h e a t w i t h m o l t e n p o t a s s i u m h y d r o s u l p h a t e , 
o r b y t h e a c t i o n of bo i l ing , cone , s u l p h u r i c ac id o n a n a l loy of r h o d i u m a n d lead ; 
a n d E . Leidie^ b y t h e a c t i o n of cone , s u l p h u r i c a c i d o n r h o d i u m t r i c h l o r i d e , o r a 
d o u b l e ch lo r ide . T h e soln . is e v a p o r a t e d t o a s y r u p y cons i s t ency , a n d , a s r e c o m -
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m e n d e d b y C. Claus , a n d E . Leid ie , finally h e a t e d t o a c o n s t a n t we igh t a t 440° 
so a s t o r e m o v e t h e whole of t h e free ac id . T h e s u l p h a t e beg ins t o decompose a t 
500° , a n d i t fo rms t h e h e m i t r i o x i d e in a i r a t a r e d - h e a t . J . J . Berze l ius t h o u g h t 
t h a t rhodious su lphate , B h S O 4 , is fo rmed , a n d he a d d e d t h a t t h e s a m e sa l t is 
f o r m e d w h e n r h o d i u m h e m i t r i s u l p h i d e is r o a s t e d in a i r — t h e s e s t a t e m e n t s h a v e 
n o t been conf i rmed. T h e de l iquescen t s u l p h a t e s desc r ibed b y J . J . Berze l ius , a n d 
C. Claus p r o b a b l y c o n t a i n e d a n excess of ac id . R h o d i u m s u l p h a t e , R h 2 ( S O 4 J 3 , 
f o rms a br ick- red , non-hygroscop ic powder , s t ab le in presence of w a t e r if t h e 
l a t t e r does n o t exceed 16 eq . pe r eq. of sa l t , b u t d e c o m p o s e d b y a l a rger q u a n t i t y 
w i t h f o r m a t i o n of a bas ic s u l p h a t e a n d free su lphur ic acid . W h e n boi led w i t h 
l a rge q u a n t i t i e s of w a t e r un t i l t h e wash ings a re no longer acid, i t y ie lds r h o d i u m 
Oxysulphate , R h 2 O 3 . R h 2 ( S 0 4 ) 3 , as a l emon-ye l low, insoluble powde r . W h e n a 
soln. of t h e n o r m a l s u l p h a t e is t r e a t e d w i th a lkal i h y d r o x i d e or c a r b o n a t e , t h e 
h y d r a t e d h e m i t r i o x i d e is p r e c i p i t a t e d ; a q . a m m o n i a in t h e cold p r e c i p i t a t e s a 
bas ic sa l t , a n d w i t h boi l ing soln. , t h e h y d r a t e d h e m i t r i o x i d e — t h e presence of a n 
excess of a n a m m o n i u m sa l t r e t a r d s t h e p rec ip i t a t i on . 

S. M. Jorgensen prepared rhodium hexamminosulphate, fRh(NH3)6l2(S04)3 . 
3 H 2 O , by a d d i n g a lcohol t o t h e soln. of t h e h y d r o x i d e in su lphur i c acid . F o r 
s o m e reac t ions , vide infra, t h e h e x a m m i n o n i t r a t c . S. M. J o r g e n s e n also o b t a i n e d 
rhodium aquopentamminosulphate, [Rh(NH3)S(H2O) ]2(S04)3 .3H2O, by adding 
a lcohol t o a soln. of t h e c o r r e s p o n d i n g h y d r o x i d e in su lphur i c ac id . T h e yel lowish-
g r e e n p r i s m s a re i s o m o r p h o u s w i t h t h e co r r e spond ing coba l t i c sa l t . Th i s c o m p o u n d 
is spa r ing ly soluble in cold w a t e r , b u t freely soluble in h o t w a t e r ; a n d w h e n i t is 
h e a t e d t o 100°, i t is p a r t i a l l y t r a n s f o r m e d i n t o t h e h e x a m m i n e . If t h e soln. be 
t r e a t e d wi th p l a t in i c ch lor ide , t h e r e is fo rmed r h o d i u m a q u o p e n t a m m i n o s u l p h a t o -
Chloroplatinate, l R h ( N H 3 ) 5 ( H 2 0 ) ; | 2 ( S 0 4 ) 2 ( P t C l 6 ) . S. M. J o r g e n s e n p r e p a r e d 
rhodium chloropentamminosulphate, [Rh(NH3)5Cl 1(SO4).2H2O, by cooling a hot 
soln . of t h e h y d r a t e in di l . s u l p h u r i c ac id . T h e yel low p r i sms a re spar ing ly soluble 
in cold w a t e r , b u t r ead i ly so luble in boi l ing w a t e r . If t h e co r respond ing chlor ide 
be t r e a t e d w i t h cone , su lphu r i c ac id , a n d cooled, su lphur -ye l low c rys ta l s of r h o d i u m 
ehloropentamminohydrosulphate, 4[Rh(NH3)5Cl](S04). 3H2SO4 , are formed, 
s p a r i n g l y soluble in cold w a t e r , b u t m o r e soluble in h o t w a t e r . S. M. J o r g e n s e n 
reported rhodium iodopentamm inosulphate, [Rh(NH3X5I](SO4).3H2O, to be formed 
b y t h e s p o n t a n e o u s e v a p o r a t i o n of a soln. of t h e co r r e spond ing chlor ide in cone, 
su lphu r i c ac id . T h e trihydrale becomes a n h y d r o u s a t 100° ; a n d t h e a n h y d r o u s 
s a l t is p r e c i p i t a t e d b y a d d i n g a lcohol t o t h e m o t h e r - l i q u o r from t h e t r i -
hydra te . B. E. Dixon prepared rhodium hydroxylpentamminosulphate, 
[Rh(NH 3) 5(OH)] 2S0 4 .2H 2O. S. M. Jorgensen prepared rhodium nitrito-
pentamminosulphate, [Rh(NH 3 ) 5 (N0 2 )JS0 4 , as well as rhodium nitritopentam-
m i n o h y d r o s u l p h a t e , 2 [ R h ( N H 3 ) 4 ( N 0 2 ) JSO 4 . 3H 2 SO 4 . S. M. J o r g e n s e n also o b t a i n e d 
rhodium dichlorotetrapyridinosulphate, [Rhpy4Cl2]2S04 . F . M. Jager and 
H. B. Blumendal prepared rhodium trisaminocyclopentanosulphate, 
[ R h ( C 5 H 1 2 N 2 ) 3 ] 2 ( S 0 4 ) 3 . 

F . K r a u s s a n d H . U m b a c h d isso lved rhod ic h y d r o x i d e p r e c i p i t a t e d in 
t h e cold, in dil . su lphu r i c ac id , evax>orated t h e l iquid over cone , su lphur i c ac id , 
a n d a d d e d e the r . Yel low, rhodic su lphate , R h 2 ( S 0 4 ) 3 . 1 5 H 2 0 , w a s p r e c i p i t a t e d . 
T h r e e of t h e mols . of w a t e r in t h e pentadecahydrate a re zeoli t ical ly c o m b i n e d , a n d 
poss ib ly also some of t h e o t h e r mols . of wa te r . T h e a q . soln. gives t h e n o r m a l 
r eac t i ons , a n d on e v a p o r a t i o n y ie lds a red tetrahydrate, R h 2 ( S 0 4 ) 3 . 4 H 2 0 , where 
t h e w a t e r is zeol i t ical ly c o m b i n e d . F r e s h l y - p r e p a r e d soln. d o n o t r eac t in t h i s 
m a n n e r . I f a cone . soln. of t h e doub l e sa l t w i t h caesium is m i x e d w i t h one - th i rd 
i t s vo l . of cone , su lphur i c ac id , a n d e v a p o r a t e d , a yel low, c rys ta l l ine p o w d e r of 
r h o d i c hydrosu lphate , R h 2 ( S 0 4 ) 3 . H 2 S 0 4 . 1 6 H 2 0 , is fo rmed. R . B u n s e n , a n d 
K . S e u b e r t a n d K . K o b b e , p r e p a r e d s o d i u m r h o d i u m disulphate , N a 2 S O 4 . 
R h 2 ( S O ^ ) 3 , OT N a R h ( S 0 4 ) 2 , b y h e a t i n g t h e doub l e s u l p h a t e w i t h cone, su lphur i c 
ac id , b u t t h e y cou ld n o t o b t a i n i t w i th w a t e r of c rys ta l l i za t ion . A. P iccmi a n d 
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Li. M a r i n o p r e p a r e d a series of r h o d i u m a l u m s b y a l lowing a m i x e d soln. of t h e t w o 
s u l p h a t e s t o crys ta l l ize . T h e soln. s h o u l d c o n t a i n a b o u t t w o - t h i r d s of t h e 
t h e o r e t i c a l q u a n t i t y of a lka l i s u l p h a t e , a n d a n excess of su lphu r i c ac id . T h e soln. 
shou ld be k e p t a t a low t e m p . F o r e x a m p l e , J . J . Berze l ius desc r ibed p o t a s s i u m 
r h o d i u m s u l p h a t e , K 2 S O 4 . R h 2 ( S 0 4 ) 3 . n H 2 0 , a n d A . P icc in i a n d L . Mar ino s h o w e d 
t h a t p o t a s s i u m r h o d i u m disu lphate , or potassium rhodium alum, K 2 S O 4 . R h 2 ( S O 4 ) 3 . 
2 4 H 2 O , or K R h ( S 0 4 ) 2 . 1 2 H 2 0 , c a n be o b t a i n e d in t h e c rys t a l l ine s t a t e o n l y b y 
a l lowing t h e soln. t o s t a n d for a long t i m e a t a t e m p , n o t exceed ing 5° ; a t a h i g h e r 
t e m p . , a n unc rys t a l l i zab le , s y r u p y l iqu id is fo rmed . T h e c r y s t a l s a r e b r o w n i s h -
yel low a n d be long t o t h e cub ic s y s t e m . T h e y a re s t ab l e in a i r , a n d freely so luble 
in w a t e r . T h e co r r e spond ing r u b i d i u m r h o d i u m disu lphate , rubidium rhodium 
alum, R b R h ( S 0 4 ) 2 . l 2 H 2 O , l ikewise furn ishes honey-ye l low, o c t a h e d r a l c r y s t a l s 
wh ich exh ib i t n o c l eavage . The i r ind ices of re f rac t ion a r e 1*4977 for red- l igh t , 
1-5004 for yel low-l ight , a n d 1-5036 for g reen- l igh t . T h e c r y s t a l s m e l t a t 108° t o 
109° t o fo rm a r e d l iqu id . T h e eas ies t sa l t of t h e series t o p r e p a r e is c s e s i u m 
r h o d i u m disulphide, or ccvsium rhodium alum, C s R h ( S 0 4 ) 2 . 1 2 H 2 0 , because i t is 
t h e leas t soluble i n cold w a t e r . I t furn ishes honey-ye l low, o c t a h e d r a l c r y s t a l s 
w i t h n o c leavage , a n d w i t h t h e indices of re f rac t ion 1-5063 for red- l igh t , 1-5077 for 
ye l low-l ight , 1-5112 for g reen- l igh t , a n d 1-5184 for v io le t - l igh t . F . K r a u s s a n d 
H . TJmbach found t h a t t h e o r a n g e cub ic c r y s t a l s of t h e dodecahydrate of caesium 
a l u m h a v e t h e l a t t i c e c o n s t a n t a = 1 2 - 3 0 A . T h e sp . g r . is 2-238 a t 20° /4° . I f 
d r i ed be low 100°, a ye l low hexahydrate of sp . gr . 2-720, a n d a b r o w n , spa r ing ly -
soluble dihydrate of sp . gr . 3-078, a r e fo rmed . W h e n t h e d i h y d r a t e is h e a t e d 
a b o v e 100°, i t d ecomposes ; b u t if i t b e h e a t e d w i t h cone , su lphu r i c ac id , t h e 
a n h y d r o u s sa l t is fo rmed as a s l ight ly-so luble , rose-co loured p o w d e r of s p . gr . 3-29 
a t 20°/4° . Accord ing t o A. P icc in i a n d L . M a r i n o , t h e d o d e c a h y d r a t e m e l t s a t 
110° t o 111° t o fo rm a ye l lowish- red l iqu id ; a n d w h e n w a r m e d i n a des icca to r , i t 
loses w a t e r , r e t a i n i n g i t s ye l low colour u p t o 100°, i t becomes ye l lowish- red a t 150° 
t o 180°, a n d b r o w n a t a b o u t 250° w h e n i t is a l m o s t a n h y d r o u s , a n d i t is st i l l q u i t e 
soluble in w a t e r . R h o d i u m c a n be s e p a r a t e d f rom i r i d i u m b y e v a p o r a t i n g a n 
ac id ic soln. of t h e s u l p h a t e s m i x e d w i t h caesium s u l p h a t e , w h e n t h e caesium r h o d i u m 
a l u m crys ta l l izes f rom t h e l iqu id , a n d b y r ec rys t a l l i za t ion i t c a n be o b t a i n e d q u i t e 
free f rom i r id ium. F. K r a u s s a n d H . TJmbach e v a p o r a t e d a soln. of t h e caesium 
a l u m on a w a t e r - b a t h , a n d o b t a i n e d a d a r k ye l low p o w d e r of t h e tefrahydrate, 
C s R h ( S 0 4 ) 2 4 H 2 0 , wh ich loses w a t e r c o n t i n u o u s l y w h e n h e a t e d , a n d does n o t 
l i be ra t e su lpha t e - ions in cold , di l . a q . soln. , b u t t h e c o m p l e x b r e a k s d o w n g r a d u a l l y 
w h e n h e a t e d . A t 165°, t h e t e t r a h y d r a t e fo rms a d i h y d r a t e of sp . gr . 3-4 a t 20 0 / 4 ° . 
Accord ing t o A . P icc in i a n d Li. M a r i n o , o range-ye l low c r y s t a l s of a m m o n i u m 
r h o d i u m disu lphate , o r ammonium rhodium alum, ( N H 4 ) R h ( S O 4 ) 2 . 1 2 H 2 O , a r e less 
soluble in w a t e r t h a n is t h e case w i t h t h e p o t a s s i u m sa l t . T h e o range-ye l low 
c rys t a l s e x h i b i t n o c l eavage , a n d t h e i r ind ices of re f rac t ion a r e 1*5073 for red- l igh t , 
1-5103 for ye l low-l ight , a n d 1-5150 for g reen- l igh t . T h e c r y s t a l s a r e s t a b l e in a i r , 
a n d m e l t a t 102° t o 103° t o a b r o w n i s h - r e d l iqu id . Af te r h e a t i n g t o r edness , r h o d i u m 
c o n t a m i n a t e d w i t h s u l p h a t e r e m a i n s as a res idue . T h e s u l p h a t e is n o t c o m p l e t e l y 
r e m o v e d b y r e h e a t i n g t h e r h o d i u m w i t h a m m o n i u m c a r b o n a t e . T h e c r y s t a l s of 
tha l lous r h o d i u m d i su lphate , o r thallous rhodium alum, T l R h ( S 0 4 ) 2 . 1 2 H 2 0 , w e r e 
difficult t o p r e p a r e o n a c c o u n t of t h e low so lub i l i ty of t h a l l o u s s u l p h a t e . T h e 
c r y s t a l s e x h i b i t n o c l eavage , a n d t h e ind ices of r e f rac t ion a r e 1-5458 for r ed - l i gh t , 
1-5480 for ye l low-l ight , a n d 1-5490 for g reen- l igh t . T h e a l u m is soluble i n w a t e r , 
a n d on e x p o s u r e t o a i r for a l ong t i m e , t h e a l u m acqu i r e s a w h i t e , p u l v e r u l e n t film. 
E . Le id ie sa id t h a t n o r m a l r h o d i u m s u l p h a t e fo rms n e i t h e r d o u b l e sa l t s n o r a l u m s . 

!REFERENCES. 
1 J . J. Berzelius, Schweigger's Journ., 22. 317, 1818 ; R. Bunsen, Liebig^s Ann., 146. 265, 

1868 ; C. Claus, Journ. prakt. Ghent., (1), 79. 28, 1860 ; H. St. C. Deville and H. Debray, Compt. 
Mend., 78. 1782, 1874; B. E. Dixon, Journ. Chem. 8oc., 779, 1935; E. Fremy, (3), 44. 399, 



R H O D I U M 589 
1855 ; F . M. Jager and H. B. Blumendal, Zeit. anorg. Chem., 175. 161, 1928 ; S. M. Jorgensen, 
Journ. prakt. Chem., (2), 25. 346, 1882 ; (2), 27. 433, 1883 ; (2), 34. 410, 1886 ; (2), 44. 18, 63, 
1891 ; Zeit. anorg. Chem., 2. 279, 1892 ; 5. 147, 1894 ; 7. 289, 1894 ; 11. 416, 1896 ; 14. 172, 
1896; F . Krauss and H. TJmbach, ib., 180. 42, 1929; 182. 411, 1929; E. I^eidie, Itecherches 
sur quelques combinaisons du rhodium, Paris, 1888 ; Compt. Rend., 107. 234, 1888 ; Ann. Chim. 
rhys., (6), 17. 257, 1889 ; A. Piccini and L. Marino, Zeit. anorg. Chem., 27. 62, 1901 ; K. Seubert 
and K. Kobbe, Ber., 23. 2560, 1890. 

§ 11 . The Carbonates, Nitrates, and Phosphates of Rhodium 
N o r m a l r h o d i u m c a r b o n a t e h a s n o t b e e n p r e p a r e d , b u t S. M. J o r g e n s e n * 

o b t a i n e d r h o d i u m c h l o r o p e n t a m m i n o c a r b o n a t e , [Kh(NHa) 5 CI jCO 3 -H 2 O, b y t r i ­
t u r a t i n g t h e c o r r e s p o n d i n g ch lo r ide w i t h s i lver c a r b o n a t e a n d w a t e r , a n d t r e a t i n g 
t h e f i l t r a te w i t h a lcohol . T h e p a l e ye l low, c rys ta l l ine p o w d e r is soluble in w a t e r , 
a n d i t i s d e c o m p o s e d b y ac ids fo rming t h e co r r e spond ing sa l t . S. M. J o r g e n s e n 
also prepared rhodium bromopentamminocarbonate, [Rh(NH3)5BrJC03 ,™H20, 
in a s imi la r m a n n e r . 

A c c o r d i n g t o W . H . W o l l a s t o n , a soln. of h y d r a t e d r h o d i u m h e m i t r i o x i d e in 
n i t r i c a c i d is red , a n d u n c r y s t a l l i z a b l e ; J . J . Berze l ius c o n c e n t r a t e d t h e yel low 
l i qu id t o a s y r u p ; a n d E . !Leidie o b t a i n e d a d e e p ye l low, hygroscop ic r h o d i u m 
tr ini trate , R h ( N 0 3 ) 3 . 2 H 2 0 , w h i c h is r ead i ly so luble in w a t e r , b u t n o t in a lcohol . 

S. M. Jorgensen prepared rhodium hexa.mminonitrate, [Rh(NH3)6J(N03)3, by 
a d d i n g n i t r i c ac id t o a h y d r o c h l o r i c ac id soln. of s o d i u m r h o d i u m h e x a m m i n o -
pyrophosphate, when rhodium hexamminohydronitrate, [Rh(NH3)6](N03)3.HN03, 
is p r e c i p i t a t e d in colour less need les . T h e ac id sa l t r e v e r t s t o t h e n o r m a l n i t r a t e 
w h e n i t is t r e a t e d w i t h a lcohol , or w a s h e d w i t h w a t e r . T h e w h i t e p o w d e r cons is t s 
of sma l l r h o m b i c p l a t e s . I t c a n b e r ec rys ta l l i zed b y cool ing t h e soln. in h o t w a t e r ; 
i t is s p a r i n g l y soluble in w a t e r — 1 p a r t of sa l t d issolves in 48 t o 49 p a r t s of cold 
w a t e r — i t is a l m o s t inso lub le in n i t r i c ac id ; a n d w h e n r e p e a t e d l y e v a p o r a t e d w i t h 
h y d r o c h l o r i c ac id , i t fo rms t h e h e x a m m i n o c h l o r i d e . W i t h a cold, s a t . aq . soln. 
of t h e n i t r a t e , di l . n i t r i c a c i d g ives a p r e c i p i t a t e of t h e u n c h a n g e d sa l t ; cone , 
h y d r o c h l o r i c acid p r e c i p i t a t e s t h e ch lo r ide ; 1 : 1 di l . h y d r o b r o m i c ac id p rec ip i t a t e s 
t h e b r o m i d e ; p o t a s s i u m iod ide g ives a pa l e ye l low p r e c i p i t a t e ; di l . s u l p h u r i c 
ac id g ives n o p r e c i p i t a t e ; hydronuos i l i c i c a c i d g ives a w h i t e p r e c i p i t a t e ; h y d r o -
eh lo rop l a t i n i c ac id , a p a l e b r o w n p r e c i p i t a t e ; p o t a s s i u m ch lo rop la t i n i t e , a pa le 
b r o w n p r e c i p i t a t e ; h y d r o c h l o r o a u r i c ac id , a s t r a w - y e l l o w p r e c i p i t a t e ; m e r c u r i c 
ch lo r ide , n o p r e c i p i t a t e , a n d in ac id soln. , a w h i t e p r e c i p i t a t e ; s o d i u m chloro-
m e r c u r i a t e , a w h i t e p r e c i p i t a t e ; s o d i u m p h o s p h a t e , n o p r e c i p i t a t e unless a m m o n i a 
is a lso a d d e d ; s o d i u m p y r o p h o s p h a t e , a w h i t e p r e c i p i t a t e ; s o d i u m d i t h i o n a t e , 
a -white p r e c i p i t a t e soluble in excess ; p o t a s s i u m c h r o m a t e , a l emon-ye l low prec ip i ­
t a t e ; p o t a s s i u m d i c h r o m a t e , a n o range-ye l low p r e c i p i t a t e ; p o t a s s i u m p e r m a n g a n a t e , 
a v io l e t - r ed p r e c i p i t a t e ; iod ine i n p o t a s s i u m iod ide , a g rey i sh-green p r e c i p i t a t e ; 
a m m o n i u m o x a l a t e , n o p r e c i p i t a t e un less a m m o n i a is also a d d e d w h e n p r e c i p i t a t i o n 
is c o m p l e t e ; p o t a s s i u m fe r rocyan ide , a w h i t e p r e c i p i t a t e ; p o t a s s i u m fe r r i cyan ide , 
a n o range -ye l low p r e c i p i t a t e ; a n d p o t a s s i u m c y a n i d e , a w h i t e p r e c i p i t a t e . 

!F. M. J a g e r p r e p a r e d t h e r a c e m i c , a n d lsevo-forms of r h o d i u m tr i se thy lene -
d ian i inon i tra te , [RIiCn3](NO3)S. T h e r a c e m i c fo rm is i s o m o r p h o u s w i t h t h e 
c o r r e s p o n d i n g c o b a l t i c sa l t , a n d t h e r h o m b i c b i p y r a m i d s h a v e t h e ax ia l 
r a t i o s a : b : c = 0 - 7 8 7 4 : 1 : 0-5606 ; a n d t h e lasvo-salt , a : b : c = 0 - 8 6 4 2 : 1 : 0-6049. 
C. J . D i p p e l a n d F . M. J a g e r p r e p a r e d t h e d e x t r o - a n d hevo- forms of a/JS- a n d 
/3/&>-diaminopentane, r h o d i u m tr i sd iaminopentanoni tra te , [ R h p t n 3 ] ( N 0 3 ) 3 . l | H 2 0 ; 
a n d Li. Tschugaefr a n d W . L e b e n d i n s k y , r h o d i u m b i s d i m e t h y l g l y o x i m e d i a m m i n o -
n i t ra te , [ R h ( N H g ) 2 D 2 H 2 ] N O 3 . S. M. J o r g e n s e n o b t a i n e d r h o d i u m a q u o p e n t a m -
m i n o n i t r a t e , [ R h ( N H 3 ) 5 ( H 2 0 ) ] ( N 0 3 ) 3 , b y e x a c t l y n e u t r a l i z i n g t h e co r re spond ing 
h y d r o x i d e w i t h n i t r i c ac id , a n d w a s h i n g t h e ye l low p r e c i p i t a t e w i t h a lcohol , a n d 
d i b n i t r i c ac id . T h e q u a d r a t i c p r i s m s a r e non-eff lorescent ; r ead i ly soluble in 
w a t e r ; and" lose w a t e r a t 100° t o fo rm t h e n i t r a t o p e n t a m m i n o n i t r a t e . A n excess 
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of n i t r i c acid conve r t s t h e n e u t r a l n i t r a t e i n t o r h o d i u m a q u o p e n t a m m i n o h y d r o -
nitrate , [Rh(NH 3 )S (H 2 O)] (NOs) 3 -HNO 3 , in colourless c rys t a l s p a r t l y d e c o m p o s e d 
b y -water or by alcohol . W h e n p la t in i c ch lor ide is a d d e d t o a soln. of t h e n o r m a l 
n i t r a t e , t h e r e is p r e c i p i t a t e d orange-yel low, c rys ta l l ine r h o d i u m a q u o p e n t a m m i n o -
nitratochloroplat inate , [ R h ( N H 3 ) 5 ( H 2 0 ) ] ( N 0 3 ) ( P t C l 6 ) . H 2 0 . Th is sa l t loses a rnol. 
of w a t e r a t 100°, a n d t h e o t h e r m o l . of w a t e r is g iven off m o r e s lowly w i t h t h e 
fo rma t ion of n i t r a t o p e n t a m m i n o c h l o r o p l a t i n a t e ; hyd roch lo r i c ac id c o n v e r t s i t 
i n to a soln. of hyd roch lo rop l a t i n i c ac id , a n d r h o d i u m n i t r a t o p e n t a m m i n o c h l o r i d e . 

S. M. Jorgensen prepared rhodium chloropentamminonitrate, [Rh(NH3)5Cl]-
( N 0 3 ) 2 , as a yel low p r e c i p i t a t e b y t r e a t i n g a cone . soln. of t h e co r r e spond ing 
chlor ide w i t h cold n i t r i c ac id . T h e c rys ta l l ine p r e c i p i t a t e is s lowly fo rmed , 
a n d i t is w a s h e d w i t h di l . n i t r i c ac id , t h e n w i t h a lcohol , a n d d r i ed in a i r . 
H e also o b t a i n e d t h e co r r e spond ing r h o d i u m b r o m o p e n t a m m i n o n i t r a t e , 
( R h ( N H 3 ) 5 B r ] ( N 0 3 ) 2 ; a n d r h o d i u m iod op en t ammin on i t ra t e , ( R h ( N H 3 ) 5 I ] ( N 0 3 ) 2 . 
S. M. J o r g e n s e n o b t a i n e d r h o d i u m n i t r a t o p e n t a m m i n o n i t r a t e , [ R h ( N H 3 ) 5 ( N 0 3 ) J -
( N 0 3 ) 2 , b y h e a t i n g t h e a q u o p e n t a m m i n o n i t r a t e t o 100°, or b y t r e a t i n g a h o t , a q . 
soln. of t h a t sa l t w i t h a n e q u a l vol . of cone, n i t r i c ac id . T h e cooling soln. depos i t s 
greenish -yellow c rys t a l s which exp lode w h e n h e a t e d ove r a smal l flame. T h e 
sa l t is spar ing ly soluble in w a t e r , a n d insoluble in a lcohol . W h e n t h e a q . soln. is 
boi led a long t i m e i t fo rms t h e a q u o p e n t a m m i n o n i t r a t e . T h e soln. gives c h a r a c t e r ­
ist ic p r ec ip i t a t e s w i t h mercu r i c ch lor ide , p o t a s s i u m d i c h r o m a t e , p la t in ic ch lor ide , 
e t c . If a soln. of t h e n i t r a t o p e n t a m m i n o n i t r a t e is d r o p p e d i n t o a 3 : 1-soln. of 
hyd roch lo r i c ac id , a t 0° , t h e r e is fo rmed a pa le greenish-yel low p r e c i p i t a t e of 
r h o d i u m n i t ra topentamminoch lor ide , [ R h ( N H 3 ) 5 ( N 0 3 ) ] C l 2 ; r h o d i u m n i tra to -
pentamminoch lorop la t ina te , [ R h ( N H 3 ) 5 ( N 0 3 ) ] P t C l 2 , h a s been p r e p a r e d — v i d e 
supra. A co r re spond ing r h o d i u m n i t r a t o p e n t a m m i n o d i t h i o n a t e , [ R h ( N H a ) 5 ( N O 3 ) |-
S 2 O 6 - H 2 O , h a s b e e n o b t a i n e d , a s a w h i t e , inso luble p r e c i p i t a t e on a d d i n g a s a t . 
soln. of t h e co r re spond ing n i t r a t e t o a soln. of sod ium d i t h i o n a t e . J . A. Chr is t iansen 
a n d R . W . A s m u s s e n e x a m i n e d t h e m a g n e t i c p rope r t i e s of r h o d i u m a q u o p e n t a m ­
minoni tra te , [ R h ( N H a ) 5 ( H 2 O ) ] N O 3 ; a n d J . B . D i x o n p r e p a r e d r h o d i u m hydroxy l -
pentamminon i t ra te , [ R h ( N H 3 ) 5 ( O H J ( N 0 3 ) 2 . V. V. L e b e d i n s k y a n d co-workers 
p r epa red rhod ium diehlorote tramminoni trate , [Rh (NH 3 ) ^C l 2 JNO 3 ; a n d a c o m p l e x 
w i t h r h o d i u m hexathiocarbamidochlorodini trate , [Rh{CS(NH 2 ) 2 } 6 ]C l (N0 3 ) 2 . 

S. M. J o r g e n s e n p r e p a r e d r h o d i u m dichloroquaterpyridinonitrate , [ R h p y 4 C l 2 ) -
(NO 3 ) , by a d d i n g a soln. of t h e co r r e spond ing chlor ide t o di l . n i t r i c ac id . M. De le -
p ine p r e p a r e d r h o d i u m nitratotr ichloropyridine , I R h p y 2 ( N 0 3 ) C l 3 j " , in i t s cis- a n d 
t r ans - fo rms , r ep re sen t ed b y a m m o n i u m , p o t a s s i u m , si lver , a n d p y r i d i n i u m sa l t s . 

J . J . Berze l ius r e p o r t e d a s o d i u m r h o d i u m ni trate t o be fo rmed in d a r k r ed 
c rys t a l s f rom a soln. of r h o d i u m a n d s o d i u m n i t r a t e s . T h e d o u b l e s a l t is freely 
soluble in w a t e r , a n d insoluble in a lcohol . A. L a n c i e n also p r e p a r e d u r a n y l 
r h o d i u m ni trate , U 0 2 ( N 0 3 ) 2 . R h ( N 0 3 ) 3 . 6 H 2 0 , in o r a n g e leaflets wh ich lose hal f 
t he i r w a t e r of c rys t a l l i za t ion in v a c u o . 

E . Le id ie found t h a t if a s a t . soln. of a m m o n i u m chlor ide is a d d e d t o a cone , 
soln. of a m m o n i u m r h o d i u m chlor ide c o n t a i n i n g a cons iderab le p r o p o r t i o n of free 
n i t r i c ac id , c rys ta l l ine p l a t e s r e sembl ing ch romic ch lor ide a r e depos i t ed . W h e n 
these a r e d r ied in v a c u o , t h e y co r r e spond w i t h a m m o n i u m r h o d i u m chloroni trate , 
R h C l 3 . 3 N H 4 C l . N H 4 N O 3 . If t r e a t e d w i t h w a t e r , t h e y d e c o m p o s e i n t o t h e d o u b l e 
ch lo r ide , R h 2 0 6 . 6 N H 4 C l - f - 3 H 2 0 , r h o d i u m chlor ide , a n d gaseous p r o d u c t s s imi la r 
t o t h o s e p r o d u c e d b y t h e a c t i o n of a q u a regia on a m m o n i u m ch lor ide . T h e feeble 
so lub i l i ty of t h i s c o m p o u n d m u s t be b o r n e in m i n d w h e n a m m o n i u m chlor ide is 
e m p l o y e d t o s e p a r a t e r h o d i u m f rom p l a t i n u m . O. E . ZwjaginstsefT a n d co-workers 
sa id t h a t t h e sa l t f o rms h e x a g o n a l c rys t a l s , t h a t c o n d u c t i v i t y m e a s u r e m e n t s s h o w 
t h a t i t furn ishes five ions , a n d t h a t i t h a s t h e f o r m u l a (NH 4 )S [RhCl 5 (NH 4 Cl) JNO 3 , 
or [ (NH 4 )S (NO 3 )RhCl 6 JNH 4 . O. E . Zwjaginstseff f o u n d t h a t a n aq . soln . of t h e 
pa le lilac sa l t is b lood- red , a n d w i t h s i lver n i t r a t e i t g ives a n a m o r p h o u s , pa l e rose 
precipitate of ammonium silver rhodium chloronitrate* Ag3[RhCl6JNH4NO3 , 
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w h i c h is so luble in a q . a m m o n i a , a n d is s l igh t ly d e c o m p o s e d w h e n w a r m e d . H e 
also obtained ammonium lead rhodiumchloronitrate, Pb 3 (RhCIg) 2^NH 4NO 3 ; 
and ammonium mercury rhodium chloronitrate. A. L.ancien obtained rhodium 
UTanyl n i trate , 2 U 0 2 ( N 0 3 ) 2 . R h ( N 0 3 ) 3 . 5 H 2 0 , in o r a n g e leaflets wh ich lose half 
t h e i r w a t e r in v a c u o . 

A c c o r d i n g t o N . W . F i sche r , r h o d i u m phosphate is f o rmed b y boi l ing finely-
d i v i d e d r h o d i u m w i t h a cone . soln. of p h o s p h o r i c ac id , o r b y fusing t h e p u l v e r u l e n t 
r h o d i u m w i t h h y d r a t e d p h o s p h o r i c ac id a t a t e m p , be low redness . Microcosmic 
sa l t is a less energe t ic so lven t . T h e di l . soln. is ye l low, t h e cone . soln. is b r o w n . 
Alka l i lye p r o d u c e s n o p r e c i p i t a t e , b u t af ter a p ro longed d iges t ion , ge l a t inous 
h y d r a t e d r h o d i u m h e m i t r i o x i d e s e p a r a t e s o u t . A q . a m m o n i a b e h a v e s s imi la r ly , 
b u t t h e co lour of t h e soln . becomes g reen or b lue accord ing t o t h e a c i d i t y of t h e 
l iqu id . T h e a c t i o n is a c c e l e r a t e d b y gen t l e h e a t , b u t if t h e l iquid be r a p i d l y 
r a i sed t o i t s b . p . , t h e c h a n g e of co lour does n o t occur . T h e green colour is n o t 
d e s t r o y e d b y boi l ing t h e l i quor ; n i t r i c ac id c h a n g e s t h e b lue or g reen colour 
t o v io le t ; h y d r o c h l o r i c ac id b e h a v e s s imi la r ly in h o t soln. , b u t a t a h ighe r 
t e m p . , t h e l iqu id r ega ins i t s yel low colour . Acco rd ing t o C. Claus , h y d r a t e d 
r h o d i u m h e m i t r i o x i d e a n d p h o s p h o r i c ac id y ie ld r h o d i u m oxyph.osph.ate, 
4 R h 2 O 3 . 3 P 2 O 5 . 3 2 H 2 O , s p a r i n g l y soluble in ac ids , a n d in a lkal i lyes . T h e 
ac id ic m o t h e r - l i q u i d , on e v a p o r a t i o n , furn ishes r h o d i u m hydrophosphate , 
R h 2 O 3 . 2 P 2 O 5 . 6 H 2 O . A bas ic p h o s p h a t e is depos i t ed w h e n a soln. of r h o d i u m 
t r i ch lo r ide is t r e a t e d w i t h n o r m a l s o d i u m p h o s p h a t e . 

S. M. Jorgensen prepared rhodium hexamminophosphate, [Rh(NH3)6J(PO4). 
4 H 2 O , b y a d d i n g s o d i u m p h o s p h a t e t o a soln. of a h e x a m m i n e in t h e p resence of 
a n excess of a m m o n i a . T h e ac icu la r c ry s t a l s a r e efflorescent. Soln. of a n a q u o -
p e n t a m m i n e w i t h di l . p h o s p h o r i c ac id furnish r h o d i u m aquopentammmopfaotspfaate, 
( R h ( N H a ) 5 ( H 2 O ) ] 2 ( H P 0 4 ) 3 . 4 H 2 O , wh ich is i ncomple t e ly d e h y d r a t e d a t 100°. If 
s o d i u m p y r o p h o s p h a t e is e m p l o y e d a s p r e c i p i t a n t w i t h a soln. of t h e h e x a m m i n e , 
sodium rhodium hexamminopyrophosphate, 2[Rh(NH3)6J(NaP2O7).23H2O, is 
fo rmed in w h i t e , h e x a g o n a l p r i s m s a l m o s t inso lub le in w a t e r , a n d insoluble in aq . 
a m m o n i a . S imi la r ly , w i t h soln. of t h e a q u o p e n t a m m i n e s , s o d i u m r h o d i u m a q u o -
p e n t a m m i n o p y r o p h o s p h a t e , [ R h ( N H 3 J 5 ( H 2 O ) J 2 ( N a P 2 O 7 ) . 2 3 H 2 O , is fo rmed. T h e 
w h i t e c r y s t a l s a re s p a r i n g l y soluble in cold w a t e r . 
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CHAPTER L X X I 
PALLADIUM 

§ 1. The Occurrence of Palladium 

T H E h i s t o r y of p a l l a d i u m is d iscussed i n connec t i on w i t h p l a t i n u m — v i d e infra. 
O c t a h e d r a l , cub ic c ry s t a l s of p a l l a d i u m were r e p o r t e d b y A. v o n H u m b o l d t , x 

G. Rose , a n d W . H . W o l l a s t o n t o occu r n a t i v e in Minas Geraes , Braz i l ; b y 
J . D . D a n a , in S t . D o m i n g o , Ant i l l e s ; a n d b y F . A . G e n t h , in t h e U r a l s . T h e r e 
is a n o t h e r fo rm of p a l l a d i u m r e p o r t e d t o occur i n h e x a g o n a l c ry s t a l s a t T i lke rode , 
H a r t z . H e n c e , G. R o s e cou ld d iscuss die Dimorphie des Palladiums. T h e 
h e x a g o n a l , d i m o r p h o u s fo rm w a s a n n o u n c e d b y J . C. L . Z incken , a n d h e a s s u m e d 
t h a t i t c o n t a i n e d se len ium, a n d h e n c e cal led i t Selenpalladium, b u t l a t e r on , h e 
t o l d J . J . Berze l ius t h a t i t w a s n o t a se lenide of p a l l a d i u m . I n a l a t e r d e s c r i p t i o n 
of t h e T i lke rode mine ra l s , J . C. L . Z i n c k e n desc r ibed a s i lvery w h i t e m i n e r a l con­
t a i n i n g p a l l a d i u m , si lver , gold , a n d s e l en ium—poss ib ly p r e s e n t as a d m i x e d l ead 
s e l e n i d e — a n d he cal led i t eugenesite ; b u t he d i d n o t m e n t i o n t h e r e l a t i o n of t h i s 
m i n e r a l t o h is p rev ious ly -desc r ibed selenpalladium. F . W r e d e found p l a t i n u m is 
c o n t a i n e d in s e l enpa l l ad ium, a n d J . C. L.. Z incken , s i lver , gold , a n d se l en ium wh ich 
O. F . R a m m e l s b e r g a s s u m e d t o be p r e s e n t a s c l a u s t h a l i t e , or l ead se len ide . 
J . D . D a n a cal led t h e S e l e n o p a l l a d i u m a l l opa l lad ium. O. L u e d e c k e a lso sa id t h a t 
i t occurs a t Zorge , H a r t z . T h e i n d i v i d u a l i t y of a l l o p a l l a d i u m h a s b e e n a d m i t t e d 
b y fa i th , w i t h o u t t h e p r e s e n t a t i o n of a n acc r ed i t ed p a s s p o r t . A. Cissarz a s s u m e d 
t h a t i t is a n a m a l g a m . 

I J . J . Spence r also d i scussed t h e w a r r a n t y for a d m i t t i n g a l l o p a l l a d i u m a s a 
d i m o r p h o u s v a r i e t y of p a l l a d i u m , a n d f o u n d t h e ev idence t o be s ingu la r ly 
'* i n a d e q u a t e a n d u n c o n v i n c i n g . " I n sp i t e of t h e l apse of n e a r l y a c e n t u r y , 
J . C. L . Z i n c k e n ' s r e p o r t h a s n o t b e e n conf i rmed, a n d I J . J . Spence r t he re fo re 
c o n c l u d e d t h a t t h e or ig ina l s e l e n p a l l a d i u m , or a l l o p a l l a d i u m , f rom t h e H a r t z " is 
p r o b a b l y o r d i n a r y cub ic p a l l a d i u m ; t h e s u p p o s e d h e x a g o n a l modi f i ca t ion of 
p a l l a d i u m p r o b a b l y h a v i n g n o e x i s t e n c e . " T h e m i n e r a l braggi te , ( P t , P d , N i ) S , 
desc r ibed in c o n n e c t i o n w i t h p l a t i n u m m o n o s u l p h i d e , c o n t a i n s a b o u t 20 p e r cen t , 
of p a l l a d i u m . J . B . H a r r i s o n r e p o r t e d a n occu r r ence of p a l l a d i u m - r h o d i u m a l loy 
in t h e b e d of t h e P o t a r o r i ve r , B r i t i s h G u i a n a , a n d Li. J . S p e n c e r a t first t h o u g h t 
t h a t t h e m i n e r a l w a s a l l o p a l l a d i u m , b u t h e l a t e r s h o w e d t h a t i t is r ea l ly a n o t h e r 
m i n e r a l , potar i te , a p p r o x i m a t e l y P d H g . A c c o r d i n g t o A . Cissarz, t h e X - r a d i o -
g r a m of a l l o p a l l a d i u m is different f rom t h o s e of p a l l a d i u m , a n d of p o t a r i t e . Al lo­
p a l l a d i u m is cons ide red t o b e a p a l l a d i u m a m a l g a m , p o o r in m e r c u r y , a n d t o c o n t a i n 
al l t h e p l a t i n u m m e t a l s . Clausthalite a lso c o n t a i n s some m e r c u r y , p a l l a d i u m , 
a n d severa l of t h e p l a t i n u m m e t a l s w i t h t h e e x c e p t i o n of r h o d i u m ; i t a l so 
c o n t a i n s coppe r , s i lver , z inc , n i cke l , a n d coba l t . 

H . R . A d a m r e p o r t e d a m i n e r a l f rom t h e P o t g i e t e r s t r u s t d i s t r i c t , S o u t h Afr ica , 
w h i c h occurs i n g ra in s s h o w i n g c r y s t a l face t s . I t is w h i t e w i t h a ye l lowish -p ink 
t i nge . I t be longs t o t h e cub i c s y s t e m , a n d is sof ter t h a n spe r ry l i t e . T h e a n a l y s i s 
c o r r e s p o n d s w i t h p a l l a d i u m t r i t a n t i m o n i d e , P d 3 S b , a n d i t h a s b e e n ca l led s t ib io -
pa l lad in i te . J . Cloud , a n d P . N . J o h n s o n a n d W . A . Lampadius desc r ibed t h e 
o c c u r r e n c e of a palladium gold i n t h e oro polvo f rom t h e v i c i n i t y of P o r p e z , o r 
P o m p e o , a n o ld m i n i n g s e t t l e m e n t n e a r S a h a r a , B r a z i l . S a m p l e s f rom J a c u t i n g a 
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a n d C o n d o n a c o n t a i n e d 5 t o 6 p e r cen t , of p a l l a d i u m ; a n d , acco rd ing t o 
W . H . S e a m o n , a spec imen f rom Tag ua r i l , Minas Geraes , c o n t a i n e d : go ld 91-06, 
p a l l a d i u m 8-21, a n d t r a c e s of s i lver a n d i ron ; J . J . Berze l ius g a v e : gold 85-98, 
p a l l a d i u m 9-85, a n d si lver 4-17 ; a n d W . J . Cock f o u n d 6 t o 7 p e r cen t , of p a l l a d i u m . 
J . F r o b e l cal led t h e m i n e r a l porpez i te—which J . D . D a n a sugges ted is a c o r r u p t i o n 
of P o m p e o . 

J . J . Berze l ius , 2 G. O s m a n n , H . S t . C. Devi l le a n d H . D e b r a y , M. v o n 
Kokscharoff , S. K e r n , a n d C. Claus r e p o r t e d t h e presence of 0-28 t o 1*30 p e r 
c e n t , of p a l l a d i u m in R u s s i a n p l a t i n u m ores . N". W i s s o t s k y , a n d L . D u p a r c 
a n d M. T i k a n o w i t c h n o t e d w i th s amp le s of R u s s i a n p l a t i n u m 0-15 t o 0-51 
p e r c e n t , of p a l l a d i u m in t h a t f rom Tagi l ; 0*21 t o 0-77 p e r cen t , in 
t h a t f rom t h e w a t e r - s h e d of t h e r i ve r I ss -Swet l i -Bor , a n d W e r e s s o w y - O u w a l ; 
0-18 t o 0-37 p e r c e n t , in t h a t f rom K a m e n o u c h k y , K o s w i n s k y , K a n j a k -
o w s k y , O m o u n t n a i a , a n d D a n e s k i n - K a m e n ; 0-90 t o 1-36 pe r cen t , in t h a t 
f rom Groussewi-Kamen, K i e d r o w k a , B a r a n t s c h a , a n d Solwa ; 0-99 t o 1-28 
p e r cen t , in t h a t f rom Goussewka , Schoc imika , a n d O b l e i s k a y a - K a m e n k a . 
I . K o i f m a n n n o t e d 0*18 t o 0*32 p e r cen t , in some samples of R u s s i a n 
p l a t i n u m ore . TJ. F . S v a n b e r g , a n d H . S t . C. Devi l le a n d H . D e b r a y r e p o r t e d 0*35 
t o 1*66 p e r cen t , of p a l l a d i u m in p l a t i n u m f rom Choco, Colombia ; E . H u s s a k , in 
Braz i l ; H . S t . C. Devi l le a n d H . D e b r a y , F . A. G e n t h , F . Wei l , a n d A. Kromeeyer , 
0*60 t o 1*95 p e r cen t . , i n p l a t i n u m f rom California ; H . S t . C. Devi l le a n d H . D e b r a y , 
0-15 p e r cen t , in p l a t i n u m f rom Oregon ; T . T . R e a d desc r ibed t h e p a l l a d i u m in 
W y o m i n g , U .S .A. ; P . Collier, 3-10 p e r cen t , in p l a t i n u m f rom P l a t t s b u r g , N e w 
Y o r k ; G. C. Hof fmann , 0-09 t o 0-26 pe r cen t , in p l a t i n u m f rom Br i t i sh Columbia ; 
0-85 p e r c en t . S p a i n ; 1-05 t o 1-8O pe r cen t , in p l a t i n u m f rom Aus t r a l i a ; S. Bleck-
rode , 1-41 p e r cen t , in p l a t i n u m f rom B o r n e o . R . C. Wel ls r e p o r t e d u p t o 0-2 p e r 
c e n t , of p a l l a d i u m w i t h a t r a c e of p l a t i n u m in t h e p l u m b o j a r o s i t e of Goodspr ings , 
N e v a d a , desc r ibed b y A. "Knopf. W". C. K n i g h t , J . F . K e m p , S. F . E m m o n s , a n d 
T. T . R e a d desc r ibed t h e covel l i te occu r r ing in t h e d io r i t e ores of t h e R a m b l e r 
Mine , W y o m i n g , a n d w h i c h c o n t a i n s b o t h p l a t i n u m a n d p a l l a d i u m . T h e m a t t e s 
o b t a i n e d in w o r k i n g t h e copper -n icke l su lph ide ores of S u d b u r y , O n t a r i o , c o n t a i n 
a b o u t 0-0068 oz. p e r t o n of p l a t i n u m m e t a l s ; a n d t h e res idue , a f te r r e m o v i n g t h e 
c o p p e r b y l each ing a n d , a cco rd ing t o C. L a n g e r a n d C. J o h n s o n , t h e nickel b y 
M o n d p rocess , c o n t a i n e d 1-85 p e r cen t . P t ; 1*91, P d ; 0*56, A u ; 0-39, I r , R h , 
a n d R u ; a n d Ag , 15-42. J . J . O 'Nei l l a n d H . C. G u n n i n g , a n d T. L1. T a n t o n dis­
cussed t h e depos i t a t S h e b a n d o w a n L.ake, C a n a d a . P . A. W a g n e r r e p o r t e d t h a t 
t h e p l a t i n u m f rom M e r e n s k y a p p r o x i m a t e d P t , 66 t o 77 p e r cen t . ; P d , 11 t o 25 
p e r c en t . ; o t h e r p l a t i n u m m e t a l s , 1 t o 7 p e r cen t . ; a n d gold, 2 t o 5 p e r cen t . 
H . Ross le r r e p o r t e d p l a t i n u m a n d p a l l a d i u m in si lver bul l ion ; A. Ei le rs , in b l i s te r 
c o p p e r ; A. Cissarz, in Mansfe ld coppe r shale ; a n d P . K r u s c h , in g r a y w a c k e . 

T h e genera l occur rence of p a l l a d i u m w a s discussed in connec t ion w i th t h e 
p l a t i n u m m e t a l s . F . W . Clarke a n d H . W a s h i n g t o n ' s 3 e s t i m a t e for t h e j>ro-
p o r t i o n of p a l l a d i u m in t h e i gneous rocks of t h e e a r t h ' s c rus t is of t h e o rde r ^ x 1 0 1 1 ; 
I . a n d W . N o d d a c k e s t i m a t e d 8-5 X 10~ 1 3 i n t h e e a r t h ' s c rus t ; 1 -9 X 10~6 in me teo r i c 
i r o n ; a n d 4*5 X 10~ 6 i n t ro i l i t e ; l a t e r , t h e y g a v e 1-2 X 10"» for t h e e a r t h ' s c ru s t , 
a n d 7 X 10~ 6 for m e t e o r i t e s . T h e sub jec t w a s discussed b y P . Niggl i , F . B e r n a u e r , 
P . V i n a s s a , a n d V. M. G o l d s c h m i d t a n d C. P e t e r s . T h e a t o m i c d i s t r i b u t i o n of 
p a l l a d i u m , o x y g e n u n i t y , is 4*6 X 10-«. G. Tro t to re l l i r e p o r t e d 0-77 p e r cen t , of 
p a l l a d i u m in a m e t e o r i t e wh ich fell a t Collescipoli ; a n d G. P . Merri l l , a n d 
J . C. H . M i n g a y e r e p o r t e d p a l l a d i u m in o t h e r me teo r i t e s—v ide supra, me teor ic 
i ron . H . A. R o w l a n d inc luded p a l l a d i u m in t h e l is t of e l emen t s h a v i n g some 
s p e c t r a l l ines co r r e spond ing w i t h some of t hose in t h e solar s p e c t r u m ; J . N . L,ockyer 
r e p o r t e d i t s p resence in t h e s u n ' s p h o t o s p h e r e ; a n d I I . v o n K l u b e r said t h a t 21 lines 
i n t h e so la r s p e c t r u m h a v e been ident if ied in t h e l ines of p a l l a d i u m . V. M. Gold­
s c h m i d t a n d C. P e t e r s d i scussed t h e occur rence of p a l l a d i u m in coal. 
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§ 2 . The Extraction and Preparation of Palladium 
According to B . Wichers and co-workers,1 palladium recovered in the refining 

of copper or nickel m a y contain silver, gold, and plat inum, as well as copper and 
nickel, and smaller amounts of tellurium, selenium, ant imony, bismuth, lead, and 
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i r on . P a l l a d i u m r ecove red in t h e refining of c r u d e p l a t i n u m m a y c o n t a i n smal l 
a m o u n t s of all t h e p l a t i n u m m e t a l s , s i lver, gold , a n d b a s e m e t a l s , such as copper , 
i ron , l ead , a n d z inc . W . H . W o l l a s t o n , a n d L . N . V a u q u e l i n s e p a r a t e d p a l l a d i u m 
f rom t h e soln. of t h e p l a t i n u m m e t a l s a f te r p r e c i p i t a t i n g t h e p l a t i n u m w i t h 
a m m o n i u m chlor ide , b y r e d u c t i o n w i t h i ron , or z inc , a n d w a s h i n g w i t h di l . n i t r i c 
ac id . W h e n d iges ted w i t h h y d r o c h l o r i c ac id a n d p o t a s s i u m n i t r a t e , a soln. con­
t a i n i n g chiefly r h o d i u m a n d p a l l a d i u m is o b t a i n e d ; a n d w h e n e v a p o r a t e d i t 
d e p o s i t s c r y s t a l s of p o t a s s i u m p a l l a d i u m chlor ide wh ich c a n b e s e p a r a t e d 
m e c h a n i c a l l y f rom t h e o t h e r c rys t a l s , c o n v e r t e d b y p o t a s s i u m h y d r o x i d e i n t o 
p a l l a d i u m ox ide , a n d i g n i t e d for p a l l a d i u m . L . N . V a u q u e l i n also p r e c i p i t a t e d 
t h e p a l l a d i u m as p a l l a d o u s d i a m m i n o c h l o r i d e ; W . H . Wol l a s ton , F . D o b e r e i n e r 
a n d F . We i s s , F . K r a u s e a n d H . D e n e k e , C. Claus , a n d J . J . Berzel ius p r e c i p i t a t e d 
t h e p a l l a d i u m as c y a n i d e b y a d d i n g m e r c u r i c c y a n i d e ; a n d R . B u n s e n , a s p a l l a d o u s 
iod ide b y a d d i n g p o t a s s i u m iod ide , or, a c c o r d i n g t o N . A . Orloff, b y a d d i n g freshly-
p r e c i p i t a t e d s i lver iod ide . 

P . N . J o h n s o n a n d W . A. L a m p a d i u s , a n d W . J . Cock e x t r a c t e d p a l l a d i u m f rom 
p a l l a d i u m - g o l d ore , b y fusing i t w i t h p o t a s s i u m n i t r a t e a n d si lver so t h a t t h e gold 
a m o u n t s t o a b o u t one - fou r th of t h e who le m i x t u r e . T h e a l loy is g r a n u l a t e d , a n d 
t h e n d iges t ed w i t h dil . n i t r i c ac id . Grold r e m a i n s a s a r e s idue , a n d si lver, p a l l a d i u m , 
a n d c o p p e r p a s s i n t o soln. T h e s i lver is p r e c i p i t a t e d a s ch lor ide , a n d t h e p a l l a d i u m 
a n d c o p p e r a r e p r e c i p i t a t e d a s a b l a c k p o w d e r b y t r e a t i n g t h e acidic soln. w i t h zinc. 
T h e b l a c k p o w d e r is d i sso lved i n n i t r i c ac id , a n d t h e soln. s u p e r s a t u r a t e d w i t h 
a m m o n i a . I f t h i s soln. b e t r e a t e d w i t h a s l igh t excess of hyd roch lo r i c acid, yel low 
p a l l a d o u s d i a m m i n o c h l o r i d e is p r e c i p i t a t e d , c a n t h e n b e w a s h e d wi th cold wa t e r , 
a n d i gn i t ed for p a l l a d i u m . T h e h y d r o c h l o r i c ac id soln. depos i t s a n y r e m a i n i n g 
p a l l a d i u m a n d c o p p e r w h e n i t is t r e a t e d w i t h i ron . A c c o r d i n g t o M. A. Mosher , 
p a l l a d i u m c a n a lso be r ecove red f rom t h e a n o d e m u d of c o p p e r refining p l a n t s . 
E . W i c h e r s a n d co -worke r s , a n d R. Gi lchr i s t a n d co-workers r e c o m m e n d e d t h e 
d i c h l o r o d i a m m i n e p r e c i p i t a t i o n , a n d t h e fol lowing p r o c e d u r e : 

T h e c r u d e p a l l a d i u m , if n o t in so ln . , c a n bo d i s so lved in a q u a r eg i a 30O t o 350 vo l s . 
of h y d r o c h l o r i c a c id of s p . g r . 1-18, 75 t o 100 vo l s , of w a t e r , a n d 6O t o 7O vo l s , of n i t r i c 
a c id of s p . g r . 1*42——in a c o v e r e d p o r c e l a i n d i s h t o p r e v e n t loss a s s p r a y . P a l l a d i u m 
o x i d e , if p r e s e n t , d i s so lves v e r y s lowly in a q u a r eg i a , a n d m a y t h e r e f o r e o c c u r in t h e 
u n d i s s o l v e d r e s i d u e . T h e so ln . is e v a p o r a t e d on t h e s t e a m - b a t h t o r e m o v e m o s t of t h e 
exces s ac id , a n d t h e s y r u p y l i q u o r d i s so lved in w a t e r a n d a l i t t l e h y d r o c h l o r i c ac id . T h e 
so ln . of p a l l a d o u s ch lo r ide so o b t a i n e d is d i l u t e d so a s t o c o n t a i n 40 t o 5O g r m s . of p a l l a d i u m 
p e r l i t r e . If m u c h s i lver is p r e s e n t , m o s t of i t wil l s e t t l e o u t a s s i lver ch lo r ide , t h e 
r e m a i n d e r b e i n g k e p t in so ln . I n a s m u c h a s t h e p roces s of pu r i f i ca t ion i n v o l v e s a cone , 
ch lo r i de so ln . a n d a n a m m o n i a c a l so ln . a l t e r n a t e l y , s e v e r a l r e p r e c i p i t a t i o n s m a y b e 
n e c e s s a r y t o e l i m i n a t e al l of t h e s i lver . Af t e r f i l ter ing off t h e s i lver ch lo r ide a n d o t h e r 
i n so lub l e m a t e r i a l , a m m o n i u m h y d r o x i d e is a d d e d t o t h e so ln . u n t i l n o f u r t h e r p r e c i p i t a t i o n 
of t h e f l esh-co loured c o m p o u n d I P d ( N H 3 ) 4 I C l 2 - P d C l 2 o c c u r s . T h e so ln . is t h e n h e a t e d o n 
t h e s t e a m - b a t h for 15 t o 20 m i n s . t o r ed i s so lve t h e p r e c i p i t a t e . I t m a y b e n e c e s s a r y t o 
a d d a l i t t l e m o r e a m m o n i u m h y d r o x i d e , b u t a n excess of t h i s r e a g e n t is t o bo a v o i d e d 
b e c a u s e of t h e h e a t i n g w h i c h r e s u l t s w h e n t h e so ln . is s u b s e q u e n t l y acidif ied w i t h h y d r o ­
ch lo r i c a c i d . I r o n a n d c e r t a i n o t h e r i m p u r i t i e s will be p r e c i p i t a t e d a s h y d r o x i d e s o r 
b a s i c s a l t s . T h e co lou r of t h e a m m o n i a c a l so ln . fu rn i shes a n i n d i c a t i o n of t h e a m o u n t of 
c o p p e r t h a t m a y b e p r e s e n t . I f t h e so ln . is p a l e ye l low or s t r a w - c o l o u r e d , v e r y l i t t l e if 
a n y c o p p e r is p r e s e n t . I f i t is b lue o r b lu i sh -g reen , t h e a m o u n t of c o p p e r m a y b e con­
s i d e r a b l e a n d t h e n u m b e r of r e p r e c i p i t a t i o n s n e c e s s a r y t o r e m o v e al l of i t wi l l b e i n c r e a s e d 
a c c o r d i n g l y . I f m u c h c o p p e r is p r e s e n t , i t m a y poss ib ly b e d e s i r a b l e t o p r e c i p i t a t e t h e 
p a l l a d i u m f i rs t a s a m m o n i u m c h l o r o p a l l a d a t e . I t is p r o b a b l e t h a t c o p p e r is m o r e r a p i d l y 
e l i m i n a t e d i n t h i s w a y t h a n b y t h e r e p e a t e d p r e c i p i t a t i o n of t h e d i c h l o r o d i a m m i n e , b u t 
t h e p l a t i n u m m e t a l s a r e m u c h m o r e r a p i d l y e l i m i n a t e d b y t h e l a t t e r m e t h o d . 

If a large exces s of a m m o n i a h a s b e e n a d d e d i n a d v e r t e n t l y , s o m e of i t m a y b e r e m o v e d 
b y h e a t i n g o n t h e s t e a m - b a t h for a t i m e . T h e so ln . is t h e n coo led a n d acidified w i t h h y d r o ­
ch lo r i c a c i d , w h i c h c a u s e s t h e c o n v e r s i o n of t h e so lub l e t e t r a m m i n o d i c h l o r i d e , 
[ P d ( N H a ) 4 ] C l 2 , i n t o t h e r e l a t i v e l y inso lub le d i c h l o r o d i a m m i n e , [Pd (NH 3 ) 2 C1 2 1 . H y d r o ­
ch lo r i c a c i d i s a d d e d u n t i l n o m o r e of t h e ye l low s a l t f o r m s . A la rge excess of ac id a n d 
m u c h h e a t i n g a r e t o b e a v o i d e d , a s t h e a m m i n e c o m p o u n d m a y o t h e r w i s e b e p a r t i a l l y 
d e c o m p o s e d w i t h a r e s u l t i n g u n s a t i s f a c t o r y y i e ld of p r e c i p i t a t e . T h e ye l low sa l t s e t t l e s 
rapid ly a n d i s s e p a r a t e d f rom t h e m o t h e r - l i q u o r b y d r a i n i n g o n a s u i t a b l e s u c t i o n fil ter, 
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s u c h a s a s u c t i o n funne l , a n d w a s h i n g w i t h co ld w a t e r . !For t h e n e x t s t e p i n t h e pur i f i ­
c a t i o n , t h e s a l t is s u s p e n d e d in w a t e r a n d r e d i s s o l v e d b y a d d i n g a m m o n i u m h y d r o x i d e 
a n d h e a t i n g . T h e p r o c e s s of r e p r e c i p i t a t i o n is r e p e a t e d a s o f t en a s m a y b e n e c e s s a r y . 
F o r t h e l a s t s t e p , i t m a y b e d e s i r a b l e t o a v o i d c o n t a m i n a t i o n -with t h e i m p u r i t i e s w h i c h 
a r e a p t t o b e p r e s e n t i n a m m o n i u m h y d r o x i d e b y s u s p e n d i n g t h e s a l t in w a t e r a n d p a s s i n g 
in a c u r r e n t of a m m o n i a g e n e r a t e d f rom a f lask of a m m o n i u m h y d r o x i d e . 

I f p a l l a d i u m of t h e v e r y h i g h e s t p u r i t y is t o b e p r e p a r e d , i t i s p r o b a b l y d e s i r a b l e t o 
follow t h e s e v e r a l r e p r e c i p i t a t i o n s of p a l l a d i u m d i c h l o r o d i a m m i n e b y o n e o r m o r e p r e c i p i ­
t a t i o n s of a m m o n i u m c h l o r o p a l l a d a t e . If t h i s is t o b e d o n e , t h e ye l l ow s a l t is d r i e d a n d 
i g n i t e d t o s p o n g e in a n a t m o s p h e r e of h y d r o g e n . T h e s p o n g e is d i s s o l v e d in a q u a r e g i a 
a n d t h e exces s of a c i d e l i m i n a t e d b y e v a p o r a t i o n a s be fo re . T h e r e s i d u e is d i l u t e d a n d 
f i l te red t o r e m o v e si l ica o r o t h e r i n s o l u b l e m a t t e r w h i c h m a y h a v e b e e n i n t r o d u c e d b y 
t h e p r e v i o u s o p e r a t i o n s i n v o l v i n g a l k a l i n e so ln . T h e v o l . of t h e so ln . is a d j u s t e d t o c o n t a i n 
1OO g r m s . o r m o r e of p a l l a d i u m p e r l i t r e . A n e q u a l vo l . of s a t . so ln . of a m m o n i u m c h l o r i d e , 
a n d o n e - t h i r d a s m u c h n i t r i c a c i d of s p . g r . 1-42, a r e a d d e d , a n d t h e w h o l e so ln . is t h e n 
t l iges ted in a c o v e r e d d i s h o n t h e s t e a m - b a t h , u n t i l t h e p a l l a d i u m is p r e c i p i t a t e d a s t h e 
c r y s t a l l i n e , r e d a m m o n i u m c h l o r o p a l l a d a t e , ( N H 4 ) 2 P d C ] 6 . T h e p r e c i p i t a t i o n c a n b e m a d e 
so n e a r l y c o m p l e t e a s t o l e a v e a m o t h e r - l i q u o r -which is a l m o s t co lou r l e s s . T h e s a l t is 
f i l tered off o n a s u c t i o n funne l a n d -washed -with a 20 p e r c e n t . so ln . of a m m o n i u m c h l o r i d e . 
If a s e c o n d p r e c i p i t a t i o n is t o b e m a d e , t h e s a l t is i g n i t e d t o s p o n g e a n d r ed i s so lved iit a q u a 
r e g i a . T h i s m e t h o d of pu r i f i ca t ion a i d s in t h e r e m o v a l of b a s e - m e t a l i m p u r i t i e s , p a r t i c u l a r l y 
t h o s e w h i c h r e m a i n d i s so lved in a n a m m o n i a c a l so ln . , b u t d o e s n o t t e n d t o e l i m i n a t e 
p l a t i n u m m e t a l s r a p i d l y . 

T h e p r o g r e s s of pu r i f i c a t i on c a n bo fol lowed b y e x a m i n i n g t h e m e t a l s r e m a i n i n g in t h e 
m o t h e r - l i q u o r s f rom e a c h p r e c i p i t a t i o n . T o d o t h i s t h e m o t h e r - l i q u o r s a r e e v a p o r a t e d 
t o d r y n e s s o n t h e s t e a m - b a t h a n d t h e r e s i d u e s d i g e s t e d -with n i t r i c a c i d t o d e s t r o y 
a m m o n i u m ch lo r ide . Af t e r t h i s t r e a t m e n t t h e so ln . is a g a i n e v a p o r a t e d t o d r y n e s s a n d 
t h e r e s i d u e t r a n s f e r r e d c o m p l e t e l y t o a c ruc ib l e a n d i g n i t e d u n d e r h y d r o g e n . T h i s is 
n e c e s s a r y t o d e c o m p o s e t h e a m m i n e s of p l a t i n u m a n d s o m e of t h e o t h e r m e t a l s , w h i c h d o 
n o t r e s p o n d t o t h e u s u a l q u a l i t a t i v e r e a c t i o n s for t h e s e m e t a l s . A f t e r t h e i g n i t i o n , t h e 
r e s i d u e is d i g e s t e d -with a q u a r e g i a a n d e x a m i n e d for s u c h m e t a l s a s a r e t h o u g h t t o b o 
p r e s e n t . l J l a t i n u m a n d c o p p e r a r e l ike ly t o b e t h e l a s t m e t a l s t o b e e l i m i n a t e d . 

Metal l ic p a l l a d i u m c a n b e o b t a i n e d b y i gn i t i ng p a l l a d o u s d i a m m i n o c h l o r i d e , 
or a m m o n i u m ch lo ropa l l ad i t e in a c u r r e n t of h y d r o g e n ; s imi la r ly , t h e ign i t ion of t h e 
c y a n i d e , or iod ide y ie lds t h e m e t a l . E . H . K e i s e r a n d M. B . B r e e d o b s e r v e d t h a t 
w h e n a m m o n i u m c h l o r o p a l l a d i t e o r p a l l a d o u s d i a m m i n o c h l o r i d e is r e d u c e d t o 
m e t a l b y h e a t i n g i t i n h y d r o g e n , n o loss of p a l l a d i u m b y vo l a t i l i z a t i on or dec r ep i ­
t a t i o n occurs . T h e m e t a l c a n be p r e c i p i t a t e d f rom soln. of i t s s a l t s b y m a n y 
r e d u c i n g a g e n t s — f o r m i c ac id , z inc a n d h y d r o c h l o r i c ac id , e t c . T h e m e t a l c a n be 
fused in t h e o x y h y d r o g e n f lame, or in a h igh t e m p , fu rnace . W . H . W o l l a s t o n 
o b t a i n e d t h e m e t a l in a c o m p a c t m a s s b y t h e m e t h o d he e m p l o y e d for ma l l eab l e 
p l a t i n u m (q.v.). C. W . D a v i s d i scussed t h e r e c o v e r y of p a l l a d i u m f rom jewe l l e r s ' 
s c r a p . T h e sa t i s f ac to ry p r e c i p i t a t i o n of p a l l a d i u m in t h e p re sence of r h o d i u m a n d 
i r i d ium, b y d i m e t h y l g l y o x i m e , is desc r ibed b y M. W u n d e r a n d V. Th i i r inger , 
W . H . S w a n g e r , a n d R . Gi lchr i s t . 

E . H . Ke i s e r a n d M. B . B r e e d p r e p a r e d a m m o n i u m c h l o r o p a l l a d i t e f rom 
p a l l a d i u m d ich lor ide pur i f ied b y d i s t i l l a t i on in a c u r r e n t of ch lo r ine . T h e y a lso 
o b t a i n e d i t b y d isso lv ing p a l l a d i u m in a q u a reg ia , e v a p o r a t i n g t h e l iqu id t o d r y n e s s 
t o r e m o v e ac id ; e x t r a c t i n g t h e m a s s w i t h w a t e r a c i d u l a t e d w i t h h y d r o c h l o r i c 
ac id ; a n d t r e a t i n g t h e filtered soln. w i t h a n excess of a m m o n i a , h e a t e d o n t h e 
w a t e r - b a t h , filtered, a n d p a s s i n g h y d r o g e n ch lor ide i n t o t h e l i quor t o p r e c i p i t a t e 
p a l l a d o u s d i a m m i n o c h l o r i d e . T h e w a s h e d p r o d u c t is d i sso lved in a q . a m m o n i a , 
a n d r e p r e c i p i t a t e d w i t h h y d r o g e n ch lo r ide . B y r e p e a t i n g t h e p roces s a few-
t imes , t h e p a l l a d i u m c a n be o b t a i n e d free f rom all t r a c e s of i ron , r h o d i u m , a n d 
copper . I f gold be p r e s e n t , t h e soln. i n h y d r o c h l o r i c ac id is t r e a t e d w i t h s u l p h u r 
d iox ide a n d a l lowed t o s t a n d t o e n a b l e t h e gold t o subs ide . T h e soln . of t h e 
ch lor ide is t h e n t r e a t e d w i t h a m m o n i a , e t c . , a s j u s t i n d i c a t e d . K . H e s s n e r s t u d i e d 
t h e r ecove ry of p a l l a d i u m . 

P a l l a d i u m c a n be o b t a i n e d b y e l ec trodepos i t ion . A c c o r d i n g t o E . F . S m i t h , 2 

p a l l a d i u m c a n be d e p o s i t e d f rom soln . a n a l o g o u s w i t h t h o s e e m p l o y e d for t h e 
e l ec t rodepos i t ion of p l a t i n u m . A b r i g h t d e p o s i t is p r o d u c e d b y u s i n g a c u r r e n t 
d e n s i t y of 0*05 a m p . a n d 1-2 vo l t s ; o the rwi se t h e d e p o s i t is s p o n g y . A n a m m o n i a c a l 
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soln. of p a l l a d o u s d i a m m i n o d i c h l o r i d e gives good re su l t s . T h e s u b j e c t w a s dis­
cussed b y E . F . S m i t h a n d H . F . Kel le r , F . Woh le r , L . S c h u c h t , A . J o I y a n d 
E . Leidie> R . A m b e r g , a n d J . L a n g n e s s . V. K o h l s c h i i t t e r a n d F . J a k o b e r o b s e r v e d 
t h a t t h e supe rpos i t i on of a n a l t e r n a t i n g o n a d i r ec t c u r r e n t in t h e e lec t ro lys is t e n d s 
t o m a k e t h e c rys ta l l ine d e p o s i t coa r se -g ra ined , a n d t o lessen t h e p e r c e n t a g e c u r r e n t -
yie ld . G. H a n s e l s t u d i e d t h e electro-ref ining of p a l l a d i u m w h e n a l loyed w i t h si lver . 
H . S. B o o t h a n d M. Mer lub-Sobe l s t u d i e d t h e depos i t ion of p a l l a d i u m f rom soln. 
of i t s sa l t s i n l iquid a m m o n i a . 

P a l l a d i u m c a n be p r e p a r e d i n different phys i ca l s t a t e s — a s t h e c o m p a c t m e t a l , 
i n c rys t a l s , a s s p o n g y p a l l a d i u m , a s p a l l a d i u m b lack , a n d as colloidal p l a t i n u m . 
J . J o I y 3 p r e p a r e d crys ta l l ine p a l l a d i u m b y h e a t i n g t o r edness p a l l a d i u m r i b b o n 
d u s t e d o v e r w i t h f ine ly-d iv ided t o p a z b y m e a n s of a n electr ic c u r r e n t . T h e 
t o p a z is s u p p o s e d t o d e c o m p o s e evo lv ing f luorine w h i c h a t t a c k s t h e p a l l a d i u m 
y ie ld ing a f luoride wh ich , i n t u r n , d i ssoc ia tes l eav ing a res idue of t h e c rys ta l l ine 
m e t a l . T h e c ry s t a l s r e semb le t h o s e of j>lat inum. 

W . H . W o l l a s t o n found t h a t t h e i gn i t i on of a m m o n i u m c h l o r o p a l l a d a t e or 
ch io ropa l l ad i t e furn ishes s p o n g y p a l l a d i u m . A c c o r d i n g t o E . W i c h e r s a n d 
co -worker s , t h e ign i t ion shou ld be c o n d u c t e d in a n a t m . T h e use of h y d r o g e n 
p r e v e n t s t h e o x i d a t i o n of p a l l a d i u m , w h i c h w o u l d o the rwise occur . On t h e 
o t h e r h a n d , t h e m e t a l shou ld n o t be cooled in h y d r o g e n because t h e p a l l a d i u m 
sponge t a k e s u p so g r e a t a n a m o u n t of t h i s gas . T h e c u r r e n t of h y d r o g e n is t h e r e ­
fore i n t e r r u p t e d af te r t h e i gn i t i on is c o m p l e t e b u t before t h e m e t a l is cooled. I n 
cooling, t h e sponge will be p a r t l y ox id ized , b u t t h i s c a n be co r rec t ed by m o i s t e n i n g 
i t w i t h formic ac id a n d d r y i n g a t 100° t o 150°, or b y w e t t i n g t h e sponge w i t h a lcohol , 
ign i t ing t h e l a t t e r , a n d a l lowing i t t o b u r n off s p o n t a n e o u s l y . A r e p e t i t i o n of 
e i t he r t r e a t m e n t m a y b e necessa ry . Comple t e ly r e d u c e d p a l l a d i u m sponge h a s a 
un i fo rm l igh t g rey co lour . T . G r a h a m p r e p a r e d s p o n g y p a l l a d i u m b y t h e ign i t ion 
of t h e c y a n i d e ; a n d A. J . B e r r y , b y r e d u c i n g t h e ch lor ide w i t h s o d i u m f o r m a t e 
in h o t , a q . soln. J . L . W h i t t e n a n d D . R . S m i t h p r e p a r e d s ing le crys ta l s of 
p a l l a d i u m b y d r a w i n g o r d i n a r y po lyc rys t a l l i ne wire d o w n t o 0-05, s l ight ly a n n e a l i n g 
t h e wire , pa s s ing t h e wire a t t h e r a t e of 9*4 m m . p e r h o u r p a s t t w o m e r c u r y con­
t a c t s , 25 m m . a p a r t , whi le a c u r r e n t of f rom 55O t o 600 mi l l i - amperes a r e pas sed 
t h r o u g h t h e lower, wa te r -coo led c o n t a c t , a n d left b y t h e u p p e r c o n t a c t w h i c h w a s 
n o t cooled. 

Acco rd ing t o L . M o n d a n d co -worke r s , p a l l a d i u m black c a n be o b t a i n e d by 
p r e c i p i t a t i o n f rom soln. of p a l l a d i u m sa l t s b y a r e d u c i n g agen t—e .g . s o d i u m for­
m a t e . P a l l a d i u m b l a c k c o n t a i n s 1-65 pe r cen t , of o x y g e n w h i c h c a n n o t be r e m o v e d 
b y h e a t i n g i t i n v a c u o a t a du l l r e d - h e a t , b u t i t m u s t be r e m o v e d b y ign i t ion in a 
c u r r e n t of h y d r o g e n . P a l l a d i u m b lack , d r i ed a t 100°, c o n t a i n s 0*72 pe r cen t , of 
w a t e r , a n d a s s u m i n g t h a t t h e 138 vols , of o x y g e n is p r e s e n t as p a l l a d o u s ox ide , t h e 
c o m p o s i t i o n of p a l l a d i u m b lack is P d , 86-59 p e r cen t . ; P d O , 12-69 ; a n d H 2 O , 
0-72 p e r c e n t . I . I . Tschukoff a n d co-workers , E . K . R i d e a l , a n d A. A. P o l l i t t 
s t u d i e d t h e c a t a l y t i c a c t i v i t y of p a l l a d i u m . 

F . C. Ph i l l ips p r e p a r e d pal ladized asbes tos in wh ich t h e finely-divided p a l l a d i u m 
is s p r e a d ove r a s b e s t o s t o fu rn i sh a v e r y efficient p a l l a d i u m c a t a l y s t . I t is p r o d u c e d 
b y t h e m e t h o d u s e d for p l a t i n i z e d a sbes to s , o r b y soak ing a s b e s t o s w i t h a so ln . of 
p a l l a d o u s ch lor ide , a d d i n g a few d r o p s of a lcohol , a n d ign i t i ng . T h e p rocess is 
r e p e a t e d u n t i l t h e a s b e s t o s h a s inc reased a b o u t 6 p e r cen t , in w e i g h t in c o n s e q u e n c e 
of t h e depos i t i on of p a l l a d i u m in t h e fibres of t h e a sbes to s . E . V. A l e x e e v s k y a n d 
co -worke r s s o a k e d a sbes to s c lo th for 12 t o 15 h r s . in a soln. of p a l l a d o u s ch lor ide 
in 2 ^ - H C l , d r i ed t h e p r o d u c t a t 100°, r e d u c e d i t i n a fu rnace , d u r i n g 12 h r s . , b y 
m e a n s of h y d r o g e n s a t u r a t e d w i t h m o i s t f o r m a l d e h y d e , cooled in h y d r o g e n , a n d 
w a s h e d i t first w i t h h o t a n d t h e n w i t h cold d is t i l led w a t e r for 12 h r s . V. N . Morr is 
a n d Li. H . R e y e r s o n s t u d i e d t h e a c t i o n of pal ladized s i l ica . 

N . D . Ze l insky p r e p a r e d a z i n c - p a l l a d i u m c o u p l e b y well wash ing zinc filings 
w i t h a lcohol , t h e n w i t h di l . s u l p h u r i c ac id u n t i l a v igo rous evo lu t ion of gas beg ins , 
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a n d finally w i t h w a t e r . A 1 t o 2 p e r c e n t . soln. of p a l l a d i u m chlor ide , acidified 
w i t h hydroch lo r i c ac id , is p o u r e d in , a n d a t h i n , adhes ive l aye r of p a l l a d i u m is 
t h e n depos i t ed on t h e z inc . T h i s couple is t h e n well w a s h e d w i t h a lcohol , a n d 
w h e n necessa ry dr ied . G. R . L e v i a n d R . H a a r d t d i scussed t h e s t r u c t u r e of t h e 
g ra ins . E . Cohen a n d T . S t r enge r s d id n o t o b t a i n exp los ive pa l lad ium b y t h e 
ac t ion of ac id on z inc -pa l l ad ium a l loy . 

T h e sp lutter ing of pa l lad ium a t a h igh t e m p , i n a i r , o x y g e n , n i t r o g e n , a n d 
h y d r o g e n , a n d t h e c a t h o d i c s p l u t t e r i n g of t h e m e t a l in a i r , a n d h y d r o g e n , w a s 
s t u d i e d b y L . H o l b o r n a n d F . A u s t i n , 4 a n d M. F a r a d a y — v i d e infra, v o l a t i l i t y of 
p a l l a d i u m . M. F a r a d a y o b t a i n e d films b y r e d u c i n g a soln . of t h e ch lo r ide w i t h 
p h o s p h o r u s , b u t n o t w i t h h y d r o g e n . G. B r e d i g a n d F . F o r t n e r p r e p a r e d co l lo idal 
pa l lad ium b y s p a r k i n g p a l l a d i u m e lec t rodes u n d e r ice-cold w a t e r c o n t a i n i n g 
a p p r o x i m a t e l y 0-04 g r m . of s o d i u m h y d r o x i d e p e r l i t re . T. S v e d b e r g also o b t a i n e d 
t h e colloid b y t h e osc i l l a tory d i s c h a r g e — 3 . 2 3 , 10. S. M i y a m o t o u sed t h e s i lent 
d i scharge . N . Cas to ro p r e p a r e d t h e hydroso l b y r e d u c i n g t h e ch lor ide w i t h 
acrole in ; J . S a m e s h i m a , coal gas ; J . D o n a u , w i t h c a r b o n m o n o x i d e ; C. P a a l 
a n d C. A m b e r g e r , a n d J- P i c c a r d a n d E . T h o m a s , w i t h h y d r o g e n ; A. L o t t e r m o s e r , 
w i t h f o r m a l d e h y d e a n d p o t a s s i u m c a r b o n a t e ; A. G u t b i e r , A . G u t b i e r a n d 
H . W e i t h a s e , w i t h t i t a n o u s chlor ide ; a n d M. Bourgue l , A. G u t b i e r a n d G. Hof-
meier , a n d G. Hofmeier , h y d r a z i n e h y d r a t e . As p r o t e c t i v e colloid, C. P a a l a n d 
C. A m b e r g e r e m p l o y e d s o d i u m p r o t a l b i a t e or l y s a l b a t e ; A. G u t b i e r a n d co­
worke r s , a n e x t r a c t of I r i sh moss , or g u m a r ab i c ; A. S k i t a a n d W . A. Meyer , 
g u m a r a b i c ; H . P I a u s o n , a g a r - a g a r ; a n d C. A m b e r g e r , lanol in , a n d oleic ac id . 
E . B iesa l sky a n d co-workers d iscussed t h e p r e p a r a t i o n of t h e colloid. 

T h e hyd roso l is a b r o w n or v e r y d a r k b r o w n l iqu id ; a n d , a cco rd ing t o 
R . Z s i g m o n d y , t h e co lour c a n be d e t e c t e d in soln. c o n t a i n i n g 0-0005 p e r cen t , of 
p a l l a d i u m in l aye r s u p w a r d s of 1 c m . t h i c k . D . C. B a h s t u d i e d t h e c o a g u l a t i o n of 
t h e colloid. G. B r e d i g a n d F . F o r t n e r obse rved t h a t t h e c a t a l y t i c a c t i v i t y w i t h 
soln. of h y d r o g e n d iox ide is so g r e a t t h a t 1 g r a m - a t o m in 26,000,000 l i t res of soln. 
c a n b e d e t e c t e d . C. P a a l a n d C. A m b e r g e r o b s e r v e d t h a t t h e r e l a t ive ac t iv i t i e s 
of t h e hydroso l s of s o m e p l a t i n u m m e t a l s a r e : P a l l a d i u m , 22,000 ; p l a t i n u m , 
1 1 , 8 5 0 ; i r i d ium, 3 0 0 0 ; a n d o s m i u m , v e r y smal l . A. G u t b i e r a n d B . O t t e n s t e i n 
s t u d i e d t h e p a l l a d i u m - s t a n n i c ox ide-purples p r o d u c e d w i t h colloidal p a l l a d i u m 
like p u r p l e of Cassius is p r o d u c e d w i t h colloidal gold depos i t ed on s t a n n i c ox ide . 
E . B i i l m a n n a n d A. K l i t , a n d M. B o u r g u e l s t u d i e d t h e a c t i v i t y of col loidal 
p a l l a d i u m ; A. de Gregor io y R o c a s o l a n o , t h e age ing of t h e soln. ; a n d C. P a a l 
a n d W . H a r t m a n n , t h e effect of m e r c u r y , a n d of t h e h y d r o x i d e s of coppe r , z inc , 
a n d i ron . T . S v e d b e r g p r e p a r e d a n o r g a n o s o l w i t h i sobu ty l a lcohol a s d i spers ion 
m e d i u m . 

G. Hofmeier , a n d A . G u t b i e r o b t a i n e d t h e hydroge l , or solid colloidal p a l l a d i u m , 
b y e v a p o r a t i n g ove r Bulphuric ac id , in v a c u o , a n a q . soln. c o n t a i n i n g g u m a r a b i c 
as p r o t e c t i v e colloid ; a n d C P a a l a n d C. A m b e r g e r , a n d Gf. L a n g e r , b y t h e a c t i o n 
of h y d r o g e n on a soln . of p a l l a d i u m chlor ide a t 60° in t h e p resence of s o d i u m lysa l ­
b a t e or p r o t a l b a t e , e v a p o r a t i n g d i a lyzed soln. o n t h e w a t e r - b a t h , a n d a f t e r w a r d s 
in v a c u o over su lphur i c ac id . T h e solid h y d r o g e l r ead i ly dissolves in w a t e r t o fo rm 
a hydroso l . T h e h y d r o s o l a b s o r b s h y d r o g e n a t 60° t o 110°, b u t g ives i t u p a g a i n 
a t 130° t o 140° in a n a t m . of c a r b o n d iox ide , for t h e l y s a l b a t e is st i l l u n d e c o m p o s e d 
a t t h i s t e m p . J . D o n a u obse rved t h a t a b o r a x b e a d is coloured b lack by col loidal 
p a l l a d i u m . 
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§ 3 . The Physical Properties of Palladium 
Palladium is a silvery-white metal and the colour is said to be between t h a t 

of silver and tha t of plat inum. M. Faraday x found t h a t th in films of palladium 
have various shades of Indian ink by t ransmit ted light ; and A. W. Wright, dark 
brown. H . St. C. Deville and H. Debray, and W. L. Dudley said tha t the vapour 
is green. According to W. Haidinger, the metal occurs in octahedral crystals 
belonging to the cubic system. G. Rose said t h a t the crystals are white, and 
appear of almost microscopic size a t tached to laminse of native gold. W. H . WoI-
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l a s t o n sa id t h a t a spec imen of n a t i v e p a l l a d i u m f rom Braz i l h a d a f ibrous s t r u c t u r e 
d i s t ingu i sh ing i t f rom t h e g ra ins of p l a t i n u m w i t h wh ich i t w a s m i x e d . T h e al leged 
d i m o r p h i s m of p a l l a d i u m e m p h a s i z e d b y G. R o s e w a s s h o w n b y L . J . S p e n c e r t o 
be n o t p roven—v ide supra, a l l opa l l ad ium. T h e c rys t a l s were also d iscussed b y 
A . B r e i t h a u p t , E . F . Glocker , J . F . L . H a u s m a n n , C. C. L e o n h a r d , F . Mohs , a n d 
G. B . Sowerby . J . L . W h i t t e n a n d D . P . S m i t h s t u d i e d t h e corros ion figures of 
single c rys t a l wires ; a n d L . H o l b o r n a n d co-workers , a n d F . E . Ca r t e r s t u d i e d t h e 
surface s t r u c t u r e of p a l l a d i u m w h i c h h a d b e e n h e a t e d t o a h igh t e m p . , po l i shed , a n d 
e t c h e d w i t h acid . M. E t t i s c h a n d co-workers , a n d M. P o l a n y i a n d K . We i s senbe rg 
sa id t h a t t h e c rys ta l s in h a r d - d r a w n wires a r e n o t r egu la r ly a r r a n g e d a s in a n n e a l e d 
wires . T h e y show a f ibrous s t r u c t u r e ; a n d t h e (100) a n d ( l l l ) - f a c e s a r e a r r a n g e d 
n o r m a l l y t o t h e ax i s of t h e wire . E . S c h m i d a n d G. W a s s e r m a n n s t u d i e d t h e s u b ­
jec t . A. W . H u l l found t h a t t h e X - r a d i o g r a m s co r r e sponded w i t h a face-cen t red 
cubic l a t t i ce w i th side a—3-95O A. , a n d a d i s t a n c e of 2-795 A . b e t w e e n t h e n e a r e s t 
a t o m s . W . S tenze l a n d J . W e e r t s g a v e a—3*8809 A . T. B a r t h a n d G. L u n d e , 
« = 3 - 8 7 3 A. ; E . A . O w e n a n d E . L . Y a t e s , a n d E . A. Owen a n d J . I ba l l g a v e 
«==3-8850 A. , a n d ca l cu l a t ed t h a t t h e closest a p p r o a c h of t h e a t o m s is 2-74.7 A . 
T h e sub j ec t w a s d iscussed b y W . L . B r a g g , G. K e t t m a n n , a n d V. I . I v e r o n o v a . 
E . A. Owen a n d E . L . Y a t e s , F . Kr i ige r a n d G. G e h m , G. N a t t a , a n d J . I ) . H a n a w a l t 
s t u d i e d t h e d i s to r t i on of t h e l a t t i ce b y h y d r o g e n , a n d A. O s a w a , t h e 3-6 t o 3*87 p e r 
cen t , increase in t h e l a t t i c e c o n s t a n t b y t h e a d s o r p t i o n of h y d r o g e n — v i d e infra. 
T. M. L o w r y a n d R . G. P a r k e r gave 12-0173 for t h e sp . gr . of mass ive p a l l a d i u m , 
a n d 11-9863 for filings. F . M. J a g e r a n d J . E . Z a n s t r a showed t h a t t h e r e a r e c h a n g e s 
in t h e X - r a d i o g r a m of p a l l a d i u m co r r e spond ing w i t h a t r a n s f o r m a t i o n f rom one 
a l l o t r o p i c f o r m t o a n o t h e r a t 1200° ; a n d t h u s is in h a r m o n y w i t h t h e sp . l i t . d a t a 
of F . M. J a g e r a n d E . R o s e n h o h m , a n d F . M. J a g e r . W . P . D a v e y g a v e a = 3 - 8 5 9 A. ; 
T. B a r t h a n d G. L u n d e , a = 3 - 8 7 3 A. ; G. B r e d i g a n d R . Allolio, a = 3 - 9 9 1 A . ; 
L . W . M c K e e h a n , a = 3 - 9 0 0 A. ; S. Ho lge r s son a n d E . S e d s t r o m , a = 3 - 8 9 7 A. ; 
a n d J . O. L i n d e a n d G. Bore l ius g a v e a = 3 - 8 8 + 0 - 0 4 4 6 ( # — 2 0 ) in A. u n i t s a t 6°. 
T h e s u b j e c t w a s d iscussed b y R . W . G. WycofF, K . Weis senberg , a n d A. IC. v a n 
Arke l . A . Osawa found t h a t p l a t i n u m b lack h a s t h e s a m e l a t t i ce s t r u c t u r e as t h e 
c o m p a c t m e t a l , a n d t h a t w h e n h y d r o g e n i z e d t h e r e is a n e x p a n s i o n of t h e l a t t i c e 
co r r e spond ing w i t h t h e f o r m a t i o n of a solid soln. M. Y a m a d a m a d e a s imi la r 
o b s e r v a t i o n , whi l s t L . W . M c K e e h a n sa id t h a t t h e h y d r o g e n i z e d p a l l a d i u m h a s 
t w o , face-cen t red , cub ic l a t t i c e s — o n e of p a l l a d i u m a lone w i t h a = 3 - 9 0 0 A. , a n d 
t h e o t h e r , p r o b a b l y P d 2 H , w i t h a = 4 - 0 0 0 t o 4*039 A. L . W . M c K e e h a n , a n d 
G. R o s e n h a l l s t u d i e d t h e effect of h y d r o g e n on t h e l a t t i c e c o n s t a n t . F o r J . O. L i n d e 
a n d G. Bore l iu s ' o b s e r v a t i o n s , vide infra, p a l l a d i u m a n d h y d r o g e n . G. T a m m a n n 
s t u d i e d t h e effect of co ld -work ing . 

W . H . W o l l a s t o n g a v e 11-3 t o 11-8 for t h e specific g r a v i t y ; L . N . V a u q u e l i n , 
1 1 - 8 ; J . Cloud, 1 1 0 4 1 a t 1 8 ° ; A . B r e i t h a u p t , 1 1 - 7 5 2 ; W . A. L a m p a d i u s , 
11-852 ; E . H . Ke i s e r a n d M. B . B r e e d , 11-0 ; J . Violle, 11-97 a t 0° ; G. Wolf, 
11-78 ; H . S t . C. Devi l l e a n d H . D e b r a y , 11-4 a t 22-5° ; L . T r o o s t a n d P . H a u t e -
feuille, 1 2 0 ; K . L i s e n k o , 1 2 - 1 0 4 ; W . J . Cock, 11-3O, a n d for t h e h a m m e r e d 
m e t a l , 11-8O ; a n d R . B o t t g e r g a v e a col lec t ion of va lue s . F . Myl ius a n d R . D i e t z 
g a v e 11-9 for t h e purif ied, c a s t a n d h a m m e r e d m e t a l ; a n d W . J a g e r a n d H . Diessel-
h o r s t , 11-96 for t h e purif ied, c a s t m e t a l a t 18°. G. Q u i n c k e g a v e 10-8 for t h e sp . gr . 
of t h e m o l t e n m e t a l . A . W . H u l l c a l cu l a t ed 11-4 for t h e sp . gr . of p a l l a d i u m f rom 
i t s l a t t i c e c o n s t a n t s , w h e n t h e a c c e p t e d v a l u e s r a n g e f rom 11*4 t o 1 1 - 8 ; 
L . W . M c K e e h a n ca l cu l a t ed 11-87 ; a n d S. Ho lge r s son a n d E . S e d s t r o m , 11-97. 
V. M. G o l d s c h m i d t g a v e 1-370 A. for t h e a t o m i c radius . W . H u l m e - R o t h e r y , 
E . H . W e s t l i n g , J . C. S la t e r , G. H a g g , a n d W . B i l t z a n d K . Meisel s t u d i e d t h e 
p a c k i n g dens i t y , or a t o m i c r a d i u s ; a n d F . G. M a n n a n d D . P u r d i e , t h e parachlor 
of p a l l a d i u m . F o r t h e effect of h y d r o g e n , vide infra, h y d r o g e n i z e d p a l l a d i u m . 
T h e h a r d n e s s of n a t i v e p a l l a d i u m on M o h s ' scale is sa id t o be b e t w e e n 4 a n d 5 ; 
J . R . R y d b e r g g a v e 4-8. C. A . E d w a r d s g a v e 61*0 for Br ine l l ' s h a r d n e s s ; 
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F . E . Ga r t e r g a v e 52 for t h e oas t m e t a l , 109 for t h e h a r d , a n d 49 for t h e a n n e a l e d 
m e t a l ; a n d for t h e scleroscopic h a r d n e s s , 25 for t h e h a r d , a n d 8 for t h e a n n e a l e d 
m e t a l . T . T u r n e r , a n d C. J o h n s o n d iscussed t h e sub j ec t . G. T a m m a n n a n d 
co -worke r s s t u d i e d t h e effect of co ld -work . S. Cowper-Coles sa id t h a t e lec t ro-
d e p o s i t e d p a l l a d i u m is a s h a r d a s n ickel . 

A c c o r d i n g t o W . H . W o l l a s t o n , 2 t h e p a l l a d i u m h e p r e p a r e d w a s r a t h e r less 
duc t i l e t h a n p l a t i n u m , a n d i t c a n be ro l led o u t i n t o t h i n l eaves . G. W e r t h e i m 
g a v e 9709 k g r m s . p e r sq . m m . for t h e e las t ic m o d u l u s of p a l l a d i u m ; C. Schaffer , 
11-284 k g r m s . pe r sq . m m . ; A . W a s s m u t h g a v e JEf= 1*123 X 10 1 2 c.g.s. u n i t s for 
purif ied p a l l a d i u m ; a n d E . Gr i ine isen o b t a i n e d 11,76O, 11,550, 11,47O, a n d 11,480 
k g r m s . p e r sq . m m . , a t 15-1° t o 19°, b y different m e t h o d s . E . E . C a r t e r g a v e 
12,000 k g r m s . p e r sq . m m . for h a r d , a n d 9750 k g r m s . pe r sq. m m . for a n n e a l e d 
p a l l a d i u m . T h e t e m p . coefF. of t h e e las t ic m o d u l u s o b s e r v e d by C. Schaffer is 1-979 
pe r cen t , for t e m p , b e t w e e n 20° a n d —186° ; a n d A. W a s s m u t h g a v e dEjE.dT 
= 2*05 X 10— 4 . A . Mal lock sa id t h a t t h e r a t i o of Y o u n g ' s m o d u l u s of e l a s t i c i ty 
a t —273° a n d 0° is 1*27. P . LasarefE f o u n d t h e e las t ic l imi t t o be p r o p o r t i o n a l t o 
re«r>/3, whe re ti is t h e n u m b e r of a t o m s p e r c.c. F o r t h e effect of h y d r o g e n , vide 
infra., h y d r o g e n i z e d p a l l a d i u m . K . R . K o c h m e a s u r e d t h e r a t i o of t h e e lec t r ica l 
r e s i s t ance of five s a m p l e s of p a l l a d i u m before a n d a f te r s a t u r a t i o n w i t h h y d r o g e n , 
Ji0/'R ; h e a lso m e a s u r e d t h e p e r c e n t a g e c h a n g e s i n l e n g t h S/ a n d sec t iona l a r e a , 
S«, a n d in t h e modu l i of t ens ion , E, a n d to r s ion , n : 

RJR 
1-65 
2 IO 
1-98 
l-r>9 
1-84 

S* 
5-O 
8-O 

r>-o 
1 - 7 
2 - 3 

Sa 
7 -O 
3-O 
5 O 
1 - 8 
1 - 2 

E 
— 10-5 
— 12-5 
— 1OO 
— 2 1 O 
— 1 2 0 

n 
— 16 5 
— 13 O 
— 12-O 
— 1OO 
— 14-O 

C. Schaffer found t h e t o r s i on m o d u l u s of pur i f ied p a l l a d i u m t o b e . F = 4613-7 
k g r m s . p e r sq . m m . a t r o o m t e m p . , a n d Po i s son ' s 
r a t i o is 0-223. T h e v a l u e of t h e t o r s i on m o d u l u s 
dec reases 2-696 p e r cen t , p e r 100° fall of t e m p . 
A . W a s s m u t h g a v e for pur i f ied p a l l a d i u m , 
J F - 5 1 0 3 k g r m s . p e r sq . m m . , a n d dJF/JF.dT= 
2-9 X l O - 4 . C. E . G u y e a n d H . S c h a p p e r s t u d i e d 
t h e effect of t e m p , on t h e to r s ion m o d u l u s ; a n d 
P . W. K r i d g m a n o b s e r v e d t h a t t h e r i g id i t y 
inc reases 1-08 pe r cen t , for a- p ress , of 10,000 
k g r m s . p e r sq. c m . E . Gr i ine isen o b s e r v e d 
. F ^ 5 2 1 0 k g r m s . p e r sq . m m . ; E . W i d d e r g a v e 
E^E20[I- 0-0006536(0—20)} ; a n d K . K . K o c h a n d C. D a n n e c k e r , F i g . 1, 
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800° 
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T . G r a h a m o b s e r v e d t h a t t h e t ens i l e s t rength of a p a l l a d i u m wire 100 m m . 
long, a n d we igh ing 0-1987 g r m . is IO k g r m s . ; a n d W . Giebel obse rved t h a t a wire of 
t h e pur i f ied m e t a l , 1 m m . d i a m e t e r , b r o k e w i t h a load of 30 k g r m s . J . L . W h i t t e n 
a n d 13. P . S m i t h f o u n d t h a t t h e e l o n g a t i o n w i t h single c ry s t a l s of p a l l a d i u m v a r i e d 
f rom 0*7 t o 4-0 p e r cen t , a s c o m p a r e d w i t h less t h a n 0-2 p e r cen t , for po ly c rys ta l l ine 
wi re . F . E . C a r t e r g a v e 39 k g r m s . j>er sq. m m . for h a r d , a n d 14 k g r m s . p e r sq. 
m m . for 0-5 m m . wire of a n n e a l e d p a l l a d i u m , w i t h a I pe r cen t , e longa t ion in. 2 inches 
for sof t , a n d 24 p e r cen t , for a n n e a l e d p a l l a d i u m ; t h e v o l u m e e last ic i ty of cas t 
p a l l a d i u m is 17-6 d y n e s i>er sq . c m . ; E r i c s e n ' s duct i l i ty t e s t of h a r d p a l l a d i u m is 
7*6 m m . , a n d of t h e a n n e a l e d m e t a l , 12-0. G. T a m m a n n discussed t h e effect of 
co ld -work on t h e phys i ca l p r o p e r t i e s ; a n d E . M. Wise a n d J . T. Eash s tud ied t h e 
m e c h a n i c a l p r o p e r t i e s of p a l l a d i u m — c o l d - d r a w n , a n d a n n e a l e d a,t 800°. The 
r ig id i ty i s 5-11 d y n e s p e r sq . c m . ; a n d P o i s s a n ' s ra t io is 0-393. J . L . W h i t t e n 
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a n d D . P . S m i t h found t h a t o n b r e a k i n g single c r y s t a l wi res in t ens ion , t h e 
e longa t i on v a r i e d . f r o m 0*7 t o 4-0 p e r cen t , a s c o m p a r e d w i t h < 0 * 2 p e r c e n t , for 
a n o r d i n a r y po lyc rys t a l l i ne wi re . F o r t h e effect of h y d r o g e n , vide infra, h y d r o -
genized p a l l a d i u m . O w i n g t o c h a n g e s in t h e m e c h a n i c a l s t r e n g t h s of p a l l a d i u m 
in t h e v i c in i ty of 8° be low t h e m . p . , Gr. R i b a u d a n d S. N i k i t i n e a s s u m e d t h a t a n 
al io tropic t rans format ion occurs—v ide infra, s p . h t . 

T . W . R i c h a r d s g a v e 18,80O m e g a b a r s for t h e in terna l pressure of p a l l a d i u m 
a t 20° . R . v o n D . W e g n e r , a n d Gr. A . T o m l i n s o n s t u d i e d t h e i n t e r n a l cohes ion . 
T. W . R i c h a r d s f o u n d t h e compress ib i l i ty t o b e 0 - 3 8 x 1 0 - » p e r 0*987 a t m . 
E . Gr i ine isen o b t a i n e d a s imi la r r e s u l t ; L . H . A d a m s g a v e 0*53 X 1 O - 6 m e g a b a r ; 
a n d P . W . B r i d g m a n g a v e 5*19 X 10-7 t o 5*28 X 1O--" for t h e compress ib i l i t y of 
p a l l a d i u m ; a n d for t h e effect of p ress , a n d t e m p . , h e o b s e r v e d t h a t for a s p e c i m e n 
of mass ive p a l l a d i u m , dv/v^— 0 * 0 7 5 1 9 J O + 0 - 0 1 2 2 1 0 J O 2 a t 30° dv/v=-~ 00 7 511 jp 
-f-0-01220_/>2 a t 75° ; a n d w i t h d r a w n wire , dv/v^-=— 0*0 7528p—0*0 1 2210p 2 a t 30° , 
a n d dvJV=O-O7SSIp-\-0'012210p* a t 75° . R . H . Meh l s t u d i e d t h e cohes ion p ress . 
T h e ve loc i ty of s o u n d i n p a l l a d i u m is 3150 m e t r e s p e r second a t 20°. 

H . F i z e a u 3 f ound t h e coeff. of t h e r m a l e x p a n s i o n t o be 0-O41180 a t 20° , a n d 
0O 4 1176 a t 40° ; a n d K . Scheel f o u n d t h e l e n g t h I of a p a l l a d i u m rod a t 0° b e t w e e n 
— 190° a n d 100° t o be Z-Z 0 ( I +0O4115210-{-O-O8516702—0-O1 0I 1240*) ; a n d 
L,. H o l b o r n a n d A. L . D a y g a v e Z=Z0(I +O-O411670-f-O-O821870-i), b e t w e e n 0° a n d 
1000°. H . H o l z m a n n g a v e 0-04I0637-f-0*089187(<9 — 20°), a n d E . Gr i ine isen , 
c t=0-0 4 1027 a t - 190° t o 17°, a n d 0-0 41188 a t 17° t o 100°. G. W i e d e m a n n a n d 
R . F r a n z obse rved t h a t if t h e t h e r m a l conduc t iv i ty of s i lver is IOO, t h a t of p a l l a d i u m 
is 7*3 in v a c u o , a n d 6*3 in air . W . J a g e r a n d H . Diesse lhor s t g a v e for t h e t h e r m a l 
c o n d u c t i v i t y of p a l l a d i u m , k cals . p e r c m . p e r second p e r deg ree , &—0-1682 a t 18°, 
a n d £ = 0 * 1 7 7 6 a t 100° ; wh i l s t T . B a r r a t t a n d R . M. W i n t e r g a v e for t h e purif ied 
m e t a l £ = 0 * 4 4 a t 17° a n d 0-143 a t 100° ; a n d for t h e c o m m e r c i a l m e t a l A r = I l O l 
a t 17° a n d 0*100 a t 100°. H . Gr i ine i sen a n d H . R e d d e m a n n s t u d i e d t h e low t e m p , 
c o n d u c t i v i t y . P . W . B r i d g m a n f o u n d t h a t for a tens i le l oad of 770 k g r m s . p e r sq . 
cm. , t h e p r o p o r t i o n a l c h a n g e in t h e r m a l c o n d u c t i v i t y is —0*20X 1O - 6 . 

H . V. R e g n a u l t 4 f ound t h a t t h e specif ic h e a t of p a l l a d i u m is 0-05928 b e t w e e n 
0° a n d 100°. J . Violle o b t a i n e d for t h e m e a n s p . h t . a t 0° b e t w e e n 0° a n d 1265°, 
c=O*O582+O-O4!O0, a n d for t h e t r u e s p . h t . a t 0° , c p = 0*0582 +O-O42O0. H . H o l z ­
m a n n g a v e c = 0 - 0 5 8 4 + 0 - 0 0 0 0 1 5 8 5 3 . V. B e h n g a v e 0-0567 b e t w e e n —79° a n d 
18°, a n d 0 0 5 2 8 b e t w e e n —186° a n d 18° ; J . D e w a r g a v e 0-0190 b e t w e e n —253° 
a n d —196° ; T . W . R i c h a r d s a n d F . G. J a c k s o n , 0 0 5 1 7 b e t w e e n —188° a n d 20°; 
a n d W . J a g e r a n d H . Diesse lhors t , 0-0586 a t 18°, a n d 0-0617 a t 100°. F . Gr i ine i sen 
g a v e < v = 0 - 0 5 2 0 a t —190° t o 17°, a n d 0*0601 f rom 17° t o 100° ; E . H . H a l l m a d e 
o b s e r v a t i o n s on t h e sub j ec t . F . M. J a g e r a n d co -worke r s f o u n d t h e t r u e s p . h t s . 
a n d t h e a t . h t s . b e t w e e n 0° a n d 1550° t o b e : 

Cv 
C*p 
Cv 

Cp 
Cv 
Cv 
Cv 

o° 
0-05377 
OO5250 
5-737 
5-602 

900° 
0-07173 
0 0 6 6 2 8 
7-654 
7 0 7 2 

100° 
0 0 5 6 4 0 
0 0 5 2 5 0 
6*018 
5-836 

1100° 
0 0 7 3 9 8 
0 0 6 7 4 9 
7-894 
7 1 9 6 

300° 
0 0 6 1 1 8 
0-05857 
6-528 
6 249 

1300° 
0 0 7 5 5 9 
0 0 6 7 9 9 
8 0 6 6 
7-251 

600° 
0-06534 
0 0 6 1 8 0 
6-971 
6-594 

1550° 
( 0 0 7 6 3 9 ) 
( 0 0 6 7 2 7 ) 
(8-151) 
( 7 0 7 1 ) 

700° 
0 0 6 8 8 5 
0 0 6 4 3 7 
7-346 
6-868 

T h e r e is a m a x i m u m in t h e c u r v e for 0^=0*07664 a t 1520°, b u t F . M. J a g e r sa id 
t h a t t h e e v i d e n c e does n o t p r o v e t h e ex i s t ence of a n a l l o t rop i c f o r m ; n o r d i d 
A . L . D a y a n d R . B . S o s m a n d e t e c t a n y ev idence of a l l o t rop i c c h a n g e i n t h e i r 
m e a s u r e m e n t s of t h e t h e r m o e l e c t r i c force—vide supra, t ens i l e s t r e n g t h . T h e t r u e 
s£ . h t s . w e r e r e p r e s e n t e d b y F . M. J a g e r a n d W . A. V e e n s t r a b y c p = = 0 0 5 8 3 7 8 
-}-O*O46O2740—O*O086O202, w h i c h h a s a m a x i m u m a t 1520° a n d 0^=0*07664 . 
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T h e a t o m i c h e a t a t 100° a p p r o x i m a t e s 322, b u t a t 1520° i t h a s t h e v a l u e s Cp=&*177 
a n d C f , = 7-225 ; a n d F . M. J a g e r a n d W . A. V e e n s t r a g a v e Cv= 6-2288 +0*0128620 
-}-O*O62752802. J . M a y d e l d iscussed t h e genera l f o rmu la . 

R . C. S m i t h 5 o b s e r v e d t h a t t h e s in te r ing of p r e c i p i t a t e d p a l l a d i u m - b l a c k occurs 
a t a b o u t 600°. E . B iewend , a n d J . R . B r e a n t obse rved t h a t p a l l a d i u m s h o w s s igns 
of fusion a t a b o u t t h e t e m p , of 
m o l t e n i ron ; L . N . V a u q u e l i n m e l t e d 82 

t h e m e t a l on a piece of c h a r c o a l 
i g n i t e d in a s t r e a m of o x y g e n ; a n d 
E . B e c q u e r e l sa id t h a t p a l l a d i u m 
m e l t s a t a lower t e m p , t h a n a n y 
o t h e r p l a t i n u m m e t a l . J . L . B ve r s 
s t u d i e d t h e b e h a v i o u r of t h e m e t a l on 
cupe l l a t i on . J . Violle e s t i m a t e d t h e 
m e l t i n g po int of p a l l a d i u m t o be 
1 5 0 0 ° ; a n d E . Becque re l , 1460° t o 
1480°. L . H o l b o r n a n d S. V a l e n t i n e r 
g a v e 1572*9° for t h e m . p . ; W . N e r n s t 
a n d H . v o n W a r t e n b e r g g a v e 1552° ; 
C. W . W a i d n e r a n d G. K . B u r g e s s , a n d 
F . E . C a r t e r , 1550° ; E . B r o d h u n a n d 
F . Hof fmann , 1557° ; F . M. J a g e r a n d 
E . R o s e n b o h m , 1549*2° ; L . H o l b o r n a n d F . H e n n i n g , 1535° t o 1549° ; L . H o l b o r n a n d 
W . W i e n , 1587° ; G. H o i s t a n d E . Oos t e rhu i s , 1577° ; F . H o f f m a n n a n d W . Meissner , 
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2.—Atomic H e a t Curves of Pal ladium. 

E . P . H y d e a n d 
a n d co-workers , 
S o s m a n , 1550° ; 
Ingersol l , 1548° 

F . S. T r i t t o n a n d 
C. H . M. J e n k i n s 
L . I . D a n a a n d 

H . Schofield g a v e 

1557° ; F . H . Schofield, a n d L . IX Morr is a n d S. R . Scholes , 1555 
W . E . F o r s y t h e o b t a i n e d a v e r y h igh v a l u e ; E . P . H y d e 
1 5 5 7 ° ; F . W e i b k e a n d J . L a a r , 1 5 5 3 ° ; A. L . D a y a n d R . B . 
C. E . M e n d e n h a l l , 1553° ; a n d C. E . M e n d e n h a l l a n d L . R . 
( m . p . of p l a t i n u m 1745°) or 1576° ( m . p . of p l a t i n u m 1789°) ; 
D . H a n s o n , 1555° ; G. K . B u r g e s s a n d R . G. W a l t e n b e r g , 1549° 
a n d M. L. V. Gay le r , 1539° ; W . R . M o t t , e s t i m a t e d 1549° 
P . D . F o o t e , 1550° ; W . G u e r t l e r a n d M. P i r a n i , 1545° ; a n d F 
1555° wi th gold 1063°. O b s e r v a t i o n s were m a d e b y K . Scheel . C. O. F a i r c h i l d 
a n d co-workers c a l cu l a t ed 1 5 5 3 ° ± 0 * 7 ° a s t h e be s t r e p r e s e n t a t i v e v a l u e f rom r ecen t 
d e t e r m i n a t i o n s , a n d t h e y o b t a i n e d 1553-6° w h e n t h e m . p . of gold is 1063°. 
C. E . M e n d e n h a l l a n d C. L . U t t e r b a c k f o u n d t h a t t h e p resence of t r a c e s of p l a t i n u m 
is t h e cause of some d i s c r e p a n t o b s e r v a t i o n s . R . W r i g h t a n d R . C. S m i t h s t u d i e d 
t h e s in te r ing of t h e f inely-divided m e t a l . G. E . M e n d e n h a l l a n d L . R . Ingerso l l 
o b s e r v e d t h a t p a l l a d i u m m a y be undercooked ; a n d t h a t w h e n t h e m o l t e n m e t a l 
solidifies, t h e r e is a m o m e n t a r y flash of l igh t . G. R i b a u d a n d S. N i k i t i n e found 
t h a t t h e m . p . is lowered 8° b y a m e c h a n i c a l t e n s i o n g r e a t e r t h a n 2-5 g r m s . p e r sq . 
m m . A. S t e in d iscussed t h e r e l a t i onsh ip b e t w e e n t h e a t . vol . , m . p . , a n d e lect r ica l 
r e s i s t ance ; P . W . R o b e r t s o n , b e t w e e n t h e m . p . a n d t h e a t . vol . ; T. Carne l ley , 
t h e r e l a t i on b e t w e e n t h e m . p . a n d t h e r m a l e x p a n s i o n ; W . H e r z , t h e r e l a t i on 
b e t w e e n t h e m . p . a n d t h e v i b r a t i o n f r equency ; a n d J . J o h n s t o n , t h e effect of p re s s . 
on t h e m . p . I f Q b e t h e h e a t of fusion p e r g r a m , T t h e a b s o l u t e m . p . , a n d I) t h e 
d e n s i t y a t t h e m . p . , t h e n from t h e r m o d y n a m i c s , t h e p re s su re p o n a t m . r e q u i r e d 
t o m e l t p a l l a d i u m a t 27° is 31 ,000 . 

W . Crookes found t h a t p a l l a d i u m loses 0*6 p e r cen t , in w e i g h t w h e n h e a t e d in a i r 
a t 1300° for 3O h r s . T h e vo la t i l i t y a t 1300°, in a i r , is t h r e e t i m e s t h a t of p l a t i n u m . 
T h e sub jec t was s t u d i e d b y L . H o l b o r n a n d co-workers—v ide p l a t i n u m . T h e 
r e s u l t s were : 

Time 

Loss-! 

. 
1300° 

900° 

2 
. 0 1 1 7 
. 0 0 1 5 9 

6 
0-314 
0 0 5 1 3 

IO 
0-424 
0 O 9 1 9 

1 4 
0-495 
0 1 1 8 4 

1 8 
0-574 
0-1396 

2 2 

0-629 
O-1626 

2 6 
0-692 
0 1 7 8 5 

3O Hrs. 
0-745 p e r c e n t . 
0 1 8 2 7 
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F. E. Carter said that appreciable volatilization occurs at 1000° ; and A. Knocke 
observed in vacuo an appreciable volatilization at 735°. W. Stewart, and L. HoI-
born and IJ. Austin showed that, unlike the case of platinum, the rate of loss in 
weight of palladium in oxygen increases with a decrease of press., and is practically 
independent of the nature of the surrounding gas. The deposit is always black 
when oxygen is present, but is bright and metallic in hydrogen at 1-25 mm. press. 
J. H. T. Roberts showed that the phenomenon with palladium is not due to the 
escape of occluded gas, and the bright deposits in hydrogen are not due to the 
reduction of an oxide ; rather is the effect due to a simple volatilization of the 
palladium. H. Moissan found that in the electric arc furnace palladium vaporizes 
and the vapour condenses in small crystals and in globules. W. R. Mott estimated 
the boiling point of palladium to be 3000°, but 2200° is considered to be nearer 
the mark. F. E. Carter gave 2540° for the b.p. 

C. M. Guldberg calculated the critical temperature of palladium to be 5700°. 
J. Violle, and J. W. Richards estimated the heat of fusion of palladium to be 
36-3 cals. ; or 10-8 kilograles per gram-atom ; and F. M. Jager and E. Rosenbohm 
gave 20 cals. per gram. N. von Raschevsky, and N. F. Deerr made observations 
on this subject. A. D. van Riemsdijk studied the flashing which occurs on 
cupellation. Gr. N. Lewis and co-workers gave 8-80 to 8-90 cals. for the entropy 
of palladium at 25° ; and E. D. Eastman calculated 8-5 to 9-1 cals. at 25°. The 
entropy and internal energy were studied by R. D. Kleeman, R. von I). Wegener, 
K. K. Kt?!ley, W. Herz, and E. Kordes ; and the thermal energy by R. Nlibel. 

H. von Wartenberg found the index of refraction, JUL, of purified palladium to be 
1-62 for light of wave-length A=579/z/z ; the index of absorption A;= 2-11 ; the 
absorption coeft'., /j,k~3'4:l ; and the reflecting power, JR=65 per cent. B. Pogany 
gave for a cathodic spluttered film, 232/x/i, thick : 

A . . 70O 6 5 0 60O .55O GO<Vyu 
/x . . 2 0 5 1-94 1-84 1-76 1-74 
fjJc . . 2-86 2-74 2-6O 2-4O 2-16 

For a layer 600̂ i/x thick, K. Forsterling obtained the results summarized in Fig. 3. 
R. Hamer, and A. de Gramont studied the reflecting power of thin films, etc. 
E. O. Hulbert found the reflecting power for ultra-violet rays^to be : 

A . . 1 8 8 2OO 2 5 1 3 0 5 3 5 7 
R . . 1 6 1 8 2O 2 2 26 p e r c e n t . 

The emissivity is 0-38 for A=0-55/z and 0-33 for A=0-65ja with the solid, and 0-37 
for A=0*65/x for the liquid. F. Henning, 
F. Henning and W. Heuse, E. Wiegand, 
G. Hoist and E. Oosterhuis, E. Brodhun 
and F. Hoffmann, G. Ribaud and S. Nikitine, 
and S. Nikitine studied the black body 
radiation of palladium at the m.p. ; and 
W. Zobel observed a maximum temp, of 
radiation with palladium which has been 

~"6' 20 40 60 80 IdofJLf*. heated in air. This temp, is the temp, at 
Fia. 3.—Indices of !Refraction of which the oxide film is broken up and the 

I'alladium. palladium recrystallized. F. Hoffmann and 
W. Meissner studied the relative brightness of 

the dark radiation of gold and palladium at their m.p. R. Pogany studied the 
Faraday effect with spluttered films. 

The difficulties attending the purification of palladium render some of the 
early observations on the spectrum of little value—e.g. those of T. R. Robinson.6 

A. Mitscherlich did not succeed in obtaining a flame spectrum. W. N. Hartley and 
H. Ramage observed some bands in the oxy-hydrogen name. Observations on the 
snark spectrum were made by W. A. Miller, G. Kirchhoff, W. Huggins, R. Thalen, 

^ 

ft-
f~-1 



P A L L A D I U M 6 0 5 

L . d e B o i s b a u d r a n , J . P a r r y a n d A. E . T u c k e r , W . N . H a r t l e y , E . D e m a r c a y , 
H . N a g a o k a a n d co -worke r s , H . A. Bla i r , K . B e c h e r t a n d M. A. C a t a l a n , A . Gr. Shen-
s t o n e , P . E . D h e i n , W . K r a e m e r , G. K a i l , W . E . A d e n e y , O. L o h s e , A . H a g e n b a c h 
a n d H . K o n e n , H . W . Morse , J . M. E d e r a n d E . V a l e n t a , a n d C. E . Giss ing. F . E x n e r 
a n d E . H a s c h e k found t h e m o r e i n t e n s e l ines i n t h e s p a r k s p e c t r u m t o be 2776-95, 
2854-70, 3404-8O, 3421-41 , 3481-34, 3517-11 , 3553-21 , 3609-70, 3634-83 , 3894-39, 
a n d 4213*16. T h e s p a r k s p e c t r u m w i t h a soln. of p a l l a d i u m ch lor ide w a s f o u n d b y 
J . F o r m a n e k t o h a v e t h e c h a r a c t e r i s t i c l ines , F i g . 4, 5736 , a n d a d o u b l e l ine 5695 

IIXTDIIIOEIXIIZ] 
7000 6000 5000 4000 

K i a . 4.-—The S p a r k S p e c t r u m of P a l l a d i u m . 
a n d 5669(8) in t h e y e l l o w i s h - g r e e n ; 5547(y) , 5395(^ ) , 5296(a ) , 5164, a n d 5117(£) 
in t h e g r e e n ; 4875 , 4818, 4788 , a n d 4474 i n t h e b l u e ; a n d 4213(e)in t h e v io le t . 
T h e l ines <x, ^3, a n d y a r e c h a r a c t e r i s t i c . L . H . G. C la rk a n d E . Cohen , a n d 
W . F . Meggers a n d O. L a p o r t e s t u d i e d t h e u n d e r - w a t e r , s p a r k s p e c t r u m . F . E x n e r 
a n d E . H a s c h e k g a v e for t h e m o r e i n t e n s e l ines in t h e arc s p e c t r u m of p a l l a d i u m : 
3 0 2 8 0 5 , 3065-41 , 3119-19, 3302-28, 3373-21 , 3404-73, 3421-42, 3460-93, 3481-31 , 
3517-08, 3553-24, 3609-71 , 3634-85, 3690-49, 3894-33, 3 9 5 8 - 7 9 , 4 2 1 3 - 1 1 , 5 1 6 3 - 9 9 , 
5295-83, 5395-47, 5543-04, 5670-28, a n d 6784-80. O b s e r v a t i o n s were a lso m a d e 
b y C. S. Beaks, A. G. S h e n s t o n e , H . A. R o w l a n d a n d R . R . T a t n a l l , H . K a y s e r , 
W . F . Meggers , J . M. E d e r a n d E . V a l e n t a , K . B e c h e r t a n d M. A. C a t a l a n , a n d 
A. H a g e n b a c h a n d H . K o n e n . 

H . A . R o w l a n d , a n d J . N . L o c k y e r s t u d i e d t h e so lar spec trum. T h e u l t ra ­
v io le t s p e c t r u m w a s e x a m i n e d b y F . E x n e r a n d E . H a s c h e k , G. Ka i l , W . A. Miller, 
a n d V. S c h u m a n n . J . N . L o c k y e r a n d W . C. R o b e r t s - A u s t e n , a n d J . C. M c L e n n a n 
a n d co -worker s e x a m i n e d t h e absorpt ion s p e c t r u m of t h e v a p o u r of p a l l a d i u m ; 
a n d R . S a m u e l , t h e a b s o r p t i o n s p e c t r a of soln. of c o m p l e x sa l t s . T h e s p e c t r u m of 
t h e c a t h o d e l ight e m i t t e d b y p a l l a d i u m e lec t rodes b y s t r o n g c u r r e n t s w a s inves t i ­
g a t e d b y W . v o n B o l t o n . W . J . H u m p h r e y s s t u d i e d t h e effect of pressure on t h e 
emiss ion s p e c t r u m of p a l l a d i u m ; a n d J . E . P u r v i s , M. A. L e v i t s k a y a , C S. Bea l s , 
a n d C P e t e r k e , t h e effect of a magnetic field—the Z e e m a n effect. W . Ger lach a n d 
co -worke r s d i scussed t h e m o s t sens i t ive l ines for t h e r ecogn i t ion of p a l l a d i u m . 
J . C. M c L e n n a n a n d H . G. S m i t h , C. S. Bea l s , M. A . L e v i t s k a y a , C. P . S n y d e r , 
J . E . M a c k , O. L a p o r t e , G. K . Schoepfle, C. C. Kiess a n d O. L a p o r t e , O. L a p o r t e 
a n d D . R . Ing l i s , M. K i m u r a a n d G. N a k a m u r a , P . G. K r u g e r a n d W . E . S h o u p p , 
E . P a u l s o n , L . S iba iya , a n d P . G. N u t t i n g s t u d i e d t h e ser ies spectra or t h e 
s t r u c t u r e of t h e s p e c t r u m , o r r egu la r i t i e s in t h e o r i e n t a t i o n of t h e l ines . 

J . F o r m a n e k o b s e r v e d t h a t cone . a q . soln. of p a l l a d o u s ch lor ide or n i t r a t e a r e 
b rownish-ye l low, a n d a b s o r b a l m o s t al l t h e visible s p e c t r u m u p t o t h e r e d ; n o 
b a n d s a p p e a r w h e n t h e soln. is d i l u t e d . I f a few d r o p s of t i n c t u r e of a l k a n n a be 
a d d e d t o a n o t t o o di l . soln. of p a l l a d o u s ch lor ide , t h e or ig inal r e d l iqu id b e c o m e s 
o range-ye l low, t h e n s tee l -grey , a n d in 15 or 20 m i n u t e s , g reen . T h e a b s o r p t i o n 
s p e c t r u m of t h e soln. c h a n g e s in a c o r r e s p o n d i n g m a n n e r . T h e a b s o r p t i o n s p e c t r u m 
is d i sp l aced t o w a r d s t h e r ed , a n d r e m a i n s s t a t i o n a r y w h e n t h e l iqu id is g reen . T h e 
a b s o r p t i o n s p e c t r u m t h e n h a s t h e p r inc ipa l b a n d a t 6418, a n d t w o s e c o n d a r y b a n d s 
a t 5875 a n d 5447. Af ter t h e soln. h a s been a l lowed t o s t a n d for some t i m e , i t 
b e c o m e s t u r b i d , a n d n o longer e x h i b i t s t h e a b s o r p t i o n s p e c t r u m of p a l l a d i u m . 
If a t r a c e of a m m o n i a be a d d e d t o t h e g reen l iqu id , t h e a b s o r p t i o n s p e c t r u m does 
n o t c h a n g e , b u t if a few d r o p s of a m m o n i a be a d d e d i n excess , t h e l iquid becomes 
b lue , a n d a n o t h e r a b s o r p t i o n s p e c t r u m a p p e a r s w i t h t h e chief b a n d a t 6084, a n d 
s e c o n d a r y b a n d s a t 5629 a n d 5234 . Th i s a b s o r p t i o n s p e c t r u m soon decreases in 
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i n t e n s i t y a n d g r a d u a l l y d i s a p p e a r s l eav ing a r ed l iqu id wh ich shows t h e a b s o r p t i o n 
s p e c t r u m of a l k a n n a . R . S a m u e l a n d A. R- R . D e s p a n d e s t u d i e d t h e a b s o r p t i o n 
s p e c t r a of soln. of p a l l a d i u m sa l t s . 

T h e K - series of t h e X - r a y s p e c t r u m w a s found b y M. S i e g b a h n , 7 G. B . D e o d h a r , 
W . B o t h e a n d H . F r a n z , P . A. R o s s , J . H . Wi l l i ams , S. K . All ison, B . A . W o o t e n , 
G. R e c h o u , P . Nasledoff a n d P . S c h a r a w s k y , D . Coster , A. Le ide , K . L a n g , 
G. K e l l s t r o m , E . N a h r i n g , W . W . H a n s e n a n d K . B . S t o d d a r d , a n d A. Sommer fe ld 
t o exh ib i t l ines co r r e spond ing w i t h c t 1 a=0-584266 ; Ct2O,1=0-588632 ; )81)8=0-519474 ; 
/ 3 2 y=0-509181 ; £ 3 = 0 - 5 2 0 0 9 3 ; A . L e i d e g a v e £ 3 = 0 - 5 2 0 1 0 , a n d £ 4 =O-5079O. 
M. S iegbahn , E . F r i m a n , a n d A. Sommer fe ld g a v e for t h e L-series, Ct1Ct== 4-35850 ; 
Ct2Ct'=4-36660 ; ct3<x"= 4-344 ; Ze= 4-9396 ; ^ ! 7 7 = 4 - 6 5 0 2 ; L 1 = 3-4206 ; L 1 I = 3 - 7 1 5 2 ; 
L X I 1 =3-9005 ; £ ^ = 4 - 1 3 7 3 0 ; £ 2 y = 3 - 9 0 0 7 ; y83<£=4-0257 ; £ 4 <£ '=4-0623 ; pGc 
= 4-0070 ; / ^ ! = 3 - 8 6 7 6 ; a n d £ 1 2 = 3 - 8 5 6 7 ; y 1 S = 3 - 7 1 6 3 6 ; rj2x a n d y 3 x = 3 - 4 8 0 9 ; 
y 5 / c = 3 - 8 1 1 6 ; a n d y 7 = 3 - 6 7 6 . F . K . a n d R . D . R i c h t m y e r g a v e « ! = 4-3565 ; 
<x*=4-3453 ; c t I I =4-3412 ; c t I I I =4-3359 ; c t l v = 4 - 3 2 9 1 ; c t v = 4 - 3 2 2 2 ; a n d 
c t v !=4-3142 ; a n d M. J . D r u y v e s t e y n , / 5 2 =3-9007 ; / 8 ' 2 = 3 - 8 6 8 8 ; £ " 2 = 3 - 8 5 7 4 ; 
y 1 = 3-7164 ; a n d y ' 2 = 3 - 6 7 8 A. G. D . v a n D y k e a n d G. A. L i n d s a y , B . B . R a y , 
A . J o n s s o n , F . R . H i r s h a n d F . K . R i c h t m y e r , D . Coster , K . L a n g , W . B o t h e a n d 
H . F r a n z , F . C. a n d I^. P . Chalk l in , J . Z a h r a d n i c e k , a n d J . D . H a n a w a l t s t u d i e d t h e 
L-series ; a n d CG. B a r k l a , t h e J - p h e n o m e n a . G-. H a r k e r 8 f ound t h a t X - r a y s , a n d 
y - r a d i a t i o n s s t i m u l a t e t h e c a t a l y t i c a c t i v i t y of p a l l a d i u m in h y d r o g e n a t i o n s . 
E . N a h r i n g e x a m i n e d t h e effect of h y d r o g e n on t h e X - r a y l ines of hyd rogen ized 
p a l l a d i u m . N . I . Koboseff a n d V. L . A n o c h i n s t u d i e d t h e d e s o r p t i o n of h y d r o g e n 
a n d o x y g e n in p a l l a d i u m b y e lec t ronic b o m b a r d m e n t ; R . K o l l a t h , t h e p r o d u c t i o n 
of p r o t o n s f rom h y d r o g e n occ luded a p a l l a d i u m w h e n b o m b a r d e d by e lec t rons ; a n d 
M. Wol fke a n d J . R o l i n s k y , t h e emiss ion of pos i t ive ions a t a b o u t 1 2 0 0 ° — p r o b a b l y 
a lkal i m e t a l s — w h i c h ceases a f te r a few h o u r s ' h e a t i n g . T. K i n b a r a obse rved t h e 
effect of a c u r r e n t w i t h a p a l l a d i u m pole o n a p h o t o g r a p h i c d r y p l a t e . 

E . C. S t o n e r a n d L . H . M a r t i n 9 s t u d i e d t h e a b s o r p t i o n of X - r a y s b y p a l l a d i u m . 
F . C. a n d L . P . Chalk l in , L . P . D a v i e s , V. N a k a y a , O. W . R i c h a r d s o n a n d 
F . S. R o b e r t s o n , a n d L . P . D a v i e s s t u d i e d t h e emiss ion of soft X - r a y s b y p a l l a d i u m ; 
E . N a h r i n g , t h e s c a t t e r i n g ; Y . F . Cheng , t h e po la r i za t ion ; D . A. M c l n n e s a n d 
T. S h e d l o v s k y , a n d D . Nasledoff a n d P . S c h a r a w s k y , t h e i n t e n s i t y of t h e l ines ; 
D . Coster , t h e e n e r g y levels of t h e X - r a y s p e c t r a ; R . A. R o g e r s , t h e res i s t ance of 
t h i n films exposed t o X - r a y s ; O. L a p o r t e , t h e sc reening c o n s t a n t s ; H . E . F a r n s -
w o r t h , t h e effect of e lec t ronic b o m b a r d m e n t ; a n d L . T o n k s , t h e a n c h o r i n g of t h e 
c a t h o d e s p o t in t h e d i scharge t u b e b y p a l l a d i u m p ro jec t ing t h r o u g h a m e r c u r y 
surface. T h e emiss ion of e l ec t rons w a s i n v e s t i g a t e d b y W . E s p e , 1 0 W . W . H a n s e n 
a n d K . B . S t o d d a r d , a n d J . F . C h i t t u m ; t h e emiss ion of pos i t ive ions b y F . Gu lb i s ; 
t h e l imi t ing f r equency b y S. B jo rek , a n d J . E . P . Wagstaf f ; t h e s c a t t e r i n g of 

y - r a y s , b y T. H e i t i n g ; t h e exc i t a t i on of s e c o n d a r y r a d i a t i o n b y s low c a t h o d e r ays , b y 
H . W . L a n g e n w a l t h e r ; art if icial r a d i o a c t i v i t y , b y E . F e r m i a n d co-workers , a n d 
E . A m a l d i a n d co-workers ; a n d t h e Moser r a y s , b y N . Pil tschikoff. 

G. L . Locker,** H . H u l u b e i , L . A . d u B r i d g e a n d W . W . Roche r , R . S. B a r t l e t t , 
W . B e n n e w i t z , P . A. Ma ids tone , a n d T. Pavo l i n i s t u d i e d t h e pho toe l ec t r i c effect. 
T. Pavol in i s t ud i ed t h e p h o t o s e n s i t i v i t y . K . R e g e r , W . B e n n e w i t z , J K I u g e , 
R . S. B a r t l e t t , G. B e t h e , a n d H . K l u m b s t u d i e d t h e effect of a d s o r b e d g a s on t h e 
pho toe lec t r i c effect of p a l l a d i u m . W . F r e s e n o t e d t h a t a n y t r e a t m e n t w h i c h 
r e n d e r s t h e m e t a l pass ive r e d u c e s t h e pho toe l ec t r i c sens i t iveness . A c c o r d i n g t o 
L . A. d u Br idge a n d W . W . R o e h r , t h e pho toe l ec t r i c t h r e s h o l d of p l a t i n u m 
d u r i n g 100 h r s . ' h e a t t r e a t m e n t in v a c u o shif ted f rom a n in i t i a l v a l u e be low 230O 
A. t o a m a x i m u m ove r 3022 A. , a n d finally a s s u m e d a s t e a d y s t a t e a t 2486 A. 
w i t h 4-97 vo l t s . T h e t h e r m i o n i c w o r k func t ion is 4-99 vo l t s . L . A. d u B r i d g e a n d 
W . W . R o e h r s t u d i e d t h e sub jec t . F . H . N e w m a n a n d H . J . W a l k e , J . C. M c L e n n a n 
a n d co-workers , a n d K . A . H o f m a n n a n d co-workers s t u d i e d t h e i n d u c e d r a d i o ­
a c t i v i t y of p a l l a d i u m . 
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P . A . M a i d s t o n e 1 2 s t u d i e d t h e effect of h e a t t r e a t m e n t o n t h e f r ic t ional e lect r ic 
c h a r g e . I f t h e e lec tr ica l conduct iv i ty of s i lver b e IOO, E . B e c q u e r e l sa id t h a t t h e 
c o n d u c t i v i t y of p a l l a d i u m is 13-97, a n d A. M a t t h i e s s e n , 12-64 a t 17-2°. J . D e w a r 
a n d J . A . F l e m m i n g g a v e 9*8 X 10 4 m h o s p e r c m . c u b e for t h e e lec t r ica l c o n d u c t i v i t y 
of p a l l a d i u m a t 10° ; C. G. K n o t t g a v e 9-4 X 10 4 m h o s a t 0° ; a n d W . J a g e r a n d 
H . Diesse lhors t , 9-33 X l O 4 m h o s a t 18°, a n d 7 - 2 7 X 1 0 4 m h o s a t 100°. J . D e w a r 
a n d J . A . F l e m m i n g g a v e for t h e t e m p , coeff. of t h e e lec t r ica l r e s i s t ance b e t w e e n 
0° a n d 100°, 0-00354 ; W . J a g e r a n d H . Diesse lhors t , 0 0 0 3 6 8 ; L . H o l b o r n , 0 0 0 3 7 7 ; 
a n d P . W . B r i d g m a n , 0 -003178—a low v a l u e d u e t o t h e p re sence of i m p u r i t i e s . 
O b s e r v a t i o n s were m a d e b y E . Grune i s en , a n d A. Schu lze . E . E . C a r t e r g a v e 
0-0037 for h a r d p a l l a d i u m b e t w e e n 0° a n d 100° ; 0-00236 for a n n e a l e d p a l l a d i u m 
b e t w e e n 0° a n d 1200°. T h e r e is a 0-001 p e r cen t , i nc rease in a m a g n e t i c field of 
10,000 g a u s s . W . Meissner a n d 13. V o i g t s t u d i e d t h e s u p e r c o n d u c t i v i t y of 
p a l l a d i u m a t low t e m p . H . R o l n i c k m e a s u r e d t h e effect of t e n s i o n on t h e r e s i s t ance . 
H . J e l l i nek , A . P u o d z i u k y n a s , a n d M. E . K l a r m a n n obse rved t h a t t h e effect of 
a b s o r b e d a r g o n a n d neon is t o inc rease t h e r e s i s t ance , vide infra, for t h e effect of 
h y d r o g e n , a lso vide supra, t ens i l e s t r e n g t h . D . P . S m i t h sa id t h a t o x y g e n lowers 
t h e e lect r ica l r e s i s t ance . A . S t e i n d i scussed t h e r e l a t i o n s h i p b e t w e e n t h e a t . vo l . , 
m . p . , a n d e lec t r ica l r e s i s t ance . R . S. B a r t l e t t o b s e r v e d t h a t t h e dec rease in t h e 
r e s i s t ance of t h i n films of p a l l a d i u m in l i gh t f rom a q u a r t z m e r c u r y l a m p is 14 X 1 O - 6 . 
33. P o g a n y f o u n d t h a t t h e r e s i s t ance of films o b t a i n e d b y c a t h o d i c s p l u t t e r i n g 
inc reases w i t h a dec rease i n t h e t h i c k n e s s of t h e film. G. T a m m a n n a n d 
K . L . D r e y e r s t u d i e d t h e effect of co ld -work . P . W . B r i d g m a n found t h a t t h e 
effect of p ress . , p k g r m s . p e r sq . c m . , is : 

0° 25° 50° 75° 100° 
R e s i s t a n c e . . . l-OOO 1-0810 1-1609 1-2388 1-3178 
T , ( a t 0 kftrrn. . - - 0-O51983 — G-O61065 — 0-0B1945 — 0-051920 — 0-Ofi1895 
1 I O B » - j a t 12,(MK) k g r m s . . — (M)51855 — 0-0B1840 —0-0 5 1830 —0-0B1825 —0-0 6 1830 

c o e n - J A v e r a g e . . — 0 - 0 5 I 8 9 5 — 0-0 51887 — 0 0 5 1 8 7 9 — 0-0 51871 — 0-0 61863 

L i k e p l a t i n u m , b u t un l ike m o s t o t h e r m e t a l s , t h e r e is a n a b n o r m a l d e v i a t i o n of t h e 
r e s i s t ance f rom l i n e a r i t y w i t h t e m p . ; t h e s lope of t h e r e s i s t a n c e - t e m p , c u r v e is 
g r e a t e r a t 0° t h a n i t is a t 100°. T h e p ress , coeff. a t 0 ° , —78-4°, a n d —182-9°, a n d 
7000 k g r m s . p e r sq . m m . w e r e r e spec t i ve ly — 0-0 5 213, —0-0 5 232, a n d —0-0 5 282. 
M e a s u r e m e n t s were a l so m a d e b y A. Coehn a n d H . J i i r gens , W . Meissner a n d 
B . Vo ig t , N . F . M o t t , J . O. L i n d e , a n d K . H o n d a a n d co -worke r s . J . T . M a c -
Gregor -Morr i s a n d R . P . H u n t s t u d i e d t h e t e m p , coeff. of t h e r e s i s t ance . !B. B e c k -
m a n g a v e 0-05219 for t h e p ress , coeff. a t 0° ; a n d P . W . B r i d g m a n , 0-0 5 1983. 
P . W . B r i d g m a n g a v e 1-37 X 1O-"6 for t h e co r r ec t ed l o n g i t u d i n a l f r ac t iona l c h a n g e 
of r e s i s t ance p e r k i l o g r a m p e r sq . cm. , a n d 0-5 X 1 O - 6 for t h e t r a n s v e r s e f rac t iona l 
c h a n g e of r e s i s t ance . F o r a tens i le load of 770 k g r m s . pe r sq. c m . t h e p r o p o r t i o n a l 
c h a n g e i n s p . e lec t r ica l c o n d u c t i v i t y is —1*52 X l O - 6 , a n d for a l oad of 457 k g r m s . 
p e r sq . c m . , — 1 - 6 6 X l O - 6 . H . R o l n i c k m e a s u r e d t h e effect of t e n s i o n ; a n d 
P . K a p i t z a , t h e effect of a m a g n e t i c field. G. T a m m a n n a n d co -worker s s t u d i e d 
t h e effect of cold w o r k ; H . R e d d e m a n n , t h e r e l a t ion w i t h t h e t h e r m a l c o n d u c t i v i t y ; 
R . A . R o g e r s , t h e effect of X - r a y s ; E . A. H a r d i n g a n d D . P . S m i t h , D . P . S m i t h , 
A . Coehn , a n d H . H a g e n a n d A. Se ive r t s , t h e effect of t h e occ lus ion of o x y g e n on 
t h e r e s i s t ance of p a l l a d i u m ; a n d C. A. K n o r r a n d E . S c h w a r t z , D . P . S m i t h a n d 
o t h e r s for t h e effect of h y d r o g e n , vide infra, h y d r o g e n i z e d p a l l a d i u m . O. E . B r a n b y 
o b s e r v e d t h e u n i p o l a r c o n d u c t i v i t y of t h e condense r A g - M i c a - P d . A . T. W a t e r ­
m a n , F . S i m o n , a n d A . Coehn a n d W . S p e c h t s t u d i e d t h e t h e o r y of e lectr ical 
c o n d u c t i v i t y . A c c o r d i n g t o J . Sh ie lds , 1 3 t h e e.m.f. of t h e c o m b i n a t i o n — p a l l a d i u m 
c o n t a i n i n g a sma l l q u a n t i t y of h y d r o g e n | d i l u t e s u l p h u r i c ac id | p a l l a d i u m 
c o n t a i n i n g a l a rge q u a n t i t y of h y d r o g e n — i s ze ro , o r n e a r l y so. T h u s , t h e 
cell d o e s n o t b e h a v e l ike a t r u e c o n c e n t r a t i o n cell, a s w o u l d p r o b a b l y be t h e case 
w e r e t h e a b s o r p t i o n of h y d r o g e n b y p a l l a d i u m s i m p l y a p rocess of soln. T h e v i ew 
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t h a t a chemica l c o m p o u n d is fo rmed agrees b e t t e r w i t h t h e fac ts , for t h e e.m.f. in 
t h i s case wou ld be i n d e p e n d e n t of t h e q u a n t i t y of c o m p o u n d fo rmed . J. A . K e n d a l l 
s t u d i e d t h e e.m.f. of t h e cell w i t h h y d r o g e n i z e d p a l l a d i u m a n d p a l l a d i u m . 
S. J . F r e n c h a n d L . K a h l e n b e r g o b s e r v e d t h e effect of gases on t h e e l ec t rode 
p o t e n t i a l of p a l l a d i u m in iV-KCl. W i t h h y d r o g e n or n i t rogen , t h e p o t e n t i a l 
becomes m o r e bas ic r e a c h i n g a m a x i m u m , a n d t h e n fal l ing off ; a n d w i t h o x y g e n , 
t h e r e is v e r y l i t t le c h a n g e . C a r b o n m o n o x i d e , a n d m e t h a n e also a l t e r t h e p o t e n t i a l 
of p a l l a d i u m , a n d he l i um h a s a s l ight effect. IL. K a h l e n b e r g a n d J . V . S te in le" 
obse rved t h e single p o t e n t i a l of p a l l a d i u m in 0-5JV-Na3ASO4 *° D e 0-861 vol t ; 
in 0-SiV-K3AsO4 , O-1870 vo l t ; a n d in iV-KCl, s a t . w i t h a r sen ic t r i ox ide , 0-872 vo l t . 
F . B r a u n s t u d i e d t h e e lec t ro lyses of soln. of p a l l a d i u m sa l t s . R . K o h l e r s t u d i e d 
t h e h y d r o g e n p o t e n t i a l ; A . Voe t , t h e a n o d i c d i s p e r s i o n ; J . C. A n d r e w s , t h e 
h y d r o g e n e lec t rode ; a n d J . S a m b u s s y , t h e p o t e n t i a l in n i t r o b e n z e n e . E . B i i l m a n n 
a n d A. K l i t found t h a t a l i t t l e col loidal p a l l a d i u m h i n d e r s t h e po l a r i z a t i on of 
H ' - e l e c t r o d e s of p l a t i n u m . 

C. G. Miiller 1 4 o b s e r v e d t h a t i n t h e e lec t ro ly t i c ga s cell w i t h p a l l a d i u m in p lace 
of p l a t i n u m e lec t rodes , t h e e.m.f. is a u g m e n t e d . E . Miiller a n d W . S te in s t u d i e d 
t h e e l ec t rome t r i c t i t r a t i o n of p a l l a d o u s ch lor ide w i t h s t a n n o u s sa l t s , t i t a n i c ch lo r ide , 
iod ides , a n d c y a n i d e s . P . Miiller obse rved some a n o m a l i e s in t h e e.m.f. in h y d r o ­
chlor ic ac id . C. Druckc^r s t u d i e d t h e diffusion e l ec t rodes of p a l l a d i u m . E . B e u t e l 
a n d A. K u t z e l n i g g o b t a i n e d a n o d i c films of su lph ide b y t h e e lec t ro lys is of t h i o -
s u l p h a t e soln. A. S i m e k f o u n d t h a t d r o p s of m o l t e n t e l l u r i u m d iox ide on t h e 
surface of h o t p a l l a d i u m d o n o t m o v e a s w h e n on p l a t i n u m . 

T h e e lectrodepos i t ion of p a l l a d i u m w a s d iscussed b y R . W . H a r b i s o n , 1 5 a n d 
C. W . K e i t e l a n d H . E . Zsch iegner . C. W . K e i t e l p r e p a r e d a b a t h "with a IO p e r 
cen t . soln. of a m m o n i u m s u l p h a t e or n i t r a t e , c o n t a i n i n g 5 p e r cen t , of free a m m o n i a , 
a n d 2 p e r cen t , of p a l l a d o u s d i a m m i n o n i t r a t e , r ep len i sh ing t h e a m m o n i a a n d n i t r a t e 
f rom t i m e t o t i m e . T h e b a t h is o p e r a t e d a t 95° w i t h 2-2 vo l t s . H . E . Zsch iegner 
u s e d a b a t h m a d e b y boi l ing p a l l a d o u s ch lor ide w i t h s o d i u m n i t r i t e u n t i l t h e 
soln. is colourless or pa l e ye l low, a n d t h e n a d d i n g a n excess of a m m o n i a . 
S. Cowper-Coles r e c o m m e n d e d for t h e depos i t i on of p a l l a d i u m in a b r i g h t fo rm, 
a 0-62 p e r cen t , of a m m o n i u m ch lo ropa l l ad i t e , d i sso lved in a 1 p e r c e n t . soln . 
of a m m o n i u m ch lor ide . T h e soln. is m a i n t a i n e d a t a t e m p , of a b o u t 24° , 
t h e c u r r e n t u sed p e r s q u a r e foot be ing a b o u t 0-13 a m p . , a n d t h e e.m.f. a t t h e 
t e r m i n a l s of t h e b a t h 4 t o 5 vo l t s . A c c o r d i n g t o R . A m b e r g , p a l l a d i u m beg ins 
t o be depos i t ed f rom a n ac id ic soln. of t h e ch lor ide a t 0-65 vo l t , b u t a f te r a s h o r t 
t i m e p a l l a d i u m p e r o x i d e c o m e s d o w n o n t h e a n o d e , t h e v o l t a g e r ises t o a b o u t 
1*25, a n d s p o n g y m e t a l is d e p o s i t e d a t t h e c a t h o d e . T h e s a m e difficulties were 
e n c o u n t e r e d w h e n a lka l ine o r a m m o n i a c a l soln. w e r e u sed . W h e n a n a n o d e 
r o t a t i n g some 600 t o 650 t i m e s p e r m i n u t e is u sed , h o w e v e r , n o p e r o x i d e is f o r m e d , 
e v e n w i t h h ighe r c u r r e n t s . T h e t e m p , is b e s t k e p t a t 60° t o 65° a n d t h e v o l t a g e 
m u s t n o t exceed t h e c r i t i ca l v a l u e of 1*25 v o l t s . R . H . A t k i n s o n a n d A. R . R a p e r , 
P . H a a s , P . K . F r o l i c h a n d Gr. L . Cla rk , A. W o g r i n z , G. G r u b e a n d D . Be ischer , 
V . K o h l s c h u t t e r a n d F . J a k o b e r , A . F . R a p e r , E . F . S m i t h , W . C. H e r a e u s . 
A. B e r t r a n d , I . I . Tschukoff, a n d M. F r a n t z s t u d i e d t h e s u b j e c t ; H . S. B o o t h 
a n d M. Mer lub-Sobel , t h e depos i t i on f rom l iqu id a m m o n i a ; a n d R . H . A t k i n s o n , 
f rom soln. i n fused a lka l i ch lor ides . 

A c c o r d i n g t o F . Miiller a n d A. R i e f k o h l , 1 6 t h e e l ec t rochemica l b e h a v i o u r of 
p a l l a d i u m in soln. c o n t a i n i n g Cl '- a n d H"-ions , of n o t t o o h i g h pn, is q u i t e di f ferent 
f rom t h a t of t h e o t h e r m e t a l s of t h e p l a t i n u m g r o u p . B y pas s ing ch lor ine i n t o t h e 
soln. , o r b y anod i c po la r i za t ion , t h e m e t a l first d issolves q u a n t i t a t i v e l y a t r e l a t i ve ly 
low p o t e n t i a l s , b u t becomes s u d d e n l y pass ive on r e a c h i n g a c e r t a i n cr i t ica l c u r r e n t 
d e n s i t y . T h e effect of inc reas ing t h e cone, of t h e a d d e d h y d r o c h l o r i c ac id is t o 
c a u s e c o m p l e t e p a s s i v i t y t o occur a t h i g h e r p o t e n t i a l s , a n d i n p u r e c o n c e n t r a t e d 
hyd roch lo r i c ac id t h e m e t a l r e m a i n s a c t i v e u p t o v e r y h i g h c u r r e n t dens i t i e s . 
P a l l a d i u m differs f rom o t h e r base m e t a l s , such a s iron and nickel, in tha t i t remains 
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c o m p l e t e l y pass ive , l ike p l a t i n u m , on anod i c po l a r i za t i on in soln. free f rom chlor ide , 
w h e r e a s i ron a n d n ickel in , e.g., su lphu r i c ac id a r e a t first a c t i v e , a n d b e c o m e 
pass ive on ly a t h ighe r c u r r e n t dens i t ies . P o l a r i z a t i o n a lso r e n d e r s a p a l l a d i u m 
a n o d e a c t i v e in soln. c o n t a i n i n g b r o m i n e a n d chlor ine ions . I n t h e t r a n s i t i o n f rom 
t h e a c t i v e t o t h e pass ive cond i t ion , cha r ac t e r i s t i c p u l s a t i o n s s o m e t i m e s occur . 
These a r e m o s t m a r k e d in t h e case of iod ide soln. , b u t a r e a lso s o m e t i m e s o b s e r v e d 
in ch lor ide soln. T h e obse rved p h e n o m e n a a re d iscussed b y F . Mul ler a n d 
co-workers , a n d i t is sugges ted p rov i s iona l ly t h a t t h e y m a y be asc r ibed t o t h e 
f o r m a t i o n of a spar ing ly-so luble film of u n k n o w n n a t u r e on t h e surface of t h e 
e lec t rode . E . L ieb re i ch a n d W . Wiederho l t , A. Thiel a n d W . H a m m e r s c h m i d t , 
F . Meunier , A. Smi t s , a n d P . S. T u t u n d z i c s tud ied t h e ove rvo l t age of h y d r o g e n . 
G. T a m m a n n a n d J . Schne ide r n o t e d t h a t t h e r a t e of g r o w t h of t h e ox ide film in 
t h e anod ic po la r i za t ion of p a l l a d i u m in 1-6JV-H2SO4 follows an e x p o n e n t i a l c u r v e . 
J . A. V. B u t l e r a n d G. D r e v e r obse rved t h a t when e lec t rodes of p a l l a d i u m a re 
anod ica l ly po la r ized in acidic o r a lka l ine soln. , an a d s o r b e d layer of o x y g e n is 
fo rmed p r io r t o t h e e s t a b l i s h m e n t of t h e o x y g e n ove rvo l t age . The re is a second 
s t age in t h e o x i d a t i o n w h e r e ox ides of a pe rox id ic c h a r a c t e r are slowly formed, 
a n d t h e y a re r educed c a t h o d i c a l l y a t a m o r e pos i t ive p o t e n t i a l t h a n t h e adso r bed 
oxygen . S. K o i d z a m i , J . A. V. B u t l e r a n d co-workers , K . I i . Koch , a n d F . J i r s a 
d iscussed t h e anod ic po la r i za t ion of p a l l a d i u m . 

C. E . M e n d e n h a l l a n d L . R . Ingerso l l 1 7 o b s e r v e d t h a t sma l l g lobules of m o l t e n 
m e t a l in ISfornst's filament m o v e w i t h t h e c u r r e n t . I i . H . A t k i n s o n s tud i ed t h e 
e lec t ro ly t i c t r ans fe r of p a l l a d i u m us ing fused ch lor ides a s e l e c t r o l y t e s ; R . v o n 
IX W e g n e r , t h e c o n t a c t e lec t r i c i ty ; a n d O. S c a r p a , t h e res i s t ance a t t h e c o n t a c t 
surface of e l ec t ro ly te a n d e l ec t rode . 

B . N e u m a n n 1 8 g a v e —1-066 v o l t for t h e e l ec trode potent ia l of p a l l a d i u m in 
a n o r m a l soln. of t h e ch lo r ide . P . N y l e n s t u d i e d t h e effect w i t h p a l l a d i u m black . 
A. K o n i g c o n s t r u c t e d a h y d r o g e n - p a l l a d i u m diffusion e lec t rode in a c€*ll compr i s ing 
a ho r se - shoe - shaped , t h in -wa l l ed p a l l a d i u m t u b e i m m e r s e d in a p a l l a d i u m dish , 
p e r f o r a t e d a t t h e b o t t o m , a n d filled w i t h a eu t ec t i c m i x t u r e of p o t a s s i u m a n d 
s o d i u m n i t r i t e s ; h y d r o g e n w a s p a s s e d t h r o u g h t h e p a l l a d i u m t u b e , a n d o x y g e n 
t h r o u g h t h e b o t t o m of t h e d i sh , w h i c h was cove red w i t h s p o n g y p a l l a d i u m t o b r e a k 
u p b u b b l e s a n d p r e v e n t s p u r t i n g . A t 250°, t h i s cell h a d a n e.m.f. of 0-75 vo l t 
w h e n n o c u r r e n t w a s t a k e n f rom i t ; w i t h inc reas ing c u r r e n t d e n s i t y a t t h e H 2 - P d 
e lec t rode , t h e vo l t age fell. T h e o p t i m u m c u r r e n t w a s 0-7 a m p . pe r sq . d m . a t 0-5 
v o l t ove r p ro longed pe r iods . C. D r u c k e r , a n d P . N y l e n s t u d i e d t h e s u b j e c t ; 
M. Ivnobel , a n d C. A. K n o r r a n d E . S c h w a r t z , t h e ove r -vo l t age of hydrogen on 
p a l l a d i u m : J . A. V. B u t l e r a n d co-workers , t h e o x i d a t i o n p o t e n t i a l s ; R . I I . A t k i n ­
son s t u d i e d t h e e lec t ro ly t i c t r ans fe r of p a l l a d i u m . F . J i r s a m e a s u r e d t h e r e l a t ion 
b e t w e e n t h e c u r r e n t d e n s i t y a n d t h e p o t e n t i a l of a p a l l a d i u m a n o d e a g a i n s t a 
n o r m a l h y d r o g e n a n o d e in 2V-NaOH a t 18°, a n d inferred t h a t p a l l a d i u m m a y ex i s t 
in a t l ea s t t w o a c t i v e s t a t e s , in a d d i t i o n t o t h e usua l pass ive fo rm. A n e lec t rode 
which h a s p r e v i o u s l y b e e n h e a t e d in a i r is a l w a y s pass ive . B y c o m p a r i n g t h e 
p o t e n t i a l s a t w h i c h b r e a k s occur in t h e c u r r e n t dens i ty -po la r i za t ion c u r v e s w i t h 
t h o s e i n t h e c o r r e s p o n d i n g cu rves for t h e anod ic a n d c a t h o d i c t r e a t m e n t of p a l l a d i u m 
c o a t e d w i t h P d O a n d P d O 2 , r e spec t ive ly , i t is conc luded t h a t in a lka l ine soln. a 
pal ladium a n o d e is ox id ized in t h e following s t eps ; t o P d 2 O (a t + 0 - 1 5 vol t ) ; t o 
P d O (at-f-0-4 t o 0-5 vo l t ) ; t o P d O 2 ( a t + 0 - 9 5 vol t ) ; a n d t o u n s t a b l e P d O 3 a t 
1-22 vo l t s . O x y g e n e v o l u t i o n occurs a t m o r e pos i t i ve p o t e n t i a l s t h r o u g h t h e 
m e d i u m of PdO 3 , w h i c h b r e a k s d o w n i n t o P d O 2 a n d o x y g e n . H . F r i c k e , 
M. Andauer, and P . S. T u t u n d z i c s t u d i e d t h e e lec t ro ly t i c po l a r i za t i on of p a l l a d i u m -
black charged wi th h y d r o g e n w i t h a soln. of s u l p h u r i c ac id ; G. T a m m a n n , t h e 
effect of cold-work ; and I. S l e n d y k a n d P . H e r a s y m e n k o , t h e s e p a r a t i o n of 
hydrogen a t a pal ladium c a t h o d e . J . C. A n d r e w s f o u n d p a l l a d i u m e lec t rodes t o be 
less reliable t h a n p lat inum e l ec t rodes in d e t e r m i n a t i o n s of t h e cone, of H"-ions, 
because amorphous pal ladium undergoes a more or less rapid c h a n g e t o the 

voi«. x v . 2 R 
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crys ta l l ine s t a t e . N* Kobozeff a n d N . I . Nekrassoff s t u d i e d t h e emiss ion of 
e lec t rons du r ing t h e ca thod ic po la r i za t ion of p a l l a d i u m . 

T h e r a t e of ca thod ic sp lu t t e r i ng is 100 w h e n t h a t of p l a t i n u m is 40 . K . Meyer 
a n d A. GL Schu lze , 1 0 M. A. R e w u t z k a , H . P . W a r a n , L . T o n k s , a n d R . K . Cowsik, 
s t u d i e d t h e cathodic spluttering of p a l l a d i u m . 

T h e thermoelectr ic force of p a l l a d i u m a g a i n s t p l a t i n u m w a s found b y L . H o l b o r n 
a n d A . L . D a y , 2 0 R . v o n D . W e g n e r , a n d W . J a g e r a n d H . Diesse lhors t t o b e 
. # = — 0 - 5 6 mil l ivol t a t 100° ; J . D e w a r a n d J . A. F l e m m i n g g a v e —0-48 mil l ivol t ; 
a n d E . W a g n e r , —0-30. T h e nega t i ve sign here m e a n s t h a t t h e c u r r e n t flows f rom 
t h e p l a t i n u m t o t h e p a l l a d i u m a t t h e cold j u n c t i o n . L . H o l b o r n a n d A. L . D a y 
gave : 

— 185° —80° 0° 100° 300° 500° 700° 900° 1100° 1300° 1500° 
R . 0 -77 0 - 3 9 O — 0 - 5 7 — 1 - 9 9 — 3 - 8 4 — 6 - 4 1 — 9 - 7 2 — 1 3 - 7 0 — 1 8 1 2 — 2 2 - 7 4 

J . M o n h e i m s tud i ed t h e p a l l a d i u m - c o p p e r couple . W . J a g e r a n d H . Diesse lhors t 
observed for t h e pa l l ad ium- i ron couple , w h e n t h e c u r r e n t a t t h e h o t j u n c t i o n flows 
from t h e p a l l a d i u m t o t h e i ron , t h a t t h e e.m.f. a t 13° is 23-7 mil l ivol ts pe r degree , a n d 
a t 95°, 23-2 mil l ivol ts pe r degree ; wi th t h e p a l l a d i u m - c o n s t a n t a n couple , w h e r e t h e 
c u r r e n t flows from t h e c o n s t a n t a n t o t h e p a l l a d i u m a t t h e h o t j u n c t i o n , t h e e.m.f. 
a t 13° is 29-3 mil l ivol ts per degree , a n d a t 95°, 32*7 mil l ivol ts p e r degree . E . Cohn , 
a n d E . W a g n e r s t u d i e d t h e effect of press , on t h e t he rmoe lec t r i c force ; a n d 
Gr. T a m m a n n , a n d G. T a m m a n n a n d Gr. B a n d e l , t h e effect of co ld-work . T h e 
p a l l a d i u m a n d hyd rogen i zed p a l l a d i u m couple was s t u d i e d b y E . H e i n b u r g , 
P . R a e t h j e n , R . Niibel , R . M. H o l m e s , a n d o thers—v ide infra, hyd rogen ized p a l l a d i u m . 
F . R u m p f s tud i ed t h e e.m.f. deve loped in a h o m o g e n e o u s c o n d u c t o r b y a fall of 
t e m p , in one p a r t . Gr. Bore l ius a n d co-workers s t u d i e d t h e t h e r m o e l e c t r i c force 
a g a i n s t a si lver-gold a l loy a t low t e m p . P . W . B r i d g m a n gave for t h e t h e r m o ­
electr ic force, E9 a g a i n s t l ead , ^ = - 0 - 0 5 5 4 9 6 ^ - ~ 0-0 7 l76O0 2 vo l t ; for t h e Pe l t ier 
effect, P=-(—5-496—0-0352r?)(f?+273) x 10-6 V o l t ; a n d for t h e T h o m s o n effect, 
o-=— 0-0352(04-273) X 10~ 6 vo l t pe r degree . T h e t h e r m o e l e c t r i c force w i th a 
couple of u n c o m p r e s s e d m e t a l a n d m e t a l compressed a t p k g r m s . p e r sq . cm. , 
Ex 106 vo l t s , is : 

100 20° 40° 00° 80° 100° 
( 2 , 0 0 0 p . 0 - 4 4 0 - 8 8 1-75 2 - 6 3 3 - 5 0 4 - 3 8 

J ? X l O , ! 6,GOO7J . 1-28 U-57 5 1 8 7 - 8 5 J 0 - 5 6 13 -31 
(12,OOOp . 2-r»8 5 0 9 IO 3 2 1 5 - 6 4 2 1 - 0 4 2 6 - 5 2 

T h e Pe l t i e r effect b e t w e e n t h e u n c o m p r e s s e d a n d t h e m e t a l compressed a t p k g r m s . 
pe r sq. cm. , is P x I O 6 jou les pe r c o u l o m b : 

10° 20° 40° «0° 80° 100° 
( 2 , 0 0 0 p . J 2 - 0 1 2 - 9 13 -8 14 -6 15 -5 1 6 - 4 

i ' x U W 6.OOO7? . 3 4 - 9 3 8 1 4 1 - 4 4 4 - 6 4 8 - 2 5 1 - 7 
(12,OOOp . 6 8 - 5 7 5 - 3 8 2 - 4 89-() 9 6 - 0 1 0 3 - 4 

T h e T h o m s o n effect, crX 10 8 j ou les p e r c o u l o m b p e r degree , is : 
10° 2 0 ° 40° ttO° 80° IOO° 

( 2.(H)Op . O O O O O O 
a X l O 8 G.OOOp . 3 -O 3 - 2 3 - 4 3 - 7 3 - 9 4 1 

( 1 2 , 0 0 0 7 9 . 9 - 3 9 - 4 9 1 9 0 8 - 5 8 - 2 

E . I I . Ha l l m a d e obse rva t ions on t h e sub jec t . 
K. H . Ha l l 2 1 gave for H a l l ' s effect w i t h p a l l a d i u m s a t u r a t e d w i t h h y d r o g e n , 

in a field of 9000 gauss , —0*03845 a t 26° , a n d —0-03855 a t 45° ; A. v o n E t t i n g -
h a u s e n a n d W . N e r n s t g a v e —0-001150 a t 20° a n d 5800 g a u s s ; H . K . O n n e s 
a n d B . B e c k m a n , — 0 0 0 1 3 8 5 a t —258-5°, 0-001368 a t —252-7°, a n d 0 0 0 0 6 7 5 a t 
17° ; H . Z a h n , — 0 0 0 1 1 1 2 t o 0 0 0 0 6 9 1 a t 18° ; a n d J . K o n i g s b e r g e r a n d Gt. G o t t -
s te in , — 0 0 0 0 6 8 0 a t 18° ; a n d for t h i n films E . H . H a l l g a v e —0-000844 a t 64° ; 
a n d H . B . P e a c o c k , — 0 0 0 0 5 7 0 a t 18°. O b s e r v a t i o n s w e r e m a d e b y P . K a e t h j e n , 
a n d M. Can t o n e a n d E . B o s s a ; a n d t h e effect of t h e h y d r o g e n i z a t i o n of t h e p a l l a d i u m 
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b y W . K a u f m a n n a n d P . R a e t h j e n . F o r E t t i n g h a u s e n ' s effect , E . H . H a l l g a v e 
1 6 - 2 x 1 0 - » a t 26° , a n d 18-8 X 10~ 9 a t 45° for p a l l a d i u m s a t u r a t e d w i t h h y d r o g e n , 
a n d for t h i n films, 20-6 X 10~° a t 64°.. F o r N e r n s t ' s effect , w i t h h y d r o g e n i z e d 
p a l l a d i u m , H . Z a h n g a v e O 0 4 5 1 t o 0 0 3 1 2 7 a t 18° ; E . H . H a l l , 0 0 0 0 3 2 7 a t 25° , 
a n d 0 0 0 0 3 2 6 a t 45° ; a n d for t h i n films of p a l l a d i u m , 0 0 0 0 3 3 5 a t 67° . F o r L e d u c ' s 
effect , w i t h h y d r o g e n i z e d p a l l a d i u m , H . Z a h n g a v e —18 X 1 O - 9 t o — 3 3 x l 0 ~ 9 a t 
18° ; a n d E . H . H a l l g a v e — 48-7 X 10~» a t 25° , a n d —41-4 X 10~» a t 45° ; a n d for 
t h i n films of p a l l a d i u m , —37-8 X 10~» a t 67° . 

M. F a r a d a y 2 2 m a d e s o m e o b s e r v a t i o n s on t h e m a g n e t i c p r o p e r t i e s of p a l l a d i u m . 
T h e m e t a l is p a r a m a g n e t i c . W . F i n k e g a v e 66 X 10~ 6 m a s s u n i t ; a n d Y . S h i m i z u , 
5 - 2 O x I O - 6 m a s s u n i t for t h e m a g n e t i c suscept ib i l i ty a t r o o m t e m p . ; W . K o p p 
g a v e 5 - 2 6 9 x 1 0 - 6 m a s s u n i t a t 1 7 - 1 ° ; P . Cur ie , 5 - 2 x l 0 ~ 6 m a s s u n i t a t 1 4 ° ; 
K . H o n d a g a v e 5 - 8 x 1 0 - 6 m a s s u n i t a t 18°, a n d 2 0 x l 0 ~ 6 a t 1100°. J . K o n i g s -
be rge r g a v e 5 O x 10~6 t o 6 O x 10~ 6 vol . u n i t , a n d W . F i n k e , 66-26 x 10~6 vol . u n i t . 
A. E . Ox ley g a v e for t h e m a g n e t i c suscep t ib i l i t y of p l a t i n u m b lack 6-43 X 10—6 m a s s 
u n i t a t r o o m t e m p . B . C a b r e r a a n d A. D u p e r i e r , a n d N . F . M o t t s t u d i e d t h e sub j ec t . 
A. N . G u t h r i e a n d L . T. B o u r l a n d found t h a t t h e m a g n e t i c suscep t ib i l i t y follows 
t h e Cur ie -Weiss ru le u p t o 427° , a n d t h e d e v i a t i o n s a r e a t t r i b u t e d t o a n u n d e r l y i n g 
d i a m a g n e t i s m i n d e p e n d e n t of t e m p . E . V o g t , Ji. B . J o n e s , J . A h a r o n i , 
F . H . L o r i n g , a n d E . C W i e r s m a s t u d i e d t h e s u b j e c t ; a n d G. T a m m a n n , a n d 
K . H o n d a a n d Y . Sh imizu , t h e effect of co ld -work ; C. S a d r o n , A. N . G u t h r i e a n d 
M. J . Copley , a n d P . Weis s s t u d i e d t h e m a g n e t i c m o m e n t ; P . Weiss a n d G. F o e x , 
t h e a t o m i c m o m e n t s . F o r t h e effect of h y d r o g e n , vide infra, h y d r o g e n i z e d p a l l a d i u m . 
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§ 4. The Chemical Properties of Palladium 
W . R a m s a y , 1 a n d W . A. T i lden o b s e r v e d t h a t p a l l a d i u m does n o t a b s o r b h e l i u m , 

b u t g reed i ly a b s o r b s h y d r o g e n , a n d h e n c e W . R a m s a y a n d co -worke r s we re ab l e t o 
s e p a r a t e h y d r o g e n f rom a d m i x e d h e l i u m . F . P a n e t h a n d K . P e t e r s found p a l l a d i u m 
a l m o s t i m p e r m e a b l e t o h e l i u m a t all t e m p , i n v e s t i g a t e d . A . S i eve r t s a n d E . B e r g n e r 
cou ld d e t e c t n o a b s o r p t i o n of h e l i u m b y p a l l a d i u m a t 1400° t o 1600°, b u t M. E . K l a r -
m a n n sa id t h a t h e l i u m is a b s o r b e d b y a c t i v a t e d p a l l a d i u m . F . F i s c h e r a n d 
co -worke r s o b s e r v e d n o ev idence of chemica l c o m b i n a t i o n w h e n p a l l a d i u m is 
e lec t r ica l ly s p l u t t e r e d u n d e r l iqu id a r g o n . M. E . K l a r m a n n sa id t h a t a c t i v a t e d 
p a l l a d i u m a b s o r b s 319 t i m e s i t s vo l . of a r g o n ; a n d 446 t i m e s i t s vo l . of n e o n . 
A t t h e s a m e t i m e , t h e e lec t r ica l r e s i s t ance inc reases , r e spec t ive ly , b y 24 a n d 3 3 p e r 
c e n t . T h e s u b j e c t w a s s t u d i e d b y V. K o h l s c h i i t t e r . W . R a m s a y a n d 
M. W . T r a v e r s o b s e r v e d t h a t a r g o n does n o t diffuse t h r o u g h r e d - h o t p a l l a d i u m . 

C o m p a c t p a l l a d i u m , s p o n g y p a l l a d i u m , p a l l a d i u m b lack , o r col loidal p a l l a d i u m 
al l a b s o r b o r occ lude h y d r o g e n . T h e p r o p o r t i o n of g a s a b s o r b e d i n s o m e cases 
d e p e n d s o n t h e p h y s i c a l s t a t e of t h e m e t a l . L . P . Ca i l l e te t a n d E . C o l a r d e a u , a n d 
o t h e r s o b s e r v e d t h a t in t h e e lec t ro lys is of a c i d u l a t e d w a t e r w i t h a p l a t i n u m ' a n o d e , 
a n d a p a l l a d i u m c a t h o d e , o x y g e n is e v o l v e d a t t h e a n o d e , b u t n o h y d r o g e n a p p e a r s 
a t t h e c a t h o d e u n t i l t h e m e t a l is s a t u r a t e d w i t h gas w h e n h y d r o g e n is e v o l v e d a s 
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t h e e lectrolysis p roceeds . I f t h e c u r r e n t is pa s sed t h r o u g h e lec t rodes of spongy 
p a l l a d i u m a n d dil . su lphur i c ac id , u n t i l b o t h e lec t rodes a re s a t u r a t e d w i t h gases, 
a n d t h e t w o e lec t rodes t h e n p l aced in e lect r ical c o m m u n i c a t i o n , a k ind of gas 
b a t t e r y is formed. U n d e r a t m . p ress , t h e d i scha rge l a s t s a b o u t 10 seconds , a n d 
t h e e.m.f. falls t o zero . T h e d u r a t i o n of t h e c u r r e n t is inc reased b y press . T h e 
sub j ec t w a s discussed b y M. !Berthelot. M. T h o m a observed t h a t t h e p a l l a d i u m 
m a y be s u p e r s a t u r a t e d w i t h h y d r o g e n d u r i n g t h e e lectrolysis , a n d t h e excess of 
gas is evo lved w h e n t h e passage of t h e c u r r e n t ceases . J . C. Poggendorff, J . I J . S m i t h , 
T. Wi Im, R . B o t t g e r , F . W o h l e r , H . SchifE, J . D e w a r , W . Odl ing, a n d G. S. N e w t h 
dev ised e x p e r i m e n t s t o i l l u s t r a t e t h e e x p a n s i o n which occurs when t h e p a l l a d i u m 
is hydrogen ized . F o r i n s t a n c e , if e l ec t rode p l a t e s of p a l l a d i u m a re v a r n i s h e d on 
one s ide, a s t h e a c i d u l a t e d -water is e lec t ro lyzed , t h e p a l l a d i u m c a t h o d e cur ls w i t h 
t h e v a r n i s h e d side i n w a r d s as h y d r o g e n is a b s o r b e d , b u t t h e a n o d e r emains s t r a igh t . 
On revers ing t h e c u r r e n t t h e cur led p l a t e becomes s t r a igh t , a n d t h e s t r a i g h t p l a t e 
cur led . T h e p h e n o m e n o n is c o n n e c t e d w i t h t h e increase in vol . which occurs w h e n 
h y d r o g e n is a b s o r b e d b y t h e m e t a l . A. Coehn a n d K . Sper l ing followed t h e m o t i o n 
of h y d r o g e n in p a l l a d i u m b y t h e ac t ion of t h e meta l on h y d r o g e n d ioxide . A. S iever t s 
a n d G. Zapf, a n d H . W. Melville a n d E . K . Kidea l c o m p a r e d t h e abso rp t i on of 
h y d r o g e n a n d d e u t e r i u m b y p a l l a d i u m . 

T. G r a h a m obse rved t h a t a t o r d i n a r y t e m p , p a l l a d i u m abso rbs 376 vols , of 
h y d r o g e n , "without a l t e r ing i t s genera l a p p e a r a n c e . P a l l a d i u m which h a s been 
ign i t ed in v a c u o a b s o r b s t h e gas copious ly a t o r d i n a r y t e m p . ; t h e gas is a b s o r b e d 
-—rapidly a t first a n d s u b s e q u e n t l y m o r e s l o w l y — a n d t h e hydrogen ized p a l l a d i u m 
gives off a la rge p r o p o r t i o n of t h e abso rbed gas w h e n i t is p laced in v a c u o ; a n d i t 
loses h y d r o g e n s lowly w h e n i t is exposed t o t h e a t m o s p h e r e ; t h e gas is r a p i d l y 
a n d a l m o s t c o m p l e t e l y evo lved a t 100° in v a c u o . W h e n t h e m e t a l is h e a t e d in 
h y d r o g e n , a n d a l lowed t o cool in t h e gas , i t a b s o r b s u p t o 935 t i m e s i t s vo l . of 
h y d r o g e n . G. N e u m a n n a n d F . S t r c i n t z g a v e t h e r e l a t ive capac i t ies for t h e 
occlus ion of h y d r o g e n b y p a l l a d i u m b lack , p l a t i n u m sponge , e t c . : 

P d 
SO 2 

Pt . 
4 9 - 3 

A u 
4 6 3 

F e 
19-2 

N i 
17-6 

C u 
4 - 5 

A 
2 - 7 

P b 
0 1 5 

A. S ieve r t s found t h a t less h y d r o g e n is a b s o r b e d b y m o l t e n p a l l a d i u m so t h a t n o 
s p i t t i n g occurs w h e n t h e m o l t e n m e t a l solidifies in 
h y d r o g e n . C. P a a l a n d J . Ge r u m o b s e r v e d t h a t 
p a l l a d i u m hydroso l a b s o r b s 2952 vols , of h y d r o g e n 
p e r vol . of m e t a l ; a n d C. P a a l a n d C. A m b e r g e r were 
t h u s ab le t o c o n v e r t colloidal p a l l a d i u m i n t o colloidal 
h y d r o g e n i z e d p a l l a d i u m . A. S ieve r t s m e a s u r e d t h e 
e q u i l i b r i u m cond i t i ons of t h e occ luded h y d r o g e n a t 
di f ferent t e m p , a n d press , w i th c o m p a c t p a l l a d i u m . 
T h e r e su l t s , s u m m a r i z e d in F i g . 5, r e p r e s e n t t h e effect of 
t e m p , on t h e a b s o r p t i o n of h y d r o g e n b y 100 g r m s . of 
c o m p a c t p a l l a d i u m a t a t m . press . , a n d a t different t e m p . 
T h e o r d i n a t e s in vols , of h y d r o g e n abso rbed by t h e 
commerc ia l m e t a l a r e i n d i c a t e d i n b r a c k e t s . T h e i m p u r e 
m e t a l does n o t a b s o r b so m u c h gas a s t h e purified 
m e t a l , and t h i s t h e m o r e , t h e lower t h e t e m p . As in 
t h e case of t a n t a l u m , b u t un l ike o t h e r m e t a l s , t h e 
p r o p o r t i o n of d issolved h y d r o g e n decreases w i t h t e m p . 
S p e c i m e n s of p a l l a d i u m in wh ich t h e surface a r ea pe r 
unit m a s s va r i e s cons ide r ab ly h a v e t h e s a m e a b s o r p t i v e 
p o w e r ; so t h a t t h e q u a n t i t y of a b s o r b e d h y d r o g e n p e r 
uni t m a s s is i n d e p e n d e n t of t h e surface, in a g r e e m e n t 
w i t h t h e a s s u m p t i o n t h a t t h e process of a b s o r p t i o n is a t rue , dissolut ion. U n d e r 
similar condit ions spongy pal ladium a n d c o m p a c t p l a t i n u m occlude nea r ly t h e 
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D i f f e r e n t T e m p e r a t u r e s . 
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s a m e p r o p o r t i o n of h y d r o g e n , b u t p l a t i n u m b lack b e t w e e n 140° a n d 440° a b s o r b s 
m o r e h y d r o g e n t h a n is t h e case -with c o m p a c t p l a t i n u m , a l t h o u g h L . M o n d a n d 
co-workers found t h e a b s o r p t i v e p o w e r t o be i n d e p e n d e n t of t h e s t a t e of t h e 
m e t a l . T h e power of a b s o r p t i o n b y p a l l a d i u m b lack is lowered , a n d a p p r o x i m a t e s 
m o r e t o t h a t of t h e c o m p a c t m e t a l . T h e r e a r e a lso s o m e u n d e t e r m i n e d inf luences 
wh ich affect t h e a b s o r p t i v e p o w e r of p a l l a d i u m b l a c k — n o t a b l y t h e m o d e of 
p r e p a r a t i o n ; a n d M. I . T e m k o n a n d A. N . B a k h found t h e a d s o r p t i o n w a s n o t 
affected b y t h e presence of w a t e r or o x y g e n . Gr. K e r n o t a n d E . d e S. N i q u e s a 
n o t e d t h a t colloidal p a l l a d i u m a b s o r b s m o r e h y d r o g e n t h a n is t h e case w i t h t h e 
m e t a l in a n y o t h e r phys i ca l s t a t e . T h e a b s o r p t i o n is d i m i n i s h e d if t h e col loidal 
soln. c o n t a i n s g u m , d e x t r i n , or a l b u m e n , b u t i t is n o t sens ib ly inf luenced b y suga r . 
V. L o m b a r d a n d C. E i c h n e r , a n d W . J o s t a n d A. W i d m a n n c o m p a r e d t h e r e su l t s 
w i t h t h e different i so topes of h y d r o g e n ; a n d G. T a m m a n n a n d J . Schne ide r 

d i scussed t h e r e l a t i o n s h i p b e t w e e n t h e c r y s t a l 
s t r u c t u r e a n d t h e r a t e of a d s o r p t i o n b y m e t a l s . 
H . O. v o n S a m s o n - H i m m e l s t j e r n a s t u d i e d 
t h e e lec t ro ly t i c c h a r g i n g of p a l l a d i u m w i t h 
h y d r o g e n ; W . W . H u r s t a n d F . K . R i d e a l , t h e 
p r o m o t o r a c t i o n of p a l l a d i u m in t h e a d s o r p t i o n 
of h y d r o g e n b y coppe r . T. S a b a l i t s c h k a 
s t u d i e d t h e effect of different ca r r i e r s of 
p a l l a d i u m on t h e a d s o r p t i o n . A . G u t b i e r a n d 
co-worke r s , a n d C. P a a l a n d C. A m b e r g e r f o u n d 
t h a t t h e a b s o r p t i o n inc reases w i t h a fall of 
t e m p , d o w n t o —50° , a n d t h e r e is a m i n i m u m 
a t a b o u t 20° . These r e su l t s d o n o t ag ree w i t h 
t h o s e of A. de H e m p t i n n e , a n d H . B a e r w a l d . 

T h e r e l a t i o n b e t w e e n t h e a b s o r p t i v e p o w e r 
a n d t e m p , o b s e r v e d b y A. S i e v e r t s w a s a lso 
s t u d i e d b y L . T r o o s t a n d P . Hau t e f eu i l l e , 
H . S. T a y l o r a n d R . M. B u r n s , A. G u t b i e r a n d 
co -worke r s , H . B . R o o z e b o o m , a n d b y 
C. H o i t s e m a . T h e g a s e o u s press , c o r r e s p o n d i n g 
w i t h def ini te c o n c e n t r a t i o n s of t h e h y d r o g e n 
occ luded i n p a l l a d i u m were m e a s u r e d . I f t h e 
a b s o r b e d h y d r o g e n fo rms a c o m p o u n d w i t h t h e 
m e t a l , t h e n b y r e d u c i n g t h e vol . of h y d r o g e n 
i n c o n t a c t w i t h t h e p a l l a d i u m , n o inc rease 
of p re s s , s h o u l d b e o b s e r v e d b u t on ly a n 
inc rease in t h e a m o u n t of c o m p o u n d fo rmed . 
C. H o i t s e m a ' s c u r v e s a t different t e m p , a r e 
s h o w n i n F i g . 6. T h e r e is first a r ise of 

press , a s t h e p r o p o r t i o n of h y d r o g e n inc reases , t h e r e is t h e n a s t a t i o n a r y 
pe r iod w h e r e t h e press , r e m a i n s c o n s t a n t e v e n t h o u g h t h e p r o p o r t i o n of 
a b s o r b e d h y d r o g e n inc reases , a n d t h e r e a f t e r , a n inc rease of p ress , w i t h a n inc rease 
in c o n c e n t r a t i o n of a b s o r b e d h y d r o g e n . Li. T r o o s t a n d P . Hau t e f eu i l l e t h o u g h t 
t h a t t h e flattening of t h e c u r v e s h o w e d t h a t p a l l a d i u m h e m i h y d r i d e w a s f o r m e d , 
P d 2 H , b u t t h e l eng th of t h e c e n t r a l pos i t i on of t h e c u r v e s d i m i n i s h e s w i t h rise of 
t e m p . , a n d i t does n o t e n d a t t h e s a m e cone , of h y d r o g e n i n e a c h case . T h i s is 
t a k e n t o f a v o u r t h e h y p o t h e s i s t h a t t h e h y d r o g e n is d isso lved i n , a n d n o t c h e m i c a l l y 
c o m b i n e d w i t h , t h e m e t a l . T . G r a h a m a lso f a v o u r e d t h e a s s u m p t i o n t h a t t h e 
occ luded h y d r o g e n is p r e s e n t in t h e phys i ca l c o n d i t i o n of a l iqu id , a n d a c t s a s a 
q u a s i - m e t a l t o fo rm a k i n d of a l loy a n a l o g o u s t o t h e a m a l g a m s . T h e s u b j e c t 
w a s s t u d i e d b y J . H a g e n a c k e r , V . V. Ipateeff a n d V. G. Troneff, W . B e e t z , G. T a m ­
m a n n , J . B . F i r t h , C. J . S m i t h e l l s , G. Wolf, G. N e u m a n n a n d F . S t r e i n t z , F . H a 11a, 
A. Ber l iner , M. A. S c h i r m a n n , a n d G. Bore l ius . O w i n g t o t h e effect of t h e o c c l u d e d 
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Gram-atom of hydrogen pet gram atom of palladium 

F i a . 6 . — T h e Effec t of P r e s s u r e o n 
t h e S o l u b i l i t y of H y d r o g e n . 
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h y d r o g e n o n t h e p h y s i c a l p r o p e r t i e s of t h e p a l l a d i u m , T. G r a h a m called t h e 
occ luded h y d r o g e n h y d r o g e n i u m , a n d h e c a l c u l a t e d i t s s p . gr . t o be 0-733 ; 
J . D e w a r g a v e O 6 2 0 , w h i c h is e q u i v a l e n t t o t h e c o n d e n s a t i o n of 7 l i t res of gas 
i n t o a space of 1 c.c. EJ. Miiller a n d K . S c h w a b e obse rved t h a t of t h e h y d r o g e n 
t a k e n u p b y r e d u c e d p a l l a d i u m 2*6 t o 14-4 is a b s o r b e d i r revers ib ly (chemical 
c o m b i n a t i o n ) , a n d t h e r e m a i n d e r r eve r s ib ly (d isso lu t ion) , o r molecu la r p e n e t r a t i o n 
in t h e space - l a t t i ce . T h e s u b j e c t w a s d i scussed b y G. Rosenha l l . 

C. H o i t s e m a ' s c u r v e s t h u s r e p r e s e n t t w o solid p h a s e s in c o n t a c t w i t h a gas 
p h a s e , t h e press , of wh ich c a n c h a n g e c o n s i d e r a b l y w i t h o u t p r o v o k i n g r ap id changes 
in t h e sol ids . A c c o r d i n g t o t h e p h a s e ru l e , a t a g iven t e m p , t w o solid phase s 
c a n n o t be in e q u i l i b r i u m w i t h g a s a t m o r e t h a n one p re s s . A . S iever t s obse rved 
t h a t a t a c o n s t a n t t e m p . , t h e a m o u n t of h y d r o g e n , S, a b s o r b e d d e p e n d e d o n t h e 
press . , p, b e t w e e n 1 a n d 76O a t m . , such t h a t S—kiptxJc^p, whe re Ic1 a n d A2 a r e 
c o n s t a n t s . T h e r e su l t is t a k e n t o m e a n t h a t h y d r o g e n molecules a re in equ i l i b r i um 
w i t h h y d r o g e n a t o m s b o t h in soln. in t h e p a l l a d i u m , a n d in t h e gaseous p h a s e , a n d 
t h a t H e n r y ' s law—X. 10, 4 — h o l d s for t h e gas in b o t h t h e molecu la r a n d t h e a t o m i c 
c o n d i t i o n . H i g h p re s s , f a v o u r t h e H 2 - m o l e c u l e , low press , f avou r a t . h y d r o g e n . 
C. H o i t s e m a a s s u m e d t h a t t h e a s c e n d i n g p a r t of t h e c u r v e AB r ep r e sen t s t h e press , 
of one solid soln. , s a y ct, a n d t h e p a r t OZ>, t h e press , of t h e o t h e r solid soln. , s ay /3, 
wh i l s t t h e f l a t t ened p o r t i o n of t h e c u r v e r e p r e s e n t s t h e j o i n t press , of b o t h solid 
soln. W i t h inc reas ing p r o p o r t i o n s of h y d r o g e n , t h e a-sol id soln. is be ing con­
v e r t e d w i t h t h e /E?-solid soln. T h e misc ib i l i ty of t h e solid soln. is v e r y smal l a t low 
t e m p . ; a n d t h e n a r r o w i n g of t h e f l a t t ened p o r t i o n s of t h e c u r v e s w i t h rise of t e m p , 
c o r r e s p o n d s w i th t h e inc reas ing misc ib i l i ty of t h e t w o solid soln. w i th r ise of t e m p . 
H . J e l l i n e k s t u d i e d t h e a c t i o n of h y d r o g e n , a t h igh p ressu res , on p a l l a d i u m . 

A c c o r d i n g t o A. R . U b b e l o h d e , a n d A. I i . U b b e l o h d e a n d A. K g e r t o n , t h e 
f l a t t en ing of t h e c u r v e is n o t sa t i s fac tor i ly e x p l a i n e d b y t h e h y p o t h e s i s of 
(J. H o i t s e m a , or of J . H . A n d r e w s a n d A. H o l t , a n d t h e y e x p l a i n t h e f l a t t en ing of 
t h e c u r v e b y t h e fol lowing k i n e t i c h y p o t h e s i s : 

P a l l a d i u m , l i k e o t h e r t r a n s i t i o n a l e l e m e n t s , a d s o r b s h y d r o g e n o n i t s s u r f a c e . T h e 
a d s o r p t i o n i s n o t v e r y l a r g e , a n d m a y b e a s s u m e d t o b e p r o p o r t i o n a l t o t h e p r e s s . Tf t h e 
n u m b e r of a c t i v e p o i n t s on t h e s u r f a c e i s z, t h e f r a c t i o n o c c u p i e d w i l l b e bpz, w h e r e b i s 
c o n s t a n t a t c o n s t a n t t e m p . T h e r a t e of e n t r y i n t o t h e l a t t i t - e w i l l b e bdpz, w h e r e d i s a, 
c o n s t a n t a t c o n s t a n t , t e m p , (d i n v o l v e s t h e e n e r g y n e c e s s a r y f o r t h e a c t i v a t i o n of t h e 
r e a c t i o n H 2 - > 2 H ) . T h e r a t e of l o s s of h y d r o g e n f r o m t h e l a t t i c e n e a r t h e s u r f a c e d e p e n d s 
inter alia u p o n t h e r a t e of d i f f u s i o n of t h e a t o m s , b u t if t h e r a t e of l o s s is s m a l l c o m p a r e d 
w i t h t h e r a t e a t w h i c h f r e s h a t o m s c a n t r a v e l t o t h e s u r f a c e , t h e r a t e of l o s s w i l l b e 
p r a c t i c a l l y i n d e p e n d e n t of t h e c o n e , of h y d r o g e n i n t h e s o l i d p h a s e ; w e m a y w r i t e it/z, 
w h e r e f i s n e a r l y c o n s t a n t a t c o n s t a n t t e m p . A t e q u i l i b r i u m , bdz-p — Jz, t h a t i s , 
p - - c o n s t a n t . T h u s a flat p a r t -will b e o b t a i n e d a s l o n g a s t h e v e l o c i t y of d i f f u s i o n of t h e 
h y d r o g e n a t o m s o r p r o t o n s i s m o r e t h a n s u f f i c i e n t t o s u p p l y t h e r a t e o f l o s s . A s t h e c o n e . 
i n t h e s o l i d p h a s e d i m i n i s h e s , a r e g i o n i s r e a c h e d w h e r e t h i s n o l o n g e r h o l d s , a n d t h e r a t e 
o f l o s s d e p e n d s u p o n t h e c o n e , i n t h e s o l i d p h a s e . A t h i r d b r a n c h of t h e i s o t h e r m a l , b e y o n d 
t h e p o i n t I ' d a H , m a y b e d u e t o s u r f a c e a d s o r p t i o n o n l y , o r t o t h e a d d i t i o n a l h y d r o g e n i n 
t h e l a t t i c e l e a v i n g i t b y a n o t h e r m e c h a n i s m . 

J . D e w a r ' s v a l u e s for t h e effect of press , u p t o 120 a t m . be tween -3G00 a n d 500°, 
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a g r e e w i t h A. S i e v e r t s ' formula—3(X) vols . 
we re a b s o r b e d b y c o m p a c t p a l l a d i u m a t 
360° a n d a t 6O a t m . p ress . , o r a t 500° a n d 
12O a t m . p ress . S. V a l e n t i n e r s t u d i e d 
t h e effect of low t e m p , a n d low press . , 
p m m . , o n t h e a b s o r p t i o n of h y d r o g e n 
e x p r e s s e d in m i l l i g r a m s p e r g r a m of 
m e t a l , a n d t h e r e su l t s a r e s u m m a r i z e d in 
F i g . 7 . H e c o n c l u d e d t h a t s o m e of t h e 
hydrogen is a d s o r b e d on t h e sur face , a n d 
some is d i s so lved b y t h e m e t a l . O b s e r v a t i o n s on t h e occlusion of h y d r o g e n were 
made b y F . Muller, I . I. Zukoff, J . Zeu t sche l , D . P . S m i t h , A. B a r t s c h , a n d 
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F i Q . 7 . — T h e E f f e c t of P r e s s u r e on t h e 
A b s o r p t i o n of H y d r o g e n . 
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A. P u o d z i u k y n a s . W h e n h y d r o g e n is a d d e d t o p a l l a d i u m t h e r e is a r a p i d t r a n s ­
ference of a re la t ive ly large p r o p o r t i o n of h y d r o g e n f rom t h e gaseous t o t h e solid 
p h a s e , a n d th i s is followed b y a s u b s e q u e n t , a n d m u c h smal le r , p r o p o r t i o n of ga s 
f rom t h e gaseous t o t h e solid p h a s e . These p h e n o m e n a h a v e b e e n a t t r i b u t e d t o a 
r a p i d condensa t i on , or a d s o r p t i o n of gas molecules on t h e sur face of t h e sol id, 
followed by a m u c h s lower p rocess of diffusion of t h e a d s o r b e d gas i n t o t h e i n t e r io r 
of t h e so l id-absorp t ion . W . K r a u s e a n d L . K a h l e n b e r g m e a s u r e d t h e speed of 
hyd rogen at ioi i of p a l l a d i u m . 

B . L a m b e r t a n d S. F . G a t e s m e a s u r e d t h e p r e s s u r e - c o n c e n t r a t i o n equ i l ib r ia 
a t 75°, 103°, a n d 120°. Different c u r v e s were o b t a i n e d b y a p p r o a c h i n g t h e equi l i ­
b r i u m b y a d d i n g a n d b y r e m o v i n g h y d r o g e n — i n t h e l a t t e r case , t h e e q u i l i b r i u m 
press , is lower t h a n i t is in t h e fo rmer case ; a n d if t h e t e m p , of t h e s y s t e m in 
equ i l i b r ium is a l lowed t o fall t o t h e t e m p , of t h e r o o m for some h o u r s a n d t h e n 
a l lowed to r e t u r n t o t h e or ig inal v a l u e , t h e e q u i l i b r i u m press , is r e d u c e d , a n d does 
n o t rise t o i t s or iginal v a l u e . T h e h o r i z o n t a l p o r t i o n s of de scend ing i s o t h e r m a l s 
all begin a t a cone, a p p r o x i m a t e l y P d 2 H , a n d t h i s f a v o u r s t h e a s s u m p t i o n t h a t a 
h e m i h y d r i d e is fo rmed since i t is n o t l ike ly t h a t t h e b r e a k w o u l d occur a t a fixed 
p o i n t of a solid soln. , or t w o immisc ib le solid soln. wou ld be fo rmed a t t e m p , as 
wide a p a r t a t 75°, 103°, a n d 130°. G-. Bore l ius , G. T a m m a n n , B . D u h m , F . J . T r o m p 
a n d B . d e Loor , a n d V. V. Ipateeff a n d V. G. Troneff s t u d i e d t h e sub jec t . M. H . H e y 
i n v e s t i g a t e d t h e d issocia t ion p ressu re of t h e p a l l a d i u m - h y d r o g e n s y s t e m on t h e 
a s s u m p t i o n t h a t t h e r e is on ly one l imi t ing phase , P d H . 

A. H o l t a n d co-workers o b s e r v e d t h a t t h e c u r v e r e p r e s e n t i n g t h e r a t e of soln . 
of h y d r o g e n in c o m p a c t p a l l a d i u m a t c o n s t a n t p ress . , a n d t h e cone , of t h e gas in 
t h e m e t a l consis ts of t w o d i s t i n c t p o r t i o n s , a n d i t is a s s u m e d t h a t t h i s i n d i c a t e s 
t h a t t w o modi f ica t ions of t h e m e t a l a r e p r e s e n t . T h e first p o r t i o n of t h e c u r v e 
r e p r e s e n t s t h e r a p i d d i s so lu t ion of t h e gas in a c t i v e or c t -pal ladium, a n d t h e second 
p o r t i o n of t h e c u r v e r e p r e s e n t s t h e d i s so lu t ion of t h e gas in i nac t i ve o r yS-palladium. 
T h e c u r v e o b t a i n e d w i t h p a l l a d i u m b l a c k is c o n t i n u o u s , showing t h a t i t cons i s t s 
a l m o s t en t i r e ly of a - p a l l a d i u m . B o t h va r i e t i e s of p a l l a d i u m cease t o a b s o r b 
h y d r o g e n a b o v e a c e r t a i n t e m p . , a n d a b o v e 150°, t h e y b o t h h a v e a n e q u a l c a p a c i t y 
for t h e a b s o r p t i o n of h y d r o g e n . F . H a l l a a s s u m e d t h a t p a l l a d i u m ex i s t s in 
d i m o r p h i c fo rms w i t h a t r a n s i t i o n p o i n t a t 150°. J . B . F i r t h showed t h a t be low 
0° , h y d r o g e n is whol ly a d s o r b e d b y p a l l a d i u m , a n d a b o v e 150°, i t is who l ly a b s o r b e d . 
B . L a m b e r t a n d S. F . G a t e s a lso found t h a t t h e i r r e su l t s a r e c o n s i s t e n t w i t h t h e 
d i m o r p h i s m of p a l l a d i u m ; a n d A. S ieve r t s s h o w e d t h a t p a l l a d i u m b l a c k passes 
i n t o p a l l a d i u m sponge w h e n ign i t ed , a n d t h e r e is a s i m u l t a n e o u s inc rease in t h e 
a m o u n t of h y d r o g e n a b s o r b e d a t t e m p , be low 600° . A b o v e t h i s t e m p . , t h e a b s o r p ­
t ion of h y d r o g e n b y all va r i e t i e s of p a l l a d i u m is v i r t u a l l y t h e s a m e . T h e t w o 
fo rms of p a l l a d i u m a r e t h e c rys t a l l i ne a n d t h e a m o r p h o u s ; t h e a m o r p h o u s h a s 
a g r e a t e r a b s o r p t i v e p o w e r t h a n t h e c rys t a l l i ne fo rm. H e a t i n g t h e p a l l a d i u m 
a l t e r s t h e r e l a t i ve p r o p o r t i o n s of t h e s e t w o fo rms a n d a t t h e s a m e t i m e a l t e r s t h e i r 
c a p a c i t y for a b s o r p t i o n . A . S i e v e r t s sugges t ed t h a t t h e s o r p t i o n of h y d r o g e n b y 
a m o r p h o u s p a l l a d i u m is a case of a d s o r p t i o n , a n d b y t h e c rys t a l l ine v a r i e t y , 
a b s o r p t i o n . J . S c h n e i d e r s t u d i e d t h e effect of c r y s t a l o r i e n t a t i o n on t h e r a t e of 
a b s o r p t i o n of h y d r o g e n b y p a l l a d i u m . 

L . J . Gillespie a n d F . P . H a l l o b s e r v e d t h a t t h e p r e s s u r e - c o n c e n t r a t i o n c u r v e s 
of t h e P d - H s y s t e m i n d i c a t e t h e ex i s t ence of t w o solid soln. ; t h e s a t u r a t e d one , 
r i che r i n h y d r o g e n , h a s a p p r o x i m a t e l y t h e c o m p o s i t i o n of t h e h e m i h y d r i d e P d 2 H 
a t 80° , 160°, a n d 180°, b u t c o n t a i n s l a rge r p r o p o r t i o n s of h y d r o g e n a t lower t e m p . , 
0° a n d 30° . C o n s e q u e n t l y , i t is a s s u m e d t h a t t h e h e m i h y d r i d e h a s a def ini te ex i s t ­
ence a t t h e h ighe r t e m p . L . J . Gil lespie a n d J . H . P e r r y obse rved a n e x t e n s i o n 
of t h e p r e s s u r e - c o n c e n t r a t i o n c u r v e a t 0° i n t o t h e m e t a s t a b l e reg ion . T h e O-bend , 
F ig . 6, for t h e c u r v e s b e t w e e n 80° a n d 180° c o r r e s p o n d s w i t h t h e h e m i h y d r i d e . 
E q u i l i b r i u m w a s n o t a t t a i n e d in t h e m e a s u r e m e n t s of L . T r o o s t a n d P . H a u t e f e u i l l e , 
a n d C. H o i t s e m a . J . O. L i n d e a n d G. Bore l ius s h o w e d t h a t t h e X - r a d i o g r a m s of 
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t h e s y s t e m a t 100°, a n d 150°, a n d 200° , a t p ress , b e t w e e n 0-1 a n d 4-0 a t m . , i nd i ca t e 
t h e ex i s t ence of t w o p h a s e s : a soln . of h y d r o g e n in p a l l a d i u m w i t h P d : H>>1 : 0*5, 
a n d w i t h t h e l a t t i c e c o n s t a n t 3*88 t o 3-92 A . ; a n d p a l l a d i u m h e m i h y d r i d e w i t h a 
l a t t i c e c o n s t a n t a—3-978 A . T h e r e a r e i n d i c a t i o n s of t w o c rys ta l l ine fo rms of t h e 
h e m i h y d r i d e , P d 2 H ; a n d also of a t h i r d p h a s e , a c o n t i n u a t i o n of t h e first p h a s e , 
b u t w i t h P d : H<Cl : 0-5, a n d w h i c h c o r r e s p o n d s w i t h t h e p h a s e v e r y r ich in 
h y d r o g e n o b t a i n e d b y T . G r a h a m b y e lec t ro lys is—vide supra. I t is also poss ible 
t h a t t h e h y d r o g e n in t h e p a l l a d i u m l a t t i c e is p r e s e n t in t h e a t o m i c s t a t e , a n d t o 
be a c c o m m o d a t e d in t h e i n t e r s t i ce s of t h e m e t a l l a t t i ce—v ide infra. 

T. G r a h a m o b s e r v e d t h a t h y d r o g e n r e a d i l y diffuses t h r o u g h p a l l a d i u m a t t e m p . 
exceed ing 240° . No g a s a p p e a r e d t o p a s s t h r o u g h t h e wal ls of a p a l l a d i u m t u b e 
in a n a t m . of h y d r o g e n a t 100° ; a n d h y d r o g e n b e g a n t o pas s t h r o u g h a t 240°, 
a n d a t 265° i t p a s s e d t h r o u g h a 1 m m . wal l a t t h e r a t e of 327 c.c. p e r sq . m e t r e 
p e r m i n u t e , a n d j u s t be low r e d n e s s , n e a r 500° , t h e r a t e inc reased t o 423 c.c. pe r 
sq . m e t r e p e r m i n u t e . W i t h coal g a s i n p l ace of h y d r o g e n , p e n e t r a t i o n b y h y d r o g e n , 
b u t n o t b y h y d r o c a r b o n s , b e g a n a t a b o u t 240° . T h e s u b j e c t was s t u d i e d b y 
W. R a m s a y , B . U u h m , a n d M. T h o m a . W . J o s t a n d A. W i d m a n found t h a t H 2 

differs m o r e s lowly t h a n H 1 . T h e p h e n o m e n a sugges t a. m o d e of s e p a r a t i n g 
h y d r o g e n f rom h y d r o c a r b o n s . T h e p ress , of t h e h y d r o g e n w i t h i n t h e t u b e is less 
t h a n t h e p re s s , of t h e h y d r o g e n o u t s i d e t h e t u b e n o m a t t e r w h a t i n e r t ga s be m i x e d 
w i t h t h e h y d r o g e n ; if px d e n o t e s t h e i n t e r n a l p ress , a n d p t h e e x t e r n a l press . , 
t h e n , for e q u i l i b r i u m , W . R a m s a y o b s e r v e d p1/p=0-S984 t o 0-9693 ; a n d 
D . T s a k a l o t o s , 0-9238. W . R a m s a y s u g g e s t e d t h a t t h e molecu les of h y d r o g e n a re 
sp l i t or d i s soc ia t ed i n t o a t o m s i n t h e i r p a s s a g e t h r o u g h h y d r o g e n , a n d C. H o i t s e m a 
c a m e t o t h e s a m e conc lus ion for t e m p , exceed ing 100°—vide supra. K. Bose also 
a s s u m e d f rom his o b s e r v a t i o n s on gas cells t h a t t h e h y d r o g e n occ luded in p l a t i n u m 
is in t h e a t o m i c s t a t e . S. G u g g e n h e i m e r d id n o t d e t e c t a n y ev idence of ion iza t ion 
in t h e g a s l i b e r a t e d f rom h y d r o g e n i z e d p a l l a d i u m a t 200° ; a n d P . A n d e r s o n cou ld 
d e t e c t n o e v i d e n c e of t h e i o n i z a t i o n of h y d r o g e n , as e v i d e n c e d b y i t s e lec t r ica l 
c o n d u c t i v i t y , b y c o n t a c t w i t h p a l l a d i u m or p a l l a d i u m b lack . B o t h P . A n d e r s o n , 
a n d Y. V e n k a t a r a m a i a h a n d M. V. N . S w a m y n o t e d t h a t h y d r o g e n af te r i t h a s 
pa s sed ove r p a l l a d i u m b lack , or diffused t h r o u g h p a l l a d i u m , c a n r educe s u l p h u r t o 
h y d r o g e n s u l p h i d e a t o r d i n a r y t e m p . E . B . M a x t e d , a n d L . W . M c K e e h a n n o t e d 
t h a t h y d r o g e n s u l p h i d e h i n d e r s t h e a b s o r p t i o n of h y d r o g e n owing t o t h e f o r m a t i o n 
of a film of p a l l a d i u m s u l p h i d e ; a n d M. V. Pol jakoff o b s e r v e d a l uminescence in 
cooled h y d r o g e n w h i c h h a s b e e n p a s s e d o v e r a h o t p a l l a d i u m p l a t e . A. Ooehn 
found t h a t diffusion e x p e r i m e n t s s u p p o r t t h e v iew t h a t h y d r o g e n fo rms e lec t rons 
a n d p r o t o n s in pa s s ing t h r o u g h p a l l a d i u m . A . d e H e m p t i n n e s h o w e d t h a t 
p a l l a d i u m w h i c h h a s once b e e n e m p l o y e d a s a n a b s o r b e n t for c a r b o n m o n o x i d e 
loses t h e f a c u l t y of a b s o r b i n g h y d r o g e n a t a low t e m p . M. B o u r g u e l a n d V. G r e d y 
d i scussed t h e t h e o r y of t h e ca t a ly s i s ; W . H e m p e l , A. D . TschirikofT, a n d C. P a a l 
a n d C. A m b e r g e r e m p l o y e d t h e h y d r o g e n i z e d p a l l a d i u m in gas ana lys i s . 

A . W i n k l e m a n n e m p l o y e d t h e h y p o t h e s i s t h a t t h e a t o m s , n o t molecules , of 
h y d r o g e n p a s s t h r o u g h p a l l a d i u m a t h igh t e m p , because he found t h a t t h e q u a n t i t y 
of h y d r o g e n w h i c h pa s se s t h r o u g h a p a l l a d i u m s e p t u m does n o t d i m i n i s h p r o p o r ­
t i o n a l l y w i t h t h e p r e s s . A s s u m i n g t h a t t h e h y d r o g e n d issoc ia tes i n t o a t o m s , a n d 
t h a t t h e q u a n t i t y of g a s , [ H ] , diffusing in t h e m e t a l is p r o p o r t i o n a l t o t h e press . 
of t h e d i s soc i a t ed mo l s . , pl9 w h e n t h e p ress , of t h e und i s soc i a t ed mols . is p} he 
r e p r e s e n t e d t h e q u a n t i t y of h y d r o g e n w h i c h diffuses in u n i t t i m e a t a t o t a l p ress . 
P, i s [ H ] = C T V J O ^ ( I + A 7 4 j P ) * ( J f i : / 4 i P ) i } , w h e r e K=P1

2Jp, a n d a is a c o n s t a n t . 
W i t h t h e s a m e f u n d a m e n t a l a s s u m p t i o n , O. W . R i c h a r d s o n o b t a i n e d t h e express ion 
[ H ] = o ( V P f / A ) e - 6 / T , w h e r e a a n d b a r e c o n s t a n t , for t h e q u a n t i t y of h y d r o g e n 
diffusing t h r o u g h t h e m e t a l t h r o u g h a p l a t e h c m . t h i c k , a t a press . P a n d t h e 
a b s o l u t e t e m p . Tt p e r second . T h e m e a s u r e m e n t s of A . H o l t a n d co -worke r s— 
vide supra—showed t h a t t h e r a t e of diffusion is p r o p o r t i o n a l t o t h e press , of t h e 
g a s , bu t be low 1OO m m . , t h e r a t e of diffusion is s lower t h a n co r responds w i t h th i s 
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s imple p r o p o r t i o n , a n d i t is n o t r e l a t e d w i t h a n y s imple func t ion of t h e p ress . 
G. N . S. S c h m i d t found t h a t t h e r a t e of diffusion increases v e r y m u c h a s t h e t e m p , 
r ises f rom 160° t o 300°. V. L o m b a r d a n d C. E i c h n e r found t h a t t h e r a t e of diffusion, 
a t 770 m m . , va r i es l inear ly w i t h t e m p , b e t w e e n 400° a n d 600° ; a n d a t 372° , for 
p ress , b e t w e e n 40 a n d 770 m m . , t h e r a t e of diffusion is p r o p o r t i o n a l t o p°'8. 
L. H a r r i s a n d co-workers s t u d i e d t h e s e p a r a t i o n of t h e i so topes of h y d r o g e n b y 
diffusion t h r o u g h p a l l a d i u m . C. W a g n e r o b s e r v e d t h a t t h e c h a n g e in t h e con­
c e n t r a t i o n of h y d r o g e n , C3 w i t h t i m e , t, is d e p e n d e n t on t h e press , of t h e h y d r o g e n , 
^Ou2, a n d t h e r e a r e t w o defini te p h e n o m e n a i n v o l v e d , dC/dt, = A:1 V^n 8 — I cC , o r 
dC/dt—k(Ce—C), w h e r e Ce d e n o t e s t h e c o n c e n t r a t i o n of h y d r o g e n for e q u i l i b r i u m 
a t a press . , ^?H2- This e q u a t i o n is va l id for t h e r e a c t i o n H2ga8?=^2HdiBsoived> 
a n d i t was also w o r k e d o u t b y E . J u r i s c h . C. W a g n e r also obse rved t h a t for t h e 
r eac t i on H2adsorbed^2HdlS80ived* t h e ve loc i ty e q u a t i o n is dC/dt= & I J P H 2 — k 2 C 2 i 
or dC/dl—k2(Ce

2 — C2). A . Coehn a n d W . S p e c h t f o u n d t h a t t h e r e s i s t ance of a 
p a l l a d i u m wire is i n d e p e n d e n t of t h e d i s t r i b u t i o n of h y d r o g e n w i t h i n i t , a n d i t 
g ives a good m e a s u r e of t h e h y d r o g e n c o n t e n t . T h e h y d r o g e n m o v e s t o w a r d s t h e 
n e g a t i v e pole , a n d t h e ve loc i ty of t h i s m o t i o n is d e p e n d e n t on t h e t e m p . Obse r ­
v a t i o n s were also m a d e b y S. G u g g e n h e i m e r , V. L o m b a r d a n d C E i c h n e r , A . C o e h n 
a n d H . B a u m g a r t e n , A. Less ing , H . D i i n w a l d a n d C. W a g n e r , H . H u l u b e i , 
K . L i senko , N . I . Kobozeff a n d V. M o n b l a n o v a , S. M a k a r e v a , a n d A. L . F e r g u s o n 
a n d G. D u b p e r n e l l . V. L o m b a r d a n d C. E i c h n e r c o m p a r e d t h e r a t e of diffusion 
of t h e t w o i so topes of h y d r o g e n . 

G. H a r k e r found t h a t X - r a y s a n d y - r a d i a t i o n s s t i m u l a t e t h e c a t a l y t i c a c t i v i t y 
of p a l l a d i u m in t h e h y d r o g e n a t i o n of e t h y l e n e . M. Y a m a d a , a n d G. T a m m a n n 
e x a m i n e d t h e X - r a d i o g r a m s of h y d r o g e n i z e d p a l l a d i u m , a n d conc luded t h a t t h e 
a d s o r b e d gas is in solid soln. w i t h h y d r o g e n a t o m s in t h e i n t e r s p a c e s of t h e p a l l a d i u m 
l a t t i c e . Th i s p r o d u c e s a n e x p a n s i o n of t h e space - l a t t i c e . L . W . M c K e e h a n 
o b s e r v e d a n e x p a n s i o n in t h e l a t t i c e p a r a m e t e r f rom a—3-90O A. t o a = 4-039 A . 
w h e n t h e a b s o r b e d h y d r o g e n a m o u n t s t o t h a t r e q u i r e d for P d 2 H . A . O s a w a 
o b s e r v e d a 2-8 p e r cen t , e x p a n s i o n of t h e l a t t i c e p a r a m e t e r , w h e n p a l l a d i u m is 
s a t u r a t e d w i t h h y d r o g e n . J . O. L i n d e a n d G. Bore l ius found t h a t t h e l a t t i c e 
c o n s t a n t of p a l l a d i u m is a= 3-888 A. ; w h e n t h e a b s o r b e d h y d r o g e n is less t h a n is 
r e q u i r e d for P d 2 H , a = 3 - 8 8 8 t o 3-920 A. ; a n d w h e n t h e a m o u n t a b s o r b e d is j u s t 
t h a t r e q u i r e d for P d 2 H , a = 3 - 9 7 8 — v i d e supra. J. D . H a n a w a l t f o u n d t h a t t h e 
p a l l a d i u m l a t t i c e is d i s t o r t e d b y h y d r o g e n owing t o t h e f o r m a t i o n of a h y d r i d e , 
P d 2 H . T h e r e su l t s i n d i c a t e t h a t in h y d r o g e n i z e d p a l l a d i u m t h e r e is a l a t t i c e 
d u e t o p a l l a d i u m a lone supe rposed o n o n e d u e t o t h e h y d r i d e . G. R o s e n h a l l , 
I . J. Tschukoff, G. T a m m a n n , E . N a h r i n g , F . K r i i g e r a n d G. G e h m , a n d E . K r i i g e r 
a n d E . N a h r i n g s t u d i e d t h e sub j ec t . T . G r a h a m o b s e r v e d t h a t w h e n p a l l a d i u m 
a b s o r b s 936 t i m e s i t s vol . of h y d r o g e n , i t s sp . gr . falls f r om 12-38 t o 11-79 ; G. Wol f 
o b s e r v e d t h a t b y s a t u r a t i n g p a l l a d i u m wire w i t h h y d r o g e n , t h e sp . gr . fell f r om 
11-78 t o 10-07 in one case a n d t o 10-447 i n a n o t h e r case . A c c o r d i n g t o M. T h o m a , 
p a l l a d i u m c h a r g e d w i t h h y d r o g e n e lec t ro ly t i ca l ly , e x p a n d s a n d inc reases in vo l . 
equa l l y in al l d i r ec t ions . A c o n t r a c t i o n t a k e s p l ace o n r e m o v i n g t h e h y d r o g e n , 
w h i c h is g r e a t e r t h a n t h e p r e v i o u s e x p a n s i o n , b u t if t h e p a l l a d i u m is success ive ly 
c h a r g e d a n d d i s cha rged t h e c o n t r a c t i o n lessens i n a m o u n t , n o t , h o w e v e r , w i t h a n y 
defini te r egu l a r i t y . O n l y a c e r t a i n a m o u n t of h y d r o g e n c a n b e p e r m a n e n t l y 
r e t a i n e d , for p a l l a d i u m c h a r g e d w i t h h y d r o g e n b e y o n d a c e r t a i n l im i t p a r t s w i t h 
t h e gas s p o n t a n e o u s l y . Be low t h i s l im i t of s a t u r a t i o n , t h e e x p a n s i o n is p r o p o r ­
t i o n a l t o t h e a m o u n t of h y d r o g e n a b s o r b e d , b u t on pa s s ing t h e l imi t t h e e x p a n s i o n 
inc reases m o r e r a p i d l y t h a n t h e a b s o r p t i o n . T h e h y d r o g e n r e t a i n e d a b o v e t h e 
l imi t of s a t u r a t i o n is the re fo re less d e n s e t h a n t h a t r e t a i n e d be low. All h y d r o g e n 
r e t a i n e d a b o v e t h e s a t u r a t i o n p o i n t is g iven off w h e n t h e p a l l a d i u m is left t o i tself 
a g a i n , a n d a c o n t r a c t i o n t a k e s p lace e q u a l t o t h e e x p a n s i o n d u e t o s u p e r s a t u r a t i o n . 
T h e s u p e r s a t u r a t i o n is d e p e n d e n t in a m o u n t v e r y l a rge ly o n t h e s t r e n g t h of t h e 
e lec t r ic c u r r e n t e m p l o y e d . G. Wol f o b s e r v e d t h a t t h e dec rea se i n s p . g r . c a n b e 
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r e p r e s e n t e d b y a c u r v e , F i g . 8, w h i c h h a s a s t e e p , h y p e r b o l i c p o r t i o n followed b y 
a s lowly-fal l ing, s t r a i g h t l ine . O. F e u s s n e r o b s e r v e d t h a t t h e Br ine lFs h a r d n e s s 
i nc reases f rom 4O t o 11O k g r m s . p e r sq . m m . L . W . M c K e e h a n ca l cu l a t ed t h a t 
t h e s p . gr . of p a l l a d i u m b e i n g 11-87, t h a t of P d 2 H is 10*76. T . G r a h a m found t h a t 
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K i o . 9. T h e Effect of O c c l u d e d 
H y d r o g e n o n t h e C o n d u c t i v i t y 
of P a l l a d i u m . 

b y s a t u r a t i n g p a l l a d i u m wi re w i t h h y d r o g e n , t h e tens i le s t r e n g t h fell 81-29 p e r 
c e n t . ; a n d K.. R . K o c h o b s e r v e d a dec rease in t h e e las t i c m o d u l u s of 21 pe r cen t . , 
a n d a dec rease in t h e t o r s i on m o d u l u s of 16-5 p e r c e n t . K . R . K o c h , G. Erco l in i , 
a n d N . H e s e h u s m a d e s o m e o b s e r v a t i o n s on t h i s s u b j e c t . N . Beketoff s t u d i e d t h e 
h e a t c a p a c i t y of t h e occ luded h y d r o g e n ; a n d G. P>ethe, t h e pho toe l ec t r i c p r o p e r t i e s 
of t h e h y d r o g e n . A . Coehn a n d K . Spe r l i ng f o u n d t h a t a p a l l a d i u m wire c h a r g e d 
w i t h h y d r o g e n affects a p h o t o g r a p h i c p l a t e . A c c o r d i n g t o T . F r a n z i n i , w h e n a 
n e g a t i v e p o t e n t i a l of 15,000 v o l t s is a p p l i e d t o a n ickel cy l indr ica l p l a t e s u r r o u n d i n g 
a h y d r o g e n a t e d p a l l a d i u m wire in v a c u o , t h e h y d r o g e n is r a p i d l y r e m o v e d f rom t h e 
p a l l a d i u m . J . A h a r o n i a n d F . S i m o n s t u d i e d t h e m a g n e t i c p r o p e r t i e s of t h e 
a d s o r b e d g a s . 

T . G r a h a m o b s e r v e d t h a t m u c h h e a t is d e v e l o p e d d u r i n g t h e occlusion of 
h y d r o g e n b y p a l l a d i u m , a n d t h a t p a l l a d i u m h i g h l y c h a r g e d w i t h h y d r o g e n is 
p y r o p h o r i c . L . M o n d a n d co -worke r s f o u n d t h e h e a t of c o n d e n s a t i o n of h y d r o g e n 
in p a l l a d i u m a t a b o u t 22° , a n d 1 a t m . p ress . , is n e a r 4644 cals . p e r g r a m of h y d r o g e n , 
o r 9362 ca ls . p e r m o l . of h y d r o g e n . L . J . Gillespie" a n d F . P . H a l l g a v e 8780 cals . 
p e r mo l . a t (>°, 87OO cals . a t 30° , a n d 8450 ca ls . a t 80° ; P . A . F a v r e g a v e 4514 cals . 
p e r g r a m ; a n d J . Mou t i e r , 4147 cals . p e r g r a m . L . J . Gillespie a n d H . A. A m b r o s e 
found t h a t t h e r eac t i on 4 P d - J - H 2 = 2 P d 2 H a t 0° h a s a t h e r m a l v a l u e of 928O cals . , 
a n d is a t t e n d e d b y a n inc rease in i n t e r n a l e n e r g y of —8740 cals . A . S ieve r t s a n d 
A . G o t t a , a n d J . F r a n c k s t u d i e d t h e sub j ec t . J . R . P a r t i n g t o n s h o w e d t h a t t h e 
d i s soc ia t ion p ress , o b s e r v e d b y L . T r o o s t a n d P . Hau te feu i l l e fit a c u r v e of t h e t y p e 
log p==AT%~1-\-JBt w h e r e A. a n d JB a r e c o n s t a n t s ; a n d accord ing ly , if Q cals . d e n o t e s 
t h e h e a t of d i s soc ia t ion P d 4 H 2 = 4 P d + H 2 , 4 - 5 7 1 1 O g P = Q T - 1 + c o n s t a n t , a n d 
Q=9137 ca ls . , or 4568 ca ls . p e r g r a m - a t o m of h y d r o g e n , in a g r e e m e n t w i t h t h e v a l u e 
4672 ca ls . o b s e r v e d b y L . M o n d a n d co-workers . T h i s f avour s t h e h y p o t h e s i s t h a t 
a def ini te h e m i h y d r i d e is f o rmed . C. G. F i n k a n d co-workers found t h a t H 1 

diffuses f a s t e r t h a n H 2 . R . N u b e l d i scussed t h e t h e r m a l ene rgy of p a l l a d i u m 
c h a r g e d w i t h h y d r o g e n . M. B o u r g u e l a n d co-workers a lso a s s u m e d t h a t a h y d r i d e 
is f o r m e d w h e n h y d r o g e n a c t s o n col loidal p l a t i n u m . W . C. R o b e r t s - A u s t e n a n d 
C. R . A . W r i g h t o b t a i n e d 0*07586 t o 0-08463 for t h e sp . h t . of t h e occ luded h y d r o g e n . 

A c c o r d i n g t o H . B r u n i n g a n d A . S i eve r t s , A . Coehn a n d K . Sper l ing , F . F i scher , 
T . G r a h a m , H . H a g e n a n d A . S i eve r t s , E . A. H a r d i n g a n d D . P . S m i t h , H . Je l l inek , 
M. E . K l a r m a n n , C. A . K n o r r a n d E . S w a r t z , C. G. K n o t t , K . R . K o c h , A. A. K r a k a u , 
F . K r i i g e r a n d G. G e h m , F . Loes sne r , W . E . McElf resh , E . N e w b e r y , A. S iever t s , 
D . P . S m i t h a n d c o - w o r k e r s , a n d T . Sex l , t h e e lec t r ica l res i s tance of p a l l a d i u m 
s t e a d i l y i nc rease s a s t h e p r o p o r t i o n of a b s o r b e d h y d r o g e n increases . If [ H ] 
d e n o t e s t h e vo l . of h y d r o g e n a b s o r b e d p e r u n i t vo l . of m e t a l , t h e res i s tance , R9 
i nc r ea se s in a c c o r d w i t h 2 2 = -R0(I 0 2 9 2 + 0 0 0 0 6 6 8 [ H ] ) . G. Wolf obse rved t h a t b y 
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s a t u r a t i n g a wire w i t h h y d r o g e n , t h e e lect r ica l c o n d u c t i v i t y dec reased f rom 
9-317 X 10 4 m h o s t o 4-531 X 10 4 m h o s . Gr. Wol f obse rved t h a t t h e sp . c o n d u c t i v i t y 
c u r v e of p a l l a d i u m c a n be d i v i d e d i n t o t h r e e p a r t s : (i) w i t h u p t o 40 vols , of h y d r o g e n 
p e r vo l . of m e t a l , t h e c o n d u c t i v i t y dec reases p r o p o r t i o n a l l y w i t h inc reas ing cone , 
of h y d r o g e n ; (ii) w i t h f rom 40 t o 6OO vols , of h y d r o g e n , t h e c o m p o u n d P d 2 H is 
supposed t o be fo rmed , a n d t h e c o n d u c t i v i t y decreases a s y m p t o t i c a l l y ; a n d 
(iii) w i t h a b o v e 60O vols , of h y d r o g e n t o 1 vo l . of p a l l a d i u m , t h e h y d r o g e n dissolves 
in t h e h e m i h y d r i d e , a n d t h e c o n d u c t i v i t y falls p r o p o r t i o n a l l y w i t h t h e f u r t h e r 
a m o u n t of h y d r o g e n a b s o r b e d . W h e n p a l l a d i u m is m a d e t h e c a t h o d e in t h e 
electrolysis of su lphu r i c ac id , t h e a m o u n t of h y d r o g e n a b s o r b e d va r i e s w i t h t h e 
c u r r e n t dens i t y , t h e t i m e , a n d t h e t e m p . J . O. Lrinde a n d G. Bore l ius o b s e r v e d 
t h a t a s t h e h y d r o g e n c o n t e n t inc reases , t h e s y s t e m shows t w o p h a s e s a t first, 
followed b y a p h a s e e x h i b i t i n g a l a t t i c e c o n s t a n t of 4-034, wh ich rises t o 4-07 A. 
w i t h s u p e r s a t u r a t i o n . T h e r e l a t ion b e t w e e n l a t t i c e c o n s t a n t a n d h y d r o g e n con­
c e n t r a t i o n is a p p r o x i m a t e l y l inear . T h e r e s i s t ance of t h e p a l l a d i u m - h y d r o g e n 
s y s t e m increases r egu la r ly u p t o a c o n c e n t r a t i o n c = 0 - 7 5 H / P d , a n d t h e n dec reases , 
t h e fall be ing v e r y m a r k e d f rom c^=0-85 o n w a r d s ; w h e n c e i t is conc luded t h a t t h e 
c o m p o u n d P d 2 H h a s a r e l a t ive ly smal l r e s i s t ance . F r o m t h e p r e s s u r e - c o n c e n t r a t i o n 
d i a g r a m i t is conc luded t h a t t h e s y s t e m is b e s t env i saged a s a meta l l i c m i x e d - c r y s t a l 
s y s t e m w i t h t h e c o m p o n e n t s P d a n d P d H . B . B e c k m a n s t u d i e d t h e effect of p ress . 
.T. Shie lds found t h a t t h e e.m.f. cu rves of a cell agre€*d w i t h t h e p resence of a defini te 
h y d r i d e in hyd rogen i zed p a l l a d i u m . R . Ni ibe l , A . Coehn , a n d T. Sexl d i scussed 
t h e e l ec t ron t h e o r y of t h e c o n d u c t i v i t y of h y d r o g e n i z e d p a l l a d i u m . R . K o h l e r 
s t u d i e d t h e r e d u c t i o n p o t e n t i a l . J . Sh ie lds f o u n d t h a t t h e e.m.f. of a cell w i t h 
p a l l a d i u m c o n t a i n i n g a smal l a n d p a l l a d i u m c o n t a i n i n g a l a rge p r o p o r t i o n of 
occ luded h y d r o g e n in dil . s u l p h u r i c ac id is n e a r l y zero , a n d does n o t b e h a v e l ike a 
t r u e c o n c e n t r a t i o n cell a s w o u l d be t h e case if t h e a b s o r p t i o n of h y d r o g e n were 
s i m p l y a p rocess of so lu t ion . T h e r e su l t s ag ree b e t t e r w i t h t h e a s s u m p t i o n t h a t 
a defini te chemica l c o m p o u n d is fo rmed . M. W i e n , a n d F . Kr i i ge r d i scussed t h e 
p o l a r i z a t i o n c a p a c i t y of h y d r o g e n i z e d p a l l a d i u m . J). P . S m i t h a n d F . H . M a r t i n 
m e a s u r e d t h e c a t h o d e p o t e n t i a l of h y d r o g e n i z e d p a l l a d i u m ; a n d t h e s u b j e c t w a s 
s t u d i e d b y C F r o m r a e . M. V. PoljakofE s t u d i e d t h e a c t i v a t i o n of h y d r o g e n b y 
p a l l a d i u m ; a n d S. R o g i n s k y , t h e r e c o m b i n a t i o n of t h e a t o m s of a d s o r b e d 
h y d r o g e n . C. G. K n o t t obse rved t h a t h y d r o g e n i z e d p a l l a d i u m deve lops a t h e r m o ­
elec t r ic force w h e n coup led w i t h o r d i n a r y p a l l a d i u m , a n d a c u r r e n t flows t h r o u g h 
t h e h o t j u n c t i o n f rom t h e p a l l a d i u m t o t h e h y d r o g e n i z e d m e t a l . T h e r e is a n 
e.m.f. of 1-83 mi l l ivol t s a t 100° w i t h a coup le c o n t a i n i n g o n e wire c h a r g e d w i t h 
692 vols, of h y d r o g e n p e r vol . of p a l l a d i u m . R . Ni ibe l found t h e t h e r m o e l e c t r i c 
force of p a l l a d i u m a g a i n s t p a l l a d i u m c h a r g e d w i t h h y d r o g e n is a b o u t l * 6 x l 0 ~ 6 

vo l t pe r degree p e r vo l . of h y d r o g e n a b s o r b e d — t h e p a l l a d i u m wire is n e g a t i v e t o 
t h a t of p a l l a d i u m - h y d r o g e n . O b s e r v a t i o n s were a l so m a d e b y L». K a h l e n b e r g , 
P . A n d e r s o n , F . H e i m b u r g , a n d R . M. H o l m e s . 

T. G r a h a m sa id t h a t t h e p a r a m a g n e t i s m of p a l l a d i u m is a u g m e n t e d b y h y d r o -
gen iza t ion , b u t H . F . Biggs o b s e r v e d t h a t p a l l a d i u m c o n t a i n i n g on ly a t r a c e of 
i ron , a n d s a t u r a t e d w i t h h y d r o g e n a t t h e c a t h o d e , w a s a l m o s t m a g n e t i c a l l y n e u t r a l . 
T h e sub jec t w a s s t u d i e d b y B . Svensson . A . E . O x l e y found t h a t t h e m a g n e t i c 
suscep t ib i l i ty of p a l l a d i u m b l a c k fell 75 p e r c e n t . — n a m e l y , f rom 64-3 X 10~ 7 t o 
14-7 X 10~ 7 m a s s u n i t — w h e n h y d r o g e n i z e d . H e sa id t h a t t h e h y d r o g e n c a n n o t 
be in t h e a t o m i c s t a t e , a n d free, b e c a u s e such a s y s t e m w o u l d be m o r e m a g n e t i c 
t h a n u n c h a r g e d p a l l a d i u m b l a c k ; t h e h y d r o g e n c a n n o t be in t h e m o l e c u l a r f o rm 
c o n d e n s e d t o a g a s or l iqu id s ince t h e r e w o u l d b e o n l y a sma l l dec rease i n t h e 
m a g n e t i c p r o p e r t y of t h e s y s t e m d e p e n d e n t o n t h e m i n u t e d i a m a g n e t i c su scep t i ­
b i l i ty of h y d r o g e n a n d t h e a m o u n t of g a s a b s o r b e d ; i t is t he re fo re a s s u m e d t h a t a 
c o m p o u n d of h y d r o g e n a n d p a l l a d i u m is f o r m e d w i t h i t s o w n specific su scep t ib i l i t y . 
Th i s c o m p o u n d is t a k e n t o b e P d 2 H , a n d if a st i l l g r e a t e r q u a n t i t y of h y d r o g e n is 
occ luded, i t m a y fo rm palladium monohydride, P d H , o r t h e excess of h y d r o g e n 
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m a y fo rm a solid soln. W . R a m s a y a n d co-workers d i scussed t h e possibi l i ty of t h e 
f o r m a t i o n of palladium triladihydride, P d 3 H 2 . E . F r i t z m a n , B . Svensson, a n d 
G. F . H i i t t i g d iscussed t h e s e a l loys ; a n d W . Bi l tz , t h e i r mol . vols . 

L . Quennessen sa id t h a t p a l l a d i u m h e a t e d in h y d r o g e n , a n d s u b s e q u e n t l y 
exposed t o a c u r r e n t of cold, d r y c a r b o n d iox ide still r e t a i n s t h e p r o p e r t y of forming 
m o i s t u r e w h e n b r o u g h t in c o n t a c t w i t h air . H . W . U n d e r w o o d , V. S. Sadikoff 
a n d A. K . Mikhailoff, T. K a r i y o n e , A. de H e m p t i n n e , O. S c h m i d t , M. Bourgue l , 
A. A. A l c h u d z h a n a n d co-workers , P . D . D o b u i c h i n a n d A. V. F ros t , A. V. F r o s t , 
J . E . N y r o p , A. S. Ginsberg , a n d M. B o u r g u e l a n d V. G r e d y s tud i ed t h e c a t a l y t i c 
effect of p a l l a d i u m in h y d r o g e n i z a t i o n s ; a n d E . B i i l m a n n a n d A. IClit, a n d 
M. B o u r g u e l , colloidal p a l l a d i u m . M. B o u r g u e l a s s u m e d t h a t t h e p a l l a d i u m t a k e s 
u p h y d r o g e n t o fo rm a film P d n H 2 , wh ich exposes t h e surface a r r a n g e m e n t H . P d . H 
t o t h e a c c e p t o r of h y d r o g e n . T h e a c c e p t o r is a d s o r b e d a t i ts po in t of a t t a c k , a n d 
it e v a p o r a t e s in a n a c t i v a t e d s t a t e in wh ich i t c a n e i the r combine wi th h y d r o g e n , 
or suffer d e - a c t i v a t i o n , or s t e r e o m u t a t i o n . G. Bred ig a n d 11. Allolio, a n d 
C. S a n d o n n i n i a n d G. Quag l ia s t u d i e d t h e c a t a l y t i c ac t i on on t h e o x i d a t i o n of 
h y d r o g e n in t h e p resence of e t h y l e n e , a l lyl a lcohol , a n d n i t robenzene . L . Val le ry 
s t u d i e d t h e po i son ing of p a l l a d i u m as a c a t a l y s t b y s t ib ine a n d a rs ine . M. T r a u b e 
d iscussed t h e slow o x i d a t i o n of h y d r o g e n i z e d p a l l a d i u m . A. S iever t s a n d 
K . B r u n i n g s tud i ed t h e a d s o r p t i o n of h y d r o g e n b y t h e p a l l a d i u m - b o r o n a l loys . 

Accord ing t o J . R . Breant , ' 2 b r i g h t p a l l a d i u m acqu i r e s a v io le t film when h e a t e d 
t o du l l r edness in a ir , a n d if h e a t e d for a long t i m e , i t acqu i re s a b lue t a r n i s h . A t a 
h ighe r t e m p . , t h e m e t a l r ecovers i t s me ta l l i c 
l u s t r e , a n d r e t a i n s i t if s u d d e n l y cooled b y 
q u e n c h i n g in w a t e r . W . J . Cock found 
t h a t a t a du l l r e d - h e a t p a l l a d i u m slowly 
a c q u i r e s a fr iable c r u s t of b r o w n ox ide 
which is r e d u c e d t o m e t a l a t a h ighe r t e m p . 
J . J . Berze l ius obse rved t h a t p a l l a d i u m 
b lack , o b t a i n e d b y r e d u c t i o n w i t h h y d r o g e n , 
a cqu i r e s a b lue film on e x p o s u r e t o a i r , b u t 
a n y increase in we igh t is t o o smal l t o be 
d e t e c t e d b y t h e b a l a n c e . T h e b lue film is 
r e m o v e d b y h y d r o g e n gas . D . P . S m i t h , 
a n d A. Coehn d iscussed t h e a b s o r p t i o n of 
o x y g e n b y p a l l a d i u m ; a n d A. L . F e r g u s o n 
a n d G. D u b p e r n e l l , t h e diffusion of o x y g e n 
in t h e m e t a l ; a n d P . V. M c K i n n e y ' s 
c u r v e is s h o w n in F i g . 10. R . B o t t g e r 
o b s e r v e d t h a t w h e n h y d r o g e n i z e d p a l l a d i u m 
b lack is exposed t o a i r , i t becomes v e r y 
h o t , a n d m a y d e t o n a t e l ike g u n p o w d e r ; 
L . W o h i e r sa id t h a t t h e h y d r o g e n i z e d p a l l a d i u m black is py rophor io . W . Davies 
s t u d i e d t h e r a t e of r ise of t e m p , of t h e m e t a l w h e n h y d r o g e n is b u r n t on t h e surface, 
a n d f o u n d t h a t t h e c o m b u s t i o n of h y d r o g e n beg ins a t 120°. F . E . Car te r s t a t e d 
t h a t p a l l a d i u m begins t o a c q u i r e b l u e a n d red films as i t oxidizes t o t h e monoxide 
b e t w e e n 600° a n d 700° ; t h i s ox ide is d e c o m p o s e d a t a b o u t 900° i n t o pa l l ad ium 
a n d o x y g e n . A c c o r d i n g t o T . W i I m , w h e n p a l l a d i u m is h e a t e d in air in a n open 
porce la in c ruc ib le w i t h a n o r d i n a r y b u r n e r , i t r ap id ly d a r k e n s a n d t u r n s a var ie ty 
of co lours , b u t o n f u r t h e r h e a t i n g i t g r a d u a l l y a s s u m e s a d a r k , d i r t y , bluish-green 
h u e , a n d t h e n cons i s t s of a m i x t u r e of p a l l a d i u m a n d pa l l adous oxide. W h e n 
p a l l a d i u m s p o n g e is h e a t e d i n a s t r e a m of d r y o x y g e n un t i l i t s weight is cons t an t , 
i t i s c o m p l e t e l y c o n v e r t e d i n t o p a l l a d o u s ox ide . L . W o h i e r observed m oxygen 
t h a t u n d e r a t m . p ress . , p a l l a d o u s ox ide is fo rmed below 860°, and decomposed 
a b o v e t h a t t e m p . T h e r e a c t i o n P d O ^ P d - H O 2 is revers ible . The dissociat ion 
p res s , of different s p e c i m e n s a b o v e 750° a re a l i t t le different. A t 877 , t h e dis-

V O I J . X V . ^ S 

-61O 
K i o . IO.-

0" 80" /60" 240 
T h e A b s o r p t i o n of G a s e s Ijy 

P a l l a d i u m . 



6 2 6 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

soc ia t ion p ress , a t t a i n s t h e v a l u e 760 m m . T h e c o m p l e t e o x i d a t i o n of p a l l a d i u m 
is difficult because of t h e s in t e r ing of t h e m e t a l , a n d t h e s lowness of t h e a t t a c k . 
T h e p ress , obse rved d e p e n d s o n t h e r e l a t i ve q u a n t i t i e s of ox ide a n d m e t a l p r e s e n t 
a n d a lso o n t h e t i m e of h e a t i n g . T h e g r e a t e r t h e r e l a t i v e a m o u n t of m e t a l t h e 
lower is t h e p ress . T h e r e su l t s a r e b e s t e x p l a i n e d b y s u p p o s i n g t h a t p a l l a d i u m 
s lowly dissolves in t h e ox ide , f o rming a solid soln. t h e d i ssoc ia t ion p ress , of w h i c h 
is lower t h a n t h a t of t h e p u r e ox ide . T h e d i s so lu t ion t a k e s p l ace v e r y s lowly, so 
t h a t t h e p r e s su re o b s e r v e d d e p e n d s o n t h e t i m e of h e a t i n g . W . D a v i e s d i scussed 
t h e sub j ec t . G. T a m m a n n a n d J . Schne ide r n o t e d t h a t t h e r a t e of g r o w t h of t h e 
film deve loped o n p a l l a d i u m in a i r a t 400° a n d 750° follows a n e x p o n e n t i a l l aw . 
A c c o r d i n g t o L». N . V a u q u e l i n , w h e n p a l l a d i u m is h e a t e d t o i t s b . p . on cha rcoa l i n 
a j e t of o x y g e n , or , a cco rd ing t o E . D . Cla rke , w h e n i t is h e a t e d in t h e o x y h y d r o g e n 
flame, t h e m e t a l b u r n s w i t h t h e emiss ion of r e d s p a r k s . L*. M o n d a n d co -worke r s 
f o u n d t h a t p a l l a d i u m b l a c k a t o r d i n a r y t e m p , a b s o r b s o x y g e n v igorous ly f rom a t m . 
a i r — a n d t h e h e a t d e v e l o p e d is 112O cals . p e r g r m . of p a l l a d i u m . H . S t . C. Devi l l e 
found t h a t p a l l a d i u m m e l t e d i n a n ox id iz ing a t m . sp i t s v igorous ly o n sol idif icat ion, 
t h u s showing t h a t t h e so lub i l i ty of o x y g e n i n t h e m o l t e n m e t a l is g r e a t e r t h a n i t 
i s i n t h e solid. W . R a m s a y obse rved t h a t h y d r o g e n u n i t e s w i t h o x y g e n in t h e 
p re sence of p a l l a d i u m foil a t 280° ; a n d F . C. Ph i l l i p s , t h a t u n i o n occu r s a t 20° 
i n t h e p resence of pa l l ad i zed a sbes tos ; a n d h e p l a c e d t h e p l a t i n u m m e t a l s Os , 
P d , P t , R u , I r , R h , a n d A u in t h e o rde r of t h e i r dec reas ing c a t a l y t i c ac t iv i t i e s . T h e 
s u b j e c t w a s s t u d i e d b y R . C. S m i t h . M. V. Tolyakoff, a n d H . R e m y a n d co -worke r s 
g a v e I r , P d a n d P t , w h e n t h e o t h e r t h r e e m e t a l s we re i n a c t i v e . S. J . R o g i n s k y 
a n d A . B . Schech t e r , a n d N . R . D h a r s t u d i e d t h e r e a c t i o n . D . I i . C h a p m a n a n d 
G-. G r e g o r y showed t h a t t h e m e c h a n i s m of t h e ca t a ly s i s i nvo lves t h e a l t e r n a t e 
o x i d a t i o n of t h e m e t a l a n d t h e r e d u c t i o n of t h e ox ide ; t h a t a d s o r b e d h y d r o g e n does 
n o t r e a c t a p p r e c i a b l y w i t h o x y g e n a t t h e t e m p , of t h e l a b o r a t o r y ; a n d t h a t a film of 
a d s o r b e d h y d r o g e n c a n r e n d e r t h e sur face i n o p e r a t i v e a s a c a t a l y s t . A c c o r d i n g 
t o W . H a r t m a n n , a n d C. P a a l a n d W . H a r t m a n n , t h e r a t e of c o m b i n a t i o n of t h e 
h y d r o g e n a n d o x y g e n in t h e p r e sence of col loidal p a l l a d i u m is g r e a t e s t w h e n t h e 
t w o gases a r e in t h e e x a c t p r o p o r t i o n s r e q u i r e d t o f o r m w a t e r . A n excess of 
o x y g e n r e t a r d s t h e r eac t i on , so t h a t col loidal p a l l a d i u m differs f rom col loidal 
p l a t i n u m in t h a t w i t h t h e l a t t e r , t h e m a x i m u m s p e e d is a t t a i n e d w h e n t h e vol . r a t i o 
H 2 : O 2 = 2 : 1. I t is a s s u m e d t h a t t h i s r e su l t is c o n n e c t e d w i t h t h e g r e a t e r a b s o r p t i v e 
p o w e r of p a l l a d i u m for h y d r o g e n . T h e s u b j e c t w a s s t u d i e d b y G. L a n g e r , 
I>. Va l l e ry , H . Gille, J . G e r u m , K . A . H o f m a n n , I>. I J . C h a p m a n a n d G. Gregory , 
a n d N . D . Ze l insky a n d P . P . Bor i s sow. W . W . H u r s t a n d E . K . R i d e a l obse rved 
t h e p r o m o t o r a c t i o n of p a l l a d i u m in t h e o x i d a t i o n of h y d r o g e n b y a c o p p e r 
c a t a l y s t . K . A . H o f m a n n a n d O. S c h n e i d e r f o u n d t h a t in t h e o x i d a t i o n of 
h y d r o g e n i n t h e p re sence of s o d i u m c h l o r a t e soln . t h e c a t a l y t i c a c t i v i t y of t h e 
m e t a l s dec reased i n t h e o r d e r P t , R h , R u , P d , A u , Os , I r , Ag . * D r y or m o i s t o z o n e 
h a s n o a c t i o n on p a l l a d i u m . 

R . B o t t g e r o b s e r v e d t h a t w h e n h y d r o g e n i z e d p a l l a d i u m is p laced u n d e r w a t e r , 
t h e r e is first a v io l en t e v o l u t i o n of g a s ; t h i s ceases i n 15 t o 30 m i n u t e s , a n d i t m a y 
t h e n b e k e p t for a m o n t h u n d e r t h e l iqu id w i t h o u t los ing i t s c a t a l y t i c a c t i v i t y . 
W a t e r h a s n o a p p r e c i a b l e c h e m i c a l a c t i o n on p a l l a d i u m . W . T r a u b e a n d W . JLange 
s t u d i e d t h e d e c o m p o s i t i o n of w a t e r b y f e r rous h y d r o x i d e o r c a r b o n a t e i n t h e 
p resence of p a l l a d i u m . G. B r e d i g a n d M. F o r t n e r o b s e r v e d t h a t t h e p r e s e n c e of 
p a l l a d i u m s t i m u l a t e s t h e d e c o m p o s i t i o n of h y d r o g e n d iox ide ; w i t h - ^ i V - N a O H , 
0 - I i V - H 2 O 2 is a s sens i t ive t o a g r a m of col lo idal p a l l a d i u m a s 2 6 O x I O 6 g r m s . of 
w a t e r ; t h e p re sence of h y d r o g e n f a v o u r s t h e r e a c t i o n , b u t t h e r e a c t i o n is h i n d e r e d 
b y t h e p r e sence of iod ine , h y d r o g e n s u l p h i d e , a n d m e r c u r i c ch lo r ide , a n d p r e v e n t e d 
b y t r a c e s of h y d r o c y a n i c ac id , o r a r s ine . T h e r e a c t i o n is f a v o u r e d b y t h e p r e sence 
of s o d i u m h y d r o x i d e , a n d t h e o p t i m u m cone , is a b o u t j j i V - N a O H ; a c id s r e t a r d 
t h e r e a c t i o n . T h e a c t i o n w a s s t u d i e d b y G. T a m m a n n , A . C o e h n a n d K . Spe r l i ng , 
T . F . M a c r a e , J . Weiss , a n d G. R . L e v i . R . W r i g h t a n d R . C. S m i t h o b s e r v e d t h e 
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d i m i n i s h e d a c t i v i t y w i t h a n inc reased t e m p , of p r e p a r a t i o n of p a l l a d i u m b lack , a n d 
A. d e Gregor io y R o c a s o l a n o , on t h e t e m p , a n d age of col loidal p a l l a d i u m — w i t h 
age , t h e a c t i v i t y of t h e soln. inc reases t o a m a x i m u m a n d t h e n dec reases . C. P a a l 
a n d C. A m b e r g e r p l a c e d t h e col loidal m e t a l s in t h e o r d e r of dec r ea s ing a c t i v i t y : 
Os , P d , P t , a n d I r . R . C. S m i t h , a n d R . W r i g h t a n d R . C. S m i t h c o m p a r e d t h e 
c a t a l y t i c effect of a m o r p h o u s a n d c rys ta l l ine p a l l a d i u m — v i d e p l a t i n u m ; 
N . D . Ze l insky a n d P . P . Bor i s sow, t h e effect of t h e h y d r o g e n a t i o n of t h e p a l l a d i u m . 
E . Le id ie a n d L . Q u e n n e s s e n o b s e r v e d a soluble pa l l ad i t e is fo rmed w h e n p a l l a d i u m 
is h e a t e d w i t h s o d i u m d iox ide . 

A c c o r d i n g t o H . Moissan , fluorine a t a dul l r e d - h e a t t r a n s f o r m s p a l l a d i u m i n t o 
t h e dif luoride ; a n d O. Ruff o b s e r v e d t h a t t h e a t t a c k begins a t a r e d - h e a t , f o r m i n g 
a ye l l owi sh -b rown , c rys t a l l i ne c r u s t p r e s u m a b l y of t h e te t ra f luor ide . R . J . K a n e , 
a n d E . H . Ke i se r a n d M. B . B r e e d found t h a t d r y ch lor ine a t t a c k s spongy p a l l a d i u m 
a t du l l r ednes s t o fo rm p a l l a d o u s ch lo r ide ; t h e m e t a l is also r ead i ly a t t a c k e d b y 
ch lo r ine -wa te r . O. Ruff o b s e r v e d n o a c t i o n w i t h t h e m e t a l in c o n t a c t w i t h 
c h l o r i n e trifluoride. A c c o r d i n g t o P . A . v o n Bonsdorff , a n d J . Nickles , t h e m e t a l 
is a lso a t t a c k e d b y a soln . of b r o m i n e in e t h e r , a n d also b y b r o m i n e w a t e r . 
J . J . Berze l ius o b s e r v e d t h a t p a l l a d i u m foil t u r n s b l a c k w h e n a n alcoholic soln. of 
i od ine is e v a p o r a t e d t o d r y n e s s o n t h e m e t a l — p l a t i n u m , s imi la r ly t r e a t e d , r e m a i n s 
b r i gh t . J . I J . L a s s a i g n e found t h a t w h e n p a l l a d i u m foil is h e a t e d in iod ine v a p o u r , 
i t a c q u i r e s a co loured film w h i c h a f t e r w a r d s t u r n s b r o w n — t h e a p p l i c a t i o n of h e a t 
or t r e a t m e n t w i t h a m m o n i a r e s to re s t h e b r i g h t n e s s of t h e m e t a l . W h e n finely-
d i v i d e d p a l l a d i u m is h e a t e d w i t h iod ine in a g lass t u b e , or t r e a t e d w i t h iod ine-
w a t e r , t h e u n i o n of t h e t w o e l e m e n t s is i n c o m p l e t e . W . E n g e l h a r d t obse rved n o 
a c t i o n b e t w e e n iod ine a n d col loidal p a l l a d i u m . W . E n g e l h a r d t s t u d i e d t h e ac t ion 
of p a l l a d i u m soln. on iod ine . Chlor ine a n d iod ine u n i t e w i t h h y d r o g e n in d a r k n e s s 
in t h e p re sence of p a l l a d i u m or of h y d r o g e n i z e d p a l l a d i u m ; acco rd ing t o T. G r a h a m , 
ch lo r ine w a t e r fo rms h y d r o c h l o r i c ac id , a n d i od ine -wa te r , hyd r iod i c ac id . 
M. B e r t h e l o t o b s e r v e d n o a t t a c k on h y d r o g e n chlor ide a t 550° . Accord ing t o 
T . W i I m , N . W . F i sche r , a n d W . J . Cock, c o m p a c t p a l l a d i u m is s l ight ly a t t a c k e d 
b y cone , hydroch lor ic ac id , b u t t h e finely-divided m e t a l is m o r e r ead i ly a t t a c k e d — 
t h e d i s so lu t ion of t h e m e t a l w a s found b y C. M a t i g n o n , a n d A. M. Vasileff t o be 
h a s t e n e d in a i r ; a n d i t is a lso f a v o u r e d b y t h e p re sence of free ch lor ine . W . J . Cock 
o b s e r v e d t h a t p a l l a d i u m b lack o b t a i n e d b y z inc p r e c i p i t a t i o n easi ly dissolves in 
h o t h y d r o c h l o r i c ac id . H . E . P a t t e n cou ld n o t d e t e c t a n y a c t i o n b y h y d r o g e n 
ch lo r ide in soln. of ch lo ro form, c a r b o n t e t r a c h l o r i d e , e t h y l ch lor ide , benzene , silicon 
t e t r a c h l o r i d e , s t a n n i c ch lor ide , p h o s p h o r u s t r i ch lo r ide , a n t i m o n y t r i ch lo r ide , 
s u l p h u r m o n o c h l o r i d e , o r t h i o n y l ch lor ide . H . S t . C. Devi l le obse rved t h a t cone . 
hydr iod ic ac id c o n v e r t s p a l l a d i u m i n t o t h e d i iodide . E . V. Z a p p i obse rved t h a t a 
m i x t u r e of cone , h y d r o c h l o r i c ac id a n d ch lor ic ac id is a useful so lven t for p a l l a d i u m . 
A c c o r d i n g t o T. G r a h a m , h y d r o g e n a n d p a l l a d i u m r educe p o t a s s i u m ch lorate t o 
ch lo r ide . G. L e m o i n e s t u d i e d t h e c a t a l y t i c a c t i o n of p a l l a d i u m b lack o n t h e 
r e a c t i o n b e t w e e n i od ic ac id a n d oxal ic ac id . 

J . J . Berze l ius o b s e r v e d t h a t w h e n p a l l a d i u m is h e a t e d w i t h su lphur chemica l 
u n i o n occurs w i t h i ncandescence . P . A n d e r s o n , a n d Y . V e n k a t a r a m a i a h a n d 
M. V. N . S w a m y found t h a t h y d r o g e n w h i c h w a s p a s s e d over p a l l a d i u m b l a c k , or 
diffused t h r o u g h p a l l a d i u m , u n i t e s w i t h s u l p h u r a t o r d i n a r y t e m p . — v i d e supra. 
A. J e d e l e obse rved t h a t p a l l a d i u m su lph ide is v e r y s p a r i n g l y soluble in t h e m e t a l , a n d 
t h a t t h e effect of s u l p h u r on t h e y ie ld p o i n t a n d f r ac tu re , in k g r m s . p e r sq. m m . , 
a n d t h e p e r c e n t a g e e longa t ion a t r o o m t e m p . , a n d a t 850° , a re i n d i c a t e d in Tab le I . 
E . B . M a x t e d , a n d L . W . M c K e e h a n found t h a t t h e a b s o r p t i v e p o w e r of p a l l a d i u m 
b l a c k for h y d r o g e n is cons ide rab ly r e d u c e d b y t h e p re sence of h y d r o g e n sulphide , 
p r e s u m a b l y owing t o t h e f o r m a t i o n of sur face films of p a l l a d i u m su lph ide . J . UhI 
f o u n d t h a t w h e n p a l l a d i u m is h e a t e d in a c u r r e n t of su lphur dioxide, s u l p h u r 
t r i o x i d e , a n d p a l l a d i u m s u l p h i d e a r e fo rmed ; a n d G. R . L e v i a n d M. F a l d i n i 
o b s e r v e d t h a t t h e p re sence of p a l l a d i u m inc reased t h e a c t i v i t y of t h e p l a t i n u m 
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S 
Per cent. 

O- 32 
O-15 
0 04 
O-02 
0-003 
O-OOl 

l ioom temperature 

Yield 

13 -2 
12-5 
12 -5 
11-5 

8-9 
9-2 

Fracture 

2 9 - 5 
2 8 - 8 
2 6 - 5 
2 5 - 5 
2 0 - 6 
19-4 

Elongation 

17 -2 
17 -6 
17-8 
2 0 - 4 j 
2 6 - 5 
2 4 - 2 

860° 

Yield 

5-6 
5 1 

Fracture 

8 1 1 
66 

Elongation 

18-8 
1 6 - 8 

c a t a l y s t in t h e o x i d a t i o n of s u l p h u r d iox ide . J . H . G l a d s t o n e a n d A. T r i b e found 
t h a t w i th h y d r o g e n a n d p a l l a d i u m s u l p h u r d iox ide is r e d u c e d t o h y d r o g e n su lph ide . 
A. E . P a t t e n obse rved n o a c t i o n w i t h su lphur m o n o c h l o r i d e or w i t h th iony l chlor ide 
a t o r d i n a r y t e m p . N . W . F i sche r , a n d W . H . W o l l a s t o n o b s e r v e d t h a t boi l ing 
cone, su lphuric ac id fo rms p a l l a d o u s s u l p h a t e a n d s u l p h u r d iox ide . W . J . Cock 
a d d e d t h a t p a l l a d i u m b lack o b t a i n e d b y zinc p r e c i p i t a t i o n eas i ly d issolves in h o t 
s u l p h u r i c ac id . R . H . Adie obse rved t h a t p a l l a d i u m w i t h su lphu r i c ac id beg ins 
t o g ive of! s u l p h u r d iox ide a t 200° ; n o h y d r o g e n s u l p h i d e is evo lved , b u t s o m e 
b lack p a l l a d i u m su lph ide is fo rmed . U n l i k e t h e case w i t h p l a t i n u m , J . J . Berze l ius 
found t h a t p a l l a d i u m , l ike r h o d i u m , dissolves in fused p o t a s s i u m hydrosu lphate , 
yie ld ing t h e m e t a l s u l p h a t e . M. G. L e v i a n d co -worke r s s t u d i e d t h e a c t i o n of 
p o t a s s i u m persulphate . J . J . Berze l ius , a n d F . Ross le r f ound t h a t w h e n p a l l a d i u m 
is h e a t e d w i t h s e l e n i u m c o m b i n a t i o n r ead i ly occurs w i t h t h e evo lu t ion of h e a t . 

A. S iever t s a n d E . B e r g n e r o b s e r v e d t h a t a t 1400° t o 1600°, p a l l a d i u m does n o t 
a b s o r b n i t rogen . A. P u o d z i u k y n a s found t h a t i n a c t i v e , de -gassed p a l l a d i u m a b s o r b s 
n o n i t r o g e n , b u t af te r a c t i v a t i o n b y de-gass ing in a h igh v a c u u m , 28O vols , of 
n i t r o g e n were a b s o r b e d . J . H a g e n a c k e r s t u d i e d t h e sub jec t . H . J e l l i nek s t u d i e d 
t h e a c t i o n of n i t rogen a t h i g h p res su res on p a l l a d i u m . F . H o p p e - S e y l e r obse rved 
t h a t n i t r o g e n is ox id ized b y m o i s t o x y g e n in t h e p re sence of p a l l a d i u m i n t o 
a m m o n i u m n i t r i t e . G. Gore sa id t h a t t h e m e t a l is inso luble i n l iqu id a m m o n i a . 
W . R . E . H o d g k i n s o n a n d N . E . Bel la i rs found t h a t t h e fused a m m o n i u m su lphate 
or n i trate d issolves p a l l a d i u m , fo rming a n a m m i n e . B . R i c c a a n d F . P i r r o n e 
s t u d i e d t h e r e d u c t i o n of h y d r a z o i c ac id b y h y d r o g e n in t h e p resence of p a l l a d i u m . 
B . R i c c a a n d F . P i r r o n e found p a l l a d i u m ca t a ly se s t h e r e d u c t i o n of h y d r a z o i c ac id 
b y h y d r o g e n . E . Hef t i , L . D u p a r c a n d co-worke r s , E . Deca r r i e r e , a n d K . K r a u t 
found t h a t a m m o n i a is ox id ized b y o x y g e n in t h e p resence of p a l l a d i u m . E . He f t i , 
P . S a b a t i e r a n d J . B . S e n d e r e n s , a n d L . D u p a r c a n d co -worke r s , o b s e r v e d t h a t h y d r o -
genized p a l l a d i u m sponge in c o n t a c t w i t h n i t r o u s ox ide a t 250°, a n d n i tr ic o x i d e a t 
200°, fo rms w a t e r a n d a m m o n i a . J . B j e r r u m a n d L . Michael is n o t e d t h e c a t a l y t i c 
effect in t h e o x i d a t i o n of n i t r i c oxide . W . M a n c h o t a n d A- Waldmi i l l e r p r e p a r e d 
pal ladous dini troxylchlor ide , P d C l 2 . 2 N O 2 , b y pas s ing n i t r i c ox ide , s a t u r a t e d w i t h 
t h e v a p o u r of m e t h y l a lcohol , a t 50° , over t h e a n h y d r o u s ch lor ide . W . H . W o l l a s t o n 
sa id t h a t p a l l a d i u m is d isso lved b y n i tr ic ac id a t o r d i n a r y t e m p . ; a n d t h a t t h e 
m e t a l dissolves m o r e qu i ck ly in purif ied n i t r i c ac id t h a n in t h a t "which c o n t a i n s 
n i t r o u s acid—confer 3 . 2 1 , 6, t h e a c t i o n of n i t r i c a c i d on coppe r . W . J . Cock 
o b s e r v e d t h a t p a l l a d i u m dissolves s lowly in n i t r i c ac id , b u t i t r e a d i l y passes i n t o 
soln. w h e n t h e p a l l a d i u m is a l loyed w i t h c o p p e r o r s i lver ; p a l l a d i u m b l a c k r e d u c e d 
b y z inc dissolves eas i ly in n i t r i c acid* C. F r o m m e s t u d i e d t h e e l ec t rochemica l 
b e h a v i o u r of n i t r i c ac id a n d p a l l a d i u m . J . H . G l a d s t o n e a n d A . T r i b e f o u n d t h a t 
p a l l a d i u m a n d h y d r o g e n r e d u c e d p o t a s s i u m n i tra te t o p o t a s s i u m n i t r i t e a n d 
a m m o n i a . J . J . Berze l ius o b s e r v e d t h a t a m i x t u r e of fused p o t a s s i u m h y d r o x i d e 
a n d n i t r a t e oxid izes t h e m e t a l , b u t less r e a d i l y t h a n is t h e case w i t h i r i d i u m , o s m i u m , 
a n d r h o d i u m . A c c o r d i n g t o W . H . W o l l a s t o n , p a l l a d i u m is d i s so lved b y a q u a 
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reg ia a t o r d i n a r y t e m p . , a n d , a cco rd ing t o P . A. v o n Bonsdorff, b y a m i x t u r e of 
n i t r i c a n d h y d r o b r o m i c ac ids ; J . L . Las sa igne also found t h a t t h e m e t a l is a t t a c k e d 
b y a m i x t u r e of n i t r i c a n d h y d r i o d i c ac ids . J . J . Berze l ius o b s e r v e d t h a t w h e n a 
m i x t u r e of phosphorus a n d p a l l a d i u m is h e a t e d , a p h o s p h i d e is fo rmed. A. J e d e l e 
obse rved t h a t p a l l a d i u m p h o s p h i d e is v e r y spa r ing ly soluble in t h e m e t a l , a n d t h a t 
t h e effect of p h o s p h o r u s on t h e y ie ld p o i n t a n d f rac ture , in k g r m s . p e r sq . m m . , 
a n d t h e p e r c e n t a g e e longa t ion a t r o o m t e m p , a n d a t 850°, a r e i nd i ca t ed in T a b l e IT. 

T A B L E I I . — T H E E F F E C T O K P H O S P H O R U S oisr T H E T E N A C I T Y O F P A L L A D I U M . 

R o o m t e m p e r a t u r e s | 8~>oJ 

Yield I F r a c t u r e I E longa t ion | Yield I F rac tu re 
P 

Per cent . 

O-265 
0 0 9 8 
0 - 0 2 1 
O-OOO 
O-OOO 

13 2 
1 1-2 
12 7 
12 2 
12 7 

2 8 - 2 
2 6 - 2 
25-O 
2 3 - 9 
2 2 - 4 

1 9 - 5 
2 6 - 6 
2 6 - 8 
2 3 - 4 
2 3 1 

3 1 
4 -8 

4- 1 
5-3 

Elongat ion 

15 O 
9-2 

E . F i n k , a n d E . I ) . C a m p b e l l found t h a t p h o s p h o r u s pentach lor ide a t 250° forms 
PdOl 2 .PCI 3 . H . E . P a t t e n o b s e r v e d n o a e t i o n w i t h p h o s p h o r u s trichloride a t 
o r d i n a r y t e m p . F . Loessne r , P . B r e t e a u , a n d A. Sie v e r t s a n d E . P e t e r s found 
t h a t pa l l ad ized c o p p e r fac i l i ta tes t h e o x i d a t i o n of s o d i u m hypophosphi te : 
N a H 2 P O 2 - ^ H g O = H 2 - I - N a H 2 P O 8 , fol lowed b y N a H 2 P 0 3 - f H 2 0 - N a H 2 P 0 4 + H , ; 
n e i t h e r p a l l a d i u m foil n o r wire s t i m u l a t e s t h e r eac t i on , b u t colloidal p a l l a d i u m , 
p a l l a d i u m b lack , a n d e l ec t ro -depos i t ed p a l l a d i u m a c t a s c a t a l y s t s in t h e reac t ion . 
J . B d e s e k e n a n d co -worke r s sa id t h a t t h e a m o u n t ox id ized in u n i t t i m e is p ropor ­
t iona l t o t h e we igh t of t h e c a t a l y s t ; t h e p resence of hyd roch lo r i c ac id , or su lphur ic 
ac id , r e t a r d s t h e r e a c t i o n , a n d s o d i u m h y d r o c a r b o n a t e e i t h e r is w i t h o u t ac t ion , or 
else i t p r o m o t e s t h e a c t i o n v e r y s l igh t ly . T h e c a t a l y s t s lowly loses i t s a c t i v i t y in 
c o n t a c t w i t h t h e h y p o p h o s p h i t e soln. R . E n g e l r e p r e s e n t e d t h e c a t a l y t i c r educ t ion 
of c o p p e r h y p o p h o s p h i t e by p a l l a d i u m : C u ( H 2 P 0 2 ) 2 - f - 2 H 2 0 = C u + 2 H 3 P O 3 -f M... 
N . W . F i sche r , a n d R . Chenev ix sa id t h a t t h e un ion of p a l l a d i u m a n d arsenic is 
a t t e n d e d b y t h e e v o l u t i o n of h e a t . H . E . P a t t e n obse rved t h a t t h e m e t a l is 
a t t a c k e d b y arsen ic tr ichloride a t o r d i n a r y t e m p . Acco rd ing t o T. G r a h a m , 
L . T h o m a s s e n , a n d A. C. C h a p m a n , h y d r o g e n a n d p a l l a d i u m r e d u c e a soln. of arsenic 
tr ioxide t o a r sen ic . H . E . P a t t e n obse rved no ac t ion w i th a n t i m o n y tetrachloride 
a t o r d i n a r y t e m p . T . J . P o p p e m a a n d F . M. J a g e r s t ud i ed t h e mol . h t s . of 
t h e an t imon id t \ s . A. T . GrigoriefT, N . W . F i sche r , a n d F . Ross lc r said t h a t t h e 
u n i o n of p a l l a d i u m a n d a n t i m o n y is a t t e n d e d by t h e evo lu t ion of l ight a n d h e a t . 
A . T. GrigoriefT s s t u d y of the? b i n a r y s y s t e m showed t h a t pa l l ad ium d i a n t i m o n i d e , 
PdBb2 , palladium antimonide, PdSb, and palladium tritantimonide, Pd 3 Sb, 
m e l t r e spec t ive ly a t 680° , 799°, a n d 1 1 8 2 ° ; a n d R. Chenev ix , C. T. H e y c o c k 
a n d F . H . Nevi l le , a n d F . Ross le r obse rved t h a t p a l l a d i u m al loys w i t h b i s m u t h . 
R . E n g e l found t h a t p a l l a d i u m c a t a l y z e s t h e r e d u c t i o n of a n t i m o n y sa l t s by 
h y p o p h o s p h o r o u s ac id , a n d s imi la r ly w i t h b i s m u t h sa l t s . 

J . R . B r e a n t o b s e r v e d t h a t w h e n p a l l a d i u m m i x e d w i t h carbon is m e l t e d a n d 
cooled, t h e m e t a l h a s b e c o m e v e r y b r i t t l e a n d fr iable . F . W o h l e r , a n d H . B . Miller 
f o u n d t h a t w h e n h e a t e d in t h e soot less flame of a s p i r i t - l a m p , t h e p a l l a d i u m in t h e 
i n n e r p a r t of t h e flame, w h e r e t h e t e m p , does n o t r ise a b o v e redness , acqu i res a 
b l a c k p o w d e r w h i c h w h e n ign i t ed fo rms g rey , p u l v e r u l e n t p a l l a d i u m . R e d - h o t , 
s p o n g y p a l l a d i u m la id o n t h e wick of a sp i r i t l a m p , j u s t ex t i ngu i shed , con t i nues t o 
g low a n d p r o d u c e ace t i c ac id a s long a s a n y a lcohol r e m a i n s in t h e l a m p . A t t h e 
same t i m e , t h e p a l l a d i u m e x p a n d s a n d " t h r o w s o u t caulif lower-l ike excrescences " 
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-when t h i s m a s s is r e m o v e d f rom t h e wick i t b u r n s in a i r l eav ing a ske l e ton of 
p a l l a d i u m of t h e s a m e fo rm as t h e s p o n g y p a l l a d i u m or ig ina l ly e m p l o y e d , b u t w i t h t e n 
t i m e s i t s bu lk . H . Moissan obse rved t h a t p a l l a d i u m does n o t c o m b i n e w i t h c a r b o n , 
b u t t h e m o l t e n m e t a l in t h e e lectr ic fu rnace dissolves c a r b o n , which s e p a r a t e s f rom 
t h e soln. in t h e fo rm of g r a p h i t e w h e n t h e m e t a l is cooled. H . W o l b l i n g s t u d i e d 
t h e a d s o r p t i o n of p a l l a d i u m b y a c t i v a t e d c a r b o n . O . H a r k e r showed t h a t 
p a l l a d i u m depos i t ed on c a r b o n in a n a t m . of h y d r o g e n , a n d exposed t o X - r a y s 
forms C H 3 . N C . E . H a r b e c k , a n d E . H a r b e c k a n d G. L u n g e obse rved t h a t p a l l a d i u m 
b lack a b s o r b s 31 t o 35 t i m e s i t s vo l . of c a r b o n m o n o x i d e . I t is t h o u g h t t h a t a 
chemica l c o m p o u n d is fo rmed , b u t i t h a s n o t been i so la ted , because , u n l i k e 
m e c h a n i c a l a b s o r p t i o n , t h e c a r b o n m o n o x i d e is n o t d r i v e n f rom t h e p r o d u c t of 
h y d r o g e n , a n d because w h e n h e a t e d t o 520° , t h e c a r b o n m o n o x i d e is l i b e r a t e d 
s u d d e n l y . W . E . G a r n e r g a v e 15 CaIs. for t h e h e a t of a d s o r p t i o n of c a r b o n m o n o x i d e 
a n d 9 CaIs. for t h e h e a t of a c t i v a t i o n . J . Mi lbaue r i n v e s t i g a t e d t h e effect of 
p a l l a d i u m on t h e o x i d a t i o n of c a r b o n m o n o x i d e b y su lphur i c acid . T h e 
sub jec t w a s s t ud i ed b y W . Dav ie s . W . M a n c h o t r e p o r t e d t h e t h r e e pa l ladous 
carbonyl chlorides : PdCl2 .CO, PdCl2.2CO, and 3PdCl2.2CO. P . V. McKinney, 
H . S. T a y l o r a n d R . M. B u r n s , H . S. T a y l o r a n d P . V. M c K i n n e y , K . R a u s c h e r , 
J . G e r u m , C. P a a l a n d J . G e r u m , s t u d i e d t h e sub jec t . P . V. M c K i n n e y ' s c u r v e is 
s h o w n in F ig . 10. L . Mond a n d co-workers obse rved t h e f o r m a t i o n of a c a r b o n y l . 
IT. C. Phi l l ips sa id t h a t finely-divided p a l l a d i u m , o r pa l l ad ized a sbes to s in t h e 
p resence of o x y g e n beg ins t o oxid ize c a r b o n m o n o x i d e a t 2 9 0 ° — W . D a v i e s sa id 
400°. W . T r a u b e a n d W . L a n g e s t u d i e d t h e r e a c t i o n . K . A. H o f m a n n a n d 
O. Schne ide r obse rved t h a t c a t a l y t i c a c t i v i t y of t h e p l a t i n u m m e t a l s in t h e o x i d a t i o n 
of c a r b o n m o n o x i d e i n t h e p resence of a soln. of s o d i u m c h l o r a t e decreases in t h e 
o r d e r Os, R h , A u , P t , R u , P d , I r , Ag . E . B a u m a n n o b s e r v e d t h a t c a r b o n m o n o x i d e 
is ox id ized t o c a r b o n d iox ide in t h e p re sence of h y d r o g e n i z e d p a l l a d i u m a n d o x y g e n . 
M. T r a u b e sugges t ed t h a t h y d r o g e n d iox ide a c t s as a ca r r i e r of o x y g e n for t h e 
o x i d a t i o n , a n d F . H o p p e - S e y l e r , t h a t t h e o x y g e n molecule is spl i t i n t o 2 a t o m s , 
one of w h i c h forms w a t e r w i t h t h e h y d r o g e n occ luded b y t h e p a l l a d i u m , a n d t h e 
o t h e r a t o m oxidizes t h e c a r b o n m o n o x i d e , b u t t h e ob jec t ion ra i sed a g a i n s t t h i s 
h y p o t h e s i s is t h a t ozone a t 300° does n o t oxid ize c a r b o n m o n o x i d e , a l t h o u g h i t 
b r e a k s d o w n i n t o free o x y g e n . W . W . H u r s t a n d E . K . R i d e a l s t ud i ed t h e p r o m o t o r 
a c t i o n of p a l l a d i u m in t h e a d s o r p t i o n a n d o x i d a t i o n of c a r b o n m o n o x i d e b y c o p p e r ; 
a n d E . F . A r m s t r o n g a n d T. P . H i l d i t c h t h e c a t a l y t i c a c t i v i t y of p a l l a d i u m on t h e 
r eac t i on : C O - J - S H 2 = H 2 O - J - C H 4 . K . J a h n found t h a t h y d r o g e n a n d p a l l a d i u m 
will c o n v e r t c a r b o n m o n o x i d e i n t o f o r m a l d e h y d e ; a n d F . F i s c h e r a n d c o - w o r k e r s 
c o m p a r e d t h e a c t i v i t y of t h e p l a t i n u m m e t a l s in r e d u c i n g c a r b o n m o n o x i d e t o 
m e t h a n e . A . de H e m p t i n n e sa id t h a t p a l l a d i u m wh ich h a s p r ev ious ly occ luded 
c a r b o n m o n o x i d e loses t h e f acu l ty of a b s o r b i n g h y d r o g e n a t low t e m p . T. G r a h a m 
obse rved t h a t p a l l a d i u m is n o t p e r m e a b l e t o c a r b o n d iox ide . P . V. M c K i n n e y ' s 
a d s o r p t i o n c u r v e is s h o w n in F i g . 10. H . S. T a y l o r a n d R . M. B u r n s s t u d i e d t h e 
sub jec t . J . Mi lbaue r a n d J . D o s k a r e x a m i n e d t h e c a t a l y t i c o x i d a t i o n of carbon 
disulphide b y s u l p h u r i c ac id in t h e p resence of p a l l a d i u m . 

J. J. Coqui l lon o b s e r v e d t h a t w h e n t h e hydrocarbons a r e p a s s e d ove r h e a t e d 
p a l l a d i u m , t h e y a r e d e c o m p o s e d i n t o c a r b o n a n d h y d r o g e n , a s T . W i I m , a n d 
F . W o h l e r obse rved t o b e t h e case w i t h e t h y l e n e . T . W i I m o b s e r v e d t h a t if a 
c u r r e n t of coal-gas is p a s s e d ove r s p o n g y p a l l a d i u m ( r educed f rom t h e a m m o n i u m 
pa l lad ioch lor ide ) , h e a t e d o v e r a B u n s e n b u r n e r in a b u l b - t u b e o r sma l l po rce l a in 
c ruc ib le , a la rge q u a n t i t y of c a r b o n is d e p o s i t e d on t h e i n n e r wal l s of t h e c ruc ib le or 
t u b e , a n d af te r a t i m e t h i s col lects o v e r t h e e d g e s of t h e c ruc ib le in caul i f lower- l ike 
masse s . T h i s c a r b o n , o n c o m b u s t i o n b y a s t r o n g e r h e a t , does n o t l eave t h e l ea s t t r a c e of 
p a l l a d i u m , n o r does a n y depos i t i on t a k e p l ace o n t h e m e t a l , w h i c h suffers n o c h a n g e 
of v o l u m e d u r i n g t h e e x p e r i m e n t . Th i s a c t i o n does n o t d e p e n d on t h e f o r m a t i o n 
of a c o m p o u n d of c a r b o n a n d p a l l a d i u m , b u t is d u e t o t h e c a t a l y t i c a c t i o n of t h e 
m e t a l , w h e r e b y t h e e t h y l e n e is d e c o m p o s e d w i t h d e p o s i t i o n of c a r b o n . C. P a a l 
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a n d C. H o h e n e g g e r s t u d i e d t h e a b s o r p t i o n of a c e t y l e n e b y col loidal p a l l a d i u m , 
a n d p a l l a d i u m b l a c k ; a n d C. Zerbe a n d co-workers , t h e effect o n t h e ign i t ion of 
h y d r o c a r b o n s ; a n d E . K . F r i t z m a n , R . H o c a r t , A . E . Mi tche l l a n d A . L.. Mar sha l l , 
G. Cha r io t , a n d C. P a a l a n d A. K a r l s t u d i e d t h e a c t i v i t y of p a l l a d i u m a s a c a t a l y t i c 
a g e n t . H . S. T a y l o r a n d R . M. B u r n s s t u d i e d t h e a d s o r p t i o n of e t h y l e n e . T h e 
o x i d a t i o n of h y d r o c a r b o n s , e t c . , i n t h e p resence of pa l l ad ized a sbes to s a s c a t a l y t i c 
a g e n t , t o c a r b o n d iox ide a n d w a t e r , p roceeds a t a m u c h h ighe r t e m p , t h a n is t h e 
case w i t h h y d r o g e n ; a n d t h e f r ac t iona l c o m b u s t i o n of such gases h a s been u t i l i zed 
b y F . C. Ph i l l i p s , W . H e m p e l , O. B r u n c k , a n d E . D . Campbe l l in t h e ana lys i s of 
gases . U s u a l l y , t h e lower m e m b e r s of t h e s a m e homologous series of h y d r o ­
c a r b o n s a r e m o r e s t a b l e a n d offer a g r e a t e r r e s i s t ance t o o x i d a t i o n t h a n d o t h e h i g h e r 
m e m b e r s ; t h e paraffin ser ies is m o s t difficult, a n d t h e olefine series is t h e m o s t e a sy 
t o oxid ize ; h y d r o g e n ox id izes t h e m o s t r ead i ly , t h e n follow c a r b o n m o n o x i d e , 
a n d a c e t y l e n e . F . C. Ph i l l i p s g a v e for t h e lowes t t e m p , a t wh ich he could obse rve 
o x i d a t i o n in t h e p re sence of a i r a n d pa l l ad i zed a sbes to s : h y d r o g e n , 20° ; a l coho l 
vapour, 150° ; pentane, 170° ; propylene, 170° ; ethylene, 180° ; isobutane, 220° ; 
benzene, 250° ; carbon monoxide, 290° ; acetylene, 339° ; propane, 339° ; methane, 
404° ; a n d e t h a n e , 450°. I n s o m e cases , t h e p r o d u c t s of t h e o x i d a t i o n of t h e 
h y d r o c a r b o n s a r e n o t c a r b o n d iox ide a n d w a t e r — t h u s , J . J . Coqui l lon found t h a t 
n o exp los ion occu r r ed w i t h a m i x t u r e of 2 vols , of o x y g e n a n d 1 vol . of m e t h a n e 
w h e n h e a t e d b y a r e d - h o t wi re ; b u t o b t a i n e d b e n z y l a l d e h y d e a n d benzoic ac id 
f rom t o l u e n e ; ace t i c ac id f rom e t h y l e n e ; a n d formic ac id f rom m e t h a n e ; a n d 
F . H o p p e - S e y l e r c o n v e r t e d b e n z e n e i n t o p h e n o l , a n d t o l u e n e i n t o benzoic ac id . 
P . S a b a t i e r a n d J . B . S e n d e r e n s o b s e r v e d t h a t f ine ly-div ided p a l l a d i u m does n o t 
affect t h e t h e r m a l d e c o m p o s i t i o n of e t h y l e n e . E . T i ede a n d W . J e n i s c h e x a m i n e d 
t h e inf luence of p a l l a d i u m o n t h e p y r o g e n i c d e c o m p o s i t i o n of a ce ty l ene . 
H . E . P a t t e n o b s e r v e d n o a c t i o n w i t h b e n z e n e on p a l l a d i u m a t o r d i n a r y t e m p . 

H . E . P a t t e n o b s e r v e d n o a c t i o n w i t h p a l l a d i u m a n d ch loroform, carbon 
te trachlor ide , or e t h y l Chloride a t o r d i n a r y t e m p . C. P a a l a n d co-workers , a n d 
K. Y o s h i k a w a s t u d i e d t h e h y d r o g e n a t i o n of a c e t y l e n e w i t h p a l l a d i u m as c a t a l y s t ; 
C. P a a l a n d W . H a r t r a a n n r e d u c e d e t h y l e n e t o e t h a n e ; a n d M. B o u r g u e l a n d 
V. G r e d y , c o m p o u n d s w i t h a c e t y l e n e l inkages—e .g . p h e n y l a c e t y l e n e , a n d e t h y l 
h e p t i n e n e - c a r b o x y l a t e . H e a t e d p a l l a d i u m in t h e p re sence of h y d r o g e n , or h y d r o -
gen ized p a l l a d i u m w a s f o u n d b y H . K o l b e , T . K a r i y o n e , O. S c h m i d t , a n d 
M. Saytzeff, t o r e d u c e h y d r o c a r b o n s , a n d t o c o n v e r t b e n z o y l chlor ide i n t o a m i x ­
t u r e of benzy l a l d e h y d e a n d benzy l a lcohol ; a n d n i t robenzene t o an i l ine . 
C. P a a l a n d C. A m b e r g e r c o m p a r e d t h e r e d u c i n g p o w e r of t h e colloidal p l a t i n u m 
m e t a l s on n i t r o b e n z e n e in a lcohol ic soln. u n d e r s imi la r cond i t i ons a t 70°, a n d 
exp re s sed t h e r e su l t s in t e r m s of t h e c o n s u m p t i o n of h y d r o g e n in c.c. p e r h o u r 
b y 1 c.c. of t h e me ta l l i c h y d r o s o l : 

Pd P t Ir Oa 
12,0OO t o 32 ,000 6,70O t o 37,00O 2,000 t o 4,00O S m a l l a c t i o n 

W . H . C a r o t h e r s a n d R . A d a m s i n v e s t i g a t e d t h e effect of p l a t i n u m on t h e r e d u c t i o n 
of b e n z a l d e h y d e . G. L u n g e a n d J . Akunoff r educed benzene t o t e t r a h y d r o b e n z e n e 
b y h y d r o g e n a n d p a l l a d i u m . G. Scagl ia r in i a n d G. B . Ber t i -Ceron i found oxal ic 
a c i d is r e d u c e d b y n i t r i c ac id in t h e p re sence of a p a l l a d i u m sa l t . N . D . Ze l inksy 
a n d M. B . T u r o w a - P o l l a k s t u d i e d t h e h y d r o g e n a t i o n of benzene a n d t h e d e h y d r o -
g e n a t i o n of h e x a m e t h y l e n e i n t h e p re sence of p a l l a d i u m ; E . W a s e r , t h e h y d r o ­
g e n a t i o n of s ebacy l ch lo r ide ; J . B o e s e k e n a n d co-workers , c i n n a m i c , mucon ic , 
a c o n i t i c , i t a c o n i c , c i t r acon ic , mesocon ic , c y c l o p r o p a n e - 1 : 1-dicarboxylic , e thy lene -
t r i c a r b o x y l i c , a n d v iny lg lycol l i c ac ids ; H . W i e l a n d , t h e d e h y d r o g e n a t i o n of 
d e x t r o s e , l a c t i c ac id , g lucon ic ac id , p h e n o l , m-cresol , gua iacol , pyrogal lo l , ani l ine , 
a l coho l , a n d a c e t a l d e h y d e , b u t n o t t y r o s i n e a n d ur ic ac id ; C. K e l b e r a n d A. Schwarz , 
p h e n y l a c e t y l e n e , t o l a n e , a n d d i p h e n y l d i a c e t y l e n e ; P . B r e t e a u , p h e n a n t h r e n e ; 
C. P a a l a n d W . H a r t m a n n , pheny lp rop io l i c ac id ; C. P a a l and J . G e r u m , benzo-



632 I N O R G A N I C A N D T H E O R E T I C A L , C H E M I S T R Y 

n i t r i t e , mande lon i t r i l e , b e n z a l d o x i m e , fumar ic ac id , male ic ac id , c i n n a m i c ac id , a n d 
m e t h y l c i n n a m a t e ; F . P l z a k a n d B . H u s e k , a n d B . R a y m a n a n d O. S u b e , t h e 
hyd ro ly s i s of sugar ; N . D . Zel insky, t h e r e d u c t i o n of iod ides a n d b r o m i d e s of 
cyclic a lcohols ; K . K i n d l e r a n d W . P e s c h k e , t h e m e t h y l - a n d m e t h o x y - c i n n a m i c 
ac ids ; A . A. B a l a n d i n , t h e d e h y d r o g e n a t i o n of cyc lohexane ; W . E . K e u n t z e l , 
a n d T. S a b a l i t s c h k a a n d K . Z i m m e r m a n n , t h e h y d r o g e n a t i o n of f u m a r i c ac id ; 
A. S. Gr insbe rg a n d A. P . IvanofF, t h e h y d r o g e n a t i o n of a l i p h a t i c c o m p o u n d s ; 
E . Miiller a n d K . S c h w a b e , t h e o x i d a t i o n of e t h y l a lcohol . G. F . H i i t t i g a n d 
E . Weissberger s t u d i e d t h e c a t a l y t i c d e c o m p o s i t i o n of me t l i y l a l coho l . Kl. T a n a k a 
s t u d i e d t h e r eac t i on b e t w e e n m e t h y l e n e b lue a n d a lcohol i n t h e p re sence of 
p a l l a d i u m ; E . Miiller a n d W . L o e r p a b e l , a n d C. N . H i n s h e l w o o d a n d B . T o p l e y , 
t h e c a t a l y t i c ac t i on on formic a c i d ; a n d R . L,. S h r i n e r a n d R . A d a m s , t h e r e d u c t i o n 
of a ldehydes . J . H . G l a d s t o n e a n d A. T r ibe , a n d M. SaytzefE r e d u c e d n i t ro -
m e t h a n e t o m e t h y l a m i n e ; a n d n i t ropheno l t o a m i d o p h e n o l , b u t ace t i c , b e n z o i c , 
diglycolic, and lactic acids ; ethyl oxalate ; phenol and trinitrophenol, were 
n o t r educed . S. J . G r e e n s t u d i e d t h e r e d u c t i o n of n i t r o c o m p o u n d s . IndigO-
blue was a lso r educed t o ind igo-whi te . C. P a a l a n d A. K a r l , O. S c h m i d t , a n d 
A. S. G r i n s b e r g a n d A. P . Ivanoff found t h a t m a g n e s i u m , n ickel , a n d coba l t f a v o u r 
t h e c a t a l y t i c effect of p a l l a d i u m in t h e h y d r o g e n a t i o n of u n s a t u r a t e d es te r s , b u t 
t h a t a l u m i n i u m , i ron, copper , z inc , t i n , si lver, a n d lead a c t in t h e r eve r se 
w a y . C. P a a l a n d J . G e r u m , a n d C P a a l a n d C. A m b e r g e r s t u d i e d t h e h y d r o ­
g e n a t i o n of n i t r o b e n z e n e ; T. S a b a l i t s c h k a a n d W . Moses, t h e h y d r o g e n a t i o n of 
male ic a n d fumar ic ac ids , a n d s o d i u m c i n n a m a t e ; a n d C. H . D . Clark a n d B . Top ley , 
t h e decompos i t i on of formic ac id . H . W i e l a n d r e p o r t e d t h a t p a l l a d i u m c o n t a i n i n g 
ana ly t i c a l l y s ignif icant q u a n t i t i e s of h y d r o g e n c a n r e m o v e h y d r o g e n f rom h y d r o -
q u i n o n e t o fo rm q u i n o n e . LJ. J . Gillespie a n d J . H . P e r r y a d d e d t h a t if t h i s were 
t r u e , all p r e s su re - compos i t i on d i a g r a m s of t h e p a l l a d i u m - h y d r o g e n s y s t e m so far 
r eco rded h a v e been m a d e w i t h u n s t a b l e s y s t e m s , for t h e press , a r e a l w a y s m e a s u r a b l e 
w h e n app rec i ab l e q u a n t i t i e s of h y d r o g e n a r e p r e s e n t , a n d t h e press , of h y d r o g e n 
a t wh ich i t cou ld be in equ i l i b r i um wi th h y d r o q u i n o n e a n d q u i n o n e in a r e a s o n a b l e 
mol . r a t i o n w o u l d be of t h e o rde r of 1 O - 2 4 a t m . in accord w i t h t h e e.m.f. m e a s u r e ­
m e n t s of E . B i i l m a n n . L . J . Gillespie a n d T. H . !Liu were u n a b l e t o confirm t h e 
r eac t i on , a n d conc luded t h a t t h e r e is n o va l id ev idence showing t h a t p a l l a d i u m 
c o n t a i n i n g a n app rec i ab l e q u a n t i t y of h y d r o g e n c a n d e h y d r o g e n a t e h y d r o q u i n o n e . 
W . If. H a r t u n g s t u d i e d t h e h y d r o g e n a t i o n of o x i m i n o k e t o n e s in t h e p resence of 
p a l l a d i u m ; a n d o t h e r h y d r o g e n a t i o n s of o rgan ic s u b s t a n c e s h a v e been desc r ibed 
b y F . M a u t h n e r . J . W . K e r n a n d co -worker s s t u d i e d t h e r e d u c t i o n of olefines ; 
a n d E . R a u l ) , t h e a c t i o n of on ion , leek, a n d m u s t a r d ju ices . C. P a a l a n d K . R o t h 
obse rved t h a t m a n y u n s a t u r a t e d vege tab le Oils—e.g. b u t t e r , l a rd , l inseed oil, 
olive oil, cod- l iver oil, c a s t o r oil, c r o t o n oil, a n d c o t t o n - s e e d o i l — a r e c o m p l e t e l y 
r educed , h y d r o g e n a t e d , or " h a r d e n e d " t o fo rm solid oils or f a t s w h e n t h e y a re 
t r e a t e d w i t h h y d r o g e n in t h e p resence of colloidal p a l l a d i u m — s e s a m e oil a n d 
o l eomarga r ine a r e i n c o m p l e t e l y r e d u c e d . F i n e l y - d i v i d e d n ickel , or nickel o x i d e 
is e m p l o y e d i n d u s t r i a l l y for t h e s a m e p u r p o s e . W . T h o m s o n a n d F . I^ewis n o t e d 
the d e s t r u c t i v e a c t i o n of p a l l a d i u m on rubber. J . R a n e d o s t u d i e d t h e effect of 
p a l l a d i u m on t h e o x i d a t i o n of o rgan i c m a t t e r b y s u l p h u r i c ac id . 

C. P a a l a n d C. H o h e n e g g e r , C. P a a l , a n d A. S c h w a r z o b s e r v e d t h a t pa l l a ­
d i u m black , d ry , or s u s p e n d e d in w a t e r or a lcohol , a b s o r b s 4(XX) v o l s . — a n d col loidal 
p a l l a d i u m a b o u t 5(K)O vols .—of a c e t y l e n e p e r vol . of p a l l a d i u m . I t is a s s u m e d t h a t 
t h e ace ty l ene is n o t a b s o r b e d as such , b u t f o rms p o l y m e r i z a t i o n or c o n d e n s a t i o n 
p r o d u c t s . T h e a b s o r p t i o n c o n t i n u e s severa l d a y s — r a p i d l y a t first, a n d s lowly 
l a t e r on . T h e a b s o r p t i o n is f a v o u r e d b y ra i s ing t h e t e m p . , or inc reas ing t h e p ress . 
On e x p o s u r e t o air , p a r t of t h e a c e t y l e n e is evo lved , a n d o n l y a sma l l a m o u n t i s 
r e - a b s o r b e d on e x p o s u r e t o a c e t y l e n e . F o r t h e a c t i o n of p a l l a d i u m s p o n g e o n 
a lcohol , a n d for t h e o x i d a t i o n a n d r e d u c t i o n of a lcohol b y o x y g e n o r h y d r o g e n , 
vide supra. A . B r i n g h e n t i s t u d i e d t h e c a t a l y t i c o x i d a t i o n of soln. of sod ium 
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m e t h o x i d e , e t h o x i d e , a n d n - p r o p o x i d e b y p a l l a d i u m . T. G r a h a m found t h a t 
p a l l a d i u m sponge , un l ike p l a t i n u m sponge , se lect ively a d s o r b s a lcohol r a t h e r t h a n 
w a t e r . W h e n p a l l a d i u m sponge is left in c o n t a c t w i th a m i x t u r e of a lcohol a n d 
w a t e r in a sea led t u b e for 2 d a y s , t h e s u p e r n a t a n t l iquor c o n t a i n s a smal le r 
p r o p o r t i o n of a lcohol t h a n before , a n d t h e p a l l a d i u m h a s a d s o r b e d a g r e a t e r 
p r o p o r t i o n of a lcohol t h a n w a t e r . R . B o t t g e r obse rved t h a t w h e n h y d r o g e n i z e d 
p a l l a d i u m is p l aced u n d e r a lcohol , o r e ther , i t b ehaves l ike i t does u n d e r w a t e r 
—v ide supra. N . D . Ze l insky found t h a t a z inc -pa l l ad ium couple reduces t h e iodides 
a n d b r o m i d e s of t h e cyc l i c a l coho l s . T . G r a h a m observed t h a t hyd rogen i zed 
p a l l a d i u m reduces f err icyanides t o fe r rocyanides . P a l l a d i u m is said t o be t h e 
on ly m e t a l t h a t will d i sp lace m e r c u r y f rom m e r c u r i c c y a n i d e . H . E . P a t t e n 
o b s e r v e d t h a t n o a c t i o n on s i l i con tetrachloride occurs a t o r d i n a r y t e m p . 

E . T iede a n d R . P i w o n k a s t u d i e d t h e a l u m i n a p a l l a d i u m phosphor s . Accord ing 
t o F . E . Ca r t e r , p a l l a d i u m c a n n o t be h e a t e d in a sil iceous crucible w i t h o u t e m -
b r i t t l e m e n t b y fo rming a n a l loy w i t h s i l i con . L . I . D a n a a n d P . D . F o o t e obse rved 
t h a t silica m a y d o t h e s a m e t h i n g — v i d e infra 9 p l a t i n u m — 6 . 40, 14. C. P a a l a n d 
W . H a r t m a n n found t h a t col loidal p a l l a d i u m c o n v e r t s m e r c u r y a n d m e r c u r i c ox ide 
i n t o col loidal soln. , a n d a t t h e s a m e t i m e loses i t s own c a t a l y t i c ac t i v i t y poss ibly 
b y fo rming a hydroso l of p a l l a d i u m a m a l g a m ; C P a a l a n d H . S t e y e r no ted t h a t 
col loidal h y d r o g e n i z e d p a l l a d i u m is d e h y d r o g e n i z e d by m e r c u r y . T. G r a h a m 
o b s e r v e d t h a t p a l l a d i u m in t h e p re sence of h y d r o g e n reduces m e r c u r i c c h l o r i d e t o 
m e r c u r o u s ch lor ide . H . E . P a t t e n o b s e r v e d n o r eac t ion be tween s t a n n i c c h l o r i d e a n d 
p a l l a d i u m a t o r d i n a r y t e m p . C. A. K n o r r obse rved t h a t t h e r a t e a t which h y d r o g e n 
is r e m o v e d f rom h y d r o g e n i z e d p a l l a d i u m b y acidic soln. of p o t a s s i u m d i c h r o m a t e 
is p r o p o r t i o n a l t o t h e cone , of t h e ox id iz ing a g e n t ; i t is d e t e r m i n e d b y t h e r a t e 
of c h a n g e a t t h e in te r face a n d n o t b y t h e r a t e a t which h y d r o g e n diffuses t o t h e 
in te r face . Smal l q u a n t i t i e s of h y d r o g e n su lph ide , a rs ine , c a r b o n d i su lph ide , iodine , 
a n d t h i o p h e n po ison t h e sur face a n d g r e a t l y r e t a r d t h e r emova l of hyd rogen . 
G. Scagl ia r in i a n d G. B . Ber t i -Ceron i s tud ied t h e sub jec t . T. G r a h a m found t h a t 
h y d r o g e n i z e d p a l l a d i u m r e d u c e s t h e d i c h r o m a t e f e r r i c s a l t s t o ferrous sa l t s . 
C. S t . P i e r r e found t h a t p a l l a d i u m reduces a soln. of ferric chloride, a n d a small 
p r o p o r t i o n dissolves in t h e l iqu id . L . K r i t s c h e w s k y , a n d V. S c h w a r z e n b a c h a n d 
Li. K r i t s c h e w s k y found t h a t hyd rogen ized p a l l a d i u m p rec ip i t a t e s from the i r soln. 
s i lver , m e r c u r y (from t h e n i t r a t e s ) , gold, p l a t i n u m , p a l l a d i u m , a n d copper in t h e 
meta l l i c s t a t e ; r educes acidified p e r m a n g a n a t e s t o m a n g a n o u s sa l t s , ferric t o ferrous 
sa l t s , c h r o m i c ac id t o c h r o m i c ox ide , p o t a s s i u m ch lo ra t e t o hypoch lo r i t e , ace t ic 
ac id t o a l d e h y d e a n d a lcohol , a n d n i t r o b e n z e n e t o ani l ine . Sa l t s of lead, b i s m u t h , 
c a d m i u m , a rsen ic , a n t i m o n y , t u n g s t e n , m o l y b d e n u m , zinc, coba l t , n ickel , 
a l u m i n i u m , ce r ium, u r a n i u m , r u b i d i u m , a n d caesium, t h e a lkal ies a n d a lka l ine 
e a r t h s a re n o t r e d u c e d . B y e m p l o y i n g t h e cha rged p a l l a d i u m in a m p l e excess, 
a n d n o t l eav ing i t t o o long in t h e soln. , t h e r e d u c t i o n t a k e s p lace q u a n t i t a t i v e l y . 
H . GiUe, a n d G. Br i in jes s t u d i e d t h e c a t a l y t i c r educ t i on of sa l t s of zinc, c a d m i u m , 
t h a l l i u m , t i n , lead , a r sen ic , b i s m u t h , v a n a d i u m , c o l u m b i u m , m o l y b d e n u m , t u n g s t e n , 
u r a n i u m , a n d i ron sa l t s b y p a l l a d i u m . A. Kr ieger discussed t h e poisoning of 
t h e c a t a l y t i c a c t i o n of p a l l a d i u m on t h e d isso lu t ion of i ron in ac id by o t -naphtho-
qu ino l ine , a n d ac r id ine . C. F r o r a m e s t u d i e d t h e e lec t rochemica l b e h a v i o u r of 
p a l l a d i u m a n d c h r o m i c ac id . 

Some reactions of analytical interest.—Both hydrogen sulphide and ammonium 
s u l p h i d e will p r e c i p i t a t e f rom ac id ic or n e u t r a l soln. of p a l l a d o u s chlor ide b lack 
p a l l a d o u s s u l p h i d e . N . W . F i s c h e r 3 sa id t h a t a yel low colour is p roduced 
b y 1 p a r t of p a l l a d i u m in 10,000 p a r t s of l iqu id . T h e p rec ip i t a t e is insoluble 
in a m m o n i u m s u l p h i d e ; b u t soluble in boi l ing hydroch lo r i c acid, a n d in 
a q u a reg ia . A c c o r d i n g t o T . R o s e n b l a d t , un l ike lead, copper , a n d b i smuth sul­
p h i d e s in t h e s a m e a n a l y t i c a l g r o u p , p a l l a d o u s su lph ide is soluble in a soln. 
of p o t a s s i u m t h i o c a r b o n a t e , a n d un l ike m e r c u r y su lph ide , i t is n o t p r ec ip i t a t ed 
f rom t h a t so ln . b y c a r b o n d iox ide . Soln. of p o t a s s i u m or sod ium hydroxide 
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p r e c i p i t a t e a b r o w n , bas ic sa l t soluble in a la rge excess of t h e p r e c i p i t a n t ; a soln. of 
s o d i u m carbonate gives a b r o w n p r e c i p i t a t e of p a l l a d o u s h y d r o x i d e so luble in 
excess , b u t r ep r ec ip i t a t ed on bo i l ing ; a n d a q . a m m o n i a g i v e s a flesh-red p r e c i p i t a t e 
of pa l l adous d i ch lo rod i ammine , [ P d ( N H s ) 2 C l 2 ] , soluble i n a n excess of a q . a m m o n i a t o 
fo rm a colourless soln. f rom wh ich h y d r o c h l o r i c ac id p r e c i p i t a t e s t h e yel low, c ry s t a l ­
l ine d i c h l o r o d i a m m i n e . A q . a m m o n i a does n o t g ive a co r r e spond ing p r e c i p i t a t e 
w i t h pa l l adous n i t r a t e , b u t f o rms a colour less soln. of t h e d i n i t r a t o d i a m m i n e . 
A soln. of po tas s ium chloride , w i t h cone , soln. , fo rms spar ing ly-so lub le , r edd i sh -
b r o w n c rys t a l s of p o t a s s i u m ch lo ropa l l ad i t e , inso luble in a lcohol , soluble i n w a t e r ; 
a m m o n i u m chloride p r o d u c e s t h e co r r e spond ing a m m o n i u m sa l t . P a l l a d i c sa l t 
soln. b e h a v e in genera l l ike soln. of p a l l a d o u s sa l t s , b u t a m m o n i u m chloride fo rms 
a spar ingly-so luble a m m o n i u m c h l o r o p a l l a d a t e , ( N H 4 ) 2 P d C l 6 . T h e r ed p r e c i p i t a t e 
is fo rmed w h e n a soln. of p a l l a d o u s ch lor ide is ox id ized b y ch lor ine w a t e r , a n d 
t r e a t e d w i th a m m o n i u m chlor ide . W . S ing l e ton r e c o m m e n d e d a s t e s t s r e a c t i o n s 
w i t h n i t r o s o n a p h t h o l , p o t a s s i u m or h y d r o g e n iodide , m e r c u r i c c y a n i d e , h e x a -
m e t h y l e n e t e t r a m i n e , a n d t h e f o r m a t i o n of P d F e C y 5 ( N O ) . A soln. of h y d r i o d i c 
ac id , or of p o t a s s i u m iodide , g ives a b lack p r e c i p i t a t e of p a l l a d o u s iodide , e v e n in 
dil . soln. of p a l l a d o u s ch lo r ide . T h e p r e c i p i t a t e is inso luble in w a t e r , a lcohol , 
e the r , a n d hyd r iod i c ac id ; b u t i t is soluble in soln. of p o t a s s i u m iodide , a n d a q . 
a m m o n i a . Accord ing t o M. B a u m a n n , t h e r eac t i on s lowly fo rms a few b lack 
flakes in a soln. w i t h 1 p a r t of p a l l a d i u m in 50,000 p a r t s of l iqu id , b u t n o t h i n g 
wi th 1 in 500,0(X) ; a n d , acco rd ing t o J . L . Las sa igne , a b r o w n co lo ra t ion occurs 
w i th 1 in 400,000. A soln. of p o t a s s i u m nitr i te p r ec ip i t a t e s , f rom n o t t o o di l . soln. , 
ye l low c rys ta l s which a re soluble in w a t e r . N e u t r a l or feebly ac id soln. g ive w i t h 
mercur i c cyan ide a ye l lowish-whi te , ge l a t i nous p r e c i p i t a t e of p a l l a d o u s c y a n i d e 
s p a r i n g l y soluble i n h y d r o c h l o r i c ac id , a n d r ead i ly soluble in p o t a s s i u m c y a n i d e 
a n d aq . a m m o n i a . N o p r e c i p i t a t e is p r o d u c e d b y p o t a s s i u m t h i o c y a n a t e , even a f te r 
t h e a d d i t i o n of s u l p h u r o u s ac id . W . N . IvanofE said t h a t a p r e c i p i t a t e is fo rmed . 
I n t h e absence of free hyd roch lo r i c ac id , s t a n n o u s chloride p roduces a b rowni sh -
b lack p r e c i p i t a t e , a n d in t h e p resence of free acid , a red soln. wh ich becomes b r o w n , 
a n d t h e n green . T h e a d d i t i o n of w a t e r c h a n g e s t h e colour t o b r o w n i s h - r e d . 
N . W . F i sche r sa id t h a t t h e l imi t of t h e r e a c t i o n is 1 p a r t of p a l l a d i u m in 100,000 
of l iquid . W . S c h m i d t , a n d F . K r a u s s a n d H . D e n e k e found t h a t ct.-nitroso-/3-
n a p h t h o l p roduces a r e d d i s h - b r o w n , v o l u m i n o u s p r e c i p i t a t e un l ike t h e case w i t h 
o t h e r p l a t i n u m m e t a l s . M. W a n d e r a n d V. T h u r i n g e r , C. W . D a v i s , a n d F . K r a u s s 
a n d H . D e n e k e found t h a t a - d i m e t h y l g l y o x i m e , a n d J . H a n u s a n d co-workers , t h a t 
b e n z o y l m e t h y l g l y o x i m e , g ives a ye l low p r e c i p i t a t e w h i c h is soluble in a m m o n i a 
a n d p o t a s s i u m c y a n i d e soln. , b u t spa r ing ly soluble in w a t e r , 50 p e r cen t , a lcohol , 
a n d dil . ac ids . P . Claesson found t h a t a yel low colour is p r o d u c e d in di l . soln. by 
a 1 pe r cen t . aq . soln. of e t h y l - m e r c a p t a n , a n d on ac id i fy ing t h e l iqu id wi th h y d r o ­
chlor ic ac id , a n d w a r m i n g , a d a r k ye l low, flocculent p r e c i p i t a t e is i m m e d i a t e l y 
formed. F . Myl ius a n d A. Mazzucche l l i a d d e d t h a t p r e c i p i t a t e s w i t h i r i d i u m , 
r u t h e n i u m , a n d o s m i u m sa l t s r e q u i r e a p r o l o n g e d h e a t i n g . F . Feigl a n d co­
worke r s found t h a t a d r o p of s i lver soln. , one d r o p of a 10 p e r cen t . soln. of p o t a s ­
s i um cyan ide , a n d one d r o p of a n a lcohol ic soln. of ^ - d i m e t h y l a m i n o b e n z y l i d e n e -
rhodan ine , acidified w i t h a d r o p of JV-HNO 3 , p r o d u c e s a v io le t co lo ra t ion sens i t ive 
a t a d i l u t i on of 1 : 500,00O. N . A . Tananaef f a n d K . A . Dologoff sa id t h a t a soln. 
of benz id ine in ace t ic ac id g ives a b lue o r g r e e n co lour i n t h e p resence of a d r o p of 
soln. c o n t a i n i n g n o t less t h a n 0-00035 m g r m . V. G. Chop l in sa id t h a t n o p r e c i p i t a t e 
is p r o d u c e d b y benz id ine w i t h p a l l a d o u s sa l t s . S. C. O g b u r n a n d A. H . R i e s m e y e r 
r e c o m m e n d e d 6 -n i troquino l ine a s a p r e c i p i t a n t . H . E r d m a n n , O. M e k o w k a , 
H . E r d m a n n a n d O. M e k o w k a ; a n d F . K r a u s s a n d H . D e n e k e found t h a t a c e t y l e n e 
p r e c i p i t a t e s f rom oxidic soln. a r e d d i s h - b r o w n flocculent p r e c i p i t a t e so luble in a q . 
a m m o n i a , p o t a s s i u m c y a n i d e , o r s o d i u m h y d r o s u l p h i t e . T h e r e a c t i o n c a n be u s e d 
for s e p a r a t i n g p a l l a d i u m f rom copper , p l a t i n u m , a n d i r i d i u m . A t 50° , f o r m i c 
ac id or s o d i u m f o r m a t e p r e c i p i t a t e s p a l l a d i u m ; a l c o h o l d o e s t h e same i n t h e 
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presence of a lkal i h y d r o x i d e ; a n d hydrazine sulphate in acidic or a m m o n i a c a l 
soln. p rec ip i t a tes pa l l ad ium. T h e m e t a l is also p rec ip i t a t ed b y cuprous chloride 
a n d su lphurous acid ; a n d mercurous nitrate a t first p roduces a b r o w n prec ip i t a t e 
a n d t h e n slowly p roduces pa l l ad ium, and , according t o N . W . Fischer , t h e reac t ion is 
sensi t ive t o 1 p a r t of p a l l a d i u m in 100,000 p a r t s of l iquid ; ferrous sulphate 
prec ip i t a t e s t h e m e t a l — a c c o r d i n g to N . W . Fischer , t h e reac t ion is sensi t ive t o 
1 p a r t of pa l l ad ium in 1000 p a r t s of l iquid. F . Feigl a n d P . K r u m h o l z observed 
t h a t if 1 c.c. of a O IiV- t o O-S-ZV-aeidic soln. be boiled w i t h 5 d rops of a 5 per cen t , 
soln. of phosphomolybdic acid, a n d t r e a t e d wi th a r ap id cu r r en t of ca rbon m o n ­
oxide , a g reen or b lue colour is deve loped b y pa l l ad ium b u t no t b y t h e o the r 
p l a t i n u m m e t a l s . R . N a k a s e k o used d imethy lg lyox ime . W . N . Ivanoff found 
s o d i u m nitroprusside forms a jel ly w i th a soln. of a pa l l ad ium salt ; a n d sod ium 
t h i o c y a n a t e , a b rown p rec ip i t a t e . 

S o m e uses Of p a l l a d i u m . — P a l l a d i u m h a s n o t been uti l ized ve ry m u c h in t h e 
a r t s ; a n a l loy wi th 62 p e r cen t , of si lver was once r ecommended for den ta l purposes ; 
a n d a l loys w i th gold h a v e been p roposed as subs t i t u t e s for p l a t i n u m for p a r t s 
of a s t ronomica l i n s t r u m e n t s ; as a coa t ing for mi r ro rs for search l ights owing t o 
t h e i r res i s tance t o a t m o s p h e r i c corrosion ; in m a k i n g den ta l a l loys ; and pa l lad ium 
leaf h a s also been e m p l o y e d in decora t ive a r t s as a whi t e mate r i a l comparab le 
w i t h gold leaf in screens a n d pane ls . P a l l a d i u m sal ts h a v e also been used in 
p h o t o g r a p h i c work . 4 

Phys io log ica l a c t i o n . — H . C-oupin 5 obse rved t h a t w a t e r con ta in ing 1 p a r t of 
p a l l a d o u s chlor ide in 500,000 p a r t s of w a t e r is tox ic t o t h e w h e a t p l a n t . 
C. G. Grmelin found t h a t p a l l a d i u m sa l t s exe r t a corrosive act ion in t h e s t o m a c h , 
b u t t h e effects a r e n o t p a r t i c u l a r l y tox ic . An inject ion of pa l l adous chlor ide 
coagu la t e s t h e blood. 
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§ 5. The Atomic Weight and Valency of Palladium 

P a l l a d i u m , l ike p l a t i n u m , fo rms a m o n o x i d e , a n d a d ich lor ide i n w h i c h t h e 
e l e m e n t is bivalent., a n d b i v a l e n t p l a t i n u m a n d p a l l a d i u m fo rm i s o m o r p h o u s sa l t s 
of t h e t y p e : K 2 [ P d C l 2 ( N O 2 J 2 ] . P a l l a d i u m also , l ike p l a t i n u m , is quadrivalent i n 
fo rming a d iox ide a n d a t e t r a c h l o r i d e . Li. W o h l e r a n d F . M a r t i n 1 de sc r ibed a 
h e m i t r i o x i d e , P d 2 O 3 , a n d c o m p l e x sa l t s w i t h p a l l a d i u m t r i ch lo r ide , e.g. 2CsCLPdCl 3 , 
in w h i c h p a l l a d i u m is tervalent. R . J . K a n e ' s c o m p o u n d s of univalent p a l l a d i u m 
h a v e n o t been es t ab l i shed , a l t h o u g h W . M a n c h o t a n d H . S c h m i d o b t a i n e d a s a l t 
of p a l l a d i u m in t h e u n i v a l e n t s t a t e . M. G e r b e r d i scussed s o m e r e l a t i ons a m o n g s t 
t h e a t . w t s . ; F . P . J . D w y e r a n d D . P . Mellor, a n d H . Re ih l en a n d W . H i i h n , 
t h e op t ica l a c t i v i t y of t h e a m m i n o - s a l t s ; a n d E . G. Cox a n d co-workers , t h e p l a n a r 
s t r u c t u r e of t h e c o m p l e x sa l t s of b iva l en t p a l l a d i u m . 

T h e e q u i v a l e n t we igh t of p a l l a d i u m is 53-5, a n d if t h i s n u m b e r be d o u b l e d for 
t h e a t . wt . , t h e r e su l t s a r e in a c c o r d w i t h (i) t h e s p . h t . ru le ; (ii) w i t h t h e IaMr of 
i s o m o r p h i s m app l i ed t o t h e i s o m o r p h i s m of t h e a lka l i ch lo ropa l l ad i t e s a n d ch lo ro -
p l a t i n i t e s , a n d t o t h e a lka l i c h l o r o p a l l a d a t e s a n d c h l o r o p l a t i n a t e s ; a n d (iii) t h e 
pos i t ion of p a l l a d i u m as t h e t e r m i n a l m e m b e r of t h e g r o u p of t r i a d s in t h e e i g h t h 
g r o u p of t h e per iod ic t a b l e , a n d in t h e s a m e v e r t i c a l l ine a s n icke l a n d p l a t i n u m 
in t h e e i g h t h g r o u p in t h e pe r iod ic t a b l e . 

I n 1826, J . J . Berze l ius ca l cu l a t ed t h e a t . w t . of p a l l a d i u m from t h e a n a l y s i s of 
t h e m o n o s u l p h i d e , a n d o b t a i n e d a v a l u e of 113*91 ; a coup le of y e a r s l a t e r , h e 
a n a l y z e d p o t a s s i u m ch lo ropa l l ad i t e a n d o b t a i n e d n u m b e r s r a n g i n g f rom 104-9 t o 
111*1. I n 1847, Q. Ic i l ius o b t a i n e d 112-05 for t h e a t . w t . , a v a l u e b a s e d o n t h e 
ana lys i s of p o t a s s i u m ch lo ropa l l ad i t e . N e a r l y all t h e s e v a l u e s a r e m u c h t o o h igh , 
poss ib ly because m e t h o d s of pur i f i ca t ion of t h e sa l t s k n o w n a t t h e t i m e w e r e 
unsa t i s f ac to ry . T h e r e su l t s a r e on ly of h i s to r ica l i n t e r e s t . P . Gorce ix d i scussed 
p a l l a d i u m a c e t y l a c e t o n a t e as a s u i t a b l e sa l t for t h e d e t e r m i n a t i o n of t h e a t . w t . of 
p a l l a d i u m . O b s e r v a t i o n s on t h e s u b j e c t we re m a d e b y K . S e u b e r t . 

T h e d e t e r m i n a t i o n of t h e r a t i o P d ( N H 3 ) 2 C l 2 b y E . H . Ke i s e r fu rn i shed 106*49 
a n d 106-51 ; E . H . Ke i s e r a n d M. B . B r e e d , 106*46 ; H . F . Ke l l e r a n d E . F . S m i t h , 
1 0 6 1 2 a n d 1 0 7 1 3 ; G. H . B a i l e y a n d T . L a m b , 105*70; A. K r e l l , 1 0 6 - 6 5 ; 
M. W o e r n l e , 106*64 a n d 106*68 ; G. I . K e m m e r e r , 106*38 ; R . A m b e r g , 106-62, 
106-65, a n d 107-31 ; a n d O. L . S h i n n , 106-70. T h e r a t i o 2AgCl : P d ( N H g ) 2 C l 2 
furn ished G. H . B a i l e y a n d T. L a m b , 106*61 ; a n d R . A m b e r g , 106*63 a n d 106*64. 
T h e r a t i o P d ( N H g ) 2 B r 2 : P d fu rn i shed P . H a a s , 106*68 ; H . G e b h a r d t , 106*67 ; a n d 
A. G u t b i e r a n d co-workers , 106*69. A . J o I y a n d E . Le id ie o b t a i n e d from t h e r a t i o 
2 K C l : P d , 105-84, 105-95, a n d 106*25 ; f rom t h e r a t i o K 2 P d C l 4 : P d , 105*70 a n d 
105-84 ; a n d f rom t h e r a t i o K 2 P d C l 4 : 2 K C l , 106*26 a n d 107*50. W . L.. H a r d i n g a v e 
f rom t h e r a t i o P d ( C 6 H 5 - N H 2 C l ) 2 : P d , 107-OO ; f r o m P d ( C 6 H 5 - N H 2 B r ) 2 : P d , 107-01 ; 
a n d f rom ( N H 4 J 2 P d B r 4 : Td, 106-94 ; G. I . K e m m e r e r o b t a i n e d f rom t h e r a t i o 
P d ( N H 3 ) ^ ( C N ) 2 : P d , 106-46. W . L.. H a r d i n a n a l y z e d s o m e c o m p l e x s a l t s ; a n d 
O. L . S h i n n cons idered t h a t p a l l a d o u s d i c h l o r o d i a m m i n e h a s n e v e r b e e n p r e p a r e d 
free f rom a m m o n i u m ch lo ropa l l ad i t e , a n d , if so , t h e a n a l y s e s of t h a t s a l t a r e affected 
b y t h e co r r e spond ing e r ro r . F . W . C la rke g a v e 106-7 for t h e b e s t representat ive 
v a l u e ; a n d t h e I n t e r n a t i o n a l T a b l e for 1935 also g a v e 106-7. 
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T h e a t o m i c n u m b e r of p a l l a d i u m is 46. F . All ison a n d E . J . M u r p h y , 2 a n d 
W . Y e h o b t a i n e d i nd i ca t i ons of t h r e e i s o t o p e s ; A. J . D e m p s t e r , s ix i so topes— 
I 0 2 , 104, 105, 106, 108, a n d 1 1 0 — a n d F . W . A s t o n , n o n e . J . H . B a r t l e t t s t u d i e d 
t h e sub j ec t . 

Acco rd ing t o F . W . A s t o n , e l e m e n t s o t h e r t h a n h y d r o g e n of o d d a t o m i c n u m b e r 
d o n o t h a v e m o r e t h a n t w o s t a b l e i so topes , b o t h of w h i c h h a v e o d d m a s s n u m b e r s 
e x c e p t i n g w i t h e l e m e n t s of o d d a t o m i c n u m b e r less t h a n 8 ; a n d t h e i so tope w i t h 
t h e h ighe r m a s s n u m b e r is a l w a y s h e a v i e r t h a n t h e l igh te r b y t w o m a s s un i t s—e .g . 
cof>per w i t h t h e a t o m i c n u m b e r 29 h a s t h e i so topes 63 a n d 65 ; a n d ga l l i um of 
m a s s n u m b e r 31 h a s t h e i so topes 69 a n d 7 1 . I n m a n y cases , t h e e l emen t of even 
a t o m i c n u m b e r p r eced ing t h e one w i t h a n o d d a t o m i c n u m b e r in t h e per iodic t a b l e 
h a s t w o miss ing i so topes of c o r r e s p o n d i n g m a s s n u m b e r . T h u s , zinc of a t o m i c 
n u m b e r 30 h a s n o i so topes 69 a n d 71 c o r r e s p o n d i n g t o t h e i so topes 69 a n d 71 of 
ga l l i um of a t o m i c n u m b e r 3 1 . H . J . W a l k e sugges t ed t h a t t h e miss ing i so topes a r e 
yS-radioactive, a n d t h a t t h e e l e m e n t s h a v e been bu i l t u p b y a process of n e u t r o n 
c a p t u r e , a n d /3-radioactivity. 

Severa l e l e m e n t s w i t h o d d a t o m i c n u m b e r a r e s ingle i so tope even w h e n t w o 
i so topes a r e miss ing f rom t h e m a s s s p e c t r u m of t h e p r e c e d i n g e l e m e n t of even 
a t o m i c n u m b e r . T h u s , r h o d i u m h a s one i so tope , 4 5 R h 1 0 3 , a l t h o u g h r u t h e n i u m h a s 
t w o i so topes , 4 4 R u 1 0 3 a n d 44RU1 0 5 miss ing f rom t h e m a s s s p e c t r u m of r u t h e n i u m . 
H . J . W a l k e t h e n sugges ted t h a t in t h e s e cases , t h e e x p e c t e d h e a v i e r i so tope 
4 5 R h 1 0 B is a lso /^- radioact ive , so t h a t t h e miss ing i so topes such as 4 4 E u 1 0 5 g ive rise 
t o t w o success ive ^ - t r a n s f o r m a t i o n s : 

4 4 R u 1 M ->- /3-rays - > 4 5 Rh 1 0 3 

44Ru1O* _^ /J-rays ->- 4 6 Rh 1 0 5 - > /9-ra.ys ->- 4 0 Pd 1 0 5 

T h e l igh te s t p a l l a d i u m i so tope is t h e n evo lved a s t h e resu l t of t h e emiss ion of 
/?-rays f rom t h e miss ing 4 5 R h 1 0 4 . T h e i so topes of t h e s e t h r e e e l emen t s a re t h e n 
r e l a t ed in a c c o r d w i t h 

Ruthenium (44) . 96, 98, 99, K)O, 101, 102, . . . , 104, . . . 

Rhodium (45) . 103 

Pal ladium (46) . . 104, 105, 106 

I . Kour tschatofE a n d co-workers b o m b a r d e d r u t h e n i u m w i t h slow n e u t r o n s , 
a n d c o n c l u d e d t h a t b o t h t h e a b o v e r eac t i ons occur , whi ls t E . F e r m i a n d co-workers 
o b s e r v e d yS-radioactivity co r r e spond ing t o t h e a b s o r p t i o n of slow n e u t r o n s b y 
r h o d i u m d u e t o 45RI11 0 4 . I I . J . W a l k e also worked o u t s imi lar i sotopic re la t ions 
for t h o r i u m , p r o t o a c t i n i u m , a n d u r a n i u m . 

N e i t h e r E . R u t h e r f o r d a n d J . Chadwick , n o r U . P e t t e r s s o n a n d G. K i r s c h 
o b s e r v e d t h e a t o m i c d i s r u p t i o n of p a l l a d i u m w h e n b o m b a r d e d b y ct-rays ; b u t 
G. "Kirsch found t h a t d i s i n t e g r a t i o n does occur . T h e e l e c t r o n i c s t r u c t u r e , acco rd ­
i n g t o N . B o h r , a n d E . C. S t o n e r , is (2) for t h e K - s h e l l ; (2, 2, 4) for t h e L-shel l ; 
(2, 2, 4 , 4 , 6) for t h e M - s h e l l ; (2, 2, 4, 4, 4) for t h e N-shel l ; a n d (2) for t h e O-shell . 
T h e s u b j e c t w a s d i scussed b y M. K a h a n o v i c z , H . Pe r l i t z , P . D . F o o t e , E . F e r m i , 
P . R a y , A . F . R i c h t e r , W . H u l m e - R o t h e r y , S . K a t o , P . G. K r u g e r a n d W . E . S h o u p p , 
A . E . v a n Arke l a n d J . H . d e Boe r , H . Lesshe im a n d R . S a m u e l , C. D . N i v e n , 
G. I . P o k r o w s k y , a n d H . J . W a l k e . 
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45. 847, 1 9 3 4 ; N . Bohr , Nature, 112. Suppl . , 1923 ; Zeit. Physik, 9. 1, 1922; A. J . Demps te r , 
Nature, 186. 65, 1935 ; E . F e r m i , Nature, 184. 25, 1934 ; E . F e r m i , E . Amaldi , O. d 'Agost ino , 
F . R a s e t t i a n d E . Segre, Proc. Roy. Soc., 159. A, 522, 1935 ; P . D. Foo te , Trans. Amer. Inst. 
Min. Eng., 73. 628, 1926 ; W. H u l m e - R o t h e r y , Phil. Mag., (7), 10. 217, 1930 ; H . Lessheim 
a n d R. Samuel , Zeit. Physik, 42. 614, 1927 ; M. K a h a n o v i e z , AtIi Accad. JLincei, (6), 8. 584, 
1928 ; S. K a t o , Bull. Inst. Phys. Chem. Research Tokoyo, 18. 63 , 193O ; G. Ki r sch , Naturwiss., 
2>\. 332, 1933 ; T. Kourtschatoff , L. Nemenoff a n d I . Selinoff, Compt. Rend., 200. 2162, 1935 ; 
P . G. K r u g e r a n d W. E . Shoupp , Phys. Rev., (2), 46. 124, 1934 ; C. X). Nivon, Phil. Mag., (7), 
3 . 1314, 1927 ; H . Per l i tz , Metallwirtschaft, 12. 103, 1933 ; H . Pe t t e r s son a n d G. Ki r sch , Atom-
zertrummerung, Leipzig, 1926 ; P . R a y , Zeit. anorg. Chem., 174. 187, 1928 ; G. I . Pok rowsky , 
Zeit. Physik, 57. 566, 1929 ; A. F . R ich te r , Zeit. phys. Chem., 135. 444, 1928 ; E . R u t h e r f o r d 
a n d J . Chadwiok, Nature, 107. 4 1 , 1921 ; 113. 457, 1924 ; Proc. Phys. Soc., 36. 417, 1924 ; PhU. 
Mag., (6), 42. 812, 1921 ; E . Ru the r fo rd , J . Chadwick a n d C. 1>. Ellis, Radiations from Radio­
active Substances, Cambr idge , 1930 ; E . C. S toner , Phil. Mag., (6), 48. 719, 1924 ; H . J . Walke , 
Phil. Mag., (7), 17. 1176, 1 9 3 4 ; (7), 18. 795, 1 9 3 4 ; (7), 19. 33 , 341, 1 9 3 5 ; (7), 20. 25, 1935 ; 
(7), 21 , 262, 1936 ; W. Y e h , Compt. Rend., 199. 62, 1934. 

§ 6. Intermetallic Compounds and Alloys of Palladium 
G. Tammann x examined the sodium-palladium alloys and found t ha t the 

reduction of the f.p. of palladium by the dissolution of 0-56, 1-54, 2-22, and 3-34 
grms. of sodium in 100 grms. of palladium was, respectively, 0-07°, 0-26°, 0-31°, 
and 0-40°. P . G. Ehrha rd t observed t h a t the lithium-palladium alloy is harder 
than palladium alone. 

N. W. Fischer prepared copper-palladium alloys and noted t h a t combustion 
occurs without the evolution of light and heat . 
W. J . Cock observed t h a t an alloy with 20 per cent, of 
palladium is white and ductile. C. H . Anderson pre­
pared alloys with 40 per cent, of copper. Ti. Graf made 
single crystals of the alloy ; R. Chenevix, t h a t a 5O per 
cent, alloy is yellowish-grey, bri t t le , and has a sp. gr. of 
10-392 ; and E . D. Clarke, t h a t the 50 per cent, alloy, 
prepared in the oxyhydrogen flame, takes a high polish, 
and is easily filed. R. F . Mehl calculated the internal press. 
The alloys are malleable and ductile. G. Na t t a , and 
C. Matano studied the diffusion of palladium in copper. 
R. Ruer found t h a t the f.p. curve falls regularly from the 
m.p. of palladium, 1541°, to 1084°, the m.p . of copper. 
The curve, Fig. 11, for alloys rich in copper is nearly 
horizontal. There is no evidence of chemical combina­

tion, and the two elements form a complete series of solid soln. There are dis­
turbances due to supercooling. J . A. M. van Liempt, R. Taylor, and G. Borelius 
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a n d co-workers also i n v e s t i g a t e d t h e equ i l i b r ium d i a g r a m . T h e r e is a comple t e 
series of solid soln. Accord ing t o R . R u e r , w h e n a l loys w i t h 30 t o 70 pe r cen t , of 
c o p p e r a r e e t c h e d w i t h di l . a q u a regia , s lender ac icu la r 
c rys t a l s a p p e a r . T h e p r o p o r t i o n of t he se c r y s t a l s is n o t 
a p p r e c i a b l y a l t e r ed b y h e a t i n g t h e a l loy for 2 h r s . a t 
1500°, or a t 1180°, a n d t h e p r o p o r t i o n does n o t a t t a i n a 
m a x i m u m w i t h a n a l loy of defini te compos i t ion so t h a t 
t h e y d o n o t i nd i ca t e t h e f o r m a t i o n of a definite com­
p o u n d . Al loys w i t h u p t o 90 p e r cen t , of p a l l a d i u m 
h a v e t h e s t r u c t u r e of coppe r ; t h o s e w i t h 10 p e r cen t , 
of p a l l a d i u m a re red , a n d t h o s e w i t h o v e r 2O p e r cen t , 
a r e w h i t e . A. J . B r a d l e y , a n d W . N o w a c k i d iscussed 
t h e X - r a d i o g r a m s . H . R o h l s t u d i e d t h e e las t ic p rope r t i e s 
of t h e C u 3 P d , a n d C u P d a l loys ; E . E . H a l l s , t h e h a r d n e s s ; 
R . F . Mehl , t h e i n t e r n a l p res su res ; a n d C. H . J o h a n s s o n , 
t h e t h e r m a l expans ion . S. Holge r s son a n d E . S e d s t r o m 
found ev idence of t h e f o r m a t i o n of pa l l ad ium cupride, 
P d C u . T h e cubic l a t t i ces of a l loys w i t h less t h a n 39*7 
a n d ove r 49-8 a t . pe r cen t , of p a l l a d i u m a re face-cen t red , a n d those b e t w e e n these 
p r o p o r t i o n s a r e b o d y - c e n t r e d . T h e p a r a m e t e r s ax 10 8 , a n d t h e sp . gr . , a re : 
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O b s e r v a t i o n s were; m a d e b y J . O. L i n d e , C. I I . J o h a n s s o n , a n d L . N o w a c k . 
V. Deh l inge r s t u d i e d t h e e lec t ronic s t r u c t u r e . W . Bi l tz a n d F . We ibke discussed 
t h e v o l u m e re la t ions of t h e c o n s t i t u e n t s in fo rming t h e al loy. Accord ing to R. Rue r , 
t h e a l loys a r e r a t h e r h a r d e r t h a n t h e m e t a l s t h e m s e l v e s , a n d t h e h a r d n e s s is a 
m a x i m u m wi th a l loys c o n t a i n i n g e q u a l p a r t s of coppe r b y weigh t . E . S e d s t r o m ' s 
va lues for t h e t h e r m a l c o n d u c t i v i t y a t 50° , expressed in w a t t s pe r cm. p e r degree , 
a n d for t h e electr ical res i s tance of a cm. c u b e in 
o h m s X 10 6 a t 50° , a r e s h o w n in F ig . 13 ; E . Gri ineisen 
a n d H . R e d d e m a n n , H . J . S e e m a n n , a n d A. Schulze 
m a d e o b s e r v a t i o n s on t h e sub jec t ; a n d T. J . P o p -
p e m a a n d F . M. J a g e r s t ud i ed t h e mol . h t s . 
F . E . C a r t e r found t h a t t h e e lect r ical res i s tance is 
less t h a n w i t h t h e c o p p e r - p l a t i n u m a l loys—al loys 
w i t h 20 a n d 30 p e r cen t , of coppe r h a v e t h e re­
spec t ive res i s tances 270 a n d 250 o h m s p e r mil l ion 
ft . T h e sub jec t w a s s t u d i e d b y D . S tockda le , 
N . F . M o t t , a n d B , Svensson . E . S e d s t r o m ' s va lues 
for t h e t he rmoe lec t r i c force, i £ x l 0 — 6 vo l t s p e r 
degree , of couples w i t h t h e a l loys aga in s t copper a t 
0° a n d a t 100° a r e s u m m a r i z e d in F ig . 14. I n all 
cases , t h e s ingular i t ies in t h e cu rves i nd i ca t e t h e p r e ­
sence of a c o m p o u n d , a n d H . J . S e e m a n n , N . F . M o t t , 
B . Svensson , E . Vogt , a n d E . V o g t a n d H . Kr i ige r s t u d i e d t h e m a g n e t i c p roper t i e s 
of t h e a l loys . L . N o w a c k found t h a t t h e r a n g e of chemica l a c t i v i t y of t h e solid 
soln. of pa l l ad ium-coppe r a l loys is 0-22 mol . f rac t ion of p a l l a d i u m for soln. of p o t a s ­
s i u m ^>r a m m o n i u m su lph ide , a n d si lver s u l p h a t e o r n i t r a t e ; a n d 0*28 mol . f rac t ion 
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for soln. of p o t a s s i u m or s o d i u m h y d r o x i d e , alcoholic soln. of picr ic ac id , pa l l a ­
d i u m chlor ide , mercur ic or m e r c u r o u s n i t r a t e , a n d mercur i c chlor ide . A n o d i c 
evo lu t ion of oxygen occurs w i t h a l loys w i t h 1-0 t o 0-28 mol . of p a l l a d i u m . T h e 
vo l t age a t which a s t r onge r a n d c o n t i n u o u s oppos ing c u r r e n t flows is t h e s a m e 
for a l loys w i t h u p t o hal f a mol . of p a l l a d i u m . T . G r a h a m obse rved t h a t a n a l loy 
w i t h one of p a l l a d i u m a n d six of coppe r is duc t i l e a n d mal leab le , b u t does n o t 
occlude h y d r o g e n ; a n d s imi lar r e m a r k s a p p l y t o t h e a l loy w i t h 50 p e r cen t , of 
copper . T h e sub jec t w a s discussed b y L . N o w a c k , G. T a m m a n n , a n d E . M. Wise 
a n d co-workers . E . F . K i n g s b u r y used t h e a l loy for e lectr ical c o n t a c t s ; a n d 
C. A. Pa i l l a rd , for n o n - m a g n e t i z a b l e a l loys for w a t c h e s . 

N . W . F i sche r p r e p a r e d s i lver-pal ladium a l loys , a n d obse rved t h a t t h e a l loys 
a r e fo rmed w i t h o u t t h e evo lu t ion of l igh t or h e a t ; G. G r u b e a n d D . Beischer s t u d i e d 
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t h e e lec t rodepos i t ion of t h e a l loys ; a n d R . Chenev ix obse rved t h a t a n a l loy w i t h 
50 p e r cen t , of p a l l a d i u m is h a r d e r t h a n si lver, softer t h a n i ron , a n d h a s a sp . gr . 
of 11-29. G. N a t t a , a n d W . J o s t s t u d i e d t h e r a t e of diffusion of p a l l a d i u m in si lver . 
R . R u e r observed t h a t t h e f .p. of t h e a l loys falls r egu la r ly f rom 1541°, t h e m . p . of 
p a l l a d i u m , t o 961-5°, t h e m . p . of si lver, a n d t h e c u r v e is s l ight ly concave t o t h e 
c o n c e n t r a t i o n ax is . T h e m e t a l s fo rm a c o m p l e t e series of solid soln. , w i t h o u t a n y 
ind i ca t i on of chemica l c o m b i n a t i o n . Li. Ta r sh i sh , a n d E . K o r d e s s t u d i e d t h e solid 
soln. I J . W . M c K e e h a n obse rved t h a t t h e m e t a l s a n d t h e a l loys h a v e face-cen t red , 
cubic l a t t i ces w i t h t h e p a r a m e t e r a, a l inea r func t ion of t h e a t . pe r cen t , of e i t he r 
c o m p o n e n t . T h u s , for cold-rol led a n d a n n e a l e d a l loys : 
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T h e va lue s of a, a r e r a t h e r l a rger for t h e cold-rol led a l loys . T h e va lue s for t h e sp . gr . 
a r e he re inc luded . F . Kr i i ge r a n d A. S a c k l o v s k y n o t e d t h a t t h e e x p a n s i o n of t h e 

l a t t i c e b y s a t u r a t i o n w i t h h y d r o g e n is n e a r l y t h e s a m e 
for al l t h e solid soln. ; a n d t h e l a t t i c e s a t u r a t e d w i t h 
h y d r o g e n h a s a a b o u t 4-0 A. J . W e e r t s , a n d W . S tenze l 
a n d J . W e e r t s o b s e r v e d t h a t t h e l a t t i c e p a r a m e t e r a of 
t h e f ace -cen t red cub ic l a t t i ce is a l m o s t a l inear func t ion 
of t h e c o m p o s i t i o n ; t h e m a x i m u m c o n t r a c t i o n in a is 
0-007 A. w i t h a 1 : 1 a l loy , F i g . 12. L . N o w a c k , a n d 
JJ. W . M c K e e h a n s t u d i e d t h e sub jec t . L*. Gra f found 
t h a t t h e r e is a t r a n s f o r m a t i o n f rom a- t o /?-phases w i t h 

a l loys h a v i n g 40 t o 50 a t o m i c pe r cen t , of p a l l a d i u m . A . O s a w a obse rved t h a t t h e 
effect of h y d r o g e n a t i o n is t o e x p a n d t h e l a t t i c e c o n s t a n t of t h e s i lve r -pa l l ad ium 
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a l loys 3*6 t o 3-87 p e r cen t . ; t h e m a x i m u m a b s o r p t i o n of h y d r o g e n occurs w i t h 
a l loys h a v i n g 7O p e r cen t , of p a l l a d i u m . T h e sub jec t w a s s t u d i e d b y F . Kr i ige r 
a n d G. G e h m . R . ISTubel i n v e s t i g a t e d t h e t h e r m a l e n e r g y of t h e a l loys . R . R u e r 
o b s e r v e d t h a t t h e h a r d n e s s of t h e a l loys lies b e t w e e n t h a t of t h e c o m p o n e n t s , a n d 
inc reases w i t h t h e p r o p o r t i o n of p a l l a d i u m . F . B . C a r t e r found t h e Br ine l l ' s h a r d ­
ness , H, a n d E r i c sen ' s d u c t i l i t y t e s t in m m . , t o be : 
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W . Geibel m e a s u r e d t h e tens i le s t r e n g t h in k g r m s . of -wires 1 m m . d i a m . , a n d t h e 
r e su l t s a r e s u m m a r i z e d in F i g . 17 ; t h e r e is a m a x i m u m w i t h 50 pe r cen t , of si lver. 
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J . A. M. v a n L i e m p t , a n d J . D e j m e k s t u d i e d t h e a l loys . G. W e r t h e i m m a d e 
o b s e r v a t i o n s on t h e e l a s t i c i t y of t h e a l loys . C. H . J o h a n s s o n s tud ied t h e 
t h e r m a l e x p a n s i o n ; J . S c h n i e d e r m a n n , t h e pho toe lec t r i c effect a n d t h e t h e r m o ­
elec t r ic effect w i t h t h e a l loys ; a n d R . Glocker , t h e X - r a y s p e c t r u m . R . F . Mehl 
c a l cu l a t ed t h e i n t e r n a l press , of t h e a l loys . G. Ba ie r sdo r f s t u d i e d t h e s p e c t r u m 
ana lys i s . T h e e lect r ical conduc t iv i t i e s a t 0° , F i g . 18, h a v e m i n i m a w i t h a b o u t 40 pe r 
cen t , of s i lver ; a n d l ikewise a lso w i t h t h e t e m p , coeff. of t h e conduc t iv i t i e s b e t w e e n 
0° a n d 160°. F . Kr i i ge r a n d A. E h m e r m e a s u r e d t h e pho toe l ec t r i c sens i t iveness 
of t h e a l loys . J . D e w a r a n d J . A. F l e m i n g , B . Svensson , J . MacGregor a n d 
C G. K n o t t , A. Ma t th i e s son , N . F . M o t t , E . Vogt , a n d H . J . 8 e e m a n n also s t u d i e d 
t h e electr ical c o n d u c t i v i t y of t h e a l loys ; a n d R . S iever t s 
a n d H . H a g e n , t h e effect of h y d r o g e n on t h e res i s tance . 
Li. N o w a c k found t h a t w i t h a l loys h a v i n g 1-0 t o 0-48 
mol . p r o p o r t i o n of p a l l a d i u m , t h e vo l t age a t which a 
s t r o n g e r a n d c o n t i n u o u s oppos ing c u r r e n t flows is t h e 
s a m e for a l loys w i t h u p t o 0-48 mol . pa l l ad ium. 
G. S c a t c h a r d a n d W . J. Ha-mer s tud ied t h e chemical 
p o t e n t i a l s of solid a n d l iqu id soln. of P d - A g . W . Geibel ' s 
v a l u e s for t h e t h e r m o e l e c t r i c force a g a i n s t p l a t i n u m in 
mi l l ivol t s a r e s u m m a r i z e d i n F i g . 19 ; a n d t h e t h e r m o ­
elect r ic forces of t h e different a l loys in mi l l ivol ts a r e 
s u m m a r i z e d in F i g . 20 . W . B r o n i e w s k y , J . Schne ider -
m a n n , A . W . S m i t h , E . v a n Aube l , J . MacGregor 
a n d C. G. K n o t t a lso m e a s u r e d t h e t h e r m o e l e c t r i c 
p r o p e r t i e s of t h e a l loys . R . Ni ibel found t h a t t h e 
t h e r m o e l e c t r i c force of a wi re of pa l l ad ium-s i lve r a g a i n s t a s imi la r wire cha rged 
w i t h h y d r o g e n a t t a i n s a m a x i m u m of 35 X 1 O - 6 v o l t p e r degree w i th 40 p e r cen t . 
of s i lver . T h e d i rec t ion of t h e c u r r e n t w i t h a l loys c o n t a i n i n g u p t o 90 p e r cen t . 
of s i lver is t h e s a m e as i t is w i t h p a l l a d i u m w i r e s — p a l l a d i u m nega t ive . J . W o r t -
mann, a n d E . v a n A u b e l s t u d i e d t h e H a l l effect ; a n d B . Svensson , E . Vogt , a n d 
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N . F . M o t t , t h e m a g n e t i c p r o p e r t i e s of t h e a l loys . T. G r a h a m obse rved t h a t a n 
a l loy w i t h 55*6 p e r cen t , of c o p p e r a b s o r b s 20 t i m e s i t s vo l . of h y d r o g e n a t a du l l 
r e d - h e a t ; a n a l loy w i t h 66 p e r cen t , of p a l l a d i u m a b s o r b s 411 t i m e s i t s vo l . 
of h y d r o g e n , a n d t h e r e b y e x p a n d s 4-97 p e r cen t , so t h a t i t s sp . gr . is 11*45. 
A . S iever t s a n d co-workers found t h a t for t e m p , b e t w e e n 138° a n d 820°, a n d a t 
a t m . p ress , d o w n w a r d s , t h e so lub i l i ty of h y d r o g e n is p r o p o r t i o n a l t o t h e sq . r o o t 
of t h e p ress . A l t h o u g h h y d r o g e n is v i r t u a l l y inso lub le i n s i lver , t h e a d d i t i o n 
of s i lver t o p a l l a d i u m g r e a t l y inc reases t h e so lub i l i ty u n t i l a m a x i m u m is r e a c h e d 
for all t e m p , w i t h 40 p e r cen t , of s i lver ; w i t h m o r e s i lver , t h e so lub i l i ty r a p i d l y 
d imin i shes a s i n d i c a t e d in F i g . 2 1 . A t 138°, a n a l l oy w i t h 40 p e r cen t , s i lver d i s ­
solves m o r e t h a n four t i m e s a s m u c h h y d r o g e n a s is t h e case w i t h p a l l a d i u m , a n d 
t h e so lub i l i ty b e c o m e s zero w i t h 70 p e r c e n t , of s i lver . T h e r e l a t i v e inc rease of 
so lub i l i ty in t h e case of a n a l loy w i t h 40 pe r cen t , of s i lver inc reases w i t h fal l ing 
t e m p , u n t i l 270°, b u t d imin i shes a s t h e t e m p , falls fu r the r . I f >Spa d e n o t e s t h e 

so lubi l i ty of h y d r o g e n in 100 g r m s . of p a l l a d i u m ; a n d Sanoy, t h e so lub i l i ty of 
h y d r o g e n in 100 p a r t s of a l loy , 100(&auoy—Sj?a)/Sj>a d e n o t e s t h e p e r c e n t a g e solu­
b i l i ty of h y d r o g e n in t h e a l loy , F i g . 2 1 . G. R o s e n t h a l obse rved t h a t t h e 
pa l l ad ium-s i lve r -hydrogen a l loys h a v e a face-cen t red cub ic l a t t i c e w i t h t h e c o n s t a n t 
v a r y i n g w i t h compos i t ion . T h e m a x i m u m so lub i l i ty of h y d r o g e n occurs w i t h p u r e 
p a l l a d i u m . O b s e r v a t i o n s w e r e a lso m a d e b y G. Bore l ius , A . Coehn a n d H . B a u m -
g a r t e n , A. S. G r i n s b e r g a n d A . P . Ivanoff , F . K r i i g e r a n d A. S a c k l o v s k y , 
L . N o w a c k , R . N u b e l , A. O s a w a , W . R o s e n h a i n , O. S c h m i d t , G. T a m m a n n , 
J . S p a n n e r , a n d E . M. W i s e a n d co -worke r s . G. T a m m a n n s t u d i e d t h e ca t a ly s i s 
of e l ec t ro ly t i c gas b y p a l l a d i u m - s i l v e r a l loys . E . M. W i s e p r e p a r e d p a l l a d i u m -
silver-copper alloys. 

N . W . F i s c h e r p r e p a r e d g o l d - p a l l a d i u m a l loys , a n d f o u n d t h a t t h e a l loy ing 
occurs w i t h o u t t h e evo lu t ion of l i gh t o r h e a t . R . C h e n e v i x f o u n d t h a t t h e a l loy 
w i t h 50 p e r c e n t , of gold is g rey , a s h a r d a s b a r - i r o n , less d u c t i l e t h a n e i t h e r c o m -
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p o n e n t , coarse-gra ined, a n d w i t h a sp . gr . 11-079 ; W . J . Cock found a n al loy w i t h 
80 pe r cen t , of gold is wh i t e , h a r d , a n d duc t i le ; a n d W . H . Wol l a s ton , t h a t a n 
al loy w i t h P d : A u = I : 6 b y weight , is n e a r l y wh i t e . K . F i schbeck , A . J ede l e , 
a n d W . J o s t s tud ied t h e r a t e of diffusion of p a l l a d i u m in gold. F . E . Ca r t e r sa id 
t h a t t h e h igh m .p . , t h e non-oxid izab i l i ty , a n d t h e chemica l 
s t ab i l i t y of t h e a l loys h a s b e e n app l ied i n t h e p r o d u c t i o n 
of l a b o r a t o r y w a r e w i t h a l loys h a v i n g t r a d e - n a m e s 
palau, rhotanium, a n d palorium. T h e ea r ly white-gold 
alloys u sed in jewel lery were go ld -pa l l ad ium al loys , b u t 
t h e y h a v e been rep laced b y gold-nickel a l loys wh ich a re 
h a r d e r a n d whi te r . H . S. W a s h i n g t o n used a n 80 pe r 
cen t , gold al loy for crucibles ; a n d H . L i m b o u r g used a n 
a l loy of 75 t o 85 p e r cen t , of gold, IO t o 15 pe r cen t , of 
p a l l a d i u m , a n d 2*5 t o 10 p e r cen t , of p l a t i n u m as a 
s u b s t i t u t e for p l a t i n u m . O. Feussner , a n d L . S. R a i n e r 
s t ud i ed t h e gold-coloured a l loys ; a n d E . M. Wise a n d 
J . T. E a s h , t h e p a l l a d i u m d e n t a l a l loys . Accord ing t o 
K. R u e r , t h e f.p. c u r v e falls con t inuous ly f rom t h e m . p . 
of p a l l a d i u m , 1641°, t o 1064°, t h e m . p . of gold, a n d i t 
is concave t o t h e ax i s of compos i t ion . T h e m e t a l s fo rm a con t i nuous series of 
solid soln. , a n d t h e r e is n o i n d i c a t i o n of chemica l c o m b i n a t i o n . T h e a l loys w i th 
ove r 10 pe r cent , of p a l l a d i u m a r e w h i t e . T h e r e is n o t e n d e n c y for t h e al loys 
t o segrega te . J . A . M. v a n L i e m p t , a n d Li. Ta r sh i sh s t ud i ed t h e a l loys. 
S. Ho lge r s son a n d E . S e d s t r o m found t h a t t h e l a t t i ce is a face-centred cube wi th 
t h e p a r a m e t e r a X 10~~8, a n d s p . gr . : 
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T h e c u r v e for t h e p a r a m e t e r , a, is s m o o t h a n d c o n v e x t o t h e compos i t ion axis . 
W . S tenze l a n d J . W e e r t s a lso found t h a t t h e l a t t i ce 
p a r a m e t e r a is a l inear func t ion of t h e compos i t ion . 
O b s e r v a t i o n s were m a d e b y W . C. P h e b u s a n d 
F . C. B l a k e , a n d H . M u n d t . J . W e e r t s found t h e 
d imens ions of t h e p a r a m e t e r s of t h e face-cent red 
cub ic l a t t i ce of t h e a l loys s h o w n in F ig . 2 3 . H . R o h l 
s t u d i e d t h e elast ic p rope r t i e s of these a l loys . Accord­
ing t o R . R u e r , t h e h a r d n e s s of t h e a l loys increases 
w i t h increas ing p r o p o r t i o n s of p a l l a d i u m u p t o 70 
p e r cen t . , b e y o n d which t h e h a r d n e s s decreases . 
R . F . Mehl s t u d i e d t h e i n t e r n a l p ress . F . E . Ca r t e r 
g a v e for Br ine l l ' s h a r d n e s s , H, E r i c sen ' s duc t i l i t y t e s t in m m . , a n d t h e res i s tance , 
R o h m s p e r mil l ion ft. : 

Gold 
„ f H a r d . 

\ A n n e a l e d 
!Ductil i ty 
Ii . 

O. H . J o h a n s s o n s t u d i e d t h e t h e r m a l expans ion ; a n d E . Gri ineisen a n d 
H . l i e d d e m a n n , t h e t h e r m a l c o n d u c t i v i t y . W . Geibel ' s r e su l t s for t h e tensile 
s t r e n g t h , in k g r m s . , of wires 1 m m . in d i a m e t e r a r e s u m m a r i z e d in F ig . 24 ; his 
r esu l t s for t h e electr ical c o n d u c t i v i t y X 10 4 a t 0° , t h e t e m p , coeff. of t h e conduc t iv i t y 
be tween 0° a n d 160° a r e s h o w n in F ig . 25 ; a n d for t h e the rmoelec t r i c force in 
mi l l ivol t s a g a i n s t p l a t i n u m a t 1000°, in F i g . 26 . J . O. L inde discussed t h e 
a t o m i c res i s tance ; A. S iever t s a n d H . H a g e n , t h e effect of hydrogen on t h e 
electr ical res i s tance ; a n d W . J o s t a n d R . L inke , t h e electrolysis of t h e solid alloy. 
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T h e effect of t e m p , on t h e the rmoe lec t r i c force is s u m m a r i z e d i n F i g . 27 . 
J . W o r t m a n n , a n d E . v a n A u b e l s t u d i e d t h e H a l l effect ; J . S c h n i e d e r m a n n , t h e 
the rmoe lec t r i c a n d t h e pho toe lec t r i c effect w i t h t h e a l loys ; a n d N . F . M o t t , t h e 
electr ical conduc t iv i ty , a n d t h e m a g n e t i c suscep t ib i l i ty . S o m e o b s e r v a t i o n s were 
m a d e b y I J . H o l b o r n a n d A. L . D a y . A . D . v a n R i e m s d y k obse rved t h a t t h e 
a l loys exh ib i t flashing d u r i n g cupe l l a t ion . B . Svensson , a n d E . V o g t d iscussed 
t h e m a g n e t i c p rope r t i e s of t h e go ld -pa l l ad ium a l loys . Acco rd ing t o T. G r a h a m , 
a n al loy w i t h 75*21 p e r cen t , of p a l l a d i u m h a s a sp . gr . 13*1, a n d i t a b s o r b s 
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464 t i m e s i t s vol . of h y d r o g e n w h e n used a s c a t h o d e in t h e elect rolys is of 
a c i d u l a t e d wa te r . I t t h e r e b y e x p a n d s 5-83 p e r c e n t . A . J . B e r r y m e a s u r e d t h e 
re la t ion b e t w e e n t h e p r o p o r t i o n of occ luded h y d r o g e n a n d of gold i n t h e 
al loys . A . S iever t s a n d co-workers o b s e r v e d t h a t b e t w e e n 138° a n d 820° , t h e 
solubi l i t ies for press , be low 1 a t m . a r e p r o p o r t i o n a l t o t h e sq . roo t of t h e press . 
T h e a d d i t i o n of gold t o p a l l a d i u m first inc reases a n d t h e n d imin i shes t h e h y d r o g e n 
so lub i l i ty u p t o a m a x i m u m . T h e m a x i m u m occurs a t lower c o n c e n t r a t i o n s of 
gold, t h e h ighe r t h e t e m p . , F i g . 28 , u n t i l , a t 827° , a n y a d d i t i o n of gold lowers t h e 

so lubi l i ty . T h e sub j ec t w a s s t u d i e d b y F . KLrUger a n d 
E . N a h r i n g , a n d E . N a h r i n g ; a n d G. T a m m a n n e x a m i n e d 
t h e c a t a l y t i c effect of t h e a l loy on e lec t ro ly t i c ga s . 
I i . Quennes sen s t u d i e d t h e a t t a c k b y caus t i c a lka l ies . 
F . A. F a h r e n w a l d , H . S. W a s h i n g t o n , P . N i c o l a r d o t a n d 
C. C h a t e l o t , L . Quennes sen , a n d L . J . Grurevich a n d 
E . W i c h e r s d i scussed t h e use of al loys of p a l l a d i u m 
a n d gold a s s u b s t i t u t e s for p l a t i n u m — v i d e supra. 
E . M. Wise a n d co-workers s t u d i e d d e n t a l a l loys con ­
t a i n i n g gold a n d p a l l a d i u m . J . J . Berze l ius d i scussed t h e 
n a t i v e t e r n a r y a l loy of g o l d - p a l l a d i u m - s i l v e r a l l o y ca l led 
porpizite—vide supra—P. D. Merica, palladium-gold-
copper a l l o y s ; I*. Nowack, the gold-palladium-zinc 
a l l o y s ; a n d W . F r a n k e l a n d A. S t e r n , t h e g o l d - p a l l a d i u m -
n i c k e l a l l o y s . E . D . C la rke o b t a i n e d a b a r i u m - p a l l a d i u m 
a l l o y before t h e o x y h y d r o g e n flame. T h e s i lve r -whi t e 

a l loy acqu i r e s a film of ox ide a f te r 24 h r s . ' e x p o s u r e . W . R . E . H o d g k i n s o n 
a n d co-workers p r e p a r e d a m a g n e s i u m - p a l l a d i u m a l l o y b y pass ing t h e v a p o u r of 
m a g n e s i u m over h e a t e d p a l l a d i u m . N . W . F i s c h e r obse rved t h a t t h e f o r m a t i o n of 
z i n c - p a l l a d i u m a l l o y s is a t t e n d e d b y t h e evo lu t ion of l igh t a n d h e a t . T h e alloy 
is b r i t t l e . W . R . E . H o d g k i n s o n a n d co-worker s p r e p a r e d t h e z inc a l loy b y 
p a s s i n g t h e v a p o u r of zinc o v e r h e a t e d p a l l a d i u m . A . W e s t g r e n , W . E k m a n , 
A . J . B r a d l e y , a n d W . E . S c h m i d d iscussed t h e X - r a d i o g r a m s . H . S t . C. Dev i l l e a n d 
H . D e b r a y obse rved t h a t di l . a n d co ld -hydroch lo r i c ac id d isso lves al l t h e z inc a n d 
l eaves t h e p a l l a d i u m ; a n d N . W . F i s c h e r o b s e r v e d t h a t s o m e p a l l a d i u m pas se s i n t o 
so ln . L . N o w a c k s t u d i e d t h e age h a r d e n i n g of t h e rf t l ln^intn-gf t lH-ginn a l loys* 
W . R . E . H o d g k i n s o n a n d co-workers p r e p a r e d a tf^a^lfTiimrw-pftllft^iiTnyi a l l o y b y 
p a s s i n g t h e v a p o u r of c a d m i u m ove r h e a t e d p a l l a d i u m . C. **T. H e y cock a n d 
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F . H . Neville s tud ied t h e lowering of t h e f.p. of c a d m i u m b y pa l lad ium. The 
occurrence of pal ladium a m a l g a m , as t h e minera l poterite, was discussed b y 
L. J . Spencer—vide supra, t h e occurrence of pa l lad ium. W . H . Wol las ton ob ta ined 
mercury-pa l l ad ium alloys b y ag i ta t ing t h e aq . soln. of a pa l l ad ium sal t wi th a n 
excess of mercu ry ; J . J . Berzel ius added t h a t if t h e pa l l ad ium salt be in excess, 
t h e grey powder which is p roduced conta ins P d 2 H g , a n d does n o t give u p i ts 
mercu ry a t a red-heat , b u t only when hea ted t o whiteness . The ama lgam can be 
ob ta ined b y t r i t u r a t i n g t h e freshly-prepared, and finely-divided pa l lad ium wi th 
mercury . Union occurs w i th t h e evolut ion of hea t , and sometimes wi th a n 
explosion. The pa l l ad ium becomes less ac t ive after i t has been exposed t o air . 
P . Casamajor ob ta ined t h e a m a l g a m b y placing pa l lad ium in con tac t wi th mercury , 
a n d a zinc rod, a n d cover ing t h e m wi th ac idula ted water . Gr. Langer p r epa red 

palladium a m a l g a m hydrosol wi th sodium proba lb ina te a n d lysalbinate as pro­
tec t ive colloids. The a m a l g a m has been used as a filling for tee th . H . D e b r a y , 
and C Margot p r epa red some a luminium-pal ladium alloys. 

H . St . C. Deville a n d H . D e b r a y prepared a t in-pal ladium alloy ; and 
C. T. Heycock a n d F . H . Nevil le s tud ied t h e ac t ion of pa l lad ium on the f.p. of t in. 
N . W . Fischer found t h a t t h e format ion of lead-palladium alloys is a t t e n d e d by the 
evolut ion of l ight a n d h e a t ; a n d R . Chenevix described the alloy as grey, hard , 
br i t t le , fine-grained, a n d of sp . gr. 12-0. A. B a u e r also ob ta ined the alloy, and 
r emoved t h e excess of lead b y ac t ing on i t wi th acet ic a n d carbonic acids. The 
alloy remain ing after t h e a t t a c k of acet ic acid h a d a composit ion P d 3 P b , and the 
steel-grey, crystal l ine p roduc t has a sp . gr. 11-225. C. T. Heycock and F . H . Neville 
s tud ied t h e effect of pa l l ad ium on t h e f.p. of lead. R . R u e r found t h a t t h e f.p. 
cu rve , F ig . 29, has a m a x i m u m a t 454° a n d 2O per cent , of lead, corresponding 
with pal ladium diplumbide, P d P b 2 ; a n d a n o t h e r m a x i m u m a t 1219° a n d 61 per 
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cent , of lead cor responding wi th t h e pa l lad ium tritaplumbide, P d 3 P b , of A. B a u e r . 
There a re eutec t ics a t 265° a n d 5 pe r cen t , p a l l a d i u m , a n d a t 1197° a n d 66 p e r 
cen t , of pa l l ad ium. There is a b r e a k a t 495° co r respond ing w i t h pa l ladium 
plumbide , P d P b ; one a t 830° cor respond ing wi th pa l ladium hemiplumbide , P d 2 P b , 
b o t h of which decompose be low t h e i r m . p . ; t h e b r eak a t 590° is n o t so definite 
a n d i t cor responds wi th 37-5 t o 40-7 p e r cen t , of l ead . Solid soln. a r e fo rmed w i t h 

60 t o 66 pe r cen t . , a n d 77 t o 1OO p e r 
cen t , of p a l l a d i u m . Al loys w i t h 20 t o 
90 p e r cen t , of p a l l a d i u m a re h a r d e r t h a n 
t h e i r c o m p o n e n t s , a n d t h e h a r d n e s s is a 
m a x i m u m w i t h 65 p e r cen t , of pa l la ­
d i u m . Alloys w i t h 17-5 t o 60 p e r cen t , 
of p a l l a d i u m a re v e r y b r i t t l e , a n d 
b e y o n d 6O p e r cen t , of p a l l a d i u m , t h e 
a l loys become toughe r . T h e sub jec t 
w a s s t u d i e d b y Gr. T a m m a n n . 

N . A . P u s c h i n a n d N . P . P a s h s k y 
m e a s u r e d t h e p o t e n t i a l s of t h e a l loys in 
t h e cell P b : i W P b ( N 0 3 ) 2 : Pd -a l l oy . All 
t h e a l loys w i t h less t h a n 33 a t . pe r cen t , 
of p a l l a d i u m h a v e a p o t e n t i a l l ike t h a t 
of l ead , b u t w i t h ove r 33 a t . p e r c e n t , 
of p a l l a d i u m , t h e p o t e n t i a l a t first is 
35O t o 400 mil l ivol ts , a n d t h e n rises t o 
605 t o 640 mil l ivol ts . T h e r e su l t s a r e 
sa id t o confirm t h e ex is tence of pa l l a ­
d i u m d i p l u m b i d e . F . W . C o n s t a n t 
m e a s u r e d t h e m a g n e t i c c o n s t a n t s of t h e 
b i n a r y a l loys a n d found t h a t w i th 90 
a n d 95 p e r cen t , of p a l l a d i u m , t h e Cur ie 
p o i n t s were , respec t ive ly , 235° a n d 82° , 
a n d t h e m a x i m u m in t ens i t y of m a g n e t i z ­
a t i o n o b t a i n a b l e a t t h e t e m p , of l iqu id 
ai r , —194° , 223 , a n d 193. A. B a u e r 

observed t h a t no h y d r o g e n is occ luded w h e n P d 3 P b is m a d e t h e c a t h o d e in 
t h e electrolysis of a c idu l a t ed wa te r . 

M. G. K o r s u n s k y sa id t h a t w i th p a l l a d i u m - t a n t a l u m a l loys , solid soln. a r e 
formed, a n d s imi lar ly w i th t h e p a l l a & i i m - c h r o m i u m a l loys , a n d t h e p a l l a d i u m -
m o l y b d e n u m alloys!—W. Guer t l e r a lso p r e p a r e d t h i s a l loy. E . E . K i n g s b u r y u sed 
a pa l lad ium-tungs ten a l loy for e lectr ical c o n t a c t s . M. G. K o r s u n s k y sa id t h a t 
solid soln. a re formed. A. T . Grigorieff found t h a t t h e p a l l a d i u m - m a n g a n e s e a l loys 
form a con t inuous series of solid soln. -with a m i n i m u m m . p . be tween 39*3 a n d 45-0 
per cent , of pa l l ad ium. T h e r e is ev idence of t h e f o r m a t i o n of pa l lad ium m a n g a n i d e , 
P d M n . G. Grube s tud ied t h e m a g n e t i c p rope r t i e s of t hese al loys. 

N . Ageeff a n d M. Z a m o t o r i n m e a s u r e d t h e r a t e of diffusion of p a l l a d i u m in 
s teel . J . S t o d a r t a n d M. F a r a d a y o b t a i n e d i ron-pa l lad ium alloys* a n d one w i t h 
1 p a r t of pa l l ad ium in IOO of s teel h a d a good c u t t i n g edge . R . A . Hadf ie ld s t u d i e d 
these al loys ; a n d J . R . B r e a n t p r e p a r e d w h a t he cal led p a l l a d i u m steel . 
A. T. Grigorieff observed no ev idence of t h e f o r m a t i o n of a c o m p o u n d on t h e 
cooling cu rves of t h e al loys. T h e solid p h a s e consis ts of a n u n b r o k e n series of 
solid soln. wi th a m i n i m u m on t h e f .p . c u r v e , F i g . 3O, a t 1290° w i t h 50 p e r cen t , 
of p a l l a d i u m . Solid soln. w i t h 75 a t m . p e r cen t , of p a l l a d i u m e x h i b i t reca lescence 
o n cool ing, ind ica t ing t h e ex is tence of a pa l lad ium tritaferride, P d 8 F e , w i t h a 
t r a n s f o r m a t i o n p o i n t a t a b o u t 810°, a n d t h i s h y p o t h e s i s is in h a r m o n y w i t h t h e 
h a r d n e s s (Fig. 31) , conduc t i v i t y , a n d t e m p , coeff. of t h e c o n d u c t i v i t y (Fig . 32) 
c u r v e s . F . W e v e r s t ud i ed t h e effect of p a l l a d i u m on t h e t r a n s i t i o n p o i n t s of i ron . 
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29. F r e e z i n g - p o i n t C u r v e s of t h e 
L e a d - P a l l a d i u m Al loys . 
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M. Gr. K o r s u n s k y sa id t h a t solid soln. a r e fo rmed ; a n d W . R . E . H o d g k i n s o n a n d 
co-workers obse rved n o ev idence of t h e f o r m a t i o n of a n y c o m p o u n d . H . R e m y 
a n d H . G o n n i n g t o n s t u d i e d t h e c a t a l y t i c effect on t h e h y d r o g e n - o x y g e n r eac t ion . 

F . W . C o n s t a n t s t u d i e d t h e m a g n e t i c p rope r t i e s of coba l t -pa l lad ium a l loys . 
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F i a . .3O. F r e e z i n g - p o i n t C u r v e s of t h e F e - P d Sj^steni. 

M. G. K o r s u n s k y sa id t h a t solid soln . a r e fo rmed . G. G r u b e a n d co-workers 
s t u d i e d t h e res i s tance , a n d t h e m a g n e t i c p r o p e r t i e s of t h e a l loys ; a n d H . R e m y 
a n d 11. G o n n i n g t o n t h e c a t a l y t i c effect on t h e h y d r o g e n - o x y g e n r eac t ion . 

20 40 60 80 JOO 
Atomic per cent, palladium 

FiO. 3 1 . — T h e H a r d n e s s of t h e 
F e - P d Al loys . 

1000 

*> 800 
j» 

£ 600 

e 4oo 

I 
»2? 2OO 

o 
€ 

- - - • • - -

2 O 4i 

^y 
>s~\ 

i N 

* i 
* i 

O 60 8 

\ 

\ 

O 

V H 
IO 

Atomic per cent, palladium 

F i a . 32 . T h e T e m p e r a t u r e Coefficient of 
t l ie E l e c t r i c a l R e s i s t a n c e (25° t o 100°). 

E . D . Cla rke p r e p a r e d a n i cke l -pa l lad ium a l loy before t h e o x y h y d r o g e n flame. 
W . N o w a c k i d iscussed t h e white gold alloys. M. G. K o r s u n s k y said t h a t solid soln. 
a r e fo rmed . F . H e i n r i c h m e a s u r e d t h e f .p. cu rves , a n d t h e resu l t s a re s u m m a r i z e d 
i n F i g . 3 3 . T h e r e is a flat m i n i m u m a t 1208°, w i t h b e t w e e n 50 a n d 70 p e r cen t , of 
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p a l l a d i u m . W . F r a e n k e l a n d A. S t e r n sa id t h a t t h e m i n i m u m is n e a r 60 p e r cen t , 
of p a l l a d i u m . J . A. M. v a n L i e m p t d i scussed t h e a l loys . A . T . Grigorieff a lso sa id 
t h a t t h e s y s t e m forms a n u n b r o k e n series of sol id soln. w i t h t h e l iqu idus c u r v e : 

P a l l a d i u m . 0 10-97 21-28 3 2 1 3 41-47 51-08 a t . p e r c e n t . 
F r e e z i n g a t . 1480° 1473° 1468° 1476° 1508° 1539° 

T h e cu rves for t h e m a g n e t i c t r a n s f o r m a t i o n fall w i t h inc reas ing p r o p o r t i o n s of 
p a l l a d i u m , s lowly a t first, a n d r a p i d l y b e y o n d 40 p e r cen t , of p a l l a d i u m , a n d a t 
a b o u t 80 p e r cen t , of p a l l a d i u m , t h e t e m p , of t h e m a g n e t i c c h a n g e a r e t h e s a m e 
on t h e h e a t i n g a n d cool ing c u r v e s . F . E . C a r t e r f ound t h a t a l loys w i t h 10 a n d 2O 
p e r cen t , of nickel h a d Br ine lFs h a r d n e s s for t h e a n n e a l e d m e t a l , r e spec t ive ly , 
163 a n d 198, a n d e lec t r ica l res i s tances of 145 a n d 138 o h m s p e r mi l l ion ft . 
A . T. GrigoriefE o b s e r v e d a m a x i m u m h a r d n e s s w i t h 60 a t . p e r cen t , of p a l l a d i u m , 
a n d t h a t t h e t e m p . coefL of t h e c o n d u c t i v i t y c u r v e h a s m a x i m a a t 20-3 a n d 80*8 
a t . p e r cen t , of p a l l a d i u m . E . S e d s t r o m s t u d i e d t h e r e s i s t ance a n d t h e t h e r m o ­
elect r ic p r o p e r t i e s ; R . F o r r e r , a n d L . Neel , t h e m a g n e t i c p r o p e r t i e s of t h e a l loys ; 
a n d H . R e m y a n d H . G o n n i n g t o n , t h e c a t a l y t i c effect on t h e h y d r o g e n - o x y g e n 

F1IO. 3 3 . T h e F r e e z i n g F iQ . 34 . F r e e z i n g - p o i n t C u r v e s in 
P o i n t s of t h e Nicke l - t h e S y s t e m : G o l d - N i c k e l - P a l l a -
P a I I a d i u m A l l o y s . d i u m . 

r eac t ion . W . F r a e n k e l a n d A. S t e r n ' s r e su l t s for t h e f .p . of t h e g o l d - n i c k e l -
pa l lad ium a l loys a r e s u m m a r i z e d in F i g . 34 . 

F . E . C a r t e r f ound t h a t r u t h e n i u m - p a l l a d i u m a l loys f o rm a series of solid soln . , 
a n d t h a t a l loys w i t h ove r 10 p e r cen t , of r u t h e n i u m a r e t o o h a r d t o w o r k , a n d t h a t 
Br ine lFs h a r d n e s s e s for 5, a n d 7-5 p e r cen t , a l loys a r e for t h e h a r d m e t a l 152 a n d 
230, r e spec t ive ly , a n d for t h e a n n e a l e d m e t a l , 92 a n d 120. H . R e m y a n d co -worke r s 
f o u n d t h e a c t i v i t y of p a l l a d i u m a s a c a t a l y s t i n t h e r e a c t i o n b e t w e e n h y d r o g e n 
a n d o x y g e n is a u g m e n t e d b y a l loy ing t h e m e t a l w i t h r u t h e n i u m . T h e r h o d i u m -
p a l l a d i u m a l loys a lso fo rm a ser ies of solid soln. Al loys w i t h 5 , 10, a n d 15 p e r c e n t , 
of r h o d i u m h a v e Br ine lFs h a r d n e s s e s , r e spec t ive ly , 134, 147, a n d 195 for t h e h a r d 
m e t a l , a n d 72, 79, a n d 104 for t h e a n n e a l e d m e t a l ; wh i l s t a l loys w i t h 5 a n d IO 
p e r cen t , of r h o d i u m h a v e e lec t r ica l r e s i s t ances , r e spec t ive ly , 126 a n d 155 o h m s 
p e r mil l ion ft . T h e 50 : 5O a l loys a r e fr iable a n d u n w o r k a b l e . G. T a m m a n n a n d 
H . J . R o c h a found t h a t t h e r h o d i u m - p a l l a d i u m a l loys h a v e a s m o o t h h a r d n e s s 
c u r v e w i t h a m a x i m u m a t 50 t o GO a t . p e r c e n t , of r h o d i u m . T h e m a x i m u m 
so lub i l i ty of h y d r o g e n occurs w i t h t h e a l loy h a v i n g 10 a t . p e r cen t , of r h o d i u m . 
T h e r eac t ion w i t h a n alcoholic soln. of iod ine r eaches a l imi t w i t h 75 a t . p e r c e n t , 
of r h o d i u m . H . K l a u s m a n n a n d H . R . K i e p e , a n d B . B a r t a lso p r e p a r e d t h e a l loys . 
E . M. Wise a n d J . T. E a s h s t u d i e d t h e h a r d n e s s of t h e a l loy w i t h 4 p e r cen t , of 
r u t h e n i u m a n d 1 p e r cen t , of r h o d i u m ; H . R e m y a n d H . G o n n i n g t o n , t h e c a t a l y t i c 
effect on t h e h y d r o g e n - o x y g e n r eac t ion . 
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uber rfie Wasserstoffabsorption von Palladium und Palladium-Silber-Legierungen und fiber die 
Passivitat von Eisen, Nickel und Chrom, Greisswald, 1927; G. N a t t a , Naturunss., 23. 527, 1935 ; 
L. Neel Ann. Physique, (10), 18, 5, 1932; P . Nicolardot a n d C Chatelot , Bull. Soc. Chim., (4), 
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25. 4 , 1 9 1 9 ; L. Nowack, Zeit. Metallkunde, 22. 94, 1 9 3 0 ; Zeit. anorg. Chem., 113. 1, 1920 ; 
Metallwirtschaft, 7. 465, 1928 ; W. Nowacki , Zeit. Krist., 89. 85 , 1934; R . Nubel , Ann. Physik, 
(5), 9. 826, 1931 ; (5), 17. 826, 1934 ; P . Oberhoffer, MU., 6. 612, 191O ; A. Osawa, Journ. 
Study Metals, 5. 443, 1928 ; Science Rep. Tohoku Univ., 14. 43 , 1925 ; Japan. Journ. Phys., 
1. 14, 1928 ; Kinzoku no Kenkyu, 7. 243, 1930 ; C. A. Pai l lard , Dingler's Journ., 270. 143, 
1889 ; W. C. Phebus a n d F . C. Blake , Phys. Rev., (2), 25. 107, 1925 ; N . A. Pusch in a n d 
N. P . Pashsky , Journ. Ruse. Phys. Chem. Soc., 40. 826, 1908 ; Zeit. anorg. Chem., 62. 360, 1909 ; 
T. J. P o p p e m a and P . M. J age r , Proc. Amsterdam Acad., 88. 836, 1935 ; L. Quenneesen, Bull. 
Soc. CMm., (4), 25. 237, 1919 ; L. S. Rainer , Deut. Goldschm. Ztg., 87. 387, 512, 1934 ; H . R e m y 
a n d H . Gonnington , Zeit. anorg. Chem., 148. 279, 1925 ; H . R e m y a n d B . Schaffer, ib., 186. 149, 
1925 ; A. IX v a n R iemsdyk , Ann. CMm. Phys., (5), 2O. 72, 1880; Chem. News, 41 . 126, 188O; 
H. Rohl , Ann. PhysiJc, (5), 18. 155, 1933 ; F . Roessler, Zeit. anorg. Chem., 9. 55, 1895 ; W. Rosen-
hain , Conseil Inst. Internat. Phys. Solvay, 4. 155, 1924 ; G. Rosen tha l , Ann. Physik, (5), 24. 297, 
1935 ; R. Ruer , Zeit. anorg. Chem., 5 1 . 223, 1906 ; 52. 345, 1907 ; G. Sca tchard and W. J . H a m e r , 
Journ. Amer. Chem. Soc., 57. 1809, 1 9 3 5 ; O. Schmid t , Zeit. phys. Chem., 152. 269, 1 9 3 1 ; 
W. E . Schmid, Zeit. Metallkunde, 27. 49, 1935 ; J . Schn iedermann , Ann. Physik, (5), 7. 761 , 
1932 ; (R), 22. 425, 1935 ; A. Schulze, Zeit. anorg. Chem., 159. 325, 1927 ; Helios, 82. 313, 1926 ; 
E . Seds t rom, Einige physikalischen Eigenschaften metallischer Mischkristalle, S tockholm, 1924 ; 
H . J . Seemann , Zeit. Metallkunde, 24. 299, 1932 ; Zeit. Physik, 84. 557, 1932 ; 88. 11 , 1934 ; 
A. Sieverts a n d H . Hagen , Zeit. phys. Chem., 174. 247, 1935 ; A. Siever ts , E . Ju r i s ch a n d A. Metz , 
Zeit. anorg. Chem., 92. 329, 1915 ; A. W. S m i t h , Bull. Engg. Evcp. Station Ohio Univ., 20, 1921 ; 
J . Spanner , Metallwirtschaft, 14. 132, 1935 ; L. J . Spencer , Min. Mag., 21. 406, 1928 ; W. Stenzel 
a n d J . Weer t s , Sieberfs Festschrift, 288, 1931 ; A. S te rn , Ueber Gold-Palladium-Nickel Legier-
ungen, Leipzig, 1927 ; D . Stockdale , Trans. Faraday Soc., 80. 31O, 1934 ; J . S t o d a r t arid 
M. F a r a d a y , Phil. Trans., 112. 253, 1822 ; Quart. Journ. Science, 9. 319, 1820 ; Phil. Mag., (1), 
56. 26, 1820 ; Kdin. Phil. Journ., 8. 308, 1820 ; 7. 350, 1822 ; Ann. Phil., 21. 202, 1823 ; 
B . Svensson, Ann. Physik, (5), 14. 699, 1932 ; (5), 18. 299, 1933 ; G. T a m m a n n , Zeit. phys. 
Chem., 8. 448, 1889 ; Zeit. Metallkunde,, 13. 406, 1921 ; Zeit. anorg. Chem., 111. 9O, 1920 ; 117. 
95, 1921 ; G. T a m m a n n a n d H . J . Rocha , SieberVs Festschrift, 288, 1931 ; L. Tarsh ish , Phys. 
Zeit., 35. 469, 1934 ; R . Taylor , Journ. Inst. Metals, 54. 11-30 , 1934 ; W . T r u t h e , Zeit. anorg. 
Chem., 154. 413 , 1926 ; E . Vogt , Zeit. Metallkunde, 27. 4 1 , 1 9 3 5 ; Ann. Physik, (5), 18. 771 , 
1933 ; E . Vogt and H . Kruge r , ib., (5), 18. 755, 1933 ; H . S. W a s h i n g t o n , Journ. Washington 
Acad., 11. 9, 1921 ; J . Weer t s , Zeit. Metallkunde., 24. 138, 1932 ; G. W e r t h e i m , Ann. CMm. Phys., 
(3), 12. 581 , 1844 ; A. Wes tg ren , Journ. Franklin Inst., 212. 577, 1931 ; Zeit. Metallkunde, 22. 
372, 1930 ; F . Wever , Mitt. Inst. Eisenforsch., 18. 183, 1931 ; E . M. Wise, Brit. Pat. No. 354239, 
1930 ; E . M. Wise, W. S. Crowell a n d J . T. E a s h , Trans. Amer. Inst. Min. Eng., 99. 363, 1932 ; 
E . M. Wise a n d J . T. E a s h , Amer. Inst. Min. Eng.—Metals JDivision, 460, 584, 1933 ; W. H . WoI-
las ton , Phil. Trans., 94. 419, 1804 ; 95. 316, 1805 ; J . W o r t m a n n , Ann. Physik, (5), 18. 233, 1933. 

§ 7. The Palladium Oxides 
J . J . Berze l ius x t h o u g h t t h a t t h e t a r n i s h f o r m e d o n p a l l a d i u m h e a t e d in a i r is 

due to the formation of palladium hemioxide, or palladium suboxide, Pd 2 O ; 
a n d T. Wi Im a d d e d t h a t t h e o x i d a t i o n of p a l l a d i u m w h e n h e a t e d in a i r p r o d u c e s 
t h e subox ide , b u t he l a t e r showed t h a t t h e o x i d a t i o n of t h e m e t a l u n d e r t h e s e 
cond i t ions is i ncomple t e , a n d t h a t t h e first p r o d u c t of t h e c o m p l e t e o x i d a t i o n is 
p a l l a d i u m m o n o x i d e . G. N e u m a n n r e p o r t e d t h a t t h e s u b o x i d e is p r o d u c e d w h e n 
t h e m e t a l is h e a t e d a t 450° in a c u r r e n t of o x y g e n . R . J. K a n e sa id t h a t t h e 
subox ide is p r o d u c e d a s a b l a c k p o w d e r w h e n p a l l a d i u m m o n o x i d e is h e a t e d t o 
redness u n t i l o x y g e n is n o longer e v o l v e d ; a t a h i g h e r t e m p . , p a l l a d i u m a n d 
o x y g e n a re fo rmed . H e sa id t h a t p a l l a d i u m s u b o x i d e is d e c o m p o s e d b y ac ids i n t o 
t h e m o n o x i d e a n d m e t a l . L . W o h l e r , a n d L . W o h l e r a n d J . K o n i g m e a s u r e d t h e 
d i ssoc ia t ion press , of t h e m o n o x i d e , a n d found t h e c u r v e c o n t i n u e s w i t h n o s ign of 
t h e f o r m a t i o n of a s u b o x i d e . R . Schne ide r also r e p o r t e d p a l l a d i u m pe i l t i tahex-
o x i d e , P d 5 O 6 , t o b e f o r m e d w h e n p o t a s s i u m p a l l a d i u m su lph ide is fused w i t h 
s o d i u m h y d r o x i d e a n d p o t a s s i u m n i t r a t e . L . W o h l e r a n d J . K o n i g , h o w e v e r , 
s h o w e d t h a t i t is p r o b a b l y p a l l a d i u m m o n o x i d e c o n t a m i n a t e d w i t h s o m e d iox ide . 
T h i s is conf i rmed b y t h e X - r a d i o g r a m s of t h e al leged s u b o x i d e o b t a i n e d b y Gr. R . L e v i 
a n d C. F o n t a n a . T h e r e su l t s s h o w e d t h a t t h e l ines c o r r e s p o n d e d on ly w i t h t h o s e 
of p a l l a d i u m a n d of p a l l a d i u m m o n o x i d e . E a c h a t o m of p a l l a d i u m is s u r r o u n d e d 
b y four co -p l ana r a t o m s of o x y g e n a t t h e corners of a s q u a r e , wh i l s t e a c h a t o m of 
o x y g e n is s u r r o u n d e d b y four a t o m s of p a l l a d i u m a t t h e ap ices of a t e t r a h e d r o n . 
L . P a u l i n g a n d M. L,. H u g g i n s discussed t h e sub jec t . W . M a n c h o t a n d H . S c h m i d 
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f o u n d t h a t di l . a q . soln. of p o t a s s i u m p a l l a d o c y a n i d e a r e r e d u c e d v igorous ly b y 
s o d i u m a m a l g a m t o u n i v a l e n t p a l l a d i u m , a n d t h a t t h e soln. h a s m o r e v igorous 
r e d u c i n g qua l i t i e s t h a n t h e c o r r e s p o n d i n g p l a t i n u m soln . W h e n s h a k e n w i t h a i r 
i t y i e lds h y d r o g e n p e r o x i d e . W h e n p r e s e r v e d a t t h e o r d i n a r y t e m p e r a t u r e t h e 
in i t i a l ly colour less soln. b e c o m e s pa l e ye l low a n d h y d r o g e n is n o t i c e a b l y evo lved . 
T h e co lou r g r a d u a l l y d e e p e n s , a n d finally b l a c k pa r t i c l e s of m e t a l s e p a r a t e w h i c h 
s lowly inc rease in n u m b e r . I f t h e soln. is boi led, t h e m e t a l is d e p o s i t e d cop ious ly 
a n d h y d r o g e n v igo rous ly evo lved . I f t h e a lka l ine soln. is boi led before o r a f t e r 
a d d i t i o n of ace t i c ac id , h y d r o c h l o r i c ac id , o r p o t a s s i u m c y a n i d e , h y d r o g e n free 
f rom c a r b o n m o n o x i d e is e v o l v e d i n a m o u n t v a r y i n g f rom 0-22 t o 0*72 e q u i v a l e n t . 
A p o r t i o n of t h e l i b e r a t e d h y d r o g e n is u t i l i zed i n o t h e r w a y s , s ince m e t h y l a m i n e 
is p r e s e n t in t h e ace t i c ac id soln. T i t r a t i o n w i t h p o t a s s i u m fe r r i cyan ide o r iod ine 
r e q u i r e s a m o u n t s of r e a g e n t less t h a n 1 e q u i v a l e n t , t h u s co r r e spond ing s h a r p l y 
w i t h t h e t r a n s f o r m a t i o n of u n i v a l e n t i n t o b i v a l e n t p a l l a d i u m . 

J . J . Berzelius prepared palladium monoxide, or palladous oxide, PdO, by 
s t r o n g l y h e a t i n g p a l l a d i u m a m a l g a m ; b y t r e a t i n g soln. of p a l l a d o u s sa l t s w i t h 
a lka l i lye ; a n d b y fusing p a l l a d i u m w i t h a lka l i h y d r o x i d e . N . W . F i sche r , a n d 
J . J . Berze l ius o b t a i n e d i t b y h e a t i n g p a l l a d o u s n i t r a t e t o dul l r edness , u n t i l t h e 
n i t r o g e n ox ides a r e al l expe l l ed ; W . Z a c h a r i a s e n desc r ibed t h e p r e p a r a t i o n of t h e 
m o n o x i d e b y h e a t i n g t h e d ich lo r ide w i t h n i t r e a t 600° . A s a m p l e of t h e m o n o x i d e 
o b t a i n e d b y h e a t i n g p a l l a d i u m in o x y g e n a t 830° for a n h o u r followed b y slow-
cool ing, c o n t a i n e d s o m e m e t a l l i c p a l l a d i u m ; a n d R . L . S h r i n e r a n d I t . A d a m s 
o b t a i n e d t h e m o n o x i d e b y h e a t i n g p a l l a d o u s ch lo r ide w i t h s o d i u m n i t r a t e a t 600° . 
Li. W o h l e r a n d J . K o n i g sa id t h a t t h e eas ies t m o d e of p r e p a r i n g t h e ox ide is b y 
h y d r o l y z i n g a f a in t ly ac id ic soln. of t h e n i t r a t e b y boi l ing i t w i t h w a t e r . T . W i I m 
h e a t e d s p o n g y p a l l a d i u m t o du l l r e d n e s s in a c u r r e n t of o x y g e n . I t is difficult 
d i r e c t l y t o ox id ize t h e m e t a l c o m p l e t e l y b e c a u s e s o m e s in t e r ing of t h e ox ide is 
l iable t o occur , a n d s u b s e q u e n t o x i d a t i o n is t h e n s low. L . W o h l e r o b t a i n e d t h e 
b e s t r e s u l t s b y h e a t i n g s p o n g y p a l l a d i u m in o x y g e n a t a t e m p , s lowly r is ing f rom 
700° t o 840° . L,. W o h l e r s h o w e d t h a t t h e r e a c t i o n P d + | 0 2 ^ P d O is revers ib le , 
a n d o b t a i n e d for t h e d i s soc ia t ion p ress . , a n d t h e e q u i l i b r i u m c o n s t a n t , K : 

685" 720° 770° 789° 810° 830° 858° 877° 
p . . 1 0 26 94 148 220 331 590 771 m m . 
A ' x l O 3 0-409 0 648 1-203 1-496 1-806 2 1 9 5 2 894 3-281 

t h e d i s soc ia t ion p ress , is 760 m m . a t 877° . A n a l o g o u s o b s e r v a t i o n s were m a d e b y 
R . S c h e n c k a n d F . K r u z e n . H i g h e r v a l u e s we re o b t a i n e d for t h e ox ide p r e p a r e d 
a t a h i g h t e m p . R . S c h e n k a n d F . K u r z e n s t u d i e d t h e sub jec t . G. R . L e v i a n d 
C. F o n t a n a f o u n d t h a t t h e X - r a d i o g r a m s of t h e m o n o x i d e c o r r e s p o n d w i t h a face-
c e n t r e d t e t r a g o n w i t h a = 4 - 2 3 A. , c = 5 - 2 0 A . } a n d a : c=l : 1-23. T h e sp . gr . is 
8-73, w h e n t h e o b s e r v e d v a l u e is 8-70 a t 25°/4° . G. L u n d e g a v e « = 3 0 2 9 A. , 
a n d c = 5 - 3 1 4 A. W . Z a c h a r i a s e n f o u n d t h a t t h e t e t r a g o n a l cell h a s « = 3 - 0 2 9 A. , 
c = 5 - 3 1 A . , a n d a : c= 1-754, a n d sp . g r . 8-31. G. L u n d e s t u d i e d t h e sub jec t . 

L . W o h l e r a n d W . Miiller g a v e for t h e obse rved d i ssoc ia t ion p ress . 10 m m . a t 
680° ; 41 m m . a t 740° ; 129 m m . a t 780° ; a n d 590 m m . a t 860° . L . W o h l e r a n d 
N . J o c h u m g a v e for t h e m o l . h t . , C=7-184-f-O-O142O0. A c c o r d i n g t o L . W o h l e r — 
vide supra—the c a l c u l a t e d v a l u e s for t h e h e a t s of f o r m a t i o n a r e —23-6 CaIs. b e t w e e n 
711° a n d 819° ; —23-4 CaIs. b e t w e e n 711° a n d 866° ; a n d —21-5 CaIs. b e t w e e n 781° 
a n d 866° . T h e b e s t r e p r e s e n t a t i v e v a l u e is 23-5 CaIs. p e r a t o m of o x y g e n . 
L . W o h l e r a n d N . J o c h u m g a v e 20*40 CaIs. T h e r e s u l t s ag ree b e t t e r w i t h t h e 
a s s u m p t i o n t h a t the - r e a c t i o n is P d O ^ P d - J - O r a t h e r t h a n 2 P d 0 ^ 2 P d + 0 2 . 
J . T h o m s e n g a v e ( P d , 0 , H 2 0 ) = 22-7 CaIs. , a n d J . A. J o a n n i s , (Pd ,O) = 20 CaIs. 
J A J o a n n i s g a v e for t h e h e a t s of n e u t r a l i z a t i o n of p r e c i p i t a t e d P d O wi th dil . a c i d s : 
2 H C l , 10-8 CaIs. ; 2 H B r , 14-8 CaIs. ; 2 H I , 35-8 CaIs ; a n d 2 H C y , 44-8 CaIs. W . Zobel 
s t u d i e d t h e r a d i a t i o n of ox id ized p a l l a d i u m ; a n d L . P . D a v i e s , t h e X - r a y emiss ion . 
M. Ie B l a n c a n d H . Sachse sa id t h a t t h e c o n d u c t i v i t y of t h e ox ide is smal l . 
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H . S. T a y l o r a n d P . V. M c K i n n e y f o u n d t h a t p a l l a d i u m ox ide is r e d u c e d b y c a r b o n 
m o n o x i d e a t t e m p , below 100° ; a n d P . V . M c K i n n e y a n d co -worker s o b s e r v e d 
s o m e r e d u c t i o n a t 23° ; b u t if a d s o r b e d o x y g e n is r e m o v e d , r e d u c t i o n does n o t 
occur below 76° ; be low 156°, r e d u c t i o n does n o t p roceed t o c o m p l e t i o n , b u t 
dec reases in r a t e w i t h t i m e . T h e p re sence of c a r b o n d iox ide in t h e m o n o x i d e 
i nh ib i t s t h e r e d u c t i o n a t 100°, a n d r e t a r d s t h e c o m p l e t i o n of t h e r e a c t i o n a t 156°. 
T h e r e t a r d a t i o n is a t t r i b u t e d t o t h e s t r o n g a d s o r p t i o n of c a r b o n d iox ide on t h e 
ox ide . Smal l p r o p o r t i o n s of o x y g e n acce le ra te t h e r e d u c t i o n w h i c h is t h e n c o m ­
p l e t e d a t 76°. P a l l a d i u m r e d u c e d f rom t h e ox ide is on ly s l igh t ly c a t a l y t i c t o w a r d s 
t h e r e d u c t i o n of c a r b o n m o n o x i d e . T h e sub j ec t w a s s t u d i e d b y A. R . U b b e l o h d e . 
R . S c h e n c k a n d F . K u r z e n s t u d i e d t h e r e a c t i o n of t h e ox ide w i t h si l ica, w i t h o u t 
o b t a i n i n g a defini te s i l icate , a n d w i t h a l u m i n a , w h i c h furn ishes t h e p a l l a d i u m 
a l u m i n a t e s , P d C A I a O 3 ; 2 P d O - A l 2 O 3 ; a n d P d 0 . 8 A l 2 0 3 . 

T h e h y d r a t e d ox ide p r e p a r e d b y t h e w e t processes c o n t a i n s r a t h e r m o r e w a t e r 
t h a n co r r e sponds w i t h pa l ladous hydroxide , P d ( O H ) 2 . T h e p r e c i p i t a t e d h y d r o x i d e 
s e p a r a t e s w i t h v a r y i n g a m o u n t s of c o m b i n e d w a t e r , a n d t h e co lour va r i e s in a 
co r r e spond ing m a n n e r f rom ye l lowish -b rown t o b l ack . D r i e d ove r s u l p h u r i c ac id , 
i t furnishes b lack , sh in ing g ra ins ; w h e n h e a t e d on a w a t e r - b a t h , i t is b r o w n i s h -
b lack , t h e res idua l w a t e r a p p r o x i m a t e s a b o u t t w o - t h i r d s of a mol . , b u t t h e l a s t 
t r a c e s of t h e w a t e r we re found b y L . W o h l e r a n d J . K o n i g t o be n o t a l l expe l l ed 
a t 500° t o 600°. T h e a n h y d r o u s ox ide is o b t a i n e d on ly b y h e a t i n g t h e h y d r a t e a t 
800° t o 840° in oxygen . A b o v e t h i s t e m p . , t h e a n h y d r o u s , g r een m o n o x i d e d e c o m ­
poses . W h e n p r e c i p i t a t e d in t h e cold, t h e h y d r a t e d m o n o x i d e is so lub le in di l . 
ac ids , a n d in a n excess of a lka l i lye ; b u t w h e n p r e c i p i t a t e d h o t , a n d boi led in t h e 
m o t h e r - l i q u o r , i t is n o longer c o m p l e t e l y so luble , e v e n in boi l ing, cone , a lka l i lye . 
W h e n d r i ed a t 100°, i t is inso lub le in ace t i c ac id , a n d n e a r l y inso lub le in s u l p h u r i c 
a n d n i t r i c ac ids . T h e a n h y d r o u s ox ide is v e r y s p a r i n g l y soluble in h y d r o c h l o r i c 
ac id , a n d in a q u a reg ia . T h e ox ide is r e d u c e d i n t h e cold b y h y d r o g e n , evo lv ing 
so m u c h h e a t t h a t t h e m a s s b e c o m e s i n c a n d e s c e n t . I t t u r n s d i p h e n y l a m i n e b lue ; 
a n d i t r e d u c e s h y d r o g e n d iox ide w i t h difficulty. A . Mai l fer t sa id t h a t ozone 
c o n v e r t s p a l l a d i u m m o n o x i d e i n t o d iox ide , a n d in. t h e p resence of p o t a s s i u m 
h y d r o x i d e , p o t a s s i u m p a l l a d a t e is fo rmed . "F. B u l l n h e i m e r sa id t h a t p a l l a d i u m 
ox ide is r e d u c e d t o m e t a l b y g lycerol . F . Miiller a n d A. R ie fkoh l s t u d i e d t h e 
so lub i l i ty of p a l l a d o u s ox ide i n JV-NaNO 3 . 

A c c o r d i n g t o H . Miiller, a n d H . D . K . D r e w a n d co-worker s , w h e n p a l l a d o u s 
d i c h l o r o d i a m m i n e is t r e a t e d w i t h m o i s t s i lver ox ide , or w h e n t h e s u l p h a t o d i a m m i n e 
is t r e a t e d w i t h t h e t h e o r e t i c a l p r o p o r t i o n of b a r i u m h y d r o x i d e , a n d t h e filtered so ln . 
is e v a p o r a t e d in v a c u o , or in a i r free f rom c a r b o n d iox ide , t h e n p a l l a d o u s 
d i h y d r o x y d i a m m i n e , [ P d ( N H 3 ) 2 ( O H ) 2 ] , is fo rmed, in ye l low microscop ic o c t a h e d r a . 
T h e d r y d i h y d r o x y d i a m m i n e does n o t d e c o m p o s e a t 105°. T h e a q . soln. is s t r o n g l y 
a lka l ine a n d r a p i d l y a b s o r b s c a r b o n d iox ide f rom a i r ; a n d i t r e a c t s w i t h ac ids t o 
fo rm t h e c o r r e s p o n d i n g sa l t s . W h e n boi led for a long t i m e w i t h w a t e r , a m m o n i a 
is evo lved ; i t p r e c i p i t a t e s h y d r o x i d e s of s i lver a n d c o p p e r f rom soln . of t h e i r 
r e spec t ive sa l t s ; a n d i t l i be ra t e s a m m o n i a f rom a m m o n i u m sa l t s . H . D . K . D r e w 
a n d co -worker s p r e p a r e d p a l l a d o u s d i h y d r o x y b i s p y r i d i n e , [ P d ( C 5 H 6 N ) 2 - ( O H ) 2 ] . 

A c c o r d i n g t o H . Miiller, if pa l l adous t e t r a m m i n o s u l p h a t e is t r e a t e d w i t h b a r i u m 
h y d r o x i d e , t h e r e s e p a r a t e s pa le yel low, c rys t a l l ine p a l l a d o u s tetraiI l ini l lohydroxide 9 
[ P d ( N H s ) 4 ] ( O H ) 2 . T h e sa l t fuses a b o v e 100°, a n d t h e n d e c o m p o s e s b y de f l ag ra t ion . 
I t d issolves i n w a t e r , fo rming a soln. h a v i n g a s t r o n g a l k a l i n e r e a c t i o n . T h e a q . 
soln. a b s o r b s c a r b o n d iox ide f rom t h e a t m . T h e a q . soln . p r e c i p i t a t e s h y d r o x i d e s 
f rom soln. of copper , i ron , coba l t , a n d nickel s a l t s ; a n d i t d e c o m p o s e s a m m o n i u m 
sa l t s . I t r e a c t s w i th ac ids , fo rming t h e c o r r e s p o n d i n g s a l t s . T h e h y d r o x i d e w a s 
also p r e p a r e d by H . D . K . D r e w a n d co-workers . S. Zeisel a n d A . N o w a c k o b s e r v e d 
t h a t w h e n p a l l a d o u s ch lor ide is t r e a t e d w i t h h y d r o x y l a m i n e h y d r o c h l o r i d e a n d 
s o d i u m c a r b o n a t e , t h e r e a r e fo rmed colourless need le s of p a l l a d o u s t e t r a h y d r o x y l -
amine hydroxide, 
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O H 
N H 2 O H ^ - ^ N H 2 O H 
N H 2 O H ^ . x - N H 2 O H 

O H 
i n w h i c h t h e t w o h y d r o x y 1 g r o u p s a r e d i r ec t ly a t t a c h e d t o t h e a t o m of p a l l a d i u m . 
W h e n t h i s is t r e a t e d w i t h di l . h y d r o c h l o r i c ac id t h e r e is f o r m e d [ P d ( N H 2 O H ) 4 J C l 2 , 
a d e r i v a t i v e of t h e labi le ba se [ P d ( N H 2 O H ) 4 J ( O H ) 2 , in w h i c h t h e h y d r o x y l g r o u p s 
lie o n t h e second s p h e r e of t h e molecu le . A . G u t b i e r a n d M. W o e r n l e p r e p a r e d 
palladous bisethylenediaminohydroxide, [Pd en2J(OH)2 ; and palladous bis-
propylenedi a w in ohydrox ide , [ P d p n 2 ] ( O H ) 2 - H . D . K . D r e w a n d co-workers 
prepared palladous quaterpyridmohydroxide, [Pd(O5H5N)4](OH)2. 

According to L. Wohler and F. Martin, palladium hemitrioxide, or palladium 
sesqu iox ide , P d 2 O 3 - ^ H 2 O , is p r e p a r e d b y t h e a c t i o n of ozone on a soln. of p a l l a d o u s 
n i t r a t e ; a n d b e t t e r , b y t h e e lec t ro ly t i c o x i d a t i o n of a soln. of p a l l a d o u s n i t r a t e : 

A c o n e . so ln . of p a l l a d o u s n i t r a t e is coo led t o 8° a n d e l e c t r o l y z e d a t a c u r r e n t d e n s i t y 
of 0-5 a m p . p e r c m . a u n t i l t h e b r o w n p r e c i p i t a t e of t h e s e s q u i o x i d e h a s s e t t l e d o u t ; t h e 
l a t t e r , a f t e r w a s h i n g w i t h ice-cold w a t e r , i s q u i t e p u r e . If t h e e l ec t ro lys i s b e c o n t i n u e d , 
t h e d i o x i d e is u l t i m a t e l y o b t a i n e d , m o s t r e a d i l y in a c id i c so ln . T h i s is n o t a d i r e c t 
o x i d a t i o n , b u t t h e s e s q u i o x i d e d e c o m p o s e s i n t o d i o x i d e a n d m o n o x i d e , t h e l a t t e r t h e n 
d i s s o l v i n g in t h e free a c i d a n d u n d e r g o i n g f u r t h e r o x i d a t i o n . I n a c c o r d a n c e w i t h t h i s 
v i e w , t h e s e s q u i o x i d e is s c a r c e l y a c t e d on w h e n e l e c t r o l y z e d in a l k a l i n e so ln . , a s t h e m o n o x i d e 
is i n s o l u b l e in a l k a l i l y e . 

T h e b r o w n h y d r a t e d ox ide is u n s t a b l e , a n d i t d e c o m p o s e s u n d e r a n o x y g e n 
press , of 80 a t m . a t o r d i n a r y t e m p . I t is r ead i ly so luble in h y d r o c h l o r i c ac id , fo rm­
ing a n u n s t a b l e p a l l a d i u m t r i ch lo r ide . 

J . J . Berze l ius p r e p a r e d h y d r a t e d p a l l a d i u m dioxide , P d O 2 . w H 2 0 , m o r e or 
less c o n t a m i n a t e d w i t h a lka l i , b y t r e a t i n g a soln. of p o t a s s i u m p a l l a d a t e w i t h a 
s l igh t excess of p o t a s s i u m h y d r o x i d e . T h e b r o w n p r e c i p i t a t e is w a s h e d wi th h o t 
w a t e r , a n d d r i ed o v e r cone , s u l p h u r i c ac id . T h e p r o d u c t a p p r o x i m a t e s P d O 2 . 2 H 2 O , 
o r P d ( O H ) 4 . A . Mai l fer t p r e p a r e d t h e h y d r a t e d d iox ide free f rom alkal i b y t h e 
a c t i o n of ozone on a cold soln. of p a l l a d o u s ch lor ide i n di l . a lka l ine soln. T h e 
p r o d u c t c o n t a i n e d t r a c e s of a bas ic ch lo r ide . E . Le id ie a n d I J . Q u e n n e s s e n o b t a i n e d 
t h e d i o x i d e b y t r e a t i n g s p o n g y p a l l a d i u m w i t h s o d i u m d iox ide , b u t t h e y were 
u n a b l e t o i so la te t h e d iox ide . L . W o h l e r a n d F . M a r t i n o b t a i n e d t h e h y d r a t e d 
d iox ide b y t h e a n o d i c o x i d a t i o n of a n e a r l y n e u t r a l soln. of p a l l a d o u s n i t r a t e us ing 
n i t r i c ac id a s c a t h o d i c depo la r i ze r . T h e cone . soln. of p a l l a d o u s n i t r a t e a t 8° is 
e l ec t ro lyzed w i t h t h e c u r r e n t d e n s i t y 0-5 a m p . p e r sq . c m . T h e h y d r a t e d 
s e squ iox ide is first f o rmed , b u t b y c o n t i n u e d e lec t ro lys is , t h e h y d r a t e d d iox ide is 
p r o d u c e d — v i d e supra. 

G. K . L e v i a n d C. F o n t a n a d id n o t o b t a i n a n y in te r fe rence in e x a m i n i n g t h e 
X - r a d i o g r a m s of t h e h y d r a t e d d iox ide . L . W o h l e r a n d J . K o n i g obse rved t h a t t h e 
h y d r a t e d d iox ide is u n s t a b l e ; in c o n t a c t even w i t h cold w a t e r i t decomposes s lowly 
i n t o m o n o x i d e a n d o x y g e n . T h e d r y s u b s t a n c e is m o r e s t ab l e , b u t a t a b o u t 20O° 
i t is c o m p l e t e l y d e c o m p o s e d . I t s b e h a v i o u r t o w a r d s ac ids a n d alkal ies va r i e s w i t h 
t h e t i m e w h i c h h a s e lapsed s ince i t s p r e p a r a t i o n . T h e s u b s t a n c e w h e n dr ied ove r 
s u l p h u r i c ac id d issolves r e a d i l y in n i t r i c ac id a n d fai r ly r e a d i l y in su lphu r i c ac id . 
W h e n f r e sh ly -p rec ip i t a t ed , i t i s inso lub le in a di l . soln. of s o d i u m h y d r o x i d e . I t is 
a s t r o n g ox id iz ing a g e n t , a n d r e d u c e s h y d r o g e n d iox ide b o t h in ac id ic a n d a lka l ine 
soln . J . T h o m s e n g a v e ( P d , 0 2 , 2 H 2 0 ) = 3 O 4 3 CaIs. for t h e h e a t of fo rma t ion . 
P a l l a d i u m d iox ide is r e d u c e d b y h y d r o g e n a t o r d i n a r y t e m p . , a n d so m u c h h e a t is 
e v o l v e d i n t h e process t h a t t h e m a s s b e c o m e s i n c a n d e s c e n t . T h e sub jec t was 
d i scussed b y I . Bel lucci . 

A . Mai l fer t sa id t h a t p o t a s s i u m dipal ladite is fo rmed w h e n ozone a c t s on 
p a l l a d o u s ox ide in t h e p resence of p o t a s s i u m h y d r o x i d e . 

VOL. XV. 2 u 
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§ 8. Palladium Fluorides 
M. Moissan x o b t a i n e d a da rk - co lou red , c rys ta l l ine sa l t b y t h e ac t ion of fluorine 

on p a l l a d i u m a t a du l l r e d - h e a t . T h e sa l t decomposes a t a b r i g h t r e d - h e a t leaving; 
p a l l a d i u m b e h i n d . O. Ruff obse rved t h a t t h e r eac t i on wi th f luorine a n d p a l l a d i u m 
is slow a t a r e d - h e a t . J . J . Berze l ius r e p o r t e d pa l l adous fluoride or pa l l ad ium 
difluoride, P d F 2 , t o be fo rmed as a b rown p rec ip i t a t e w h e n hydrof luor ic ac id is 
a d d e d t o a cone . soln. of p a l l a d o u s n i t r a t e . T h e p r o d u c t is spa r ing ly so luble in 
w a t e r , b u t m o r e soluble in hydrof luor ic ac id . E . Asche r a t t e m p t e d t o p r e p a r e 
p a l l a d o u s fluoride in t h e d r y -way. W h e n h y d r o g e n or s u l p h u r d iox ide is p a s s e d 
o v e r p a l l a d i u m tr i f luoride a t a su i t ab l e t e m p . , a m i x t u r e of p a l l a d i u m a n d p a l l a d o u s 
fluoride is formed. A s imi la r p r o d u c t is o b t a i n e d b y t h e a c t i o n of iod ine v a p o u r ; 
b r o m i n e v a p o u r a t 350° h a s scarce ly a n y ac t ion , a n d a t a h ighe r t e m p , a m o l t e n 
p r o d u c t is o b t a i n e d c o n t a i n i n g b r o m i n e a n d fluorine ; ch lor ine b e h a v e s s imi la r ly . 
P a l l a d i u m a c t s on t h e fluoride w h e n h e a t e d , fo rming a v i o l e t - b r o w n m a s s con ­
t a i n i n g pa l l adous fluoride, a n d h y d r o c h l o r i c ac id dissolves t h e dif luoride l eav ing 
a l i t t le p a l l a d i u m . W h e n h y d r o g e n fluoride is pa s sed ove r p a l l a d o u s ch lor ide 
a t 500° a ye l lowish-brown c rus t c o n t a i n i n g fluorine is fo rmed , a n d i t h i n d e r s 
t h e fu r the r p rogress of t h e r e a c t i o n ; a t 600°, on ly p a l l a d i u m itself is fo rmed . 
Mol ten a m m o n i u m hydrof luor ide a c t s on p a l l a d o u s ch lor ide y ie ld ing a n i m p u r e 
fluoride c o n t a i n i n g m u c h chlor ide ; a n d a t 200°, p a l l a d i u m d ich lor ide is t h e solid 
p h a s e in t h e m o l t e n a m m o n i u m hydrof luor ide . T h e X - r a d i o g r a m s of t h e dif luoride 
de r ived f rom t h e t r i f luor ide co r r e spond w i t h a l a t t i c e of t e t r a g o n a l s y m m e t r y l ike 
t h o s e of fer rous , c o b a l t o u s a n d n icke lous f luorides. T h e l a t t i c e c o n s t a n t s a r e 
a = 4 - 9 2 A. , a n d c = 3 - 3 8 A. ; t h e ax i a l r a t i o is a : c=l : 0-685. T h e r e a r e t w o 
mols . in t h e u n i t cell, t h e d i s t a n c e b e t w e e n t w o P d - a t o m s is 2*15 A. , t h e c a l c u l a t e d 
sp . gr . is 5-82, a n d t h e obse rved sp . gr , 5*06. F . E b e r t g a v e s imi la r d a t a . 

J . J . Berze l ius r e p o r t e d p o t a s s i u m fluopalladite t o b e p r e c i p i t a t e d w h e n 
p o t a s s i u m fluoride is a d d e d t o a soln. of p a l l a d o u s n i t r a t e . T h e l i gh t ye l lpw 
p r o d u c t is s p a r i n g l y soluble in w a t e r . T h e c o r r e s p o n d i n g s o d i u m fluopalladite 
w a s o b t a i n e d in a n a n a l o g o u s m a n n e r . 

H . Muller r^repared pa l ladous te tramminof luor ide , [ P d ( N H 3 J 4 ] F 2 , b y t h e a c t i o n 
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of s i lver f luoride o n a n a m m o n i a c a l soln. of p a l l a d o u s d i c h l o r o d i a m m i n e , a n d 
e v a p o r a t i n g . T h e colour less c r y s t a l s a r e s t a b l e i n a i r ; eas i ly so luble in w a t e r ; 
t h e y a t t a c k d r y g lass ; a n d d o n o t p r e c i p i t a t e t h e d i f l u o r o d i a m m i n e w h e n t r e a t e d 
w i t h hydrof luor ic ac id . H e a lso p r e p a r e d pa l ladous d i f luorodia inmine , 
[ P d ( N H s ) 2 F 2 ] , b y t r e a t i n g a soln. of t h e c o r r e s p o n d i n g ch lo r ide w i t h a n excess of 
s i lver fluoride. T h e s p o n t a n e o u s e v a p o r a t i o n of t h e f i l tered soln . fu rn i shes c r y s t a l s , 
w h i c h d e c o m p o s e , g iv ing off a m m o n i a a t a b o u t 60° or 70° . 

E . A s c h e r , a n d O. Ruff a n d E . A s c h e r p r e p a r e d p a l l a d i u m trifluoride, P d F 3 , 
b y t h e a c t i o n of f luorine on p a l l a d o u s ch lo r ide a t 200° t o 250°. T h e p r e p a r a t i o n 
c a n be m a d e in a q u a r t z a p p a r a t u s , b u t t r a c e s of m o i s t u r e m u s t b e e x c l u d e d . 
T h e p r o d u c t is a b lack , f ine-gra ined, c ry s t a l l i ne p o w d e r . I t is hygroscop ic , b u t i t 
c an be p r e s e r v e d in a des icca to r . T h e r h o m b i c crys ta l s h a v e t h e ax i a l r a t i o s 
a : b : c = l - 3 5 : 1 : 0-916. T h e l a t t i c e c o n s t a n t s a r e a—-7-49 A. , 6=5-54 : A . , a n d 
c = 5-06 A. T h e r e a r e four e l e m e n t a r y m o l s . p e r u n i t cell . T h e c r y s t a l s w e r e 
s t u d i e d b y W . N o w a e k i . O n t h e o t h e r h a n d , J . A . A . K e t e l a a r sa id t h a t t h e s a l t 
is i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g f luorides of a l u m i n i u m , i ron , coba l t , a n d 
r h o d i u m . T h e h e x a g o n a l cell h a s t h r e e mo l s . p e r u n i t cell ; t h e cell c o n s t a n t s 
a re a—5-05 A., a n d c—7*08 A. ; t h e d i s t a n c e b e t w e e n t h e f luorine a t o m s is 2-52 A . 
E . Ascher , a n d O. Ruff a n d E . A s c h e r g a v e 5-06 for t h e specif ic grav i ty , w h e n t h e 
v a l u e ca l cu l a t ed f rom t h e l a t t i c e c o n s t a n t s is 5-19. T h e t r i f luor ide is r e d u c e d b y 
h y d r o g e n a t r o o m t e m p . , a n d t h e h e a t evo lved ra ises t h e m a s s t o i n c a n d e s c e n c e . 
W h e n h e a t e d in a ir , t h e sa l t f o rms t h e m o n o x i d e . Cold 'water p r o d u c e s o x y g e n , 
a n d t h e r eac t i on is fas te r in. w a r m w a t e r , a n d b l ack p a l l a d o u s h y d r o x i d e is f o r m e d . 
S t e a m a t 100° d e c o m p o s e s t h e sa l t c o m p l e t e l y t o p a l l a d o u s h y d r o x i d e . T h e 
t r i f luor ide r e a c t s w i t h iodine w i t h t h e e v o l u t i o n of h e a t a n d t h e f o r m a t i o n of a b l a c k 
p r o d u c t . F o r t h e a c t i o n of iod ine , b r o m i n e , a n d ch lor ine , vide supra. A h o t , 
40 p e r c en t . soln. of hydrof luoric ac id d issolves t h e sa l t , p r o d u c i n g a r e s idue soluble 
in h y d r o c h l o r i c ac id . Cone, hydroch lor ic ac id d issolves t h e fluoride in t h e cold 
wi th t h e e v o l u t i o n of h y d r o g e n fluoride. T h e r e is a d e t o n a t i o n w h e n a m i x t u r e of t h e 
t r i f luor ide a n d su lphur is w a r m e d ; t h e r e is a smel l of s u l p h u r monoch lo r ide , a n d 
a b l a c k r e s idue is p r o d u c e d . W h e n w a r m e d w i t h h y d r o g e n su lphide , t h e m a s s 
g lows a n d fo rms a b l ack s u l p h i d e . T h e r e is a r e a c t i o n w i t h s u l p h u r d iox ide , h e a t 
is evo lved , a n d wh i t e v a p o u r s a r e p r o d u c e d ; t h e r e s idue is a m i x t u r e of p a l l a d o u s 
fluoride a n d p a l l a d i u m . C o n e , h o t su lphur ic ac id d e c o m p o s e s t h e s a l t w i t h t h e 
e v o l u t i o n of h y d r o g e n fluoride. T h e r e is a r e a c t i o n w h e n t h e sa l t is w a r m e d in 
a m m o n i a , t h e m i x t u r e becomes r e d - h o t , a m m o n i u m fluoride a n d p a l l a d i u m a r e 
fo rmed . Cone. , cold n i tr ic ac id d e c o m p o s e s t h e sa l t w i t h t h e e v o l u t i o n of h y d r o g e n 
fluoride a n d t h e f o r m a t i o n of a b r o w n i s h - b l a c k bas ic n i t r a t e . R e d p h o s p h o r u s 
r e a c t s w h e n w a r m e d , t h e m a s s b e c o m e s r e d - h o t , a n d a b l a c k res idue is f o r m e d ; 
s imi la r ly w i t h carbon ; a n d w i t h c rys t a l l ine s i l i con . T h e t r i f luor ide b u r n s w h e n 
w a r m e d w i t h s o d i u m ; m a g n e s i u m r e a c t s exp los ive ly ; a l u m i n i u m b u r n s w i t h a 
w h i t e flame ; i ron r e a c t s w h e n h e a t e d ; a n d w h e n w a r m e d w i t h p a l l a d i u m , 
p a l l a d o u s fluoride is fo rmed . A 33 p e r c e n t . soln. of s o d i u m hydrox ide r e a c t s 
v igo rous ly in t h e cold, fo rming a b r o w n res idue which dissolves in hyd roch lo r i c ac id 
w i t h t h e evo lu t i on of ch lo r ine . Mol t en s o d i u m carbonate fo rms p a l l a d o u s ox ide 
a n d s o d i u m fluoride. 
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§ 9. Palladium Chlorides 
A c c o r d i n g t o R . J . K a n e , 1 d e h y d r a t e d p a l l a d o u s ch lor ide m e l t s a t a r e d - h e a t 

losing half its chlorine, to form palladium monochloride, or palladium subchloride, 
P d C l . T h e p r o d u c t furn ishes a d a r k r e d d i s h - b r o w n , c rys ta l l ine m a s s wh ich 
del iquesces in a i r ; w i t h w a t e r , a n a q . soln. of a m m o n i u m ch lor ide , p o t a s s i u m 
iod ide o r a m m o n i a , t h e sa l t is d e c o m p o s e d w i t h t h e s e p a r a t i o n of p a l l a d i u m . 
A. N a u m a n n sa id t h a t t h e monoch lo r ide is so luble i n a c e t o n e . T h e ex i s t ence of 
t h i s sa l t as a chemica l i n d i v i d u a l h a s n o t been es tab l i shed . 

J . J . Berzelius prepared palladium dichloride or palladous chloride, PdCl2 , 
b y e v a p o r a t i n g t o d r y n e s s a soln. of p a l l a d i u m in a q u a regia , a n d d e h y d r a t i n g t h e 
res idue b y a gen t l e h e a t . Li. R . v o n Fe l l enbe rg o b t a i n e d t h e ch lor ide , a s a rose- red 
s u b l i m a t e , a n d a g a r n e t - r e d m a s s , b y h e a t i n g p a l l a d i u m su lph ide in a c u r r e n t of 
ch lor ine ; a n d E . H . Ke i se r a n d M. B . B r e e d o b t a i n e d i t a s a s u b l i m a t e b y h e a t i n g 
s p o n g y p a l l a d i u m t o du l l r ednes s i n ch lor ine ; t h e a n h y d r o u s ch lor ide c a n be 
d is t i l led a t a low r e d - h e a t in a c u r r e n t of ch lor ine w h e n i t y ie lds a s u b l i m a t e of 
de l iquescen t , d a r k red , ac i cu la r c r y s t a l s . N . W . F i s c h e r o b t a i n e d a soln. of t h e 
ch lor ide b y expos ing p a l l a d i u m t o hyd roch lo r i c ac id a n d a i r ; t h e process of 
d i s so lu t ion is t h e n a slow one . If ch lor ine be pa s sed i n t o hyd roch lo r i c ac id in 
c o n t a c t w i t h p a l l a d i u m , t h e m e t a l dissolves q u i c k l y t o fo rm t h e d ich lor ide ; a n d 
if n i t r i c ac id be a d d e d t o t h e hyd roch lo r i c ac id , s o m e p a l l a d o u s n i t r a t e is fo rmed . 
B y e v a p o r a t i n g t h e hyd roch lo r i c ac id soln. ove r qu ick l ime , t h e ch lor ide is o b t a i n e d 
in r e d d i s h - b r o w n , p r i s m a t i c c rys t a l s , wh ich , if free f rom n i t r i c ac id , r e m a i n d r y . 
L . N . V a u q u e l i n f o u n d t h a t w h e n p a l l a d i u m is d i s so lved in a q u a reg ia , a n d t h e 
n i t r i c ac id r e m o v e d b y r e p e a t e d e v a p o r a t i o n w i t h h y d r o c h l o r i c ac id , t h e r e r e m a i n s 
a b rownish-ye l low, c rys ta l l ine m a s s , wh ich , a cco rd ing t o t h e ana ly se s of R . J . K a n e , 
is t h e dihydrate, P d C l 2 . 2 H 2 O . 

T h e d ich lor ide o b t a i n e d b y d e h y d r a t i n g t h e d i h y d r a t e is a b r o w n i s h - b l a c k 
m a s s ; t h e sub l imed sa l t a p p e a r s a s rose-red , or d a r k red , ac icu la r c r y s t a l s ; t h e 
u n s u b l i m e d sa l t is a g a r n e t - r e d c rys ta l l ine m a s s . T h e d i h y d r a t e fo rms r edd i sh -
b r o w n , p r i s m a t i c c rys t a l s . V. M. Groldsehmidt sa id t h a t t h e c r y s t a l s a r e p r o b a b l y 
r h o m b o h e d r a l . JL. P a u l i n g discussed t h e s t r u c t u r e . E . H . Ke i s e r a n d M. B . B r e e d 
g a v e 2-5 for t h e sp . gr . ; a n d G. Beck , 4*00 for t h e s p . g r . a t 18° ; a n d 44-4 for t h e 
mol . vol . J . J . Berze l ius obse rved t h a t t h e a n h y d r o u s sa l t fuses w i t h o u t d e c o m ­
pos i t i on w h e n g e n t l y h e a t e d in a glass v e s s e l ; w h e n fused in a p l a t i n u m vessel , 
i t a cqu i r e s a b lu i sh -g reen co lour b y t a k i n g u p p l a t i n u m ch lo r ide . W h e n s t r o n g l y 
h e a t e d , ch lor ine a n d p a l l a d i u m a r e fo rmed . F . P u c h e f o u n d t h a t t h e d issoc ia t ion 
begins a t 600°, a n d a t t a i n s one a t m . press , a t 920°. S. M. K a r i m a n d R . S a m u e l 
s t u d i e d t h e a b s o r p t i o n s p e c t r u m ; a n d B . C a b r e r a a n d H . F a h l e n b r a c h , t h e 
p a r a m a g n e t i s m . W . H a m p e f o u n d t h a t p a l l a d i u m d ich lor ide is v e r y spa r ing ly 
soluble in e ther , b u t is m o r e so luble i n a lcohol a n d in w a t e r ; b o t h t h e 
l a t t e r soln. a r e good e lec t r ica l c o n d u c t o r s . T h e fused ch lo r ide c o n d u c t s well , a n d 
t h e d e p o s i t e d p a l l a d i u m f o r m s a t h r e a d w h i c h soon s t r e t c h e s f rom po le t o po le , 
a n d a s soon a s t h e c i r cu i t is c o m p l e t e , t h e p a l l a d i u m t h r e a d glow's. E . H . K e i s e r 
a n d M. B . B r e e d o b s e r v e d t h a t w h e n d ich lo r ide is h e a t e d in a i r , ch lo r ine is e v o l v e d 
a t 160°, a n d t r ace s of ch lor ine a r e s lowly g i v e n off e v e n a t 100°. W h e n h e a t e d i n 
a n i n e r t gas l ike c a r b o n d iox ide , ch lo r ine is e v o l v e d a t 250° . A . J o a n n i s g a v e for 
t h e h e a t of f o rma t ion ( P d , C l 2 ) = 4 0 - 4 8 CaIs. R . S a m u e l a n d A. R . D e s p a n d e s t u d i e d 
t h e a b s o r p t i o n s p e c t r u m ; P . K r i s h n a m u r t i , t h e R a m a n effect ; W . D . T r e a d well 
a n d M. Zi i rcher , t h e e l ec t rome t r i c t i t r a t i o n of t h e sa l t ; and D . M. B o s e , a n d 
L . A . WeIo a n d A. B a u d i s c h , t h e m a g n e t i c p r o p e r t i e s . 

A c c o r d i n g t o L . R . v o n F e l l e n b e r g , a n d R . B o t t g e r , t h e d ich lor ide is easily 
r e d u c e d w h e n i t is h e a t e d i n a c u r r e n t of h y d r o g e n , a n d F . C. Ph i l l ips a d d e d t h a t 
r e d u c t i o n occurs e v e n i n t h e cold. A c c o r d i n g t o A . Merge t , G. Gore , W . J . Russe l l , 
E . D . C a m p b e l l a n d E . B . H a r t , a n d F . C. Ph i l l i p s , t h e a q . soln . a b s o r b s h y d r o g e n 
r a p i d l y , a n d t h i s p r o p e r t y p e r m i t s h y d r o g e n t o be s e p a r a t e d f r o m n i t r o g e n ; and 
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R . B o t t g e r found t h a t t h e Bait in a q . soln. is r e d u c e d b y h y d r o g e n , a n d C. B r u n n e r 
a d d e d t h a t i t is m o r e eas i ly r e d u c e d t h a n is t h e case w i t h a soln. of t h e p l a t i n u m 
sa l t ; a n d 0-0005 p a r t of h y d r o g e n c a n b e so d e t e c t e d i n a m i x t u r e of gases . 
F . C. Ph i l l i p s obse rved t h a t t h e di l . soln. is c o m p l e t e l y r e d u c e d b y h y d r o g e n in 
24 h r s . A . Mai l fer t o b s e r v e d t h a t h y d r a t e d p a l l a d i u m d iox ide is f o r m e d -when 
o z o n e a c t s o n a n a q . soln . of t h e d ich lo r ide . T h e sa l t is soluble in w a t e r , f o rming 
a ye l low or ye l lowi sh -b rown soln. , a n d , a d d e d N . W . F i sche r , a n excess of w a t e r 
d e c o m p o s e s t h e sa l t w i t h t h e p r e c i p i t a t i o n of a n oxych lo r ide . 

JT. J . B e r z e l i u s o b s e r v e d t h a t palladous t l ioxydichloride—according t o R . JT. K a n e , 
3 P d O . ! P d C l 2 . 4 H 2 O — i s f o r m e d w h e n a so ln . of p a l l a d o u s ch lo r ide is r e p e a t e d l y e v a p o r a t e d t o 
d r y n e s s w i t h w a t e r . N". W . F i s c h e r f o u n d t h a t w h e n a so ln . of p a l l a d i u m in a q u a r e g i a 
is e v a p o r a t e d t o d r y n e s s , a n d t h e so ln . t r e a t e d w i t h w a t e r , t h e ye l low so ln . soon b e c o m e s 
t u r b i d a n d d e p o s i t s a b r o w n bas i c s a l t . R,. J . K a n e n o t e d t h a t bas ic ch lo r ides a r e f o r m e d 
w h e n a so ln . of p a l l a d o u s c h l o r i d e is t r e a t e d w i t h a l k a l i ly&. T h e o x y c h l o r i d e is s o l u b l e in 
dil. acids. Pt. J . K a n e also obtained palladous hexamminoxychloride, PdO.PdCl 2 .6NH 3 , 
which is soluble in hydrochloric acid ; and also palladous diamminotrioxydichloride, 
3Pd O. PdCl 2. 2NH 3 .3H 8 O. 

TJ. N . V a u q u e l i n sa id t h a t t h e a q . soln. of p a l l a d o u s ch lor ide is ye l low, b u t 
w h e n a n excess of hydrochlor ic ac id is a d d e d t h e so lub i l i ty inc reases , a n d a b r o w n i s h -
r ed soln. is f o rmed—poss ib ly hydroch loropa l ladous ac id , H 2 P t C l 4 . Acco rd ing t o 
A . P le ischl , a n d R . K e r s t i n g , hydriodic ac id , o r a soln. of p o t a s s i u m iodide, g ives a 
b l ack p r e c i p i t a t e of p a l l a d o u s iod ide w h e n a d d e d t o soln. of p a l l a d o u s ch lor ide , t h e 
p r e c i p i t a t e is soluble in a n excess of t h e r e a g e n t , a n d , a cco rd ing t o J . L . L a s s a i g n e , 
1 p a r t of p o t a s s i u m iod ide i n 400,00O p a r t s of w a t e r g ives a b r o w n co lo ra t ion , a n d 
a f te r 20 h r s . , a f locculent p r e c i p i t a t e . M. B a u r a a n n found t h a t 1 p a r t of p o t a s s i u m 
iod ide in 50OO p a r t s of w a t e r fo rms a b l ack p r e c i p i t a t e w i t h p a l l a d o u s ch lor ide ; in 
50 ,000 p a r t s of w a t e r a few b lack flakes a r e fo rmed o n s t a n d i n g ; a n d in 500 ,000 
p a r t s of w a t e r , n o t h i n g . No p r e c i p i t a t i o n occurs w i t h p o t a s s i u m chloride or 
bromide , o r w i t h a m m o n i u m chlor ide . O. H e n r y , a n d L . A . B u c h n e r u t i l ized 
t h e r e a c t i o n for s e p a r a t i n g iodides f rom b r o m i d e s a n d ch lor ides . F . M'idler a n d 
A. R ie fkoh l s t u d i e d t h e so lub i l i t y in a 22V-SoIn. of s o d i u m chlor ide . 

A c c o r d i n g t o N . W . F i sche r , h y d r o g e n su lphide , a n d a l so a m m o n i u m sulphide , 
p r e c i p i t a t e d a r k b r o w n p a l l a d i u m s u l p h i d e — 1 p a r t of p a l l a d i u m in 10,(X)O p a r t s 
of l iquid g ives a ye l low co lo ra t ion . N . W . F i s c h e r o b s e r v e d t h a t w h e n t h e soln. of 
t h e d ich lor ide is h e a t e d w i t h s u l p h u r o u s ac id , t h e m e t a l is p r e c i p i t a t e d . F . W o h l e r 
sa id t h a t a su lph i t e is fo rmed . G. Sai ler obse rved t h a t s o d i u m hyposu lph i t e 
furn ishes p a l l a d i u m s u l p h i d e . M. C. L*ea found t h a t un l ike soln. of r u t h e n i u m , 
i r i d ium, a n d p l a t i n u m sa l t s , a soln. of p a l l a d i u m d ich lor ide gives a choco l a t e -b rown 
p r e c i p i t a t e w h e n t r e a t e d w i t h t e trath ion ic ac id ; a n d a soln. of p a l l a d o u s ch lor ide 
m i x e d w i t h s o d i u m th iosu lphate a n d a m m o n i a is co loured yel low, b r o w n , a n d 
finally b l ack . 

N . W . F i s c h e r r e p o r t e d t h a t n i t r o g e n s e p a r a t e d f rom a i r b y p h o s p h o r u s a n d 
w a s h e d , w h e n in c o n t a c t w i t h a soln. of p a l l a d o u s chlor ide for a f o r t n i g h t p r o d u c e s 
a me ta l l i c film on t h e sur face of t h e l iqu id . Gr. Gore sa id t h a t p a l l a d o u s ch lo r ide 
is s l igh t ly soluble i n l iqu id a m m o n i a . J . J . Berze l ius obse rved t h a t a q . a m m o n i a 
a d d e d in excess t o a soln. of a p a l l a d o u s sa l t fo rms a m i x t u r e wh ich is ye l low a t 
first a n d a f t e r w a r d s colour less ; n o b lue co lo ra t ion occurs un less c o p p e r is p r e s e n t . 
N . W . F i s c h e r a d d e d t h a t if a n excess of a m m o n i a is a d d e d t o a soln. of t h e 
d ich lor ide , t h e b r o w n p r e c i p i t a t e w h i c h is fo rmed b e c o m e s p e a c h coloured , a n d t h e 
a d d i t i o n of m o r e a m m o n i a dissolves t h e p r e c i p i t a t e — p a r t i c u l a r l y on t h e app l i ca t i on 
of h e a t . N . W . F i s che r , a n d H . R o s e o b s e r v e d t h a t a soln. of a m m o n i u m carbonate 
b e h a v e s l ike aq . a m m o n i a . T h e p r e c i p i t a t e of p a l l a d o u s d i c h l o r o d i a m m i n e p r o ­
d u c e d b y a m m o n i a w a s e x a m i n e d b y L . N . V a u q u e l i n , a n d C. Claus—vide infra. 
F o r t h e a c t i o n of h y d r o x y l a m i n e , vide infra. K . Maisch p r e c i p i t a t e d t h e m e t a l b y 
soln. of hydrazine hydrate. N . W. Fischer observed tha t potassium nitrite 
p r e c i p i t a t e s t h e m e t a l f rom soln. of t h e d ich lor ide ; a n d C. Claus m a d e o b s e r v a t i o n s 
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on t h e sub jec t . P . J a n n a s c h a n d W . B e t t g e s obse rved t h a t hydraz ine hydrate 
p r e c i p i t a t e s a m i x t u r e of ox ides . W . M a n c h o t a n d A. Waldmi i l l e r o b t a i n e d a 
c o m p l e x w i t h nitric oxide . A c c o r d i n g t o N . W . F i sche r , t h e m e t a l is p r e c i p i t a t e d 
f rom soln. of i t s sa l t s b y phosphorus ; a n d R . B o t t g e r found t h a t p h o s p h i n e p r e ­
c i p i t a t e s p a l l a d i u m p h o s p h i d e , b u t n o p h o s p h i d e is p r e c i p i t a t e d f rom soln . of 
p l a t i n u m , r h o d i u m , or i r i d i u m sa l t s . E . F i n k o b t a i n e d complexes w i t h p h o s p h o r u s 
tr ichloride, n a m e l y , pa l ladous p h o s p h o r o u s oc toch lor ide , P d C l 2 . 2 P C l 3 , w h i c h is 
d e c o m p o s e d b y w a t e r ; a n d is so luble in b e n z e n e ; a n d pa l ladous p h o s p h o r u s 
pentachlor ide : PdCl 2 -PCl 3 , wh ich is d e c o m p o s e d b y w a t e r , a n d , a c c o r d i n g t o 
W . S t r e c k e r a n d M. F . Schur ig in , a n d M. F . Schur ig in , i t h a s a c o n s t i t u t i o n 
(PdCl 2 .PC1 3 ) 2 . I t is so luble in ch lo ro fo rm a n d benzene , b u t inso lub le in c a r b o n 
t e t r a c h l o r i d e a n d l igroin. J . J . Berze l ius found t h a t s o d i u m p h o s p h a t e g ives a 
l igh t ye l low p r e c i p i t a t e , a n d N . W . F i s c h e r sa id a b r o w n p r e c i p i t a t e of a bas ic 
ch lor ide is fo rmed . J . J . Berze l ius sa id t h a t s o d i u m arsenate g ives a l igh t ye l low 
p r e c i p i t a t e , a n d N . W . F i s c h e r sa id n o p r e c i p i t a t i o n occurs w i t h s o d i u m a r s e n a t e . 

W . M a n c h o t a n d Gr. L e h m a n n obse rved t h a t t h e t e m p , of evo lu t i on of t h e h a l o g e n 
on h e a t i n g is depressed in t h e p resence of c a r b o n m o n o x i d e , b u t no c a r b o n y l ch lo r ide 
is fo rmed ; a n d W . M a n c h o t obse rved t h a t d r y p a l l a d o u s ch lo r ide does n o t g ive a 
s u b l i m a t e w h e n h e a t e d i n c a r b o n m o n o x i d e a t a n y t e m p , below redness , w h e r e a s 
a t h ighe r t e m p . , t h e p a l l a d o u s ch lor ide sub l imes , a n d s imi la r ly w h e n ch lor ine is 
s u b s t i t u t e d for t h e c a r b o n m o n o x i d e . W . M a n c h o t a d d e d t h a t p a l l a d i u m occupies 
a u n i q u e pos i t ion i n t h e p l a t i n u m fami ly s ince i t y ie lds n o c o m p o u n d w i t h c a r b o n 
m o n o x i d e . T h e r educ ib i l i t y of p a l l a d o u s ch lor ide in a q . soln. b y c a r b o n m o n o x i d e 
p o i n t s t o t h e ex i s t ence of s u c h a c o m p o u n d , b u t t h e c o n d i t i o n s neces sa ry for t h e 
p r o d u c t i o n of t h e p r i m a r y a d d i t i v e c o m p o u n d a re v e r y close t o t hose of i t s d e c o m ­
pos i t ion . Mois t p a l l a d o u s ch lo r ide is r e d u c e d b y c a r b o n d iox ide a t 250°, a n d 
r e d u c t i o n is c o m p l e t e a t a h ighe r t e m p . I n t h e absence of w a t e r , p a l l a d o u s ch lor ide 
is n o t reduced* b y c a r b o n m o n o x i d e , a n d t h e a d d i t i o n of c a r b o n m o n o x i d e does n o t 
occur . O n t h e o t h e r h a n d , E . F i n k r e p o r t e d a c o m p l e x pa l ladous d icarbony l -
chlor ide , PdCI 2 . 2CO, t o be fo rmed which is d e c o m p o s e d b y h e a t ; a n d pa l ladous 
hemitr icarbonylch lor ide , 2PdCl 2 . 3CO, wh ich is d e c o m p o s e d b y w a t e r a n d is so luble 
in c a r b o n t e t r a c h l o r i d e . W . M a n c h o t a n d J . K o n i g o b t a i n e d o n l y p a l l a d o u s 
ca rbony l ch lo r i de , PdCl 2 -CO, b y t h e ac t i on of c a r b o n m o n o x i d e on a soln. of p a l l a d o u s 
ch lor ide in d r y m e t h y l or e t h y l a lcohol a t 0° , or b y pa s s ing c a r b o n m o n o x i d e , 
c h a r g e d w i t h t h e v a p o u r of m e t h y l a lcohol , ove r p a l l a d o u s ch lor ide a t o r d i n a r y 
t e m p . R . B o t t g e r , G. Vulp ie r s , J . D o n a u , a n d Gr. Gore o b s e r v e d t h a t a so ln . of 
p a l l a d o u s ch lo r ide is decolor ized a n d r e d u c e d b y c a r b o n m o n o x i d e p r e c i p i t a t i n g 
t h e p a l l a d i u m as a b l a c k p o w d e r . P . C. E . P o t a i n a n d R . D r o u i n found t h a t a soln . 
of p a l l a d o u s ch lor ide c o n t a i n i n g 1 p a r t of p a l l a d i u m in 10,(X)O p a r t s of soln. c a n be 
used a s a q u a l i t a t i v e t e s t for c a r b o n m o n o x i d e . T h e p re sence of 1 p a r t of t h i s 
gas in 10,000 p a r t s of a i r c a n be recognized b y i t s r e d u c i n g a c t i o n w h e n t h e a i r is 
b u b b l e d t h r o u g h t h e a c i d u l a t e d soln. of t h e ch lo r ide . R . B o t t g e r , G. Vulp ie r s , 
J . D o n a u , a n d G. Gore n o t e d t h a t a soln. of p a l l a d o u s ch lor ide is r e d u c e d b y 
m e t h a n e , a n d a c e t y l e n e , a s well a s b y c o a l g a s . F . C. Ph i l l ips obse rved t h a t soln. 
of p a l l a d i u m d ich lor ide a r e q u i c k l y r e d u c e d b y e t h y l e n e ; a n d S. C. O g b u r n a n d 
W . C. B r a s t o w u t i l i zed t h e r e a c t i o n for t h e d e t e r m i n a t i o n of p a l l a d i u m . 
J . J . Berze l ius sa id t h a t w h e n t h e soln. of t h e d ich lor ide is boi led w i t h a l coh o l , 
t h e m e t a l is p r e c i p i t a t e d . W . E i d m a n n sa id t h a t t h e s a l t is so luble in a c e t o n e ; 
a n d A. N a u m a n n , in e t h y l ace ta te . P . Gorce ix o b s e r v e d t h a t t h e ace ty l ace t o n a t e is 
fo rmed w h e n a c e t y l a c e t o n e is a d d e d in g r e a t excess t o a soln. of p a l l a d o u s ch lo r ide . 
F . D o b e r e i n e r o b t a i n e d t h e m e t a l b y t h e a c t i o n of s o d i u m f o r m a t e i n h o t so ln . 
A c c o r d i n g t o J . J . Berze l ius , a lka l i o x a l a t e s g ive a ye l low p r e c i p i t a t e of t h e o x a l a t e , 
a n d o x a l i c ac id g ives a s imi la r p r e c i p i t a t e w i t h n e u t r a l soln. , b u t a t t h e s a m e t i m e 
s o m e m e t a l is r e d u c e d . J . J . Berze l ius o b s e r v e d t h e f o r m a t i o n of p a l e ye l low 
precipitates with alkali tartrates and citrates. W. H . Wollaston found t h a t 
potassium cyanide, or mercuric cyanide, produces a yellowish-white, gelatinous 
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p r e c i p i t a t e of p a l l a d i u m c y a n i d e , w h i c h b e c o m e s w h i t e a f t e r some t i m e , a n d is 
so luble in hyd roch lo r i c ac id . O b s e r v a t i o n s w e r e m a d e b y H . R o s e , a n d H . Ross ie r . 
F . W o h l e r a d d e d t h a t t h e p r e c i p i t a t i o n is n o t c o m p l e t e . H . R o s e sa id t h a t n o 
p r e c i p i t a t e is f o rmed w h e n p o t a s s i u m ferrocyanide is first a d d e d t o t h e soln. , b u t 
a f t e r a t i m e a t h i c k je l ly is p r o d u c e d ; N . W . F i s c h e r a d d e d t h a t a ye l lowish -b rown 
p r e c i p i t a t e is fo rmed . C. Claus n o t e d t h a t t h e p r e c i p i t a t i o n is f a v o u r e d b y h e a t . 
H . R o s e r e p o r t e d t h a t p o t a s s i u m ferr icyanide b e h a v e s l ike t h e f e r rocyan ide , 
a n d A. S m e e a d d e d t h a t a r e d d i s h - b r o w n p r e c i p i t a t e is fo rmed , a n d C." Claus 
n o t e d t h a t t h e p r e c i p i t a t i o n is b r o u g h t a b o u t b y h e a t . N . W . F i sche r sa id t h a t 
ga l l i c acid, h a s n o effect on soln. of p a l l a d o u s ch lo r ide . E . P a c e o b t a i n e d - a d o u b l e 
s a l t w i t h c o c a i n e . M. C. L e a found t h a t un l ike t h e sa l t s of r u t h e n i u m a n d i r i d ium, 
p a l l a d i u m ch lor ide g ives w i t h qu in ine su lphate a b r o w n p rec ip i t a t e—v ide supra, 
t h e a n a l y t i c a l r eac t i ons of p a l l a d i u m . C. Claus , a n d N . W . F i s c h e r found t h a t a 
soln. of b o r a x g ives a ye l l owi sh -b rown p r e c i p i t a t e w i t h a soln. of pa l l adous ch lor ide . 
T h e p r e c i p i t a t i o n is slow in t h e cold, b u t ass i s ted b y h e a t . All t h e x>alladium is 
p r e c i p i t a t e d . 

N . W . F i s c h e r o b s e r v e d t h a t s i lver does n o t r e d u c e p a l l a d i u m from soln. of i t s 
s a l t s , b u t p a l l a d i u m sa l t soln. a r e r e d u c e d b y al l m e t a l s wh ich r educe si lver f rom 
soln. of s i lver s a l t s — 3 . 22, 5 . If t h e p a l l a d i u m be r e d u c e d b y t in , t h e l iqu id 
a c q u i r e s a b r o w n t i n t from t h e p re sence of a s t a n n o u s sa l t , a n d a b r o w n p r e c i p i t a t e 
is f o r m e d ; a n d m e r c u r y l ikewise fo rms a b r o w n p r e c i p i t a t e . A c c o r d i n g t o 
A. Merge t , p a p e r i m p r e g n a t e d w i t h p a l l a d o u s ch lo r ide is a de l i ca te t e s t for t h e 
p re sence of m e r c u r y v a p o u r in t h e a t m o s p h e r e ; t h e t i n t of t h e p a p e r d e e p e n s on 
e x p o s u r e t o me rcu r i a l fumes . J . J . Rerze l ius r e p o r t e d t h a t p o t a s s i u m or s o d i u m 
hydrox ide p r e c i p i t a t e s a colour less bas ic sa l t , a n d N . W . F i s c h e r sa id t h a t t h e 
p r e c i p i t a t e is d a r k b r o w n , a n d t h a t i t d issolves w h e n h e a t e d w i t h an excess of t h e 
p r e c i p i t a n t . O b s e r v a t i o n s were a lso m a d e b y C. Claus . N . W . F i s che r r e p o r t e d 
t h a t s o d i u m o r p o t a s s i u m c a r b o n a t e b e h a v e s s imi la r ly , a n d H . Rose a d d e d t h a t 
t h e soln. in a n excess of p o t a s s i u m c a r b o n a t e b e c o m e s d a r k coloured w h e n boi led , 
a n d t h e n g ives a b r o w n p r e c i p i t a t e , b u t a n excess of s o d i u m c a r b o n a t e d is­
solves v e r y l i t t le of t h e p r e c i p i t a t e . W h e n a soln. of t h e p a l l a d o u s sa l t a n d 
a lka l i is boi led, n e a r l y all t h e p a l l a d i u m is p r e c i p i t a t e d as basic p a l l a d o u s 
c a r b o n a t e . N . W . F i s c h e r f o u n d t h a t soln. of b a r i u m , s t r o n t i u m , o r c a l c i u m 
hydrox ides b e h a v e l ike soln. of t h e a lka l i c a r b o n a t e s . M. C. L e a said t h a t t h e 
p r ec ip i t a t i on w i t h b a r y t a - w a t e r is c o m p l e t e a n d t h a t t h e p r e c i p i t a t e is n o t soluble 
in a n excess . F . D o b e r e i n e r o b s e r v e d t h a t t h e p r e c i p i t a t i o n w i t h l ime -wa te r is 
i n c o m p l e t e a n d t h a t t h e f i l t ra te in s u n l i g h t g ives a f u r t h e r p r ec ip i t a t i on of 
h y d r a t e d p a l l a d i u m ox ide . H . R o s e obse rved n o p r ec ip i t a t i on w i t h b a r i u m 
carbonate . C Claus obse rved t h a t s i lver n i trate g ives a ye l lowish-whi te p r e ­
c i p i t a t e . N . W. F i sche r found t h a t mercUTOUS ni trate g ives a yel low or b r o w n 
p r e c i p i t a t e , a n d i n t i m e t h e r e is a s e p a r a t i o n of p a l l a d i u m — a yel low co lo ra t ion is 
p r o d u c e d in soln. w i th 1 p a r t of p a l l a d i u m in 100,000 p a r t s of l iquid . W . IT. Wol l a s -
t o n said t h a t s t a n n o u s Chloride g ives a b rowni sh -b lack p r e c i p i t a t e wi th soln. of 
p a l l a d o u s ch lor ide , a n d s o m e p a l l a d i u m is formed a t t h e s a m e t i m e — 1 p a r t of 
p a l l a d i u m c a n be recognized in 100,000 p a r t s of l iqu id b y t h i s r eac t ion . C. Claus 
said t h a t l ead a c e t a t e p r o d u c e s a yel low p r e c i p i t a t e soluble in excess . W . TT. Wol l a s -
t o n found t h a t f errous s u l p h a t e r e d u c e s a soln. of t h e ch lor ide t o p l a t i n u m , a n d 
N . W . F i s c h e r a d d e d t h a t t h e r e a c t i o n is s low, p a r t i c u l a r l y if a n excess of ac id be 
present-—1 p a r t of p a l l a d i u m c a n be t h u s recognized in KX)O p a r t s of l iquid . 
O. W . G i b b s obse rved t h a t n o p r e c i p i t a t i o n occurs w h e n Cobaltic h e x a m m i n o -
chlor ide is a d d e d t o a n ac id ic soln. of p a l l a d o u s ch lo r ide . 

L . N . V a u q u e l i n , a n d N . W . F i s c h e r p r e p a r e d pa l l adous d i ch lorod iammine , 
[ P d ( N H s ) 2 C l 2 ] , b y s u p e r s a t u r a t i n g a soln . of p a l l a d o u s ch lor ide wi th e n o u g h 
a m m o n i a t o " red isso lve t h e p r e c i p i t a t e first f o rmed , a n d t h e n e v a p o r a t i n g t h e 
l i quor , o r t r e a t i n g t h e soln. w i t h e n o u g h h y d r o c h l o r i c ac id t o p r e c i p i t a t e t h e c o m ­
p o u n d . T h e p r o d u c t is w a s h e d w i t h w a t e r , a n d d r i ed a t 100° t o 105°. 
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J . J . Berze l ius , a n d H . S t . C. Devi l le a n d H . D e b r a y a lso o b t a i n e d i t b y e v a p o r a t i n g 
t o d r y n e s s a soln. of pa l l adous ch lo r ide s u p e r s a t u r a t e d w i t h a m m o n i a , o r a m m o n i u m 
ch lo r ide a n d e x t r a c t i n g t h e p r o d u c t -with w a t e r , t h e d i c h l o r o d i a m m i n e r e m a i n s 
und i s so lved . H . F e h l i n g o b t a i n e d i t as a p r e c i p i t a t e b y t r e a t i n g t h e m o t he r - l i quo r 
left in p r e p a r i n g t h e co r r e spond ing ch lo ropa l l ad i t e w i t h h y d r o c h l o r i c o r n i t r i c ac id ; 
b y h e a t i n g t h e ch lo ropa l l ad i t e ; a n d N . W . F i sche r , b y d isso lv ing t h e c h l o r o p a l l a d i t e 
in a m m o n i a a n d a d d i n g h y d r o c h l o r i c ac id . H . Lo i se leur o b t a i n e d t h e sa l t b y t h e 
ac t i on of n e u t r a l a m m o n i u m o x a l a t e on a m m o n i u m ch lo ropa l l ad i t e . T h e s a l t 
was also p r e p a r e d b y H . D . K . D r e w a n d co -worke r s . A . G u t b i e r a n d co -worke r s 
r e c o m m e n d e d t h e fol lowing process : 

Pur i f ied p a l l a d i u m is d i s so lved in h y d r o c h l o r i c a n d n i t r i c a c i d s , a n d t h e so ln . i s 
e v a p o r a t e d r e p e a t e d l y o n t h e -wa te r -ba th w i t h h y d r o c h l o r i c a c i d . T h e r e s i d u e is d i s so lved 
in t h e s m a l l e s t pos s ib l e q u a n t i t y of h y d r o c h l o r i c ac id , a n d t h e so ln . f i l te red i n t o a p l a t i n u m 
b a s i n c o n t a i n i n g a n exces s of a m m o n i u m h y d r o x i d e . B y p r o l o n g e d w a r m i n g o n t h e 
w a t e r - b a t h , t h e p r e c i p i t a t e d V a u q u e l i n ' s s a l t is r e d i s s o l v e d . T h e c l ea r ye l low so ln . is 
s a t u r a t e d w i t h h y d r o g e n ch lo r ide , a n d t h e ye l low, c r y s t a l l i n e p a l l a d o a m m i n o c h l o r i d e 
w a s h e d t h o r o u g h l y w i t h w a t e r . T h e p r o c e s s of so ln . i n a m m o n i u m h y d r o x i d e , r e p r e e i p i -
t a t i o n b y h y d r o c h l o r i c a c i d a n d w a s h i n g , is t h r i c e r e p e a t e d , a n d t h e r e s u l t i n g c h l o r i d e is 
d r i e d for 70~hrs. in a v a c u u m a n d f inal ly a t 1 05° t o 110° t o c o n s t a n t -weight. 

Accord ing t o H . D u f e t , a n d A. M. B o l d y r e v a , t h e sa l t f o r m s yel low, t e t r a g o n a l 
p r i s m s . H . Muller desc r ibed t h e c r y s t a l s ; a n d N . S. Kurnakof f d i scussed t h e co lour 
of t h e sa l t , a n d he g a v e 2-5 for t h e sp . gr . Gr. B e c k g a v e 2-6O for t h e sp . gr . a t 18° ; 
81-4: for t h e mol . vol . ; a n d 187 CaIs. for t h e h e a t of f o r m a t i o n . J . J . Berze l ius , a n d 
W . A. L a m p a d i u s o b s e r v e d t h a t w h e n t h e sa l t is h e a t e d in a r e t o r t , i t t u r n s g r e e n , 
a n d first g ives off a m m o n i a , t h e n h y d r o c h l o r i c ac id a n d n i t r o g e n , a n d f inally 
a m m o n i u m ch lo r ide , a n d l eaves a r e s idue of p o r o u s , g r e y p a l l a d i u m . F . I s a m b e r t 
g a v e for t h e h e a t of f o r m a t i o n ( P d C l 2 , 2 N H 3 ) = 4O CaIs. C. M a t i g n o n s t u d i e d t h e 
e n t r o p y of t h e a m m i n o - c h l o r i d e s . T h e s a l t is s l igh t ly so luble in w a t e r ; 
W . A . L a m p a d i u s o b s e r v e d t h a t a s a t . soln . a t 16° c o n t a i n s 0-26 p e r cen t , of t h e 
sa l t ; a n d H . Mul ler , 0*304: p e r c en t . H . B a u b i g n y p r e p a r e d t h e monohydrate, 
[ P d ( N H s ) 2 C l 2 I - H 2 O , by t r e a t i n g a n a lcohol ic su spens ion of t h e a n h y d r o u s s a l t 
w i t h c o n e , a q . a m m o n i a , a n d e v a p o r a t i n g off t h e a m m o n i a f rom t h e m i x t u r e on a 
w a t e r - b a t h . As t h e soln. cools, s o m e a n h y d r o u s ch lo r ide , a n d t e t r a m m i n o c h l o r i d e 
first s e p a r a t e , a n d t h e m o n o h y d r a t e is t h e n fo rmed b y t h e s p o n t a n e o u s e v a p o r a t i o n 
of t h e l iqu id . H . Loise leur o b t a i n e d i t b y t h e a c t i o n of n e u t r a l a m m o n i u m o x a l a t e 
o n a m m o n i u m ch lo ropa l l ad i t e . T h e ye l low, t e t r a g o n a l p r i s m s of t h e h y d r a t e 
were found b y H . B a u b i g n y t o be so luble i n w a t e r , a n d inso lub le in a l coho l , t o 
effloresce in a i r , a n d lose t h e i r w a t e r of c ry s t a l l i z a t i on a t 90° t h e r e b y f o r m i n g t h e 
spar ing ly-so lub le a n h y d r o u s sa l t . T h e boi l ing, a q . so ln . d e p o s i t s t h e a n h y d r o u s 
ch lor ide ; a n d ac ids p r e c i p i t a t e t h e a n h y d r o u s ch lo r ide f r o m t h e a q . so ln . 

H . Mul ler f o u n d t h a t w h e n p a l l a d o u s d i c h l o r o d i a m m i n e is boi led for a long 
t i m e w i t h a la rge excess of w a t e r , a m m o n i a is g i v e n off, a n d p a l l a d o u s ch lo r ide 
r e m a i n s . I f ch lor ine is c o n d u c t e d t h r o u g h cold w a t e r w i t h t h e d i c h l o r o d i a m m i n e 
in suspens ion , t h e sa l t d i sso lves , f o r m i n g a d e e p r e d soln. f rom wh ich a m m o n i a 
p r e c i p i t a t e s t h e t e t r a m m i n o c h l o r o p a l l a d a t e ; in h o t soln. , t h e r e is f o r m e d succes ­
s ively t h e t e t r a m m i n o c h l o r o p a l l a d a t e , a m m o n i u m ch lo ropa l l ad i t e , p a l l a d o u s 
ch lor ide , a n d pa l l ad ic ch lo r ide . H o t , cone , h y d r o c h l o r i c ac id w a s f o u n d b y 
N . W . F i s che r t o dissolve t h e d i c h l o r o d i a m m i n e . A c c o r d i n g t o H . H . Crof t , 
h y d r o g e n su lph ide or a m m o n i u m s u l p h i d e p r o d u c e s a r ed p r e c i p i t a t e w h i c h r a p i d l y 
pas se s i n t o p a l l a d i u m su lph ide . T h e d i c h l o r o d i a m m i n e is so luble in s u l p h u r o u s 
ac id . H . Feh l ing , a n d N . W . F i s c h e r o b s e r v e d t h a t i t i s so lub le i n co ld , a q . 
a m m o n i a , f rom which soln. i t is p r e c i p i t a t e d b y h y d r o c h l o r i c ac id ; i t is s p a r i n g l y 
so lub le i n h o t n i t r i c ac id , fo rming a b r o w n soln . w h i c h b e h a v e s l ike a so ln . of 
p a l l a d o u s t e t r a m m i n o c h l o r o p a l l a d i t e . H . Mul le r o b s e r v e d t h a t t h e s a l t i s so lub le 
i n p o t a s h lye , fo rming a yel low soln. w i t h o u t t h e e v o l u t i o n of a m m o n i a . H . S c h w a r z 
s t u d i e d s o m e reac t ions of t h e sa l t . 
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F . K r a u s s a n d K . M a h l m a n n obse rved no ev idence of cis-, trans-, o r c o - o r d i n a t i o n 
i s o m e r i s m w i t h t h e c o m p o u n d [Pd(NHg) 2 Cl 2 J , b u t F . K r a u s s a n d F . B r o d k o r b , 
a n d A. A. G r i n b e r g a n d V. M. S h u l m a n h a d p rev ious ly r e p o r t e d cis- a n d ^rows-forms. 
T h e p i n k sa l t s o b t a i n e d b y L . N . V a u q u e l i n b y t h e a c t i o n of a m m o n i a on a p a l l a d o u s 
sa l t in a q . soln. h a v e b e e n r e p r e s e n t e d as t h e c*s-form, a n d t h e ye l low sa l t s o b t a i n e d 
b y H . Mul ler b y d isso lv ing t h e p i n k sa l t in a n excess of a m m o n i a a n d a d d i n g a 
m i n e r a l ac id h a s been r e p r e s e n t e d a s t h e trans-form.. 

N H 3 p d ^ - C l N H 3 -. ^ C l 
Cl ^ - ^ a N H 3 N H 3 ^ a ^ - C l 

Symmetrical (Trans) Unsymmetrical (Cis) 

T h e cis-sal t w a s o b t a i n e d , as a ye l low powder , b y A. A. Gr inbe rg a n d V. M. S h u l m a n , 
b y t h e a c t i o n of a m m o n i u m a c e t a t e on p o t a s s i u m ch lo ropa l l ad i t e ; a n d p o t a s s i u m 
iod ide g ives a r ed co lo ra t ion w i t h a c e t o n e soln. of t h e a s - c o m p o u n d , b u t n o t so 
w i t h t h e 2raw«-isomeride. 

T h e r e is a fo rm of t h e d i c h l o r o d i a m m m e which occurs as a ye l low mic ro -
c rys t a l l i ne powder , a n d in s a l m o n - p i n k m i n u t e c rys t a l s . B o t h fo rms a re so 
spa r ing ly soluble in l iqu ids t h a t d e t e r m i n a t i o n s of t h e molecu la r we igh t s a re m a d e 
w i t h difficulty. I J . U . K . D r e w a n d co -worke r s s h o w e d t h a t t h e yel low c o m p o u n d 
is t h e t r u e d i a m m i n o d i c h l o r i d e , [ P d ( N H 3 ) 2 C l 2 ] , a n d t h a t t h e p i n k c o m p o u n d is 
p a l l a d i u m t e t r a m m i n o e h l o r o p a l l a d i t e , [ 'Pd(NHg) 4]PdOl 4 , a n d there fore t h e cis-
trans i somer i sm does n o t a r i se . F . G. M a n n a n d co-workers , e x a m i n e d some 
d e e p r ed c ry s t a l s s o m e t i m e s o b t a i n e d b y R . H . A t k i n s o n , b y d r y i n g t h e ye l low 
form a t 200°. T h e chemica l p r o p e r t i e s of t h e red a n d ye l low forms a p p e a r e d t o 
be iden t i ca l ; b o t h fo rms in s a t u r a t e d a c e t o n e soln. g ive a fa in t ye l low co lo ra t ion 
w i t h p o t a s s i u m iod ide , wh ich is n o t t h e case w i t h t h e cis-sal t of A. A. G r i n b e r g a n d 
V. M. S h u l m a n . T h e fac ts show t h a t t h e ye l low p o w d e r a n d t h e red c rys t a l s h a v e 
t h e / raws-conf igura t ion, a n d t h e c ry s t a l l og raph i c ev idence leaves l i t t le r o o m for 
d o u b t i n g , b u t t he i r difference is d u e essent ia l ly t o different c ry s t a l s t r u c t u r e s 
bu i l t u p f rom t h e s a m e / raws-molecules . T . M. L o w r y , H . D . K . D r e w a n d 
co -worke r s showed t h a t t h e red a n d ye l low sa l t s a r e n o t i somer ic d i a m m i n e s . T h e 
j i ink sa l t s a r e t h e p a l l a d i u m a n a l o g u e s of M a g n u s ' p l a t i n u m sa l t s , [ P d ( N H 3 ) 4 J P d O l 4 ; 
wh i l s t t h e ye l low c o m p o u n d s a r e m o n o m e l i c , a n d , as first s h o w n b y N . S. Ivurnakoff, 
a n d b y A. G u t b i e r a n d co -worke r s , t h e y c o r r e s p o n d w i t h [ P d ( N H s ) 2 C l 2 ] . T h e 
s u b j e c t w a s s t u d i e d b y A. R o s e n h e i m a n d Ju. G e r b , F . P . D w y e r a n d D . P . Mellor, 
a n d F . W . P i n k a r d a n d co -worke r s . 

W . A . Burdakof f p r e p a r e d p l a t i n o u s d ich lorohydraz ine , [ P d ( N 2 H 4 ) O l 2 ] , a s a 
ye l lowish -whi t e p r e c i p i t a t e , p a r t l y h y d r o l y z e d b y cold wa t e r , a n d c o m p l e t e l y b y 
boi l ing w a t e r : 3 P d ( N 2 H 4 ) C l 2 = - 3 P d + 2 N H 4 C H - 4 H O l + 2 N 2 . S. Zeisel a n d A. N o w a k 
o b t a i n e d pa l l adous d l ch lorod ihydroxy lamine , [ P d ( N H 2 O H ) 2 O l 2 ] , b y t r e a t i n g t h e 
t e t r a h y d r o x y l a m i n o h y d r o x i d e — v i d e supra—with a smal l p r o p o r t i o n of di l . h y d r o ­
ch lo r ic ac id ; t h e p r e c i p i t a t e a p p e a r s i n s lender , ye l low needles , a n d a s a ye l low, 
g r a n u l a r p o w d e r . T h e c o m p o u n d is t o o u n s t a b l e t o p e r m i t a close e x a m i n a t i o n 
of i t s c h a r a c t e r i s t i c s . F . K r a u s s a n d F . B r o d k o r b p r e p a r e d cis- a n d t r a n s - f o r m s . 

A. Rosenheim and T. A. Ma-ass, H . T). K. Drew and co-workers, A. Gutbier and 
M. Woornle, and A. Qutbior and A. Krell prepared palladous dichlorobispyridine, by adding 
p y r i d i n e t o a n a q . so ln . of p a l l a d o u s c h l o r i d e , o r p o t a s s i u m c h l o r o p a l l a d i t e . T h e r e d 
p r e c i p i t a t e d i s so lves o n h e a t i n g w i t h a n e x c e s s of p y r i d i n e , a n d c o n e , h y d r o c h l o r i c ac id 
p r e c i p i t a t e s f r om t h e so ln . a b r i g h t ye l low, c r y s t a l l i n e p o w d e r . If h e a t e d w i t h a m m o n i a 
t h e p y r i d i n e is d i s p l a c e d , a n d t h e d i e h l o r o d i a m m i n e is f o r m e d . K. KLrauss a n d F. B r o d k o r b 
o b t a i n e d cis- a n d t r a n s - f o r m s . A . !Rosenheim a n d T . A . M a a s s , a n d A . G u t b i e r a n d 
A . K r e l l p r e p a r e d t h e c o r r e s p o n d i n g palladous dichlorobisquinoline, [Pd(C 9 H 7 JV) 2 Cl 2 J , 
i n a s i m i l a r m a n n e r b y u s i n g q u i n o l i n e in p l a c e of p y r i d i n e . T h e ye l low p r e c i p i t a t e 

h y d r o c h l o r i c a c i d , y i e ld s ye l l ow , c r y s t a l l i n e leaf le ts of palladous dichloroblsbenzylamine, 
[ P d ( C 6 H : , . C H 4 N H J ) 8 C I 8 I , A . R o s e n h e i m a n d L . G e r b d i s cus sed t h e op t i ca l i s o m e r i s m 
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of t h e c o m p l e x s a l t s of b i v a l e n t p a l l a d i u m . H . JD. K . D r e w a n d c o - w o r k e r s p r e p a r e d 
palladous dichloroethylenediamine, [ P d e n C l 2 ] , i n o r a n g e - y e l l o w , r e c t a n g u l a r n e e d l e s . 
N . S. KLurnakoff a n d N . J . Gwosdaref f p r e p a r e d t h i s c o m p o u n d a n d a lso palladous dlchloro-
bisethylenediamine, P d e n 2 C I g ; a n d t h e c r y s t a l s w e r e s t u d i e d b y E . G. C o x a n d 
G. H . P r e s t o n , a n d f o u n d t o b e i s o m o r p h o u s w i t h t h o s e of t h e c o r r e s p o n d i n g 
p l a t i n o u s s a l t . I . L . K o n d a k o f f a n d c o - w o r k e r s p r e p a r e d palladous trimethyl-
ethyleneochloride. A . G u t b i e r a n d c o - w o r k e r s p r e p a r e d palladous dlchlorobis-iso-
propylamine, [MM(C 3 H 7 .NH 2 J 2 Cl 2 ] , a s a pal© ye l low, c r y s t a l l i n e p o w d e r ; palladous 
dlchloroblsdipropylamine, [ P d ( ( C 3 H 7 ) 2 N H ) 2 C l 2 ] , i n p a l e ye l low c r y s t a l s ; palladous 
dichlorobis-n-butylamine, [ P d ( C 4 H 0 N H 2 ) 2 C l 2 ] , a s a p a l e ye l low, c r y s t a l l i n e p o w d e r ; 
palladous dichlorobisdl-iso-butylamine, [ P d ( ( C 4 H 9 ) 2 N H ) 2 C l 2 ] , i n p a l e ye l low p l a t e s ; 
palladous dichlorobis-iso-amylamine, TPd(C 5 H 1 1 -NH 2 )OCl 2 ] , i n p a l e ye l low p l a t e s ; palladous 
dichloroblsdi-iso-amylamlne, [ P d I ( C 6 H 1 J ) 2 N H ) 2 C l 2 ] , in p a l e ye l l ow n e e d l e s ; W . L . H a r d i n , 
a n d A . G u t b i e r a n d c o - w o r k e r s , palladous dichlorobisphenylamlne, P d C l 2 ( C 6 H 8 N H g ) 8 . 
A . C u t b i e r a n d c o - w o r k e r s , palladous dichlorobistolylamine, P d C l 2 ( C 7 H 7 N H a ) 2 , in i t s o-
a n d p-foTina.; palladous dlchlorobioxylylamine, P d C l 2 ( C g H 3 ( C H O 2 N H a ) 2 ; palladous 
dichlorobis-p-anisylamine, P d C l 2 ( C 6 H 4 ( O C H 3 ) N H a } 2 ; palladous dichlorobls-a-naphthyl-
amlne, P d C l 2 ( C 1 0 H 7 . N H 2 ) 2 ; palladous dlchlorobls-/9-naphthylamine ; palladous dlchloro-
bisbenzidylamine, P d C l 2 . C 1 , H 8 ( N H 1 ) . ; palladous dlchlorobis-o-phenylenediamlne, 
I M C J 2 . C a H 4 ( N H 2 ) 2 ; JL. G e r b , a n d A . R o s e n h e i m a n d L . G e r b , palladous dichlorotoluyl-
diamine ; A . K o s e n h e i m a n d W . H a n d l e r , palladous dichlorobis-iso-butylenediamine ; 
palladous dichlorobismethylphenylamine, P d I ( C H 3 ) ( C 6 H 5 ) N H ) 2 C l 2 ; palladous dichloro-
bisethylphenylamlne, P d { ( C , H B ) f C , H 5 ) N H } 8 C l , ; palladous dichlorobisbenzalaniline, 
[ P d ( C 6 H 5 - C H : N . C a H 5 ) a C l 2 ] , in g r ey i sh -ye l low p l a t e s ; palladous dichlorobis-o-nitraniline, 
I P ( I ( C 6 H 5 - N O 2 . N H 2 ) 2 C I 2 J, a s a ye l low," c r y s t a l l i n e p o w d e r ; palladous dichlorobis-m-
nitranlline, in p a l e ye l low c r y s t a l s ; palladous dichlorobls-p-nitraniline, a s g o l d e n - y e l l o w , 
c r y s t a l l i n e p o w d e r ; A . G u t b i e r a n d c o - w o r k e r s o b t a i n e d palladous dlchloro-
behzylchloroamine, P d ( ( C H 2 . C 6 H 6 C l . N H 3 ) 2 C l a ; palladous dichlorodibenzylchloroamine, 
I M { ( C H a . C 6 H 6 ) 2 C l . N H 2 ) 2 C J 2 ; palladous dichlorobenzylamlne, P d { ( C H 2 ) ( C c H 6 ) N H a ) 2 C l 2 ; 
palladous dichlorobis-2-methylpyridine, P d [ O 6 H 4 ( C H 3 )2C12] ; W . L . H a r d i n , palladous 
dichlorobisquinoline, P d ( C 9 H 7 N ) 2 C l 2 ; a n d palladous dichloroblspiperidine, P d ( C 6 H 1 1 N ) 2 C l 2 ; 
palladous dichlorobis-1.2.3-xylidine, r P d { C 6 H 3 ( C H 3 ) a N H a ) 2 C l 2 ) , in go lden -ye l l ow n e e d l e s ; 
palladous dichlorobis-1.3.4-xylidine, in go lden -ye l l ow c r y s t a l s ; palladous dichlorobis-1.4.5-
xylidine, in g o l d e n - y e l l o w c r y s t a l s ; palladous dichloro-l.S.4--bistolulyenediamine, 
[ P d ( C 6 H 3 - C H 1 ( N H Jj)2)C]2], in d a r k b r o w n p l a t e s ; palladous dichlorobis-p-phenetidine, 
[ P d ( C 6 H 4 . 0 . C 2 H 6 . NH 5J) 2Cl 2 ] , a s a ye l low, m i c roc r y s t a l l ine p o w d e r ; palladOUS dlchlorobis-
picoline, [ P d ( C 6 H 4 . C H 3 . N ) 2 C l 2 ] , a s p a l e ye l low c r y s t a l s , in i t s a- a n d /3-forms ; 
palladous dichlorobislutidine, [ P d [ C 5 H 3 ( C H 3 ) 2N) 3Cl 2 ) r a s a ye l low, c r y s t a l l i n e p o w d e r ; 
palladous dichlorobiscollidine, | P d ( C 6 H 2 ( G H 3 ) . , N ) 2 O I 2 ] , in d a r k ye l low c r y s t a l s ; palladous 
dichlorobispiperidine, [ P d ( C 5 H 1 0 N H ) 2 C J 2 ] , in ye l low c r y s t a l s ; a n d palladous dlchlorobis-
iso-quinoline, [ P d ( C 8 H 7 . N ) 2 C l 2 ] , in ye l low noodles . E . G. M a n n a n d VV. J . P o p e p r e p a r e d 
palladous ftS' /S/S" triaminotriethylaminchloropalladate, [ I M N ( C H 4 N H 1 O 3 I I M C I 6 - H 2 O ; a n d 
E . JJ reschel , pal lad o us dichlorobiscarbamide, [ P d ( N H 2 ( C O . N H 2) aCl2J. E . G. Cox a n d 
co -worke r s p r e p a r e d a c o m p l e x palladous disallcylaldoximinochloride. 

E . C. F r i t z m a n n , E . G. Cox a n d c o - w o r k e r s , 1^. TschugaefF a n d C. Ivanoff , a n d 
H . IX K . D r e w a n d G. H . W y a t t , d e s c r i b e d palladous dichlorobisdiethylsulphine, 
[Pd( rC 2 H 5 ) 2 S} 2 Cl 2 ] ; a n d palladous dichloro-bis-methylethylsulphine, f P d ( C H , S C , H 5 ) , C I , ] ; 
pa l l adousd ich lo roe thy leneb i sd ie thy l su lph ine , [Pd{S(C,H g ) .CH 2 .C 2 H 6 .S (C a H 6 ) )C l 3 ] ; palladousdl-
chlorobismethylselenine, P d C l 2 . 2 ( C H 3 ) 2 S e ; palladous dichlorobisethylselenine, P d C l 2 . 2 ( O a H 6 ) a S a ; 
palladous dichlorobispropylselenine, P d C l 2 . 2 ( C 3 H 7 ) a S e ; palladous dichlorobisbutylselenine, 
P d C l 2 . 2 ( C 4 H B ) 2 S e ; palladous dichloroblspentylselenine, P d C l s . 2 { C j H a ) 2 S e ; dichlorobisphenyl-
selenine, P d C l 2 . 2 ( C 6 H 6 J 2 S e ; a n d palladous dichlorodiethyltrimethyleneselenide, P d C l 2 ( C 2 H 6 ) S e -
( C H 2 J 3 S e ( C 2 H 6 ) . G. T . M o r g a n a n d V . E . Y a r s l e y o b t a i n e d palladous trJmethylstiblnochloiide, 
jPd{(CH 3 ) 3 Sb) 4 Cl 2 ] , a n d [ P d { ( C H 3 ) 3 S b ) a C l 2 ] . 

E . P i n k p r e p a r e d palladous dicnlorobismethylphosphite, ( P ( O C H 3 ) a ) 8 P d C l 2 ; palladous 
dichlorobisethylphosphite, ( P ( O C 2 H 3 ) 3 ) 2 PdCl 2 ; palladous dlchlorodiammlnoraethylphosphite, 
{P(OCH 3 ) , ( N H 3 J 2 PdCl 2 ; palladous dicnlorodiamminoethylphosphite, { P ( O C 2 H 5 ) 3 ) ( N H 3 ) , P d C l 8 ; 
palladous dichlorotoluidinomethylphosphite, ( P ( O C H 3 J 3 ) ( C 7 H 9 N ) P d C I 2 ; palladous dlchloro-
toluidinoethylphosphite, ( P ( O C 2 H 6 ) 3 ) ( C 7 H 0 N ) P d C l 8 ; palladous dichloropyrldlnomethylphosphito, 
( P ( O C H a ) 3 ) ( C 6 H 6 N ) P d C l 2 ; palladous diehloropyridinoethylphosphlte, ( P ( O C a H 6 ) a ) ( C 5 H 6 ) N ) -
PdCJ 2 ; palladous dichloroamfdobismethylphosphite, P d ( P ( O C H 8 ) s ) a ( N H a ) a ( H C l ) a ; a n d palladous 
chloroamidobisethylphosphite, P 2 0 ( OC 2 H 6 ) 2 P d ( N H 2 ) H C l . F . D . M a n n a n d IX P u r d i e 
p r e p a r e d h o m o l o g o u s m e m b e r s of t h e t h r e e se r i es palladOUS dlsulphlnodlchloride, 
K f I 2 S ) 2 P d C l 2 ] ; palladous diphosphinodichloride, [ ( K 3 P ) 3 P d C l 2 ] ; a n d palladous dlarsino-
dichloride, [ ( K 3 A s ) 2 P d C l 2 ] . T h e p a l l a d o u s d i p h o s p h i n o d i c h l o r i d e , [ P d ( P K 3 ) 8 C l a J , o c c u r s 
in t h e s t a b l e fo rm a s t h e Iron*?-isomer id o 

I ci / M < P R . J 
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the palladous monophosphinodichloride, [Pd(PR3)Cl2I2 , is formed when the preceding 
compound is boiled with ammonium chloropalladite, (NH4)2FdCl4 . The general reactions 
of the compound favour*he formula 

I R 3 I ^ M W p a <cJ 
The monophosphinodichlorido furnishes an isorneride which has one of the two following 
consti tutions : 

[ 8 . 1 % / 0 1 K sFR>~\ r R 3 p ^ / C I s 1 / C l -1 

Lc1 / p < c i > d \ c i J Lc1 X c X r R 3 J 
The arsino-compounds also yield palladous mono-arsinodichloride. 

H. Mailer prepared palladous tetramzninochloride, [Pd(NH3)4]Cl2, by the 
a c t i o n of d r y a m m o n i a o n d r y p a l l a d o u s ch lo r ide , or d i c h l o r o d i a m m i n e . T h e 
w h i t e p r o d u c t loses a m m o n i a in v a c u o , t o fo rm t h e d i c h l o r o d i a m m i n e . T h e d is ­
soc ia t ion p res s , is 760 m m . a t 210° . T h e c r y s t a l s of t h i s sa l t , t h e p a l l a d i u m a n a l o g u e 
of M a g n u s ' g reen sa l t , were found b y E . G. Cox a n d co -worke r s t o be s imi la r in 
a p p e a r a n c e a n d t o h a v e a s imi la r X - r a d i o g r a m t o t h a t of t h e p l a t i n u m sa l t . T h e 
colour less p r i s m s of t h e m o n o h y d r a t e a r e i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g 
p l a t i n u m c o m p o u n d ; t h e y a r e t e t r a g o n a l c o m b i n a t i o n s of (IOO) a n d (111). T h e 
cell d i m e n s i o n s a r e a = 14-30, a n d <?~4-27 A. ; t h e r e a r e 4 mol s . p e r u n i t cell ; a n d 
t h e ca l cu la t ed sp . gr . is 2 -01 , w h e n t h e o b s e r v e d v a l u e is 1-94. A c c o r d i n g t o 
B . N . D ick in son , t h e sa l t P d ( N H 3 ) 4 C l 2 . H 2 0 , h a s a s imple t e t r a g o n a l l a t t i ce w i t h 
« 10-322 A. , a n d c= 4-34 A. T h e i n t e r a t o m i c d i s t a n c e s a r e P d t o N , 2-<)2 A. ; Cl 
t o H 2 O , 3-81 A. ; H 2 O t o N H g , 3-16 A. ; Cl t o N H 3 , 3-44 A. ; N H 3 t o N H 3 , in 
t h e s a m e c a t i o n , 2-86 A. , a n d in different ca t i ons , 4 ( )6 A. The re a re t w o mole ­
cules p e r u n i t cell. T h e c o r r e s p o n d i n g p l a t i n o u s sa l t h a s a s imilar s t r u c t u r e . 
G. B e c k g a v e 1-91 for t h e sp . gr . a t 18° ; 128-5 for t h e mol . vol . ; a n d 362 CaIs. for 
t h e h e a t of f o r m a t i o n . F . I s a m b e r t g a v e for t h e h e a t of f o r m a t i o n JPd(NH3)OC1Io] 
4- -2NH 3 =-IPd(NHa) 4 ]Cl 2 -T-Sl -12 CaIs. H . F e h l i n g , H . Miiller, a n d H . Baubign~y 
p r e p a r e d t h e incmohydratc, [ P d ( N H j ) 4 ] C l 2 - H 2 O , b y d isso lv ing t h e d i c h l o r o d i a m m i n e 
in a soln. of a m m o n i a a n d a m m o n i u m ch lo r ide , a n d c o n c e n t r a t i n g t h e soln. b y 
e v a p o r a t i o n . T h e colour less p r i s m s were found b y A. M. B o l d y r e v a t o be t e t r a ­
gona l a n d un iax ia l . N . S. K u r n a k o f f d i scussed t h e co lour of t h e sa l t . T h e sa l t is 
v e r y so luble in w a t e r , a n d loses a m m o n i a a n d w a t e r a t 120°, re - forming t h e d ich loro­
d i a m m i n e . Ac ids a d d e d t o t h e a q . soln . p r e c i p i t a t e t h e a n h y d r o u s d ich loro­
d i a m m i n e ; a n d , a c c o r d i n g t o B . J . K a n e , p o t a s s i u m h y d r o x i d e fo rms a b rowni sh -
g reen p r e c i p i t a t e wh ich d e t o n a t e s v io l en t ly w h e n dr ied . 

I J . N . V a u q u e l i n o b t a i n e d p a l l a d o u s t e t r a m m i n o c h l o r o p a J l a d i t e , [ P d ( N H 3 ) 4 ] P d C l 4 , 
in t h e course of his w o r k on t h e p l a t i n u m ores , a n d he p r e p a r e d t h e sa l t—Vauquel in ' ' s 
red salt—by a d d i n g a s l igh t excess of a m m o n i a t o a m o d e r a t e l y cone . soln. of 
p a l l a d o u s ch lo r ide . H . F e h l i n g e m p l o y e d a s imi la r process , a n d H . Miiller o b t a i n e d 
i t b y a d d i n g p a l l a d o u s ch lo r ide t o t h e t e t r a m m i n o c h l o r i d e . T h e sa l t w a s a lso 
p r e p a r e d by H . D . K . D r e w a n d co -worke r s . L . N . V a u q u e l i n , a n d H . F e h l i n g 
o b s e r v e d t h a t t h e rose- red scales or p r i s m a t i c needles , w h e n moi s t , fo rm t h e ye l low 
i somer ic d i c h l o r o - d i a m m i n e a t 100° ; b u t t h e d r y s a l t r e t a i n s i t s co lour a t 180°, 
a n d a t 200° , i t is t r a n s f o r m e d i n t o ye l low d i c h l o r o d i a m m i n e w i t h o u t los ing we igh t ; 
a t a h i g h e r t e m p , i t fuses, g ives off gas , a n d leaves a r e s idue of p a l l a d i u m . G. B e c k 
s t u d i e d t h e ion iza t ion of t h e p a l l a d i u m a m m i n e s . W . N . F i s che r , a n d H . F e h l i n g 
f o u n d t h a t t h e sa l t is inso lub le in cold w a t e r , a n d i t d issolves in boi l ing w a t e r w i t h 
d e c o m p o s i t i o n , l e av ing a b r o w n res idue . A sma l l p r o p o r t i o n of w a t e r a t 100° 
fu rn i shes t h e yel low d i c h l o r o d i a m m i n e . T h e cool ing of t h e h o t a q . soln. or t h e 
a d d i t i o n of h y d r o c h l o r i c o r n i t r i c ac id a lso furn ishes t h e d i c h l o r o d i a m m i n e , 
Xi. N . V a u q u e l i n o b s e r v e d t h a t t h e sa l t d issolves s lowly in cold, di l . h y d r o c h l o r i c 
a c i d , r a p i d l y w h e n h e a t e d , f o r m i n g t h e a m m o n i u m sa l t . W h e n a m m o n i a is a d d e d 
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to the soln. in nitric acid, the tetramminochloropalladite is re-precipitated ; if the 
nitric acid soln. be evaporated to dryness, palladous nitrate, and an ammonium salt 
are formed. The tetramminochloropalladite dissolves slowly in boiling aq. 
ammonia, and acids precipitate from the soln. the yellow dichlorodiammine. 
H. Schwarz studied some reactions of the salt. 

H. St. C. Deville and H. Debray, and H. H. Croft prepared paUadous tetrammino-
chloropalladate, [Pd(NH3)4]PdCl6, by the action of chlorine on a cold, aq. soln. 
of palladous dichlorodiammine, or by the action of aqua regia on the tetrammino-
chloride. H. St. C. Deville and H. Debray thought the product had the com­
position PdCl3.2NH3. The compound is brownish-black, and crystalline. When 
heated, it melts and decomposes to furnish hydrogen chloride, nitrogen, ammonium 
chloride, and spongy palladium. Boiling water decomposes it to form ammonium 
chloropalladite and nitrogen ; and an excess of aq. ammonia dissolves it to form 
the tetramminochloride. S. Zeisel and A. Nowak prepared colourless crystalline 
palladous tetrahydroxylaminochloride, [Pd(NH2OH)4JCl2 , by the action of dil. 
hydrochloric acid on the hydroxide—-vide supra. A. Rosenheim and T. A. Maass 
said that the product obtained by the action of chlorine water in the cold on 
palladous dichlorodiammine is really a mixture containing for the most part 
ammonium chloropalladate, and at a higher temp, ammonium chloropalladite is 
produced. Yellow and red compounds have been prepared, but neither cis-, trans-, 
nor co-ordination isomerism exists. T. WiIm prepared palladous ctdoropentam-
mine chloromercurite, [Pd(NH3)5Cl.|(HgCl8)2. F. Krauss and K. Mahlmann found 
that both varieties, in aq. suspension, with chlorine yield (Pd(NH3)4]PdCl6, and 
this, when boiled with water, yields chlorine and the yellow diammine, 
whereas if [Pd(NH3)4]Cl2 be treated with potassium chloromercurate, chloro-osmic 
acid, or picric acid, the corresponding palladium dicnlorodiamminochloro-
mercuriate, [Pd(NH3)2Cl2]HgCl4 ; palladium dichlorodiamminochlorosmate, 
[Pd(NHg)2Cl2]OsCl6 ; or palladium dichlorodiamminopirate, is formed. On the 
other hand, a hydrochloric acid soln. of chloropalladous acid, H2PdCl4, yields 
either the yellow- or rose-form according to the cone, of the hydrochloric acid. 
Both compounds are considered to be bimolar, and the two forms bear a 
pseudomonotropic relation to one another. The rose form is the more labile. 

A. Gutbior and M. Woernlo, and H. D. K. Drew and co-workors prepared palladous 
bisethylenediaminoehlorfde, [Pd Gn2JOi2, in p a l o yo l low c r y s t a l s , b y s u b s t i t u t i n g ©thylono-
diaraine for ammonia in the preparation of the amrainos ; they also prepared palladous 
bispropylenediaminochloride, [Pdpn2]Cl2, in a similar manner. L. Tschugaoff obtained an 
optically active form. H. P».eih]en and W. Hiihn obtained complexes of the typo palladous 
a/9-isobutylenedlaminochIoropaJladite, [Pd(C4H8(NH8)J8][Pt(Or Pd)Cl4. H. ±>. K. Drew 
and co-workers prepared palladous quaterpyridlnochloride, [Pd(C6H6NJ4]Cl2.3M2O ; palladous 
blspyridinodiamminochloride, [Pd(C6H6N)2(NH3)J8]Cl8, and also the rnon,ahydr<ue ; palladous 
ethylenediaminodiammlnochloride, [Pd en(NHj),]Clg ; and palladous ethylenediaminobls-
pyridinochloride, [Pd Cn(C6H6N)2CI2 ; A. Gutbier and A. Klrell, palladous bisdibenzylamino-
dichloride, Pd{NH(CHa.C,Hs)8}8Cl8. 

H. D. K. Drew and co-workers prepared palladous quaterpyridinochloropalladite, 
[Pd(C6H6N)4IPdCl4 ; palladous blsethylenediaminochloropalladlte, [Pd On2JPdCl4 ; palladous 
bispyridlnodlammlnochloropalladlte, [Pd(C6H6N) a(NH3)a JPdCl4 ; and palladous ethylene-
diaminodiammlnochloropalladlte, [Pden(NH3)2JPdCl4. A. Gutbior and C. Fellner prepared 
palladous quater-Iso-propylaminochloropalladlte, [Pd(C3H7.NH8)4 JPdCl4 ; palladous quater-
n-butylaminochloropalladite, [Pd(C4H9.NH2J4]PdCl4 ; and palladous quater-lso-amylamlno-
chloropalladlte, [Pd(C6H11NHa)4]PdCl4. N. S. Kurnakoff prepared palladous quaterthio-
carbamidochloride, [Pd{CS(NH2)2}4]Cla ; and K. A. Jensen, palladous thiocarbazldocluoride, 
[Pd(thio)2]Cla, and [Pd(thio)Cl2]. 

J. Thomsen represented the heat of formation of hydrochloropalladous add, 
H2PdCl4, by (Pd,0,4HCl,Aq.)=37-64 CaIs. ; (Pd(OH)2,4HCl,Aq.)=== 14-93 CaIs. ; 
and (Pd,Cl2,2HCl,Aq.)=-47-92 CaIs. W. H. Wollaston obtained potassium chloro­
palladite, K2PdCl4, from a soln. of palladium in hydrochloric acid mixed with 
nitre ; and J. J. Berzelius, by adding potassium chloride to a soln. of palladous 
chloride—with cone, soln., the salt is precipitated in golden-yellow needles, but dil. 
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soln. m u s t be first c o n c e n t r a t e d b y e v a p o r a t i o n . W . H . W o l l a s t o n , a n d H . Boss ie r 
o b t a i n e d t h e sa l t b y ign i t i ng t h e c h l o r o p a l l a d a t e o u t of c o n t a c t w i t h a i r . T h e 
four -s ided p r i s m s , sa id W . H . W o l l a s t o n , a p p e a r r e d b y l igh t t r a n s m i t t e d a long t h e 
a x i s , a n d l igh t g r een i n all o t h e r d i r ec t ions , b u t J . J . Be rze l ius s t a t e d t h a t t h e 
g r e e n i s h - b r o w n p r i s m s a r e n o t d ichro ic . A c c o r d i n g t o C. B o d e w i g , t h e c r y s t a l s 
a r e i s o m o r p h o u s w i t h t h o s e of t h e c o r r e s p o n d i n g ch lo rop l a t i n i t e ; t h e s im i l a r i t y of 
t h e c r y s t a l fo rms w a s n o t e d b y W . H . W o l l a s t o n . R . Gr. D i c k e n s o n also n o t e d 
t h a t t h e c rys t a l s a r e i s o m o r p h o u s w i t h t h o s e of t h e co r r e spond ing p l a t i n u m sa l t ; 
a n d t h a t t h e X - r a d i o g r a m s c o r r e s p o n d w i t h a t e t r a g o n a l l a t t i c e h a v i n g t h e p a r a ­
m e t e r s a—6-99 A. , a n d c = 4 - 1 3 A . T h e c a l c u l a t e d d e n s i t y is 2-66. W . J a n d e r , 
a n d IL. Pauling and M. 1». H u g g i n s m a d e s o m e o b s e r v a t i o n s on the lattice s t r u c t u r e . 
A c c o r d i n g t o J . J . Berze l ius , E . B i e w e n d , a n d H . Boss ie r , t h e c rys ta l s a r e difficult 
t o d r y c o m p l e t e l y ; t h e y r e t a i n w a t e r a b o v e 100° ; a t 105°, t h e y lose ch lor ine 
as h y d r o g e n ch lo r ide ; t h e y m e l t a t a h ighe r t e m p . , d u r i n g t h e fusion a l i t t le 
ch lo r ine is los t , a n d a l i t t l e p a l l a d i u m is f o r m e d ; t h e sa l t is comple t e ly d e c o m ­
posed a t a r e d - h e a t , f o rming p a l l a d i u m a n d p o t a s s i u m chlor ide . J . T h o m s e n 
g a v e for t h e h e a t of f o r m a t i o n , (Pd ,Cl 2 , 2KCl ) = 52-67 CaIs. ; F . P u c h e , 52-67 
CaIs. ; A. J o a n n i s g a v e (PdCl28OUd5SKCl801n.) = K 2 PdCl 4 8 0 i i d 4-9 -32 CaIs. , a n d 
(PdCl2SOiId^KCl80In.) = K2PdCl4 8 o l n . - t -4:-72 CaIs. ; a n d J . T h o m s e n g a v e for t h e 
h e a t of soln . , —13-63 CaIs. B . S a m u e l a n d co -worke r s s t u d i e d t h e a b s o r p t i o n 
s p e c t r u m . H . Boss i e r o b s e r v e d t h a t t h e sa l t i s eas i ly r e d u c e d b y h y d r o g e n . 
F o r t h e o x i d a t i o n of t h i s s a l t t o K 2 P d C l 6 , vide infra. W . H . W o l l a s t o n o b s e r v e d 
t h a t i t r e ad i ly d issolves in w a t e r , fo rming a d a r k r e d soln . , a n d t h a t ch lor ine 
c o n v e r t s i t i n t o t h e c h l o r o p a l l a d a t e ; J . J . Berze l ius , t h a t i t is easi ly r e d u c e d b y 
boi l ing w i t h s u l p h u r o u s ac id , a n d t h a t a m m o n i a in excess t r a n s f o r m s i t i n t o 
p a l l a d o u s d i c h l o r o d i a m m i n e ; W . H . W o l l a s t o n , t h a t i t is inso luble in a lcohol ; 
a n d J . J . Berze l ius , t h a t i t d issolves in a lcohol of sp . gr . 0-84, b u t is v e r y s p a r i n g l y 
so lub le i n a b s o l u t e a lcoho l , so t h a t t h e a d d i t i o n of a lcohol t o t h e h o t , s a t . soln. 
p r e c i p i t a t e s t h e sa l t in go lden-ye l low p l a t e s . L.. W o h l e r a n d F . M a r t i n f o u n d 
t h a t in t h e a t t e m p t s t o p r e p a r e s a l t s of t e r v a l e n t p a l l a d i u m , p o t a s s i u m chloro-
p a l l a d i t e , 2 K C L P d C l 2 , a n d p o t a s s i u m hexach loropa l lad i t e , 4 K C L P d C l 2 , or 
K 4 P d C l 6 , a r e fo rmed . A. B o s e n h e i m a n d H . I t z i g p r e p a r e d a m m o n i u m 
tr ichlorosulphi topal ladi te , ( N H 4 ) 3 P d C l 3 ( S 0 3 ) . H 2 0 , in r ed , h e x a g o n a l c r y s t a l s wi th 
t h e ax i a l r a t i o a : c== 1 : 0-8923. 

A c c o r d i n g t o B . GodefFroy, L . W o h l e r a n d F . M a r t i n , a n d A . G u t b i e r a n d 
A. Kre l l , r u b i d i u m chloropal ladi te , B b 2 P d C l 4 , i n l igh t b r o w n needles , is p rec ip i ­
t a t e d b y a d d i n g r u b i d i u m ch lo r ide t o a soln. of p a l l a d o u s ch lor ide a n d c rys t a l ­
l iz ing t h e p r o d u c t f rom i t s soln. i n h o t w a t e r . T h e y a l so p r e p a r e d caes ium c h l o r o ­
pal ladi te , Cs 2 PdCl 4 , i n a n a n a l o g o u s m a n n e r i n l i gh t b r o w n needles . W . H . W o l ­
l a s t o n o b t a i n e d a m m o n i u m Chloropalladite, (!NH4)2PdCl4 , b y c rys ta l l i za t ion f rom 
a m i x e d soln . of a m m o n i u m a n d p a l l a d o u s ch lor ides . N . W . F i s c h e r a d d e d t h a t 
t h e so ln . s h o u l d c o n t a i n a n excess of ac id , a n d he o b t a i n e d t h e sa l t b y e v a p o r a t i n g 
a soln . of p a l l a d o u s t e t r a m m i n o c h l o r o p a l l a d i t e in hyd roch lo r i c ac id . T h e s a l t 
w a s a lso p r e p a r e d b y T . W i I m , a n d A. G u t b i e r a n d A. Kre l l . W . H . W o l l a s t o n , 
a n d Li. N . V a u q u e l i n s a id t h a t t h e ye l lowish-green , four -s ided o r s ix-s ided p r i s m s 
a n d need le s e x h i b i t a p e c u l i a r p l a y of co lours , a n d B . J . K a n e a d d e d t h a t t h e 
c r y s t a l s h a v e a b ronze l u s t r e . B . G. D i c k e n s o n found t h a t t h e X - r a d i o g r a m s cor re ­
s p o n d w i t h a t e t r a g o n a l l a t t i c e h a v i n g a = 7 21 A. , a n d c—4-26 A. , a n d a cal ­
c u l a t e d s p . gr . of 2-12. T h i s is in a g r e e m e n t w i t h t h e o b s e r v a t i o n s of E . G. Cox 
a n d G. H . P r e s t o n . L . P a u l i n g a n d M. L . H u g g i n s d i scussed t h e sub jec t . AU t h e 
w a t e r c a n be expe l led b y t h e careful a p p l i c a t i o n of h e a t . W . H . W o l l a s t o n , a n d 
N . W . F i s c h e r found t h a t s a l t i s eas i ly so luble i n w a t e r , fo rming a d a r k red , or 
ye l l owi sh -b rown l iqu id ; a n d i t is inso lub le .in a lcohol , b u t s l ight ly soluble in a q . 
a l coho l . E . F . S m i t h a n d H . F . Ke l l e r pas sed h y d r o g e n su lph ide over t h e sa l t , a t 
70° t o 80° , a n d found t h a t i t b e c o m e s b lack ; a t h ighe r t e m p . , some a m m o n i u m 
ch lo r ide vo la t i l i zes , a n d a r e s i d u e , p r o b a b l y of p a l l a d o u s s u l p h i d e , r e m a i n s . 
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W. L. Hardin prepared ethylammonlum chloropalladlte, (NH3.CaII6)gPdCl4 ; A. Gutbier 
and co-workers prepared tetramethylammonlum chloropalladlte, {(CHs)4N}aPdCl4, in 
dark brownisli-red crystals ; iso-propylammonium chloropalladlte, ((C8H7)NH3J4PdCl4, 
in brownish-rod crystals ; n-butylammonlum chloropalladlte, ((C4H9)NHg)2PdCl1, in reddish-
brown plates ; di-iso-butylammonium chloropalladlte, ((C4H9)22STHa}2PdCl4, in rose-red 
plates ; allylammonium chloropalladlte, {(CsH6)NH3>2PdCl4, in brownish-red crystals ; iso-
amylammonlum chloropalladlte, ((C6H11)NHa)2PdCl4, in reddish-brown crystals ; dl-iso-
amylammonlum chloropalladlte, ((C5H1J)2NHa)2PdCl4, in brownish-red crystals ; tri-lso-
amylammonium chloropalladlte, {(CBH11)aNH)aPdCI4, in reddish-brown crystals ; pyridinum 
chloropalladlte, (C6H6N)PdCl4 ; guanldlnlum chloropalladlte, (C.NH.(NHa)a.H)2PdCl4, in 
d a r k r e d d i s h - b r o w n p l a t e s . 

A.. G u t b i e r a n d c o - w o r k e r s p r e p a r e d s o m e c o m p o u n d s of t h e t y p e ( R C l ) 2 P d C l 2 
e.g. anlUnium chloropalladlte, (C6H6NH3)2PdCl4 ; toluidlnium chloropalladlte, (C7H7NH3) ,-
PdCl2, in its o- and jo-forms ; methylanilium-chloropalladite, PdCl2(NH8(CH3)(C6H6)Cl)2 ; 
ethylanillniumchloropalladite, PdCl2(NH8(CaH6)(C6H6)Cl}2 ; and diethylanilinium chloropal­
ladlte, PdCl2(NH(C2H6)J8(C8H6)Cl)2; benzylanillnium chloropalladlte, (C6H6.CHa.NH2.C6H6J2-
PdCl4, in yellowish-brown crystals ; o-chloroanllinium chloropalladlte, (C6H4Cl.NH3)2PdCl4, 
in d a r k o r a n g e - r e d c r y s t a l s ; m-chloroanllinlum chloropalladlte, in p a l e b r o w n p l a t e s ; 
p-chloroanllinium chloropalladlte, in dark orange plates ; o-nitroanilinium chloropalladlte, 
(C6H4.NO2.NHa)2PdCl4, in brown crystals ; m-nltroanlllniiun chloropalladlte, in pale brown 
plates ; p-nitroanilinlum chloropalladlte, in dark brown plates ; trlbenzylammonlum chloro­
palladlte, ((C6H6.CH2J3NH)2PdCl4 ; dimethyl-o-toludinium chloropalladlte, (CeH4 .CH3 .NHa-
(CH3)2)aPdCl4, in reddish-brown crystals ; xylidlnium-1.2.4-chloropalladlte, C6H3(CH3),NH,}2-
PtICl4 , in p a l e b r o w n need l e s ; xylldlnlum-1.3.4-chloropalladlte, in b r o w n n e e d l e s ; xylldlnilim-
1.4.5-chloropalladite, in deep brown needles; p-anisldinium chloropalladlte, (C6H4(OCH3)NH3I,-
PdCl4; a-naphthylamlne chloropalladlte, (C10H7NH3)aPdCl4 ; /S-naphthylamine chloropalladlte, 
(C10H7NH3)2PdCl4 ; benzidine chloropalladlte, C14H8(NHj)2PdCl1 ; N. S. Kurnakoff and 
N. J. Gwosdaroff, ethylenediamlne chloropalladlte, C2H1(NHa)21PdCl4 ; A. Gutbier and 
co-workers, m-phenylene diamine chloropalladlte, C6H4(NH2)2.PdCl4 ; pseudocumldinium 
Chloropalladlte, (C6H2(CH3)2NH3)2PdCl4, as a brown, crystalline powder ; tolylenedlam-
monium-1.2.4-chloropalladite, (C6H3.CH3(NH3)JPdCl4, as a brown, crystalline powder ; 
methyldiphenylammonium chloropalladlte, ((C6H6)2NH.CH3)2PdCl4, in dark brown plates ; 
o-phenetidinium chloropalladlte, (C6H4.O.C2H6.NH3)2PdCl4, in brownish-grey plates : 
p-phenetidinium chloropalladlte, in dark brown crystals ; picolinium chloropalladlte, 
(C1H41CH3.NH)2PdCl4, in dark brownish-red crystals, in its a- and /3-forms ; lutidlnium 
chloropalladlte, (C5H3(CH3J2NH)2PdCl4, in dark red plates ; collidinium chloropalladlte, 
{C6H2(CH3)3NH!2PdCl4, indarkred trystals; piperidinium chloropalladlte, (C6H10. NU2)21YJC1; 
in dark reddish-brown crystals ; Iso-qtllnolinium chloropalladlte, (C9H7-NH)2PdCi4, as a 
pale red crystalline powder. 

W. H. Wollaston prepared s o d i u m chloropal ladl te , Na 2 PdCl 4 , from a m i x e d 
soln. of the component chlorides, in red, del iquescent prisms, very soluble in water , 
easi ly soluble in alcohol. N . S. Kurnakoff obtained dark ye l low crystals of copper 
t e tramminoch loropa l lad i te , Cu(NHs) 4PdCl 4 , by mix ing soln. of copper chloride 
and plat inous tetramminochloride ; the salt is decomposed by water , and b y 
hydrochloric acid. P . A. v o n Bonsdorff l ikewise obtained c a l c i u m chloropal lad l te , 
CaPdCl4 , in yel lowish-brown, del iquescent needles , soluble in water and alcohol ; 
b a r i u m chloropal ladl te , HaPdCl 4 , in brown crystals easi ly soluble in water and dil. 
alcohol ; A. Welkow, b e r y l l i u m ch loropal lad l te , B e P d C l 4 . 6 H 2 0 , in deep brown, 
hygroscopic crystals soluble in water and a l coho l ; P . A. v o n Bonsdorff, m a g n e s i u m 
Chloropalladlte, MgPdCl4 , in brown del iquescent , prismatic needles, soluble in water 
and alcohol; z i n c chloropal ladl te ,ZnPdCI 4 , in chestnut-brown, del iquescent needles ; 
c a d m i u m chloropal ladl te , CdPdCl4 , in l ight brown needles, no t changed in air ; 
A . Welkow, a l u m i n i u m chloropal ladl te , PdCl 2 .AlCl 3 .10H 2 O, in dark brown 
del iquescent , rhombic prisms which lose 8 mols. of water at 130° t o 140°, and decom­
pose w h e n the remainder of the water is driven off—the salt is soluble in water , 
alcohol, and ether ; H . Gille, tha l lous chloropal ladl te , Tl 2 PdCl 4 ; P . A. v o n 
Bonsdorff, manganese chloropalladlte, MnPdCl4, in black cubic crystals soluble 
in water and alcohol ; and nickel chloropalladlte, NiPdCl4 , in greenish-brown 
rhombohedra or hexagonal prisms permanent in dry air. 

A. Gutbier and C. Fellner prepared some salts of the type RCl. PdCI-, repre­
sented by tripropylammonium trlchloropalladlte, {<C,H7)aNH}PdCl„ in dark brown, 
pleoohroic, monochnic plates; di-lso-butylammonlum trichloropalUdite, {(C4H,),NH.}PdCl,, 
m dark brown, monochnic plates ; tri-iso-butylammonlum chloropalladlte, ((C4H1J3NH JPdCl3, 
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in brown, pleochroic, monoclinic plates ; guanidinium trichloropalladite, ( N H : C(N -H,)a .H}-
PdCl3 , in dark red crystals ; amidoguanidinium trichloropalladite, {NH: CNH 8 -NH 1 NH 7 IPdCl 3 , 
in reddish-brown crystals ; and benzylethylammonium trichloropalladite, (C 0H 6 .CH: NH.C 2H 5 ) -
PdCl3 , in red, birefringerit plates . 

Iu. W o h l e r a n d F . M a r t i n o b s e r v e d t h a t h y d r a t e d p a l l a d i u m sesqu iox ide is 
r e a d i l y d issolved b y h y d r o c h l o r i c ac id , fo rming , p r e s u m a b l y , p a l l a d i u m trichloride, 
P d C l 3 , wh ich is v e r y u n s t a b l e . If t h e sesqu iox ide is s u s p e n d e d in e t h e r in t h e 
p re sence of r u b i d i u m ch lor ide , a t t h e t e m p , of solid c a r b o n d iox ide a n d e the r , a n d 
h y d r o g e n ch lor ide is passed i n t o t h e m i x t u r e , g rey i sh -g reen c rys t a l s of r u b i d i u m 
Chloroperpalladite, R b 2 P d C l 5 , o r 2 R b C L P d C l 3 , a r e fo rmed ; a n d s imi la r ly w i t h 
Caesium Chloroperpalladite, C s 2 P d C l 5 . B o t h sa l t s d e c o m p o s e in c o n t a c t w i t h 
w a t e r t o fo rm t h e eh lo ropa l l ad i t e s . I f p o t a s s i u m ch lor ide is e m p l o y e d in p lace 
of the rubidium salt, no potassium chloroperpalladite, K2PdCl5 , is produced, bu t 
r a t h e r a m i x t u r e of 2KCLIMCI 2 , a n d 4 K C L P d C l 2 . T h e f o r m a t i o n of t h e s e cha ­
r a c t e r i s t i c d o u b l e sa l t s enab l e s i t t o be s h o w n t h a t t h e t r i ch lo r ide is p r o d u c e d b o t h 
w h e n t h e d ich lo r ide is ox id ized by m e a n s of ch lor ine a n d w h e n t h e t e t r a c h l o r i d e is 
r e d u c e d (by a lcohol , for e x a m p l e ) . O n t h e o t h e r h a n d , t h e t r i ch lo r ide c a n n o t he 
o b t a i n e d by r e d u c t i o n of d o u b l e sa l t s of t h e t y p e PdCl 4 .2MCl . T h e r e is the re fore 
a difference in t h e b e h a v i o u r of t h e free ch lor ides a n d those fo rming c o n s t i t u e n t s 
of d o u b l e sa l t s in such a w a y t h a t t h e free e n e r g y in t h e r eac t i on PdCl 2 H-PdCl 4 . 
—>IMC13 a n d 2 K 2 P d C l - > K 4 I M C l 4 - f K 2 P d C l 6 d imin i shes in t h e d i rec t ions i nd i ca t ed 
b y t h e a r rows . H . D. K . D r e w a n d co -worke r s o b t a i n e d pa l lad ium d i a m m i n o t r i -
Chloride, IM(NH 3 ) 2 C1 3 , b y c h l o r i n a t i n g P d ( N H 3 ) 2 C l 2 . 

T h e ch lor ide of q u a d r i v a l e n t p a l l a d i u m , p a l l a d i u m tetrachlor ide , or pa l ladic 
ch lor ide , IMCl 4 , h a s n o t been i so la ted , b u t J . J . Berze l ius o b t a i n e d t h e sa l t in a q . 
soln . , a n d a lso in c o m b i n a t i o n w i t h some m e t a l ch lor ides . T h e aq . soln. is o b t a i n e d 
b y d i sso lv ing p a l l a d o u s ch lo r ide in cone , a q u a regia w i t h gent le h e a t i n g , t h e d a r k 
b r o w n soln. c o n t a i n s a m i x t u r e of p a l l a d o u s a n d pa l lad ic chlor ides , and it g ives a 
p r e c i p i t a t e of p o t a s s i u m e h l o r o p a l l a d a t e when t r e a t e d w i t h p o t a s s i u m chlor ide , whi l s t 
p o t a s s i u m eh lo ropa l l ad i t e r e m a i n s in soln. A s imi la r soln. c a n be o b t a i n e d by 
d i sso lv ing h y d r a t e d p a l l a d i u m d iox ide in cone , h y d r o c h l o r i c ac id ; a n d 11. Topsoe 
o b t a i n e d it by s a t u r a t i n g a soln. of p a l l a d o u s ch lor ide w i t h ch lo r ide . J . J . Berze l ius 
o b s e r v e d t h a t t h e b r o w n soln. of pa l l ad ic ch lo r ide g r a d u a l l y g ives oft ch lor ine 
espec ia l ly w h e n i t is d i l u t e d or e v a p o r a t e d , a n d i t is t h e r e b y c o n v e r t e d i n t o a soln. 
of p a l l a d o u s ch lo r ide . H . B . W e l l m a n s t u d i e d t h e e q u i l i b r i u m of IMCl 2 a n d 
P d C l 4 in h y d r o c h l o r i c ac id so lu t ions . O. W . G ibbs o b s e r v e d t h a t c o m p l e x sa l t s 
a r e fo rmed wi th a m m o n i u m m o l y b d a t e or s o d i u m t u n g s t a t e a n d p a l l a d i u m ch lor ide . 

H. I>. K. Drew and co-workers obtained palladic diamminochloride, 
I M(NH 3 ) 2 C1 4 , a s a n o r a n g e p o w d e r , b y t h e a c t i o n of h y d r o c h l o r i c ac id a n d h y d r o g e n 
d i o x i d e on p a l l a d o u s t e t r a m m i n o c h l o r o p a l l a d i t e , or b y c h l o r i n a t i n g t h e d ich lo ro-
d i a m m i n e s u s p e n d e d in c a r b o n t e t r a c h l o r i d e . T h e sa l t becomes b lack u n d e r 
w a t e r , a n d w h e n t h e w a t e r is h e a t e d , t h e r e is fo rmed t h e p a l l a d o u s d i c h l o r o d i a m m i n e . 
T h e r e w a s a l so p r e p a r e d pa l ladic bispyridinochloride , ( IMC 5 H 5 N) 2 CJ 4 , o b t a i n e d a lso 
b y A . R o s e n h e i m a n d T. A . Maass , a s a r edd i sh -o range p o w d e r ; a n d pa l ladic 
f^thylf^pftfjiftminonlilririfift., P d e n C l 4 , a s a b r o w n p o w d e r . If yel low p a l l a d o u s 
d i c h l o r o d i a m m i n e be c h l o r i n a t e d w i t h cold hyd roch lo r i c acid a n d h y d r o g e n d iox ide , 
t h e r e is fo rmed p a l l a d i u m t r i c h l o r o d i a m m i n e , [ P d ( N H 3 ) 2 C l 3 ] 2 , in b lack s h i m m e r i n g 
need les , s t a b l e in a i r , b u t w h e n h e a t e d w i t h w a t e r p a l l a d o u s d i c h l o r o d i a m m i n e 
is p r o d u c e d . 

A . R o s e n h e i m a n d T. A . Maass p r e p a r e d pa l ladic bispyridinochloride, 
[ F d P y 2 ] C l 4 , b y t h e a c t i o n of ch lo r ine on t h e c o r r e s p o n d i n g pa l l adous sa l t s u s p e n d e d 
in ch lo ro fo rm. T h e o r a n g e p r i s m s g ive off ch lo r ine in d a m p a i r ; w h e n h e a t e d 
w i t h p o t a s h lye , a b r o w n p r e c i p i t a t e of p a l l a d i u m h y d r o x i d e is o b t a i n e d , a n d w h e n 
t h e cold p r o d u c t is n e u t r a l i z e d w i t h h y d r o c h l o r i c ac id , p o t a s s i u m e h l o r o p a l l a d a t e 
f o r m e d . W h e n s h a k e n w i t h a n a q . soln. of iod ine , p a l l a d o u s d i ch lo rod ipy r id ine is 
f o r m e d . 
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H. I>. K. Drew and co-workers prepared palladous tetramiiiinochloropalladate, 
[Pd (NHg) 4 ]PdCl 4 , b y c h l o r i n a t i n g t h e t e t r a m m i n o c h l o r o p a l l a d i t e . I t f o rms a s a 
b rowni sh -ye l low p o w d e r , a n d w h e n h e a t e d w i t h w a t e r , i t loses ch lor ine success ive ly 
f o r m i n g [ P d ( N H 3 ) 4 ] P d C l 4 , a n d 2 [ P d ( N H g ) 2 C l 2 ] . T h e y a lso p r e p a r e d pa l l adous 
bisethylenediaminochloropalladate, [Pd en2]PdCl6 . 

J . T h o m s e n g a v e t h e fol lowing a s d o u b t f u l v a l u e s for t h e h e a t of f o rma­
t i on of hydrochloropal lad ic ac id , H 2 P d C l 6 , ( P d , 2 C l 2 , 2 H C l , A q . ) = 72-94 CaIs. ; 
( P d ( O H ) 4 , 6 H C l , A q . ) = 2 1 - 9 5 0 CaIs. ; a n d ( P d 0 2 , 6 H C l , A q . ) = 5 2 - 3 8 CaIs. J . J . B e r -
zelius, a n d N . W . F i s c h e r p r e p a r e d p o t a s s i u m chloropal ladate , K 2 P d C l 6 , o r 
2KCLPdCl 4 , b y e v a p o r a t i n g a soln. of p o t a s s i u m ch lo ropa l l ad i t e w i t h a q u a regia ; 
H . T d p s o e , b y s a t u r a t i n g a soln . of p a l l a d o u s ch lo r ide w i t h ch lo r ine , a n d t h e n 
a d d i n g a cone . so ln . of p o t a s s i u m ch lor ide , a n d well w a s h i n g t h e c rys t a l l ine p rec i ­
p i t a t e w i t h cold w a t e r ; H . Croft , b y s a t u r a t i n g a h o t , cone . soln. of t h e ch lo ro ­
p a l l a d i t e w i t h ch lor ine ; a n d G. Scagl ia r in i a n d G. B . Ber t i -Ceron i , b y w a r m i n g 
t h e ch lo ropa l l ad i t e w i t h p o t a s s i u m p e r s u l p h a t e in t h e p re sence of h y d r o c h l o r i c 
ac id , a n d cool ing t h e soln . T h e s t r u c t u r e of p a l l a d i u m sa l t s -was d i scussed b y 
T . M. L o w r y . P o t a s s i u m c h l o r o p a l l a d a t e , sa id J . J . Berze l ius , fo rms ve rmi l i on -
red , o c t a h e d r a l c r y s t a l s be long ing t o t h e cub ic s y s t e m ; w h e n t h e c r y s t a l s a r e l a rge , 
t h e co lou r is b rown i sh - r ed . H . Tdpsoe f o u n d t h e s p . g r . t o be 2*738. A c c o r d i n g 
t o J . J . Berze l ius , p o t a s s i u m c h l o r o p a l l a d a t e fuses w h e n h e a t e d , g ives off ch lo r ine , 
a n d passes i n t o t h e ch lo ropa l l ad i t e . F . P u c h e obse rved t h a t K 2 P d C l 6 passes 
i n t o K 2 P d C l 4 . J . T h o m s e n , a n d F . P u c h e g a v e for t h e h e a t of f o r m a t i o n 
(Pd ,2Cl 2 , 2KCl) = 79-06 CaIs. ; a n d for t h e h e a t of soln. , —15 CaIs. R . S a m u e l a n d 
co -worke r s s t u d i e d t h e a b s o r p t i o n s p e c t r u m . H . B . W e l l m a n m e a s u r e d t h e 
so lub i l i ty of t h e c h l o r o p a l l a d a t e in iV-HCl, s a t . w i t h ch lo r ine , a t 25° a n d 740 m m . 
T h e so lub i l i ty p r o d u c t [K^]S[PdCl6"] is c o n s t a n t , a n d e q u a l t o 5-97 X 10~° w i t h 
m o l a r c o n c e n t r a t i o n s . T h e o x i d a t i o n e q u i l i b r i u m : P d C l 4 " - 4 - 2 C l = P d C l 6 " is 
e s t a b l i s h e d b y pass ing ch lor ine t h r o u g h a soln. of t h e ch lo ropa l l ad i t e in 2V-HC1. 
T h e p a l l a d i u m is p r e s e n t a s P d C l 6 " a n d PdCl 4 "- ions , a n d n o t a s h y d r o l y z e d , o r 
non- ion ized ac ids . T h e r e d u c t i o n p o t e n t i a l of PdCl 4 "-{-2CI—PdCI 6 "-}2e a t 25° is 
— 1-288 vo l t . 

V. Ipateeff a n d V. G. Troneff s tud ied t h e d i s p l a c e m e n t of p a l l a d i u m f rom 
a q . soln. b y h y d r o g e n u n d e r p ress . J . J . Berze l ius o b s e r v e d t h a t t h e s a l t 
d issolves wi th difficulty in cold w a t e r fo rming a ye l low soln. wh ich cons i s t s 
m a i n l y of ch lo ropa l l ad i t e a n d free ch lo r ine m i x e d w i t h s o m e c h l o r o p a l l a d a t e ; 
w h e n t h e sa l t is boi led w i t h w a t e r , i t g ives off ch lo r ine , a n d d e p o s i t s s o m e 
h y d r a t e d p a l l a d i u m d iox ide wh i l s t t h e l i qu id r e t a i n s s o m e h y d r o c h l o r i c 
ac id ; boi l ing for a longer t i m e c o n v e r t s i t c o m p l e t e l y i n t o t h e c h l o r o p a l l a d i t e . 
I t d issolves in boi l ing w a t e r in a s t o p p e r e d flask, a d a r k co lou red soln . is 
o b t a i n e d which , on cool ing, d e p o s i t s s o m e c h l o r o p a l l a d a t e , a n d t h e p a r t i a l l y 
decolor ized m o t h e r - l i q u i d c o n t a i n s s o m e c h l o r o p a l l a d i t e a n d ch lo r ine . T h e 
c h l o r o p a l l a d a t e d isso lves w i t h o u t d e c o m p o s i t i o n in d i l . h y d r o c h l o r i c ac id , a n d is 
left u n a l t e r e d w h e n t h e l i qu id is e v a p o r a t e d ; i t i s i n so lub le i n w a t e r c o n t a i n i n g 
a m m o n i u m , p o t a s s i u m , o r s o d i u m ch lo r ide ; i t is d e c o m p o s e d b y a q . a m m o n i a w i t h 
t h e evo lu t ion of n i t r o g e n , a n d f o r m s t h e c h l o r o p a l l a d i t e ; i t i s i n so lub le in a lcohol ; 
a n d w h e n boiled w i t h a lcohol w h i c h h a s n o a c t i o n o n i t i n t h e cold , i t is d e c o m p o s e d 
w i t h t h e evo lu t ion of e t h e r e a l v a p o u r s . C. R e i c h a r d o b s e r v e d t h a t a n a r s e n i t e is 
f o r m e d w h e n t h e soln. is t r e a t e d w i t h p o t a s s i u m h y d r o a r s e n i t e . 

A . G u t b i e r a n d A. Kre l l o b t a i n e d r u b i d i u m ch loropa l ladate , R b 2 P d C l 6 , b y 
pas s ing chlor ine i n t o a n a q . soln . of t h e c h l o r o p a l l a d i t e . T h e r ed , m i c r o c r y s t a l l i n e 
p r e c i p i t a t e is insoluble in cold w a t e r . T h e y o b t a i n e d CSe&ium ch loropa l ladate , 
Cs 2 PdCl 6 , in a s imilar m a n n e r . T h e y e l l o w i s h - b r o w n , mic roscop ic c r y s t a l s a r e 
s t a b l e in a i r , n e a r l y insoluble in co ld w a t e r , lose ch lo r ine w h e n boi led w i t h w a t e r , 
a n d a r e r e d u c e d b y a m m o n i a . T h e c r y s t a l s w e r e a l so e x a m i n e d b y E . H . D u c l o u x . 
J J . Berze l ius p r e p a r e d a m m o n i u m ch loropa l ladate , ( N H 4 J 2 P d C l 6 , b y m i x i n g a 
so ln . of p a l l a d i u m in a q u a regia w i t h a m m o n i u m ch lo r ide ; a n d H . T o p s o e , b y 
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a d d i n g a m m o n i u m ch lo r ide t o a soln. of p a l l a d o u s ch lo r ide s a t u r a t e d w i t h ch lo r ine . 
T h e c r y s t a l s a r e w a s h e d w i t h i ce -wa te r s a t u r a t e d w i t h a m m o n i u m ch lor ide . T h e 
r ed , c ry s t a l l i ne p o w d e r cons is t s of o c t a h e d r a a n a l o g o u s w i t h t h o s e of t h e p o t a s s i u m 
sa l t . H . Topsoe g a v e 2-418 for t h e sp . gr . S. F . S c h e m t s c h u s c h n y f o u n d t h a t a 
s a t . , 28-22 p e r c e n t . a q . a m m o n i u m chlor ide , a t 25° , d issolves 0-26 p e r cen t , of 
a m m o n i u m c h l o r o p a l l a d a t e . 

A. Gutbier and co-workers prepared methylammonium chloropalladate, (CH3NHg)2PdCl6 ; 
dimethylammonium chloropalladate, {(CH3)2NH2}2PdCl„ in light red p l a t e s ; trimethyl-
ammonium chloropalladate, {(CH3)3NH}2PdCl9, in dark red, crystalline powder ; tetra-
methylammonlum chloropalladate, {(CM3 )4N}JjPdCl6, in dark red needles ; ethylammonium 
chloropalladate, (C 2H 5 .NH 3 ) zPdCl 6 ; diethylammonium chloropalladate. {(C2HB)2NH2}2PdCl„ 
in red needles ; triethylammonium Chloropalladate, ((C2HB)3NHJ2PdCI8, in light red 
crystals ; tetraethylammonlum chloropalladate, {(C2H6)4N|2PdCl«, in bright red crystals ; 
lso-propylammonium chloropalladate, (C3H7NHj)2PdCl8 , in bright red plates ; dipropyl-
ammonlum chloropalladate, {(C3H7)aNH2}2PdCl6 , in purple-red plates ; tripropylammonium 
chloropalladate, {(C3H7)3:srH}2PdCle, in dir ty red needles ; iso-butylammonlum chloropalladate, 
and n-DUtylammonium chloropalladate, (C4H9 .NH3J2PdCl8 , in brownish-red p la te s ; dl-iso-
butylammonium chloropalladate, 1(C4HB)2NH2I2PdCl,,, in reddish-brown p la tes ; tri-iso-butyl-
ammonium chloropalladate, {(C4H0),NH}2PdCia , in reddish-brown plates ; iso-amylammonium 
chloropalladate, (C6H11-NH3)JjPdCl6. in purple red crystals ; di-Iso-amylammonium chloro­
palladate, UC8H11)SjNH2I8PdCl6, in deep red c rys ta l s ; tri-lso-amylammonium chloropalladate, 
{(C5H11)aNH}2PdCl f l, in brownish-red crystals ; pyridlnium chloropalladate, (C5H6N)2PdCl6 ; 
picollnium chloropalladate, (C5H4 .CH3 .NHJ2PdCl6 , in purple red crystals, in its a- and /3-
forrns ; lutidlnium chloropalladate, (C5H3(CH3J2NHf2PdCl6 , in brownish-red needles ; COlll-
dinium chloropalladate, ((C5H 2(CH3)3NH I2PdCl6, in red needles ; and iso-quinoJInium chloro­
palladate, ((C9H7-NH)I2PdCl6 , in bright red needles. 

R . Moh lan n o t e d t h a t t h e t e r t i a ry -cyc l i c bases u n i t e w i t h pa l l ad ic ch lor ide , 
f o rming c o m p o u n d s of t h e t y p e : P d O l 4 . 2 R . H C l , where R d e n o t e s p y r i d i n e , 
2 - p h e n y l - p y r i d i n e , qu ino l ine , 2 - m e t h y l q u i n o l i n e , 8 -pheny lqu ino l ine , a n d b e n z o t h i -
azo le . T e r t i a r y a lka lo ids a l so y ie ld co loured c o m p o u n d s . 

P . A. v o n Bonsdorff o b t a i n e d c a l c i u m c h l o r o p a l l a d a t e , a n d b a r i u m c h l o r o ­
p a l l a d a t e so luble in w a t e r a n d in a lcohol . A. W e l k o w p r e p a r e d b e r y l l i u m c h l o r o ­
p a l l a d a t e , B e P d C l 6 - B H 2 O , f rom a soln . of be ry l l i um a n d pa l l ad ic chlor ides . T h e 
d a r k b r o w n , hyg roscop i c c r y s t a l s lose t h e i r w a t e r of c rys t a l l i z a t i on a t 150°. 
P . A. von BonsdorfT obtained magnesium chloropalladate, MgPdCl6 .6H2O, by 
s a t u r a t i n g a soln. of t h e c h l o r o p a l l a d i t e w i t h ch lor ine , a n d e v a p o r a t i n g in a n a t m . 
of ch lo r ine . T h e sca r l e t , r h o m b o h e d r a l c r y s t a l s a r e de l iquescen t , a n d , acco rd ing 
t o H . T o p s o e , h a v e a s p . gr . 2-12. P . A . v o n Bonsdorff s imi la r ly p r e p a r e d z i n c 
C h l o r o p a l l a d a t e , Z n P d C l 2 - G H 2 O , in d e e p red , r h o m b o h e d r a l c ry s t a l s which , accord ­
ing t o H . T o p s o e , h a v e a s p . g r . of 2-359. P . A. v o n BonsdorfT l ikewise o b t a i n e d 
r>^rtrrMnm c h l o r o p a l l a d a t e . P . A . v o n Bonsdorff, a n d H . Topsoe also p r e p a r e d 
m a n g a n e s e c h l o r o p a l l a d a t e , M n P d C l 6 . 6 H 2 O , in scar le t , hygroscop ic , r h o m b o h e d r a l 
c r y s t a l s ; a n d n i c k e l c h l o r o p a l l a d a t e , N i P d C l 0 . 6 H 2 O , in r edd i sh -b rown , h y g r o ­
scopic , r h o m b o h e d r a l c r y s t a l s of sp . gr . 2-353. 

I . Be l lucc i a n d P . de Cesar is a s s u m e d t h a t a n aq . soln. of p a l l a d o u s ch lor ide 
contained dihydroxydichloropalladie acid, H2Pd(OH)2Cl2 , because the addition 
of a s i lver s a l t p r e c i p i t a t e s n o t s i lver ch lor ide , b u t r a t h e r s i lve r d i h y d r o x y d i c h l o r o -
pal ladate , A g 2 P d ( O H ) 2 C l 2 - L ikewise a lso , a lead sa l t p r e c i p i t a t e s a bas ic l e a d 
dihydroxydich loropal ladate , P b [ P d C l 2 ( O H ) 2 ] . P b ( O H ) 2 ; a n d a t h a l l o u s sa l t , 
t h a l l o u s tiihyifrft^ryfiinlilny^p^lla^d^tftj T l 2 [ P d C l 2 ( O H ) 2 ] . AU t h r e e sa l t s a p p e a r a s 
a m o r p h o u s p r e c i p i t a t e s . T h e s i lver sa l t is s lowly h y d r o l y z e d b y h o t w a t e r , a n d 
t h e o t h e r s a l t s m o r e r a p i d l y . 
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§ 10. Palladium Bromides 
A c c o r d i n g t o J . Nick les , 1 p a l l a d i u m is on ly a t t a c k e d a l i t t l e b y a soln. of 

b r o m i n e in a q . e t h e r . V. A. v o n BonsdorfF o b t a i n e d pa l ladous bromide , P d B r 2 , 
b y t h e a c t i o n of a m i x t u r e of h y d r o b r o m i c a n d n i t r i c ac ids on t h e m e t a l , a n d 
r e m o v i n g t h e n i t r o u s ac ids b y boi l ing a n d e v a p o r a t i o n w i th a n excess of h y d r o ­
b r o m i c ac id . G. B e c k found t h e sp . gr . t o be 5-173 a t 16°, a n d t h e mol . vol . 51-5. 
A. J o a n n i s gave for t h e h e a t of f o r m a t i o n (Pd,Br l i Q u } d)=^24*88 CaIs. T h e b r o w n , 
a m o r p h o u s m a s s is insoluble in w a t e r a n d in a lcohol , b u t i t is decomposed b y w a t e r ; 
i t is so lub le in dil . h y d r o b r o m i c ac id . A m m o n i a c o n v e r t s i t i n t o p a l l a d o u s d i b r o m o -
d i a m m i n e . W . S t r e c k e r a n d M. F . Sehur ig in found t h a t p h o s p h o r u s t r i b r o m i d e 
furn ishes pa l ladous p h o s p h o r u s pentabromide , P d B r 2 . P B r 3 , a s in t h e case of t h e 
c o r r e s p o n d i n g ch lor ide . 

H . F e h l i n g , a n d H . Muller o b t a i n e d pa l ladous d i b r o m o d i a m m i n e , [ P d ( N H a ) 2 B r 2 ] , 
b y p o u r i n g p a l l a d o u s b r o m i d e i n t o a n excess of a q . a m m o n i a , w h e n a b r o w n 
p r e c i p i t a t e of t h e t e t r a m m i n o c h l o r o p a l l a d i t e is fo rmed . Th i s dissolves in a q . 
a m m o n i a , a n d w h e n t h e soln. is f i l tered i n t o h y d r o b r o m i c ac id in excess , ye l low, 
o c t a h e d r a l c r y s t a l s of t h e d i c h l o r o d i a m m i n e a r e fo rmed . A . G u t b i e r a n d co­
w o r k e r s p r e p a r e d t h e d i b r o m o d i a m m i n e a s follows : 

Pu r i f i ed p a l l a d i u m w a s d i s so lved in a m i x t u r e of h y d r o b r o m i c a n d n i t r i c a c i d s . T h e 
l a t t e r a c i d w a s expe l l ed b y r e p e a t e d e v a p o r a t i o n w i t h h y d r o b r o m i c ac id , t h e r e s i d u e d is ­
s o l v e d in a s m a l l q u a n t i t y of h y d r o b r o m i c ac id , a n d f i l te red i n t o excess of a m m o n i u m 
h y d r o x i d e . A b r o w n p r e c i p i t a t e of t h e s a l t P d ( N H 3 ) 4 B r 2 , P d B r a w a s p r o d u c e d , b u t o n 
p r o l o n g e d d i g e s t i o n w i t h a m m o n i u m h y d r o x i d e i t d i s so lved , w i t h t h e f o r m a t i o n of t h e 
d i b r o m o a m m i n e P d ( N H , ) , B r 8 . T h e so ln . w a s f i l te red i n t o exces s of h y d r o b r o m i c ac id , 
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w h e r e b y t h e d i b r o m o a m m i n e w a s o b t a i n e d a s a ye l low, finely c r y s t a l l i n e p r e c i p i t a t e . 
T h e p r e c i p i t a t e w a s -washed free f rom a m m o n i u m b r o m i d e , a g a i n d i s so lved in a m m o n i u m 
h y d r o x i d e , a n d p r e c i p i t a t e d w i t h h y d r o b r o m i c a c i d , t h e p roces s b e i n g r e p e a t e d t h r e e 
t i m e s . T h e p u r e b r o m i d e t h u s o b t a i n e d w a s d r i e d a t 105° t o 110° t o c o n s t a n t w e i g h t . 

G. Beck gave 3-372 for the sp. gr. a t 17° ; 89-2 for the mol. vol . ; and 145 CaIs. for 
the heat of formation. According to H . Miiller, the salt is insoluble in cold water, 
but soluble in hot water. The prolonged act ion of boiling water decomposes the 
salt with the loss of ammonia and the separation of brown flecks. Hydrochloric 
acid converts it s lowly wi th the chloro-compound ; it does not dissolve in sul­
phurous acid, nor in a soln. of potass ium hydroxide. 

A. Gutbier and co-workers prepared palladous dibromobis-Iso-propylamine, [Pd(C3H7NHj)8-
Br2] , in yellow crystals ; palladous dibromobisdipropylamine, [Pd{(C3H7)2NH}jBr8], in yellow 
needles ; palladous dibromobis-n-butylamine, [Pd(C4H,NH2)8Bra], as a yellow, crystalline 
powder ; palladous dibromobls-lso-butylamine, [Pd{(C4H,)2NH}aBrj], in dark yellow crystals ; 
palladous dibromobis-iso-amylamine, [Pd(C6H111NHa)2Br2], in yellow crystals ; palladous 
dibromobisdi-iso-amylamine, [PdI(C6H11)SNH)2Br2J, in yellow plates ; palladous dibromo-
bisphenylamine, (Pd8(C6H6NHa)8 ; palladous dlbromoblstolylamine, PdBr2(C7H7NH2)a ; palla­
dous dlbromoblsmethylphenylamine, PdI(CH3)(C6H6)NH)2Br3 ; palladous dibromoblsethylphenyl-
amine, PdI(C2H6)(C6H6)NH)2Br2; palladous dibromoblsxylylamine, PdBr2IC0H6(CH3)J8NH8J2; 
palladous dibromobis-p-anisidylamine, PdBr2IC6H4(OCH3)NH2)2 ; palladous dibromobis-a-
naphthylamine, PdBr2(C1 0H7 .NH2)2 ; palladous dibromobls-yS-naphthylamine ; palladous 
dibromobisbenzidylamine, PdBr2(C1 2H8(NH2)2 ; palladous dlbromo-o-phenylenediamine, 
PdBr2-C6H4(NH2)., ; palladous dibromobls-1.2.4-xylidine, fPd|C6H3(CH3)2NH2}2Br2l, in 
golden yellow needles ; palladous dibromobls-1.3.4-xylldine, in dark golden-yellow needles; 
palladous dlbromobis-1.4.5-xylidIne, in dark yellow needles ; palladous dibromo-1.3.4-toluylene-
diamine, [Pd(C6H3(CH3)(NH2J2)Br2, in pale brown plates ; palladous dibromobis-/3-picoline, 
[Pd(C6H4(CH3)N)2Br2], in yellow plates; palladous dlbromobislutidine, [Pd|C6H3(CH3)2N)aBral, 
in dark yellow plates ; palladous dlbromoblscollidlne, [Pd|C6H3(CH3)2N)2Br2], in dark 
golden-yellow plates ; W. L. Hardin, and A. Gutbior and co-workers, palladous dlbromo-
bispiperidine, [Pd(C6H1 0NH)2Br3] , in yellow crystals; and palladous dibromobis-iso-qulnoline, 
[Pd(C9H7N)2Br2], in brownish plates. A. Rosenheim and T. A. Maass obtained the 
quinoline salt in reddisb-brown leafletts; A. Gtitbier and C. Fcllner, palladous 
dlbromoblspyridine, [Pdpy2Br2] , as a yellow, crystalline powder ; and A. Rosenheim and 
T. A. Maass, palladous dibromobisbenzylamine, [Pd(C6H6 .CH2 .NH2)2Br2], in golden-yellow 
leaflets ; palladous dibromobisbenzylbromoamine, Pd(NH3(CH2-C6H6)Br)2Br2 ; palladous 
dibromobisdibenzylbromoamine, Pd(NH2(CH2.C6Hg)2Br)3Br2 ,- palladous dibromobisbenzyl­
amine, Pd(NH21CH2.C6H6J2Br2,- palladous dibromobispyridine, Pd(C6H6N)2Br2 ; palladous di-
bromobis-2-methylpyridine, Pd(C6H4(CH3)N)2Br2 ,- palladous dibromobis-«x-picoline, IM (C6H4N-
(CH3J)2Br2 ; and palladous dibromobisquinoline, Pd(C9H7N)2Br2 . K. C. Fritzmann, and 
L. Tschugaeffand C. Iwanoff described palladous dibromobisdiethylsulphlne, [Pd((C2H6)2S}2Cl2; 
palladous dibromobismethylethylsulphlne, [Pd(CH2SCaH6)2Br8] ; palladous dibromoethylene-
bisdiethylsulphine, [Pd(S(C2H6).CH2.CH2.S(C2H6))Br2] ; palladous dlbromoblsmethylselenlne, 
PdBr2.2(CH3)2Se ; palladous dibromobisethylselenlne, PdBr2.2(C2H6)2Se ; palladous dibromo-
bispropylselenine, PdBr2.2(C3H7)2So ; palladous dibromobisbutylselenine, PdBr2.2(C6H9)2So ; 
palladous dibromobispentylselenine, PdBr2^(C6H11J2So ; palladous dibromoblsphenylselenlne, 
PdBr2.2(C6H6J2Se; and palladous dibromodlethyltrlmethyleneselenide, PdBr2.(C2H6)Se(CH8)3-
Se(C2H5). 

H . Miiller prepared p a l l a d o u s te tramir i inopromide , [Pd(NH 3 J 4 ]Br 2 , b y dissolving 
palladous bromide, or d ibromodiammine in an excess of aq. ammonia . I t crystal­
lizes in a lmost colourless rhombic prisms, which are stable in air, and soluble in 
water. G. Beck found the sp. gr. t o be 2-320 a t 16° ; the mol. vol . 152-6 ; and the 
heat of formation 528 CaIs. H . Fehl ing , and U . Miiller prepared p a l l a d o u s t e t r a m -
minobromopal lad i te , [Pd(NH 3 J 4 ]PdBr 4 , as a red precipitate, insoluble in water, by-
adding palladous bromide to the te tramminobromide , a n d by adding a n 
excess of ammonia t o a soln. of pal ladous bromide. F o r the process of 
A. Gutbier and co-workers, vide supra. P . A. v o n Bonsdorft prepared the complex 
[Pd(NHa) 2 Br 2 J 4 [Pd(NHa) 4 ]Br 2 , which has ye l low, tetragonal crystals w i th 
a : c=l : 1 1 4 8 7 . 

A. Gutbier and C. Pellner prepared palladous quatei^lao-propylaminobromopalladlte, 
[Pd(C3H7 .NH2)jPdBr4 ; palladous quater-n-butylaminobromopalladlte, [Pd(C4H1-NH1)J. 
PdBr4 ; and palladous quater-fso-amylaminobromopalladlte, [Pd(C,H t l .NH,) 4 ]PdBr 4 . A. Gut­
bier and M. Woernle obtained palladous blsethylenedlaminobromlde, [Pd en,1Br4, in dark 
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yellow crystals ; and similarly with palladous blspropylenediamlnebromlde, [Pdpn 2 ]Br 2 ; 
and palladous bisdibenzylaminodibromlde, Pd(NH(CH2 .C8H8)2}2Br a . 

P . A . v o n Bonsdorff , a n d E . F . S m i t h a n d D . L . W a l l a c e p r e p a r e d p o t a s s i u m 
bromopal lad i te , K 2 P d B r 4 , b y e v a p o r a t i n g a m i x e d soln. of p o t a s s i u m a n d p a l l a d o u s 
b r o m i d e s in w a t e r c o n t a i n i n g h y d r o b r o m i c ac id . T h e sa l t a p p e a r s in r e d d i s h - b r o w n 
need les w h i c h a r e u n c h a n g e d a f t e r e x p o s u r e t o a i r . A. J o a n n i s g a v e for t h e h e a t 
of f o r m a t i o n for t h e solid sa l t , ( P d B r 2 , 2 K B r A q . ) = K 2 PdBr 4 ( so l id ) - f -15-32 CaIs. , 
a n d for K 2 PdBr 4 (So In . ) , 2-84 CaIs . W h e n t h e soln. is t r e a t e d w i t h b r o m i n e a t 
70° , t h e b r o m o p a l l a d a t e is n o t fo rmed , b u t t h e dihydrate, K 2 P d B r 4 . 2 H 2 O , c ry s t a l ­
lizes f rom t h e soln. i n d a r k b r o w n need les , w h i c h lose t h e i r l u s t r e o n e x p o s u r e t o 
a i r , a n d fo rm a r e d d i s h - b r o w n p o w d e r . W . J a n d e r s t u d i e d t h e s y s t e m K 2 P d C l 6 -
K 2 P d B r 4 . A . G u t b i e r a n d A . Kre l l f ound t h a t r u b i d i u m b r o m o p a l l a d i t e , 
R b P d B r 4 , is p r e c i p i t a t e d in r e d d i s h - b r o w n , ac icu la r c rys t a l s on mix ing cone . soln. 
of r u b i d i u m a n d p a l l a d o u s b r o m i d e s . T h e sa l t is r ee rys ta l l i zed f rom i t s soln. i n 
di l . h y d r o b r o m i c ac id . T h e s a l t is so luble in w a t e r . S imi la r ly w i th c a e s i u m 
bromopal lad i te , C s 2 P d B r 4 , wh ich fu rn i shes r e d d i s h - b r o w n needles , wh ich a r e v e r y 
so luble in w a t e r . T h e c o r r e s p o n d i n g a m m o n i u m b r o m o p a l l a d i t e , (NIT 4 ) 2 PdBr 4 , 
w a s p r e p a r e d in a n a n a l o g o u s m a n n e r b y A. G u t b i e r a n d A. Kre l l , a n d E . F . S m i t h 
a n d D . L . W a l l a c e . T h e o l ive -b rown, r h o m b i c c r y s t a l s a r e s t ab l e on e x p o s u r e t o 
a i r . T h e y a r e so luble in w a t e r . G. Scag l ia r in i a n d G. B . Ber t i -Ceron i f o u n d t h a t 
w h e n t h e acidified soln. of p o t a s s i u m or a m m o n i u m b r o m o p a l l a d i t e is t r e a t e d w i t h 
a p e r s u l p h a t e , t h e c o r r e s p o n d i n g b r o m o p a l l a d a t e is p r e c i p i t a t e d . 

A. Gutbier and co-workers prepared tetramethylammonium bromopalladite, ((CHj)1N)2-
PdUr 4 . as a, reddish-brown, crystalline powder ; iso-propylammonium bromopalladite, 
(C 3 H 7 NH 3 ) a PdBr 4 , in da rk reddish-brown plates ; n-butylammonium bromopalladite, 
(C 4H 9NHj) 4PdBr 4 , in reddish-brown p la tes ; di-iso-butylammonlum bromopalladite, {(C4H9)a-
NH 8 I 2 PdBr 4 , in reddish-brown p l a t e s ; tri-lso-butylammonium bromopalladite, {(C3H6)3NH}2-
PdBr 4 , in bronze p la te s ; aliylammonium bromopalladite, (C,H 6 .NH 3 ) ,PdBr 4 , in dark brown 
p l a t e s ; iso-amylammonium bromopalladite, (C 6H 1 1NH 3 )JPdBr 4 , * in dark reddish-brown 
plates ; di-iso-amylammonium bromopalladite, ( (C5H1J)2NH2J2PdBr4 , in brown plates ; tri-
iso-amylammonium bromopalladite, ( (C6H1J)3NHI2PdHi4 . in dark reddish-brown p l a t e s ; 
guanidinium bromopalladate, (CNH(NHsS)2H)8PdBr4 , in dark red needles ; anilinium bromo­
palladite* (C 6 H 5 NH,J 1 VdBr 1 ; bromoanilinium bromopalladite, (C6H4Br-NHa)2PdBr4 , in dark 
red ervstals ; m-bromoanilinium bromopalladite, in red needles .- methylanilinium bromo­
palladite, 1(C8H5)(CH3)NH2J2PdBr4 ; ethylanilinium bromopalladite, ((C6H6)(C2H5)NH2I3-
IMBr4 ; diethylanilinium bromopalladite, {(C6H5)(C2H5)2NH}2PdBr4 ; p-anisidinium bromo­
palladite, (CeH4(OCH3).NH3J2PdBr4 ; naphthylamine bromopalladite, (C 1 0H 7 .NH 3 ) 2PdBr 4— in 
i ts a- and /8-fonns ; benzidinium bromopalladite, C 1 1 H 8 (NHj) 1 PdBr 1 ; m-phenylenediamine 
bromopalladite, C 6H 4(NH 3) 2 .PdBr 4 ; toluidinium bromopalladite, (C7H7NH3)2-—in its o- and 
P-forma ; dlmethyl-o-toliiidinium bromopalladite, (C6H4 .CH3 .NH.(CH3)2}2PdBr4 , in dark 
carmine-red crystals ; xylidinium-1.2.4-bromopalladite, (C0H3(CH3J8NH3J2PdBr4 , in reddish-
brown plates ; xylidinium-1.3.4-bromopalladite, in brownish-red plates ; xylidinium-
1.4.5-bromopalladite, in dark reddish-brown plates ; pseudocumidinium bromopalladite, 
(C6H8(CH3)3NH3J2PdBr4 , in dark reddish-brown plates ; yS-picolinium bromopalladite, 
(C5H4-CH3-NH)2PdBr4 , in dark red erystals ; lutidinium bromopalladite, |C6H3(CH3)2NH}2-
IMBr4, in dark brownish-red erystals ; piperidinium bromopalladite, (C6H1 0NHg)2PdBr4 , in 
dark red crystals ; and iso-quinolinium bromopalladite, (C 9H 7NH) 2PdBr 4 , in reddish-brown 
crystals. 

E . F . S m i t h a n d D . L . Wa l l ace p r e p a r e d s o d i u m bromopal ladi te , 
2 N a 2 P d B r 4 . 9 H 2 O , b y c o n c e n t r a t i n g a m i x e d soln. of t h e c o m p o n e n t b r o m i d e s 
o v e r s u l p h u r i c ac id in a n e v a c u a t e d des icca to r . T h e d a r k r ed t a b l e t s a r e v e r y 
de l i quescen t . E . F . S m i t h a n d D . L,. Wa l l ace , a n d A. G u t b i e r a n d A. Kre l l 
p r e p a r e d s t r o n t i u m bromopal lad i te , S r P d B r 4 . 6 H 2 0 , in b l ack p r i sms , s t ab le in a i r ; 
P . A . v o n Bonsdorff, b a r i u m bromopal lad i te , B a P d B r 4 , in d a r k b r o w n p r i sms , 
s t a b l e in a i r ; a n d z i n c bromopal lad i te , Z n P d B r 4 , in d a r k b r o w n c rys t a l s , soluble 
in w a t e r . E . F . S m i t h a n d D . L.. W a l l a c e were u n a b l e t o p r e p a r e t h e z inc sa l t , 
a n d l ikewise f>^dminm b r o m o p a l l a d i t e . E . F . S m i t h a n d D . L.. Wal lace p r e p a r e d 
m a n g a n e s e bromopal lad i te , M n P d B r 4 . 7 H 2 O , in b l a c k c rys t a l s v e r y soluble in 
water. 
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A. Gutbier and C. Follner prepared some salts of the type RBr .PdBr 2 , for example : 
tetraethylammonium tribromopalladlte, {(C,H,)4N}PdBr„ in dark brown crystals ; tri-
propylammonium tribromopalladlte, ((C3Hy)3NH)PdBr3, in dark brown crysta ls ; collidlnlum 
bromopalladite, {CjH8(CHJ))sNH}PdBrg, in dark brown crystals ; and tribenzylammonlum 
bromopalladite, (C6H8-CHa)3NH)PdBr3 , in dark reddish-brown crystals. 

Complex salts of palladic bromide, or palladium tetrabromide, PdBr4 , have 
been p r e p a r e d , b u t n o t t h e p a r e n t sa l t . A. G u t b i e r a n d A. Kre l l p r e p a r e d p o t a s s i u m 
b r o m o p a l l a d a t e , K 2 P d B r 6 , b y pas s ing a c u r r e n t of b r o m i n e v a p o u r t h r o u g h a soln. 
of t h e b r o m o p a l l a d i t e , and G. Scagl iar in i a n d G. B . Ber t i -Ceroni , b y ox id iz ing a 
soln. of t h e b r o m o p a l l a d i t e w i t h p o t a s s i u m p e r s u l p h a t e in t h e p resence of h y d r o -
b romic ac id . T h e black, o c t a h e d r a l c ry s t a l s a re spa r ing ly soluble in cold w a t e r 
t o fo rm a r e d d i s h - b r o w n soln. , b u t a r e d e c o m p o s e d b y boi l ing w a t e r ; a n d b y 
su lphur i c ac id w i th t h e evo lu t ion of b r o m i n e ; a n d b y a m m o n i a , w i t h t h e evo lu t i on 
of n i t rogen . A. G u t b i e r a n d A. Kre l l p r e p a r e d r u b i d i u m b r o m o p a l l a d a t e , 
P b 2 P d B r 6 , a s insoluble , b lack , o c t a h e d r a l c rys t a l s ; a n d c s e s i u m b r o m o p a l l a d a t e , 
C s 2 P d B r 6 , also as b l ack o c t a h e d r a l c rys t a l s , b y t h e process used for t h e corre­
s p o n d i n g chloro-sa l t . P . Stol l found t h a t t h e X - r a d i o g r a m s of t h e r u b i d i u m sa l t 
co r r e spond w i t h a face-cen t red cubic l a t t i ce s imi la r t o t h a t of p o t a s s i u m chloro-
p l a t i n a t e ; a n d t h a t t h e p a r a m e t e r a—10-02 A. , a n d t h e d i s t a n c e a p a r t of 
p a l l a d i u m a n d b r o m i n e a t o m s is 2-52 A. L . P a u l i n g a n d M. I J . H u g g i n s d iscussed 
t h e sub jec t . B y a s imi la r 2>rocess a m m o n i u m b r o m o p a l l a d a t e , ( N H 4 J 2 P d B r 6 , w a s 
o b t a i n e d in b lack , o c t a h e d r a l c r y s t a l s which a r e s t ab l e in a i r ; soluble in cold w a t e r 
t o form a r e d d i s h - b r o w n soln. ; a n d w h e n h e a t e d in a d r y t u b e , t h e y first give off 
b r o m i n e , t h e n a m m o n i u m b r o m i d e v a p o u r , a n d t h e r e r e m a i n s spongy p a l l a d i u m . 
H o t w a t e r , su lphu r i c ac id , a n d a q . a m m o n i a d e c o m p o s e t h e sa l t as in t h e case of 
t h e p o t a s s i u m sa l t . 

A. Gutbier and M. Woornle, and A. Gutbier and C. !Fellner prepared methyl-
ammonium bromopalladate, (CH3.NH3)...PdBr6 ; dimethylammonium bromopalladate, 
{(CHa)2NH2I2PdBr6 , in dark green needles ; trimethylammonlum bromopalladate, 
((CHa)3NH)2PdBr6 , in dark green crystals ; tetramethylammonium bromopalladate, 
((CH3)4N}2PdBr6, in dark green crystals ; ethylammonium bromopalladate, 
(C2H5 .NH3J2PdBr6 ; dlethylammonium bromopalladate, {(C aH8)2NH2)2PdBr6 , in bluish-
green needles ; triethylammonium bromopalladate, ((C2Ha)3NH)2PdBrn , in dark green 
crystals ; tetraethylammonium palladate, ((C2HB)4NJ2PdBr6, in greenish-black needles ; 
iso-propylammonium bromopalladate, (C 3H 7 .NH a) 2PdBr 6 , in dark greenish-blue needles ; 
dipropylammonium bromopalladate, ((C3H7)2NH2}2PdBr6 , in dark green plates ; tri-
propylammonium bromopalladate, ((C3H7)^NHI2PdBr6 , in greenish-black needles ; n-
butylammonium bromopalladate, (C4H9NHa)2PdBr6 , in black noodles ; dl-iso-butyl-
ammonium bromopalladate, ( (C4H9)2NH2)2PdBr6 , in dark green crystals ; tri-iso-butyl-
ammonium bromopalladate, ((C1Hj)11NH)8PdBr,, in greenish-black needles ; iso-amyl-
ammonium bromopalladate, (C5H1 1NHa)3PdBr6 , in dark green plates ; di-lso-amyl-
ammonium bromopalladate, ( (C 5 Hn) 2 NH 2 I 2 PdBr 6 , in dark bluish-green crystals ; trl-
iso-amylammonium bromopalladate, ( (C5H1J) 3NH) 2PdBr 6 , in dark green needles ; 
pyridinium bromopalladate, (C 6 H 6 N) 2 PdBr 6 ; a-plcollnium bromopalladate, (C6H4-CH3 . 
NH) 2 PdBr 6 , in bluish-black crystals ; /S-piCOlinium bromopalladate, in brownish -black 
plates ; lutidinium bromopalladate, (C 5 H 3 (CH 3 ) 2 NH| 2 PdBr 6 , in black needles ; collidlnlum 
bromopalladate, (C 5H 2(CH 3) 3NH) 2PdBr 6 , in almost black crystals ; quinolinium bromo­
palladate, (C9H7-NH)2PdBr6 , in brownish-black needles ; and iso-qulnollnlum bromo­
palladate, in brownish- or greenish-black needles. 

A. G u t b i e r a n d C. Fe l l ne r p r e p a r e d o - b r o m o a n i l i n i u m ch loropal ladi te , 
(C 6 H 4 Br-NHa) 2 PdCl 4 , in y e l l o w i s h - b r o w n c r y s t a l s ; p - b r o m o a n i U n i u m c h l o r o ­
p a l l a d i t e , ( C 6 H 4 B r . N H 3 ) 2 P d C l 4 , in o r a n g e - b r o w n needles ; a n d m - c h l o r o a n i l i n i u m 
b r o m o p a l l a d i t e , ( C 6 H 4 C l . N H 3 ) 2 P d B r 4 , i n c o p p e r - r e d p l a t e s . 

A. Rosenheim and T. A. Maass prepared palladic bispyridinochlorobromide, 
[ P d p y 2 ICl2Br2 , b y shak ing b r o m i n e w i t h p a l l a d o u s d i ch lo rob i spy r id ine s u s p e n d e d 
in chloroform. T h e o range- red p o w d e r is less s t a b l e t h a n t h e t e t r a c h l o r i d e ; a n d 
i t furn ishes t h e ch lo ropa l l ada t e w h e n boi led w i t h p o t a s h lye . 
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§ 11. Palladium Iodides 
J . Lf. Las sa igne 1 o b s e r v e d t h a t w h e n p a l l a d i u m is exposed t o t h e v a p o u r s of 

iod ine , i t a cqu i r e s a b r o w n t a r n i s h ; un ion is imper fec t w h e n finely-divided 
p a l l a d i u m a n d iodine a r e h e a t e d t o g e t h e r , a n d also w h e n p a l l a d i u m is boi led w i t h 
iod ine w a t e r , or w i t h a m i x t u r e of hyd r iod i c a n d n i t r i c ac ids . J . Li. Las sa igne , a n d 
A. G u t b i e r a n d A. Kre l l r e c o m m e n d e d p r e p a r i n g pa l ladous iodide, or pa l lad ium 
di iodide, P d I 2 , by t h e a d d i t i o n of p o t a s s i u m iod ide t o a soln. of a pa l l adous sa l t 
in s l igh t excess , w a s h i n g t h e p r e c i p i t a t e w i t h boil ing w a t e r , a n d d r y i n g i t for 24 h r s . 
in v a c u o . W h e n d r i ed in a i r , t h e monohydrate, P d I 2 - H 2 O , is fo rmed . T h e d i s ­
soc ia t ion press , w a s found b y F. I s a m b e r t t o b e 760 m m . a t 235°. G. B e c k g a v e 
6*003 for t h e sp . gr . a t 18°, a n d 6 O 0 for t h e mol . vol . A. J o a n n i s g a v e for t h e h e a t 
of f o rma t ion (Pd,T2)~~13*4 CaIs. A. E u c k e n a n d A. B u c h n e r s tud ied t h e dielectr ic 
c o n s t a n t . W h e n t h e d i iod ide is h e a t e d b e t w e e n 300° a n d 360° , i t g ives off t h e 
v a p o u r of iod ine , b u t t o r e m o v e t h e l a s t t r a c e s of iod ine , t h e res idue m u s t be 
h e a t e d t o r ednes s in h y d r o g e n . T h e d i iod ide is inso lub le in wa t e r , a lcohol , 
a n d e t h e r ; i t is s l igh t ly so luble in h y d r i o d i c ac id ; easi ly soluble in a soln. of 
p o t a s s i u m iodide ; i t fo rms h y d r a t e d p a l l a d o u s ox ide w h e n h e a t e d w i t h p o t a s h 
lye ; a n d a q . a m m o n i a c o n v e r t s i t i n t o t h e d i i o d o d i a m m i n e . Accord ing t o H . Muller , 
if t h e cone . soln. of p a l l a d o u s iodide in aq . a m m o n i a be a l lowed t o s t a n d in a w a r m 
p lace for s o m e t i m e , i t d e p o s i t s d a r k v io le t o c t a h e d r a of u n k n o w n compos i t ion . 
"R. K e r s t i n g a d d e d t h a t t h e sa l t is soluble in a q . soln. of ch lor ine , b r o m i n e , a n d 
iod ine ; inso lub le in h y d r o c h l o r i c ac id , a n d in a soln. of p o t a s s i u m b romide e x c e p t 
in t h e p re sence of a free m i n e r a l ac id ; i t is soluble in s u l p h u r o u s ac id ; insoluble 
in di l . s u l p h u r i c ac id ; so luble in a m m o n i a w i th evo lu t ion of h e a t a n d d e c o m ­
pos i t ion ; i t is s l igh t ly so luble in ho t , cone , n i t r i c ac id , b u t insoluble in di l . n i t r i c 
ac id ; insoluble in di l . p h o s p h o r i c ac id ; insoluble in ace t ic ac id ; soluble in a n a q . 
soln. of c y a n o g e n , in h y d r o c y a n i c ac id , a n d in soln. of a lka l i cyan ides ; insoluble 
in soln. of sugar , s t a r c h , u r ic ac id , a lcohol , e t h e r ; inso luble in oil of l emons ; some­
w h a t so luble in u r i n e ; inso luble in soln. of p o t a s s i u m , s o d i u m , or a m m o n i u m 
chlor ides , s u l p h a t e s , p h o s p h a t e s , n i t r a t e s , or a c e t a t e s ; a n d insoluble in soln. of 
c u p r i c o r z inc ch lor ide , a n d in lead a c e t a t e . A . N a u m a n n obse rved t h a t t h e iodide 
is so luble in m e t h y l a c e t a t e . 

A c c o r d i n g t o J . Li. Las sa igne , t h e colourless soln. of pa l l adous iodide in a q . 
a m m o n i a depos i t s o range-ye l low c rys t a l s of pa l ladous d iamminodi iodide , 
L P d ( N H 3 ) 2 I 2 l , w h e n exposed t o a i r ; H . F e h l i n g o b t a i n e d i t by a d d i n g hydroch lo r i c 
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acid, or any other acid, to the pale yellow soln. of palladous iodide in aq. ammonia. 
The reddish -yellow powder which is deposited should be rapidly washed, and 
dried by press, between bibulous paper, and dried over warm sand. G-. Beck 
gave 200 CaIs. for the heat of formation. H. Fehling observed that the dry salt 
is permanent in air, but when moist, it quickly passes with the red salt ; this 
conversion occurs during the washing, or when it is dried in vacuo, or by heat—-
unless previously pressed in filter-paper—and the change is completed in a few 
days. The yellow compound passes into the red salt by-prolonged boiling with 
water. Boiling nitric acid dissolves the red salt and converts it into palladous 
nitrate. 

According to F. G. Mann and co-workers, if the yellow powder is treated with 
cold acetone, it changes in a few seconds into reddish-blue, sparingly-soluble, 
octahedral crystals ; and a similar conversion occurs when the yellow powder is 
treated with alcohol. The change in aqueous soln. at room temp, may take 
hours or days. The colour of the octahedra depends on their physical condition, 
since, when powdered, they are deep brick-red, showing that the blue surface 
reflexion makes well-formed crystals appear steel-blue. Both forms of the diiodide 
dissolve in excess of ammonia, forming palladous tetramminodiiodide, but if the 
soln. is exposed to air, the tetrammine decomposes, forming the diiododiammine 
in red, rhombic crystals, without the blue sheen, and they have the same crystalline 
X-radiograms as the yellow powder. After a few hours, the red crystals pass 
slowly into the reddish-blue form. If freshly-prepared palladous dichlorodiammine, 
dried without heating, be shaken with a cone. soln. of potassium iodide, the yellow 
form of the diiodide is first produced, and on standing it changes into reddish-blue 
octahedra ; whereas with an aged sample of the dichlorodiammine, the change is 
much slower, and the intermediate yellow form may not appear. The X-radiograms 
of the reddish-blue form indicate that the iodine atoms, and the ammonia molecules 
occur in irregular positions along the c-axis, between consecutive molecular layers 
of the crystals. The effect is due to the repeated polysynthetic twinning of the 
crystals. The effect is observed, but more faintly, with the red crystals of the 
dichlorodiammine. According to H. Miiller, the yellow and the red crystals are 
not two different forms of the diiododiammine. 

A . G u t b i e r ar id C. F e l l n e r p r e p a r e d palladous diiodobis-iso-propy !amine, 
[Pd(C3H7NHa)2I2J, in brownish-yellow plates ; palladous dilodobis-n-butylamine, 
[ P d ( C 4 H B N H 2 ) 2 I 2 J , a s a b r o w n i s h - y e l l o w , c r y s t a l l i n e p o w d e r ; palladous dilodobls-lso-
amylamine, [ P d C J 6 H 1 1 N H a ) 2 I 2 ] , in b r o w n i s h - y e l l o w p l a t e s ; palladous diiodobispyridine, 
[ P d p y 2 I 2 j , a s a d a r k ye l low, c r y s t a l l i n e p o w d e r ; palladous dllodo-ot-picollne, 
[ P d ( C 5 H 4 . C H 3 . N ) 2 I 2 J , a s a g r e y i s h - y e l l o w , c r y s t a l l i n e p o w d e r ; palladous diiodo-/9-picoline, 
in b r o w n i s h - y e l l o w c r y s t a l s ; palladous diiodolutidine, [Pd(C 6 H 3 (CH 3 )S jN) 2 I 2 J , in d a r k 
b r o w n i s h - y e l l o w p l a t e s ; palladous dliodoeollidlne [ P d ( C 6 H 2 ( C H 3 J 3 N ) 2 I 2 J, in d a r k 
b r o w n i s h - y e l l o w p l a t e s ; a n d palladous dliodoplperldlne, [ P d ( C 6 H 1 0 N H ) 2 I 2 ] , a s a g r e y , 
n i i e roc rys t a l l i ne p o w d e r ; J. T h o m s e n g a v e ( P d , I 2 , H 2 O ) = 18-18 CaIs . for t h e h e a t of 
f o r m a t i o n . F . G. M a n n p r e p a r e d palladous bistriamlnopropanoiodlde, ( P d ( N H 8 - C H 2 . 
C H ( N H 2 ) . C H 2 . N H a } 2 J I 2 . F . G. M a n n a n d W . J . P o p e p r e p a r e d palladous dliodo-£j3'£"-
triaminotriethylamlne, [ P d N ( C 2 H 4 . N H 2 ) 3 I 2 J . E . C. F r i t z m a n n , L . Tschugae f f a n d C. I w a n -
off, C. W . P l o m s t r a n d , a n d JK. A . H o f m a n n a n d W . O . K a b e d e s c r i b e d palladous dliodobls-
diethylsulphlne, [Pd((C2H6)2S}2I2 ; palladous diiodobismethylethylsulphlne, [Pd(CHaSC2H6)2IB]; 
palladous dilodo-ethylenebisdiethylsulpbine, [Pd{S(C2H6).CH2.CH2).S(C2H6)IaJ; palladous 
diiodobisraethylselenine, PdI3.2(CH3)2Se ; palladous dilodoblsethylselenlne, PdI,.2(C2H6)8Se; 
palladous diiodobispropylselenuie, PdIa.2(C3H7)2Se; palladous dllodoblsbutylselenlne, 
PdI2.2(C4H8)2Se ; and palladous diiodobispentylselenlne, PdI2.2(C6H1J)2Se. 

H. Fehling prepared palladous tetramininoiodide, [Pd(NHa)4]I2, by evaporating 
in an atm. of ammonia, a soln. of the diiododiammine or palladous iodide in cone, 
ammonia ; and by F. Isambert, by passing ammonia over dry palladous iodide. 
The colourless crystals lose ammonia when exposed to air, and become yellow ; and 
in vacuo, the diiododiammine is first formed, and then palladous iodide. F. Isam­
bert found the dissociation press, to be 76O mm. at 100° ; and the heat of formation 
is [Pd(NHa)2I2]-f 2NH3= [Pd(NHg)4]I2+25-76 CaIs. The red diiododiammine is 



P A L L A D I U M 6 8 1 

cons ide red t o be pa l ladous t e t r a m m i n o i o d o p a l l a d i t e , [ P d ( N H 3 ) 4 ] P d I 2 — v i d e supra. 
W . A . Burdakof f o b t a i n e d a c o m p l e x w i t h [ P t ( N H g ) 2 B r 2 ] . 

A. G u t bier a n d M. W o e r n l e p r e p a r e d pa l ladous b i se thy lened iamino iod ide , 
[Pden 2 ] l2» in b rownish-ye l low c r y s t a l s ; a n d s imi la r ly w i t h p a l l a d o u s b i s p r o p y l e n e -
diaminoiodide, [Pdpn2]I2. 

J . L . Las sa igne r e p o r t e d p o t a s s i u m i o d o p a l l a d i t e , K 2 P d I 4 , in g rey i sh -b l ack , 
d e l i q u e s c e n t cubes , t o be fo rmed b y e v a p o r a t i n g t h e wine-red soln. of x>alladous 
iod ide in a n a q . soln. of p o t a s s i u m iod ide . A. R o s e n h e i m a n d H . I t z i g o b t a i n e d 
p o t a s s i u m dnododini tr i topal ladi te , K 2 P d I 2 ( N G 2 ) 2 , i n p u r p l e , p r i s m a t i c c ry s t a l s . 

A . R o s e n h e i m a n d T . A . Maas s o b t a i n e d p a l l a d i c b i s p y r i d m o d u o d o d i c h l o r i d e , 
[ P d p y 2 J I 2 C l 2 , in b r o w n need le s wh ich a r e s t a b l e i n d r y ai r , a n d deconxposed b y 
boi l ing p o t a s h lye . C a r b o n d i s u l p h i d e e x t r a c t s t h e t w o a t o m s of iod ine . 
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§ 12. The Palladium Sulphides and Sulphates 
A c c o r d i n g t o J . J . JBerzelius,1 p a l l a d i u m w h e n h e a t e d u n i t e s wi th s u l p h u r w i t h 

i n c a n d e s c e n c e . I i . Schne ide r r e p o r t e d pa l l ad ium h e m i s u l p h i d e , P d 2 S , o r p a l l a d i u m 
SUbsulphide t o be fo rmed by m e l t i n g a n i n t i m a t e m i x t u r e of 1 p a r t of p a l l a d o u s 
s u l p h i d e w i th 6 p a r t s of a m m o n i u m ch lor ide , 12 of s o d i u m h y d r o x i d e , a n d 12 of 
s u l p h u r , a n d w a s h i n g t h e p r o d u c t w i t h w a t e r . F . Ross le r o b t a i n e d i t b y h e a t i n g 
p a l l a d o u s d i c h l o r o d i a m m i n e w i t h 25 pe r cen t , of i t s we igh t of s u l p h u r , u n d e r a 
l a y e r of b o r a x a t a b o u t 1064°. R . Schne ide r , a n d F . Ross le r obse rved t h a t t h e g r e y 
r e g u l u s is h a r d a n d b r i t t l e ; i t h a s a c rys ta l l ine f r ac tu re , a n d a sp . gr . of 7-303 a t 
15° ; i t m e l t s a t a r e d - h e a t ; a n d w h e n h e a t e d a t a h igh t e m p . , or in h y d r o g e n , i t 
s lowly loses s u l p h u r ; i t is n o t a t t a c k e d by t h e s imple ac ids a t o r d i n a r y t e m p . ; 
boi l ing n i t r i c ac id h a s a s l igh t a c t i o n ; a n d i t is soluble in a q u a regia. F . W e i b k e 
a n d J . L a a r showed t h a t t h e on ly s t ab l e lower su lph ide a t r o o m t e m p , is p a l l a d i u m 
t e t r i t a s u l p h i d e , P d 4 S . T h e equ i l i b r ium d i a g r a m is i l l u s t r a t ed in F ig . 35 . T h e 
y8-solid soln . s t ab l e a t h igh t e m p e r a t u r e s undergoes pe r i t ec t i c decompos i t i on a t 554° 
i n t o Pd 4 S-T-PdS . W i t h 69-5 a t . p e r cen t , of P d , t w o l iqu id phase s occur . S u l p h u r 
is n o t so lub le i n solid p a l l a d i u m . 

L . N . V a u q u e l i n p r e p a r e d p a l l a d i u m m o n o s u l p h i d e , o r p a l l a d o u s s u l p h i d e , 
P d S , b y h e a t i n g p a l l a d o u s d i c h l o r o d i a m m i n e w i t h s u l p h u r ; a n d E . F . S m i t h a n d 
H , F . Ke l l e r , b y p a s s i n g h y d r o g e n su lph ide ove r t h e d i c h l o r o d i a m m i n e a t 70° 
t o 8 0 ° — h e r e t h e m a s s becomes b lack a n d a t h ighe r t e m p , a m m o n i u m chlor ide 
vo la t i l i zes l e a v i n g a r e s idue of t h e su lph ide . T h e p a l l a d o u s su lph ide so o b t a i n e d 
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is a bluish-white, hard regulus with a crystalline fracture which, according to 
L. N. Vauquelin, is molten at 960°. F. Weibke and J. Laar gave 940° for the m.p. 
H. G. Krall, and L1. Wohler and co-workers observed that palladium disulphide 
at 600° passes into the monosulphide. F. A. Bannister said that the tetragonal 

crystals have a space-lattice 
with a= 6-37 A., and c=6-87 A., 
and a calculated sp. gr. of 6-87. 
Palladous sulphide was found by 
J. J. Berzelius, and L. N. Vau­
quelin to be slowly converted 
into a basic sulphate when it is 
heated in air, and at a higher 
temp., palladium is formed. 
The sulphide forms sulphur 
chloride and palladous chloride 
when it is heated in chlorine. 
The sulphide is insoluble in 
mineral acids, but soluble in aqua 
regia. L. R. von Fellenberg, 
J. J. Berzelius, and P. Petrenko-
Kritschenko obtained another 
form of this sulphide as a pre­
cipitate on passing hydrogen 
sulphide through a soln. of 
palladous chloride, washing the 
precipitate quickly with boiling 

"~ioo 90 80 7O eo so water, and drying it over sul-

Atornic per cent. Pd. phuric acid. The dark brown 
Fio. 35.—Equilibrium Diagram of the System product is insoluble in ammonium 

PtI-PdS. sulphide, and in hydrochloric 
acid, but it is soluble in nitric 

acid, and aqua regia, and, according to A. Bechamp, it is slowly soluble in a 
soln. of potassium cyanide. A. Mailfert said that the prolonged action of ozone 
converts the sulphide into a peroxide and sulphuric acid. K. A. Hofmann and 
F. Hochtlen, and F. Hochtlen prepared ammonium palladium polysulphide, 
(NH4)2PdSj] .^H2O, by the action of ammonium polysulphide on a soin. of 
palladous chloride. 

H. H. Croft said palladous sulphodiammine, Pd(NHg)2S, is one of the first 
products of the action of hydrogen sulphide on the dichlorodiammine, and that it 
appears as an orange precipitate which is rapidly converted into palladous sulphide. 
V. N. Ivanoff prepared palladium mthioearbamidosulphide, Pd3S2(CSNH2)2 . 

R. Schneider prepared a potassium sulphopalladite, K2Pd3S4, by heating to 
redness palladous sulphide with 12 times its weight of a mixture of equal parts of 
sulphur and potassium hydroxide, and leaching the cold product with water. 
The steel-blue, hexagonal crystals are stable in air, they are insoluble in water, 
and they are decomposed by hydrochloric acid. R. Schneider obtained silver 
sulphopalladite, Ag2Pd3A4, by the action of a soln. of silver nitrate on potassium 
sulphox>alladite, and washing the product with dil. nitric acid. The grey, hexa­
gonal plates are insoluble in water ; they are attacked a little by aqua regia ; and 
when heated in hydrogen, sulphur is lost and a mixture of silver and palladium 
subsulphide is formed. 

R. Schneider obtained palladic sulphide or palladium disulphide, PdS 2 , by 
melting together palladous sulphide with 12 times its weight of a mixture of equal 
parts of sulphur and sodium carbonate. Ammonium chloropalladate may be 
employed in place of palladous sulphide. The product is washed first with alcohol, 
and then with dil. hydrochloric acid, when the disulphide is left as a dark brown, 

ieoo 

Ann 
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c rys ta l l ine powder . H . G. Kra l l , a n d L . W o h l e r a n d co-workers o b t a i n e d t h e 
d i su lph ide b y t h e ac t i on of s u l p h u r on p a l l a d i u m dich lor ide a n d s u l p h u r a t 450°. 
A c c o r d i n g t o R . Schne ider , t h e d i su lph ide is s t ab l e in a i r ; w h e n h e a t e d in a n ine r t 
ga s l ike c a r b o n d iox ide , s u l p h u r is sub l imed , a n d p a l l a d o u s su lph ide is p r o d u c e d , 
a n d l a t e r , t h e s u b s u l p h i d e . N i t r i c ac id p a r t i a l l y a t t a c k s t h e s u l p h u r ; a n d a q u a 
regia dissolves i t w i t h t h e s e p a r a t i o n of su lphu r . F . A. B a n n i s t e r sa id t h a t t h e 
s t ab l e ex i s tence of t h e d i su lph ide is doub t fu l . L . P a u l i n g a n d M. L . H u g g i n s 
s t u d i e d t h e su lph ide space- la t t i ce . 

R . Schne ide r p r e p a r e d p o t a s s i u m su lphopal ladate , K 2 P d S 3 , by t h e d e c o m ­
pos i t ion of p o t a s s i u m t h i o p a l l a d i t e in h y d r o g e n . W h e n t h e p r o d u c t is e x t r a c t e d 
w i t h w a t e r , p a l l a d i u m is left beh ind , a n d t h e soln. c o n t a i n s t h e c o n s t i t u e n t e l emen t s 
in t h e p r o p o r t i o n s K 2 P d S 3 . K 2 S . I f pa l l adous su lph ide be h e a t e d wi th 12 t i m e s i t s 
we igh t of a m i x t u r e of e q u a l p a r t s of s o d i u m c a r b o n a t e a n d su lphur , a n d t h e cold 
m a s s e x t r a c t e d w i t h w a t e r , s o d i u m su lphopal ladate , N a 2 P d S 3 , m i x e d wi th some 
s o d i u m s u l p h a t e , pas ses in to soln. P a l l a d o u s d i c h l o r o d i a m m i n e m a y be used in 
p lace of p a l l a d o u s su lph ide . If t h e s o d i u m s u l p h o p a l l a d a t e be t r e a t e d w i t h si lver 
n i t r a t e , a b rown i sh -b l ack , c rys t a l l i ne p o w d e r of s i lver su lphopal ladate , A g 2 P d S 3 , 
is p r o d u c e d . 

J , .J. Berze l ius a o b t a i n e d pa l ladous su lphate , P d S O 4 , b y boi l ing pa l l adous 
n i t r a t e w i t h s u l p h u r i c ac id . N . W . F i s c h e r o b s e r v e d t h a t p a l l a d i u m is n o t a t t a c k e d 
by cold su lphu r i c ac id , b u t t h e h o t ac id d issolves i t w i t h t h e evo lu t ion of s u l p h u r 
d iox ide a n d the; f o r m a t i o n of a ye l lowish-red soln. wh ich , if s a t u r a t e d , depos i t s 
t h e n o r m a l s u l p h a t e a s a r ed p o w d e r on cool ing. A m i x t u r e of su lphur ic and ni t r ic 
ac ids w a s emplo3Tcd b y R . J . K a n e . N . W . F i s che r d isso lved h y d r a t e d pa l l adous 
ox ide in su lphu r i c ac id . J . J . Berze l ius obse rved t h a t p a l l a d i u m dissolves in fused 
p o t a s s i u m h y d r o s u l p h a t e fo rming pa l l adous s u l p h a t e . T h e sa l t c a n be d e h y d r a t e d 
by h e a t w i t h o u t d e c o m p o s i t i o n ; a t a r e d - h e a t i t d ecomposes i n to s u l p h u r t r iox ide 
a n d a s u b s u l p h a t e ; a n d a t a b r igh t r e d - h e a t p a l l a d i u m is formed. T h e redd ish-
b r o w n c r y s t a l s de l iquesce in mo i s t a i r ; a n d t h e y a re v e r y soluble in wa te r . 
R . J . K a n e o b t a i n e d a p r o d u c t P d S O 4 . 7 P d O . 6 H 2 O , b y t h e hydro lys i s of pa l l adous 
s u l p h a t e in a n excess of w a t e r . J . J . Berze l ius r e p o r t e d a bas ic s u l p h a t e of pa l la ­
d i u m t o be f o r m e d w h e n p a l l a d o u s su lph ide is r o a s t e d in air . W. M a n c h o t a n d 
A. W a l d m u l l e r obse rved t h a t p a l l a d o u s s u l p h a t e a n d d r y n i t r i c acid form pa l la ­
d o u s d in i trosy l su lphate , P d S O 4 . 2 N O . F . MuHer a n d A. Reifkohl s t u d i e d t h e 
so lub i l i ty of pa l l adous s u l p h a t e in JV-Na 2SO 4 . 

H . Muller p r e p a r e d pa l ladous s u l p h a t o d i a m m i n e , [ P d ( N H 3 J 2 S O 4 ] , by t r e a t i n g 
t h e c o r r e s p o n d i n g d i h y d r o x y d i a m m i n e wi th su lphu r i c acid, or by t h e ac t ion of 
s i lver s u l p h a t e on t h e d i c h l o r o d i a m m i n e . T h e orange-ye l low o c t a h e d r a a re soluble 
in ct)ld w a t e r , a n d p r e c i p i t a t e d from t h e aq . soln. by hydroch lo r i c ac id . T h e sa l t 
is stable up to 150°. R. J . Kane obtained palladous tetramminosulphate, 
[ P d ( N H g ) 4 S O 4 I - H 2 O , b y t h e a c t i o n of h o t su lphur ic acid on t h e co r re spond ing 
h y d r o x i d e , or b y " t rea t ing t h e s u l p h a t o d i a m m i n e wi th a large excess of a m m o n i a . 
I t is a l so fo rmed whom a soln. of p a l l a d o u s s u l p h a t e is t r e a t e d wi th a m m o n i a . 
T h e colour less c r y s t a l s a r e soluble in wa t e r , insoluble in a lcohol , a n d r ead i ly 
d e h y d r a t e d b y h e a t . H y d r o c h l o r i c acid p rec ip i t a t e s t h e d i ch lo rod i ammine f rom 
t h e a q . soln. K . A. J e n s e n p r e p a r e d pa l ladous th iocarbaz idosulphate , 
[ P d ( t h i o ) 2 j S 0 4 . 
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§ 13. Palladium Carbonates, Nitrates, and Phosphates 
T h e s imple p a l l a d i u m c a r b o n a t e h a s n o t b e e n p r e p a r e d , b u t H . Mul ler 1 o b t a i n e d 

pa l ladous c a r b o n a t o d i a m m i n e , [ P d ( N H a ) 2 C O 3 ] , b y t h e a c t i o n of c a r b o n d iox ide 
on a soln. of t h e h y d r o x i d e ; b y t h e a c t i o n of s i lver c a r b o n a t e on a soln . of t h e 
ch lo r ide ; a n d b y t h e a c t i o n of b a r i u m c a r b o n a t e on a soln. of t h e s u l p h a t e . T h e 
filtrate fu rn i shes go lden-ye l low o c t a h e d r a wh ich a r e r e a d i l y so luble in w a t e r . T h e 
a q . soln. h a s a n a lka l i ne r e a c t i o n , a n d i t g ives p r e c i p i t a t e s w i t h sa l t s of b a r i u m , 
ca lc ium, copper , a n d s i lver . H . Muller p r e p a r e d p a l l a d o u s t e t r a m m i n o c a r b o n a t e , 
[ P d ( N H 3 ) 4 ] C 0 3 , b y s a t u r a t i n g a soln. of t h e c o r r e s p o n d i n g h y d r o x i d e w i t h c a r b o n 
d iox ide ; b y t h e a c t i o n of s i lver c a r b o n a t e on t h e ch lo r ide ; b y t h e a c t i o n of 
b a r i u m c a r b o n a t e on t h e c o r r e s p o n d i n g s u l p h a t e ; a n d b y h e a t i n g t o 40° t o 50° , 
a soln. of t h e c o r r e s p o n d i n g c y a n a t e . T h e colour less , p r i s m a t i c c r y s t a l s a r e so lub le 
in w a t e r , a n d a t 100° f o r m a ye l low sa l t . T h e a q . soln. is a lka l ine a n d g ives p r e ­
c i p i t a t e s w i t h sa l t s of b a r i u m , ca lc ium, coppe r , a n d si lver . 

W . H . W o l l a s t o n 2 o b s e r v e d t h a t p a l l a d i u m disso lves m o r e s lowly in n i t r i c ac id 
t h a n in n i t r i c ac id c o n t a i n i n g s o m e n i t r o u s ac id . N . W . F i sche r , a n d R . J . Tvane 
o b t a i n e d p a l l a d o u s nitrate* P d ( N 0 3 ) 2 , b y d i sso lv ing p a l l a d i u m in n i t r i c ac id of 
s p . gr . 1-35 t o 1*40, e v a p o r a t i n g t h e soln. t o a s y r u p y cons i s t ency , a n d cool ing. 
T h e sa l t c rys ta l l izes in b rowni sh -ye l low, r h o m b i c p r i s m s ; t h e y a r e v e r y 
de l iquescen t , a n d c a n n o t be per fec t ly d r i ed . T h e sa l t is very so luble in w a t e r , 
y i e ld ing a soln. w h i c h is r ead i ly h y d r o l y z e d t o fo rm a b r o w n bas ic n i t r a t e . 
J . J . Berze l ius o b s e r v e d t h a t w h e n t h e s a l t is h e a t e d , i t fu rn ishes success ive ly a 
basic n i t r a t e , p a l l a d o u s ox ide , a n d finally t h e m e t a l . A . Mai l fer t o b s e r v e d t h a t 
ozone c o n v e r t s t h e n i t r a t e i n t o p e r o x i d e . W . M a n c h o t a n d A. W a l d m u l l e r f o u n d 
t h a t p a l l a d o u s n i t r a t e t a k e s u p n i t r i c ox ide a d d i t i v e l y , a n d t h i s is i m m e d i a t e l y 
ox id ized b y t h e n i t r a t e rad ic le so t h a t p a l l a d o u s n i t r i t e is f o r m e d . G. Seag l ia r in i 
a n d G. JB. Ber t i -Ceron i f o u n d t h a t w h e n t h e so ln . is h e a t e d w i t h a cone . so ln . of 
a m m o n i u m or p o t a s s i u m p e r s u l p h a t e , a pa l l ad i c h y d r o x i d e is f o rmed . A . D i t t e 
obse rved co loured p r e c i p i t a t e s w i t h s t a n n o u s s a l t s . 

H. Muller could not isolate palladous dinitratodiammine, [Pd(NH 3)2(N0 3) 2] , 
b u t he o b t a i n e d a ye l low soln . b y t h e a c t i o n of s i lver n i t r a t e o n a soln . of t h e 
co r r e spond ing ch lor ide . W h e n t h e soln . is e v a p o r a t e d , i t fu rn i shes a b r o w n solid 
which d e t o n a t e s v io l en t ly w h e n h e a t e d . T h e solid a m m i n e is n o t o b t a i n e d b y 
t r e a t i n g pa l l adous n i t r a t e w i t h a m m o n i a . A . G u t b i e r a n d C. F e l l n e r p r e p a r e d 
pal ladous dini tratobispyridine , [ P d p y 2 ( N 0 3 ) 2 ] , i n go lden-ye l low c r y s t a l s ; a n d 
p a U a d o u s d i n i t r a t o b i s p i c o l i n e , [ P d ( C 5 H 4 ( C H 3 ) N ) 2 ( N O a ) 2 ] , i n go lden-ye l low c r y s t a l s . 

J . J . Berze l ius , H . D . K . D r e w a n d c o - w o r k e r s , a n d N . W . F i s c h e r o b t a i n e d 
pa l ladous t e tra inminoni tra te , [ P d ( N H a ) 4 ] ( N O a ) 2 , b y a d d i n g t o a soln . of p a l l a d o u s 
n i t r a t e a q . a m m o n i a u n t i l t h e p r e c i p i t a t e w h i c h first f o r m s h a s all d i s so lved , a n d 
t h e n e v a p o r a t i n g t h e soln. for c ry s t a l l i z a t i on . T h e p r o d u c t is m i x e d w i t h s o m e 
a m m o n i u m n i t r a t e in q u a n t i t y p r o p o r t i o n a l t o t h e a c i d i t y of t h e o r ig ina l so ln . of 
n i t r a t e . T h e a m m o n i u m n i t r a t e is eas i ly r e m o v e d b y v i r t u e of i t s d e l i q u e s c e n c e , 
a n d ea sy so lub i l i ty i n w a t e r . T h e sa l t w a s a l so p r e p a r e d b y R . J . K a n e . T h e 
t r a n s p a r e n t , colour less , four-s ided p r i s m s a n d p l a t e s , m e l t w h e n h e a t e d , a n d t h e n 
d e t o n a t e s l igh t ly w i t h a flash. T h e s a l t is decomposed b y h y d r o c h l o r i c ac id 
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with the slow separation of the corresponding chloride ; i t is easily soluble in water ; 
it forms a yellow soln. with nitric acid ; a colourless soln. with ammonia : and i t 
is insoluble in alcohol. 

No palladium phosphate has been prepared. 
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CHAPTER L X X I I 
OSMIUM 

§ 1. The Occurrence of Osmium 
T H E h i s t o r y of o s m i u m h a s been i n d i c a t e d in c o n n e c t i o n w i t h t h e p l a t i n u m m e t a l s . 
O s m i u m occurs in n a t u r e a s soc ia t ed "with t h e p l a t i n u m m e t a l s . T h u s , F . W o h l e r x 

r e p o r t e d 3 p e r cen t , of o s m i u m in l a u r i t e f rom B o r n e o ; L . F . S v a n b e r g r e p o r t e d 
0-19 t o 0-97 pe r c e n t . — o f o s m i u m n o t as o s m i r i d i u m — i n p l a t i n u m ores f rom Choco , 
E q u a t o r i a l Colombia ; H . S t . C. Devi l le a n d H . D e b r a y , 0-05 t o 1-25 p e r c en t . ; 
T . T h o m s o n , 2 4 1 p e r cen t , in ore f rom B r a z i l ; F . Wei l , 0-81 p e r cen t , in p l a t i n u m 
f rom California ; a n d S. K e r n found u p t o 0-60 in ore f rom R u s s i a . I . K o i f m a n 
found 0-79 t o 20-13 pe r cen t , of o s m i u m p r e s e n t a s o s m i r i d i u m in n a t i v e p l a t i n u m 
from v a r i o u s mines in t h e Ura l s . H e r e , t h e o s m i u m is also p r e s e n t in a s soc i a t ion 
wi th i r i d ium as t h e m i n e r a l o s m i r i d i u m . T h u s , 3. J . Berze l ius r e p o r t e d 1*40 t o 
2-30 pe r cen t , of o s m i r i d i u m in some R u s s i a n p l a t i n u m ores ; H . S t . C. Devi l le a n d 
H . D e b r a y , 0-50 t o 2-35 pe r cen t . ; G. O s a n n , 0-11 t o 1-80 pe r cen t . L . D u p a r c 
a n d M. N . T i k o n o w i t c h , a n d N . W i s s o t s k y found 0*71 t o 3-97 pe r cen t , in ores f rom 
Tagi l ; 0-61 t o 5-85 p e r cen t , in ores f rom t h e w a t e r - s h e d of t h e r ive r I s s -Swet l i -
B o r , a n d W e r e s s o w y - O u w a l ; 0-79 t o 20-21 p e r cen t , in ores f rom K a m e n o u c h k y , 
K o s w i n s k y , K a n j a k o w s k y , O m o u n t n a i a , a n d D a n e s k i n - K a m e n ; 0*1.8 t o 3*10 pe r 
cen t , in ore f rom G o u s s e w i - K a m e n , K i e d r o w k a , B a r a n t c h a , a n d Solwa : a n d 0-28 
t o 1-89 p e r cen t , in ore f rom G o u s s e w k a , S c h o u m i k a , a n d O b l e i s k a y a - K a m e n k a . 
I J . F . S v a n b e r g r e p o r t e d 1-56 t o 1-91 p e r cen t , of o s m i r i d i u m in Co lombian o res , 
a n d H . S t . C. Devi l le a n d H . D e b r a y , 0-95 t o 7-90 p e r cen t , in ores f rom t h e s a m e 
loca l i t y ; M. R o c k i n g , 3-80 p e r cen t , in o re f rom B o r n e o , a n d S. B l e e k r o d e , 0-34 
p e r cen t . ; H . S t . C. Devi l l e a n d H . D e b r a y , 1-10 t o 7*55 p e r cen t , in ores f rom 
California ; F . Wei l , 27*65 p e r c e n t . ; A. K r o m a y e r , 22*55 pe r c en t . ; S. K e r n , 
0 1 1 t o 2*80 pe r cen t . ; a n d C. Claus , 22*55 p e r c e n t . ; H . S t . C. Devi l le a n d H . D e b r a y 
r epo r t ed 37*30 pe r cen t . , a n d W . J . M a r t i n , 24 t o 94 p e r cen t , in ores f rom Oregon , 
2*85 pe r cen t , in a n ore f rom S p a i n , a n d 25-0 t o 26*0 pe r cen t , in ores f rom A u s t r a l i a ; 
J . C. H . M i n g a y e , 9-30 p e r cen t , in ore f rom N e w S o u t h W a l e s ; a n d H . S. E l fo rd , 
a n d P . O. L e n n o n , in T a s m a n i a n ores . G. C. H o f m a n n o b s e r v e d 3*77 t o 14*62 p e r 
cen t , in ores f rom B r i t i s h Co lumbia , C a n a d a . T h e occu r r ence of o s m i u m w a s 
d iscussed b y V. M. G o l d s c h m i d t a n d C. P e t e r s , R . A. Cooper , a n d J . R . T h u r l o w ; 
a n d t h e s t r u c t u r e , b y O. E . ZvjagintsefF a n d co-workers . 

O s m i r i d i u m t h u s occurs in Choco , Co lombia ; U r a l s , R u s s i a ; t h e au r i f e rous 
dr i f t s , N e w S o u t h W a l e s , A u s t r a l i a ; au r i f e rous b e a c h s a n d s of N o r t h Cal i fornia , 
U .S .A. ; i n t h e gold w a s h i n g s of s o m e r i ve r s in B r i t i s h Co lumbia , C a n a d a ; in t h e 
d u n i t e s a n d nor i t e s of S o u t h Afr ica ; e t c .—v ide p l a t i n u m . T h e c o m p o s i t i o n of 
t h e o s m i r i d i u m s is d i scussed in c o n n e c t i o n wi th t h e occu r r ence of p l a t i n u m — v i d e 
infra. T h e va r i e t i e s w i t h u n d e r a b o u t 60 p e r cen t , of i r i d i u m h a v e b e e n ca l led 
sysersk i te o r o s m i r i d i u m in c o n t r a s t w i t h i r i d i o s m i u m , o r n e v y a n s k i t e for va r i e t i e s 
w i t h ove r a b o u t 60 p e r cen t , of i r i d i u m . T h e l ine of d e m a r c a t i o n is i l l -defined. 
F . W o h l e r also r e p o r t e d t h e p re sence of a b o u t 3*03 p e r c e n t , of o s m i u m in laurite. 
R . H e r m a n n , J . J . Berze l ius , a n d G. A . K e n n g o t t desc r ibed a b l a c k m a g n e t i c s u b ­
s t a n c e in some gold mines of t h e U r a l s ; i t w a s ca l led irite, a n d w a s s h o w n b y 
C. Claus t o be a n i r i d io smium assoc ia t ed w i th c h r o m i t e a n d i ron ox ides . 

686 



OSMIUM 687 

O. E . Zvjagintseff i so la ted aurosmir id , a sol id so ln . of gold, o s m i u m , a n d 
r u t h e n i u m in i r i d ium in t h e res idue r e m a i n i n g af te r d issolv ing p l a t i n u m in a q u a 
regia . I t h a s a cub ic space- la t t i ce . 

T h e gene ra l occu r r ence of o s m i u m h a s b e e n d i scussed in c o n n e c t i o n w i t h t h e 
p l a t i n u m m e t a l s . F . W . Cla rke a n d H . W a s h i n g t o n ' s 2 e s t i m a t e of t h e p r o p o r t i o n 
in t h e igneous rocks of t h e e a r t h ' s c r u s t is of t h e o rde r nX 1 0 ~ 1 0 p e r c en t . ; a n d I . a n d 
W . N o d d a c k g a v e 6-0 X 10~ 1 2 for t h e e a r t h ' s c r u s t ; 8-8X 1 O - 6 for m e t e o r i c i ron ; 
1 - O x l O - 5 for t ro i l i t e ; a n d for t h e a t o m i c d i s t r i b u t i o n , o x y g e n u n i t y , 1 4 x l O ~ 6 , 
a n d l a t e r t h e y g a v e 3-2 X 10~ 8 for t h e e a r t h ' s c ru s t , a n d 3 - 9 X 1 0 - 6 for m e t e o r i t e s . 
T h e s u b j e c t w a s d i scussed b y P . Niggl i , P . V inas sa , a n d IT. B e r n a u e r . M. N . S a h a , 
a n d H . A. R o w l a n d c lassed o s m i u m a m o n g s t t h e e l e m e n t s whose spec t r a l l ines a r e 
of d o u b t f u l occu r r ence in t h e so lar s p e c t r u m ; a n d , a cco rd ing t o H . v o n Kl i ibe r , 
t h e p re sence of t h e spec t r a l l ines of o s m i u m in t h e s p e c t r a of t h e fixed s t a r s is 
d o u b t f u l . 

R E F E R E N C E S . 
1 F . B e r n a u e r , Metallwirtschaft, 7 . 4 1 1 , 1 9 2 8 ; J . J . B e r z e l i u s , Svenska Akad. Handl., 1 1 3 , 

1 8 2 8 ; Berzelius Jahresb., 2Z. 1 9 1 , 1 8 4 3 ; Fogg. Ann., 1 3 . 4 3 7 , 1 8 2 8 ; 3 2 . 2 3 2 , 1 8 3 4 ; S. B l e e k r o d e , 
ib., 1 0 3 . 6 5 6 , 1 8 5 8 ; M . B u c k i n g , Journ. prakt. Chem., ( 1 ) , 6 7 . 2 0 7 , 1 8 5 6 ; IAebig** Ann., 9 6 . 
2 4 3 , 1 8 5 5 ; C C I a u s , Beitrdge zur Ohernie der Platinrnetalle, D o r p a t , 1 8 5 4 ; Journ. prakt. Chem., 
( 2 ) , 8 0 . 2 8 5 , 1 8 6 0 ; 1*. Co l l i e r , Amer. Journ. Science, ( 3 ) , 8 . 1 2 3 , 1 8 7 4 ; K . A . C o o p e r , Journ. 
Chem. Met. Soc. South Africa, 2 2 . 1 5 2 , 1 9 2 2 ; H . S t . C. L>eville a n d H . D e h r a v , Ann. Chim. Phys., 
( 3 ) , 5 6 . 3 8 5 , 1859 ; Ann. Mines, ( 5 ) , 1 6 . 1, 1 8 5 9 ; Chem. News, 1 . 5 , 1 5 , 8 5 , 186O ; L . D u p a r c 
a n d M . 1ST. T i k o n o w i t e h , Ee platine et les gites platiniferes de VOural et du inonde., G e n e v e , 1 9 2 0 ; 
H . S. K l f o r d , Kng. Min. Journ., 1 3 3 . 5 8 0 , 1 9 3 2 ; V . M . G o l d s u h m i d t a n d C. P e t e r s , Nachr. (Jolt., 
3 7 7 , 1 9 3 2 ; R . H e r m a n n , Journ. prakt. Chem., ( 1 ) , 2 3 . 2 7 3 , 1 8 4 1 ; G. C. H o f m a n n , Kept. Geol. 
Sur. Canada., 1 1 . 1, 1 8 8 6 ; G. A . K e n n g o t t , Amer. Journ. Science, ( 2 ) , 1 1 . 2 3 2 , 1 8 5 1 ; Mineralo-
gittche Untersuchungen, W i e n , 1. 6 1 , 1 8 5 1 ; S. J v e r n , Chem. News, 3 5 . 8 8 , 1 8 7 7 ; I . K o i f m a n , 
Arch. Sciences Geneve, ( 4 ) , 4 0 . 2 2 , 1 9 1 5 ; A . K r o m a y e r , Arch. Pharm., ( 2 ) , 110 . 14 , 1862 ; 
I \ O . L e n n o n , Sands, Clays, Minerals, 1 . 5 , 1 9 3 2 ; Metal lnd., 3 9 . 177 , 1928 ; W . J . M a r t i n , 
Ann. Rep. U.S. Geol. Sur., 1 6 . i i i , 6 2 8 , 1 8 9 5 ; J . C. H . M i n g a v e , Bee. Geol. Sur. New South Wales, 
5 . 3 5 , 1 8 9 8 ; P . B . N y e , Bull. Tasmania Geol. Sur., 3 9 , 1 9 2 9 ; G. O s a n n , Pogq. Ann., 8. 5 0 5 , 
1 8 2 6 ; 1 1 . 3 1 1 , 1 8 2 7 ; 1 3 . 2 8 3 , 1 8 2 8 ; 1 4 . 3 2 9 , 1 8 2 8 ; 1 5 . 1 5 8 , 1 8 2 9 ; Edin. Phil. Journ., 3 . 
2 7 6 , 1 8 2 7 ; Quart. Journ. Science, 2 6 . 4 3 8 , 1 8 2 8 ; Phil. Mag., ( 2 ) , 2 . 3 9 1 , 1 8 2 7 ; A . M . R e i d , 
Bull. Tasmania Geol. Sur., 3 2 , 1 9 2 1 ; L,. P . S v a n b e r g , Handl. Akad. Stockholm, 8 4 , 1 8 3 4 ; Pogg. 
Ann., 3 6 . 4 7 1 , 1 8 3 5 ; T . T h o m s o n , Ann. Phil., ( 2 ) , 2 . 17 , 1 8 2 6 ; Schweigger\? Journ., 4 7 . 5 5 , 
1 8 2 6 ; J . R . T h u r l o w , Journ. Chem. Met. Soc. S. Africa, 2 2 . 2 0 9 , 1 9 2 2 ; Chem. News, 1 2 5 , 8 8 , 
1 9 2 2 ; F . W e i l , Genie lnd., 1 7 . 2 6 2 , 1 8 5 9 ; Dingier*s Joum., 1 5 3 . 4 1 , 1 8 5 9 ; Berg. HMt. ZAg.. 19 . 
2 0 , 1 8 6 0 ; N . W i s s o t s k y , Mem. Comite Geol. Buss., ( 2 ) , 6 2 . 106 , 6 6 7 , 1 9 1 3 ; F . W o h l e r , Eiebig\s 
Ann., 1 3 9 . 1 1 6 , 1 8 6 6 ; 1 5 1 . 3 7 4 , 1 8 6 9 ; N^aclir. Gott., 1 5 5 , 1 8 6 6 ; 3 2 7 , 1 8 6 9 ; O. E . Zv jag inse f f , 
Cornpt. Rend. Acad. U.R.S.S., 4 . 176 , 1 9 3 4 ; Ann. InM. Platine, 1 2 . 5 , 1 9 3 5 ; Sovet. Zolotoprom., 
1, 1 9 3 4 ; O. E . Zv j ag in t s e fF a n d B . K . B r u n o v s k y , Ann. Inst. Platine, 1 2 . 5 , 1 9 3 5 ; ZeU. Krist., 
9 3 . 1 6 1 , 1 9 3 6 . 

* F . W . C l a r k e a n d H . W a s h i n g t o n , The Composition of the Earth's Crust, W a s h i n g t o n , 
1 9 2 4 ; Proc. Nat. Acad., 8 . 1 1 2 , 1 9 2 2 ; H . v o n ICI i iher , Das Vorkommen der chemischen Elemente 
im Kosmos, L e i p z i g , 1931 ; P . JNTiggli, Fennia, 5 0 . 6 , 1 9 2 8 ; I . a n d W . N o d r l a c k , Naturunss., 1 8 . 
7 5 7 , 1 9 3 O ; Zeit. phys. Chem., Bodensteins vol., 89O, 1 9 3 1 ; H . A . R o w l a n d , Chem. News, 6 3 . 
1 3 3 , 1891 ; Johns Hopkins Univ. Circ, 8 5 , 1 8 9 1 ; Atner. Journ. Science, ( 3 ) , 4 1 . 2 4 3 , 1891 ; 
Astrophys. Journ., 6 . 3 8 4 , 1897 ; H . N . R u s s e l l , ib., 6 3 . 1, 1 9 2 6 ; Contr. Mount. Wilson. Publ., 
3 8 3 , 1 9 2 9 ; 1». V i n a s s a , AUi Accad. Eincei, ( 6 ) , 5 . 9 4 0 , 1 9 2 7 ; M. N . S a h a , Phil. Mag., ( 6 ) , 4 0 . 
8 0 8 , 1 9 2 5 . 

§ 2 . The Extraction and Preparation of Osmium 
T h e o p e n i n g u p of p l a t i n u m ores w i t h a q u a reg ia is d i scussed in c o n n e c t i o n 

w i t h p l a t i n u m . O s m i u m c a n b e r e l a t i v e l y eas i ly i so la ted a n d o b t a i n e d in a h igh 
degree of p u r i t y owing t o t h e f o r m a t i o n of a vo la t i l e o s m i u m t e t r o x i d e , or in soln. , 
o smic ac id . T h e d i s t i l l a t ion of t h e t e t r o x i d e f rom a soln. s t r o n g l y acidified w i t h 
n i t r i c ac id , is a s imple a n d d i r e c t w a y of s e p a r a t i n g o s m i u m f rom t h e o t h e r p l a t i n u m 
m e t a l s , a n d i n t h e a b s e n c e of h a l o g e n ac ids , f rom all o t h e r m e t a l s . I n t h e m e t h o d s 
desc r ibed b y J . J . Berze l ius , 1 L . N . V a u q u e l i n , a n d W . H . W o l l a s t o n for o p e n i n g 
u p t h e p l a t i n u m m e t a l s w i t h h o t a q u a reg ia , in a r e t o r t , t h e o s m i u m collects in t h e 
d i s t i l l a t e a s osmic ac id ; a n d , a c c o r d i n g t o A. L a u g i e r , t h e o s m i u m can be recovered 
b y n e a r l y neu t r a l i z ing t h e ac id l i quor w i t h mi lk of l ime , a n d dis t i l l ing t o d r y n e s s . 
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T h e d i s t i l l a t e c o n t a i n i n g t h e osmic ac id is m i x e d w i t h a m o d e r a t e excess of h y d r o ­
ch lor ic ac id a n d d e c o m p o s e d b y z inc , t h e b l a c k flakes of o s m i u m a r e col lec ted , w a s h e d 
w i t h w a t e r a c i d u l a t e d w i t h s u l p h u r i c ac id , t h e n w i t h w a t e r , a n d d r i e d a t a g e n t l e 
h e a t . I f t o o m u c h h y d r o c h l o r i c ac id is u sed , a p u r p l e l iqu id is fo rmed , a n d if t o o 
l i t t l e , some osmic ac id will e s cape r e d u c t i o n . J . J . Berze l ius sugges t ed t h a t s o m e 
osmic ac id escapes w i t h t h e h y d r o g e n gas . 

T h e g ra in s of o s m i r i d i u m res is t t h e a t t a c k of a q u a regia , a n d t h e g r a i n s a r e so 
h a r d t h a t p u l v e r i z a t i o n is difficult. H . S t . C. Devi l le a n d H . D e b r a y r e c o m m e n d e d 
h e a t i n g t h e o s m i r i d i u m w i t h 8 t o IO t i m e s i t s w e igh t of z inc , a n d s u b s e q u e n t l y 
r e m o v i n g t h e zinc b y h y d r o c h l o r i c ac id o r b y h e a t . W . H . W o l l a s t o n h e a t e d t h e 
m i n e r a l w i t h a m i x t u r e of p o t a s s i u m h y d r o x i d e a n d n i t r a t e . E . F r e m y , C. C laus , 
O. W . G i b b s , a n d A. G u y a r d h e a t e d t h e o s m i r i d i u m w i t h 3 t i m e s i t s w e i g h t of 
p o t a s s i u m n i t r a t e — a n d o b s e r v e d t h a t a l i t t le o s m i u m is lost b y vo la t i l i za t ion . 
F u s i o n processes w i t h a lka l i a n d p o t a s s i u m n i t r a t e were a lso used b y A . G u t b i e r 
a n d K . T r e n k e r , F . K r a u s s a n d H . K u k e n t h a l , a n d A. J o I y a n d H . D e b r a y ; a lka l i 
h y d r o x i d e a n d p e r m a n g a n a t e , b y O. Ruff a n d F . Vidic ; a lka l i a n d p o t a s s i u m 
c h l o r a t e , b y J . F r i t z s c h e a n d H . S t r u v e , C. Claus , a n d V. A n t o n y a n d A . Lucches i ; 
a n d s o d i u m d iox ide , b y J . L . H o w e , E . Le id ie a n d L.. Q u e n n e s s e n , a n d E . W i c h e r s 
a n d co-workers—v ide r u t h e n i u m . J . Pe r soz h e a t e d t o r e d n e s s 1 p a r t of o s m i r i d i u m 
w i t h 2 p a r t s of d r y s o d i u m c a r b o n a t e , a n d 3 p a r t s of s u l p h u r , a n d t h e m e t h o d w a s 
e x a m i n e d b y R . A. Cooper , F . D o b e r e i n e r , L,. R . v o n F e l l e n b e r g , C. Claus , a n d 
O. W . G i b b s . F . W o h l e r , J . R . J o s s , J . J . Berze l ius , C. Claus , a n d W . v o n S c h n e i d e r 
h e a t e d t o r ednes s a m i x t u r e of t h e ore w i t h s o d i u m ch lor ide in a c u r r e n t of ch lo r ine ; 
a n d F . W o h l e r m a d e o s m i r i d i u m t h e a n o d e in a soln . of s o d i u m h y d r o x i d e a n d 
o b s e r v e d t h a t s o d i u m o s m a t e a n d r u t h e n a t e a r e fo rmed . 

H . S t . C. Devi l le a n d H . D e b r a y found t h a t t h e m i n e r a l is a t t a c k e d w h e n i t is 
h e a t e d w i t h b a r i u m d i o x i d e . E . Le id ie a n d L . Q u e n n e s s e n r e c o m m e n d e d h e a t i n g 
t h e m i n e r a l w i t h s o d i u m d i o x i d e a s i n d i c a t e d in c o n n e c t i o n w i t h o t h e r p l a t i n u m 
m e t a l s . E . W i c h e r s a n d co -worke r s sa id : 

T h e b e s t m e t h o d of a t t a c k for c r u d e i r i d i u m , o r i t s n a t i v e a l l o y s w i t h o s m i u m , is t o 
fuse w i t h a n a l k a l i n e ox id i z ing m i x t u r e s u c h a s p o t a s s i u m h y d r o x i d e a n d n i t r a t e , s o d i u m 
h y d r o x i d e a n d d i o x i d e , o r b a r i u m d i o x i d e w i t h o r w i t h o u t b a r i u m n i t r a t e . T r e a t m e n t 
w i t h t h e l a s t - n a m e d r e a g e n t s is n o t s t r i c t l y a fus ion, a s t h e m a s s s i n t e r s r a t h e r t h a n m e l t s , 
t h u s p e r m i t t i n g g r e a t e r l a t i t u d e in t h e cho ice of c r u c i b l e s . M e t a l c ruc ib l e s a r e b u t s l i g h t l y 
a t t a c k e d a n d t h e h e a t i n g m a y b e d o n e in c l a y c r u c i b l e s . If d e s i r e d , t h e b a r i u m s a l t s c a n 
eas i ly b e s e p a r a t e d f rom t h e r e s u l t i n g i r i d i u m so ln . b y p r e c i p i t a t i o n a s b a r i u m s u l p h a t e . 
P o t a s s i u m s a l t s u s u a l l y a r e t o b e a v o i d e d b e c a u s e of t h e p r e c i p i t a t i o n of p o t a s s i u m c h l o r o -
i r i d a t o w h e n t h e i r i d i u m is f ina l ly c o n v e r t e d t o c h l o r i d e . F u s i o n w i t h 3 p a r t s b y "weight 
of s o d i u m h y d r o x i d e a n d 1 p a r t of s o d i u m d i o x i d e , p r e f e r a b l y in a s i lve r d i s h , o t h e r w i s e in 
n i cke l o r a t h i c k - w a l l e d i ron vesse l , is p r o b a b l y a s c o n v e n i e n t a n d s a t i s f a c t o r y a m e t h o d 
a s a n y . I n t h e fusion of c r u d e o s m i u m o r o s m i r i d i u m w i t h s o d i u m h y d r o x i d e a n d s o d i u m 
d i o x i d e , a s d e s c r i b e d in t h e s e c t i o n o n i r i d i u m , t h e so ln . o b t a i n e d b y l e a c h i n g t h e m e l t 
w i t h w a t e r c o n t a i n s o s m i u m a s s o d i u m o s m a t e , N a 8 O s O 4 , a n d a l so c o n t a i n s r u t h e n i u m 
a n d s m a l l a m o u n t s of t h e o t h e r p l a t i n u m m e t a l s . C e r t a i n b a s e m e t a l s , s u c h a s t i n , l e a d , 
a n d z inc , m a y a lso b e p r e s e n t . 

T h e rece ive r for t h e osmic ac id u s u a l l y c o n t a i n s s o m e a lka l i ne l iqu id . R . Gil­
ch r i s t o b s e r v e d t h a t if t h e soln. c o n t a i n s 40 p e r cen t , of n i t r i c ac id b y v o l u m e , n o 
r u t h e n i u m is vo la t i l i zed . A c c o r d i n g t o E . W i c h e r s a n d co -worke r s , t h e a q . e x t r a c t 
f rom t h e fusion w i t h s o d i u m h y d r o x i d e a n d d iox ide c o n t a i n s p r a c t i c a l l y all t h e 
o s m i u m , a l a rge p r o p o r t i o n of t h e r u t h e n i u m , a n d some i r i d i u m . T h e a l k a l i n e 
so ln . of o s m i u m a n d r u t h e n i u m is t r a n s f e r r e d t o a su i t ab l e d i s t i l l ing flask, s t r o n g l y 
acidif ied w i t h n i t r i c ac id , a n d g r a d u a l l y h e a t e d t o t h e b . p . w h i l s t a c u r r e n t of air 
is p a s s e d t h r o u g h t h e l iqu id , a s r e c o m m e n d e d b y M. C. L e a , so as t o carry t h e 
v a p o u r s of o s m i u m t e t r o x i d e i n t o a c h a i n of r e c u r r i n g flasks. These flasks conta in 
a IO t o 12 p e r c e n t , of s o d i u m h y d r o x i d e . A l i t t l e a lcohol is added t o all b u t t h e 
first o n e . W h e n n o m o r e o s m i u m t e t r o x i d e d is t i l s , a s m a y be o b s e r v e d b y p u t t i n g 
a f resh soln . in t h e first r ece iv ing flask, t h e c o n t e n t s of t h e several flasks are c o m ­
bined a n d d iges t ed t o i n su re t h e r e d u c t i o n of a l l o s m i u m te trox ide t o sod ium 
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o s m a t e . More a lcohol is a d d e d if n e e d e d . P r a c t i c a l l y all of t h e o s m i u m m a y b e 
s e p a r a t e d f rom t h e r u t h e n i u m in t h i s d i s t i l l a t ion . I t h a s b e e n obse rved , howeve r , 
t h a t i t is n o t possible i n t h i s w a y t o effect a c o m p l e t e s e p a r a t i o n of o s m i u m f rom 
soln . t o w h i c h a lcohol h a s b e e n a d d e d . 

T o s e p a r a t e t h e o s m i u m f rom t h e a lka l i o s m a t e soln . , L . N . V a u q u e l i n r e d u c e d 
t h e soln . of t h e t e t r o x i d e b y h y d r o c h l o r i c ac id a n d z inc a s j u s t i n d i c a t e d ; J . J . Be r -
zel ius u s e d m e r c u r y , a n d d is t i l l ed m e r c u r y f rom t h e r e su l t i ng a m a l g a m ; a n d 
3T. D o b e r e i n e r used a n a lka l i f o r m a t e a s r e d u c i n g a g e n t . J . J . Berze l ius r e d u c e d 
t h e t e t r o x i d e in a c u r r e n t of h y d r o g e n ; H . S t . C. Devi l l e a n d H . D e b r a y u sed 
a m i x t u r e of c a r b o n m o n o x i d e a n d d iox ide , or s i m p l y c a r b o n , w h e n t h e m e t a l is 
o b t a i n e d in a c rys t a l l ine s t a t e . J . J . Berze l ius , E . F r e m y , a n d R . Schne ide r o b t a i n e d 
t h e m e t a l b y d e c o m p o s i n g t h e a m m i n e s b y h e a t . H . S t . C. Devi l le a n d H . D e b r a y , 
a n d JE. C. F r i t z m a n n r e c o m m e n d e d p r e c i p i t a t i n g t h e o s m i u m from t h e a lka l i ne 
l iqu id b y s o d i u m s u l p h i d e . S. T e n n a n t s a t u r a t e d t h e soln. w i t h h y d r o g e n su lph ide , 
a n d h e a t e d t h e s u l p h i d e t o a h igh t e m p , in a closed c a r b o n cruc ib le . T h e o s m i u m 
col lec ted a s m e t a l in t h e u p p e r p a r t of t h e c ruc ib le . 

H . M o r a h t a n d C. W i s c h e n r e c o v e r e d t h e o s m i u m b y e lec t ro lyz ing t h e a lka l i 
o s m a t e soln. w h e n o s m i u m d i o x i d e col lec ts on t h e c a t h o d e . O. Ruff a n d F . B o r n e -
m a n n r e c o m m e n d e d e x a c t l y n e u t r a l i z i n g t h e soln . w i t h s u l p h u r i c ac id wh ich 
p r o d u c e s a p r e c i p i t a t e of h y d r a t e d o s m i u m d i o x i d e . T h e soln. is d iges t ed for 
s o m e h o u r s on a s t e a m - b a t h t o c o a g u l a t e t h e p r e c i p i t a t e a n d h i n d e r i t s t e n d e n c y t o 
de f l ag ra te w h e n a f t e r w a r d s i gn i t ed . T h e d r i e d p r e c i p i t a t e is r e d u c e d in h y d r o g e n . 
T h e p r o d u c t is a l m o s t free f rom p l a t i n u m , b u t t r a c e s m a y be p r e s e n t owing t o a 
m e c h a n i c a l t r a n s p o r t f rom t h e d is t i l l ing flask. T r ace s of a lka l i , i ron , a n d sil ica, 
d e r i v e d f rom t h e s o d i u m h y d r o x i d e so ln . , m a y a lso be p r e s e n t . 

R . Gi lchr i s t a n d c o - w o r k e r s f u r t h e r pur i f ied t h e o s m i u m b y b u r n i n g i t t o 
s o d i u m t e t r o x i d e in a c u r r e n t of o x y g e n . E . W i c h e r s a n d co -worker s t h u s 
d e s c r i b e d t h e o p e r a t i o n : 

T h o m e t a l w a s h e a t e d in b o a t s i n a Hard g l a s s t u b © i n a n e l e c t r i c f u r n a c e . H a l f o f t h e 
c o m b u s t i o n t u b e w a s b e n t d o w n w a r d a t a n a n g l e of 4 5 ° a n d t h e e n d o f t h e t u b e h e l d in a n 
ojx^n f i a s k c o n t a i n i n g e n o u g h h y d r o c h l o r i c a c i d o f s p . g r . 1-12 t o s e a l t h e o p e n i n g o f t h e 
t u b e . T h e r e c e i v i n g f i a s k w a s c o o l e d w i t h i c e . W h e n t h e t e m p , o f t h e f u r n a c e r e a c h e d 
2 2 0 ° t o 2 3 0 ° , a v i g o r o u s r e a c t i o n o c c u r r e d , a c c o m p a n i e d b y a r a p i d a b s o r p t i o n o f o x y g e n 
a n d a p r o g r e s s i v e g l o w i n g of t h e m e t a l . T h e p r o d u c t w a s a b l a c k p o w d e r o f g r e a t e r b u l k 
t h a n t h o m e t a l , a n d w a s p r e s u m a b l y t h e d i o x i d e . A t t h i s s t a g e i t w a s n e c e s s a r y t o s u p p l y 
o x y g e n r a p i d l y t o a v o i d a d i m i n i s h e d p r e s s , i n t h e t u b e . A f t e r t h i s r e a c t i o n h a d s u b s i d e d , 
t h e t e m p , w a s r a i s e d g r a d u a l l y , w h e r e u p o n t h e m a t e r i a l i n t h e b o a t s o x i d i z e d q u i e t l y t o t h e 
t e t r o x i d e . T h e l a t t e r c o n d e n s e d t o a s o l i d i n t h e c o o l p o r t i o n o f t h e t u b e . W h e n a l l o f 
t h e m e t a l w a s c o n v e r t e d t o t h e t e t r o x i d e t h o s o l i d c a k e w a s t r a n s f e r r e d t o t h e r e c e i v i n g 
f l a s k b y g e n t l y w a r m i n g t h e t u b e u n t i l t h e m a s s l o o s e n e d a n d d r o p p e d i n t o t h e f l a s k . A 
m o d i f i c a t i o n o f t h i s m e t h o d , i n w h i c h t h e h y d r o c h l o r i c a c i d i s o m i t t e d a n d t h e r e c e i v i n g 
f l a s k i s c o o l e d ii\ a f r e e z i n g m i x t u r e , m a y b e u s e d if o s m i u m t e t r o x i d e i s t h e d e s i r e d p r o d u c t . 
T h e c o n t e n t s of t h e r e c e i v i n g f l a s k w e r e q u i c k l y t r a n s f e r r e d t o a f l a s k f i t t e d w i t h a r e f l u x 
c o n d e n s e r , o n l y g r o u n d - g l a s s j o i n t s b e i n g u s e d . T o t h i s f l a sk h y d r o c h l o r i c a c i d of s p . g r . 
1 -12 a n d a l i t t l e a l c o h o l w e r e a d d e d . T h e f l a s k w a s w a r m e d g e n t l y , a n d t h e t e m p , r a i s e d 
g r a d u a l l y t o i n e i p i t j n t b o i l i n g i n a b o u t 3 h r s . T h e o s m i u m t e t r o x i d e w a s g r a d u a l l y r e d u c e d 
t o q u a d r i v a l e n t o s m i u m c h l o r i d e , t h o c o m p l e t i o n o f t h e r e a c t i o n b e i n g s h o w n b y t h e a b s e n c e 
o f d r o p l e t s o f o s m i u m t e t r o x i d e c o n d e n s i n g o n t h e w a l l s of t h e f l a s k , b y t h e c h a n g e i n c o l o u r 
o f t h e s o l n . t o a c l e a r , t r a n s p a r e n t r e d , a n d b y t h o a b s e n c e o f t h e c h a r a c t e r i s t i c o d o u r o f 
o s m i u m t e t r o x i d e . T h e e n d o f t h o r e f l u x c o n d e n s e r w a s f i t t e d w i t h a t r a p c o n t a i n i n g a 
s o l n . o f s o d i u m h y d r o x i d e a n d a l c o h o l t o c a t c h t h e s m a l l a m o u n t o f o s m i u m t e t r o x i d e 
w h i c h p a s s e d t h e c o n d e n s e r . T w i c e t h o t h e o r e t i c a l a m o u n t of h y d r o c h l o r i c a c i d r e q u i r e d 
t o f o r m M 8 O s C I 6 w a s u s e d . A s i m i l a r r e a c t i o n w a s u s e d f o r t h e p r e p a r a t i o n o f b r o m o o s m i c 
a c i d , H a O s B r - . W h e n h y d r o b r o m i c a c i d i s u s e d , a l c o h o l i s n o t n e e d e d , b u t m a y b e u s e d 
t o h a s t e n t h e r e d u c t i o n o f t h e t e t r o x i d e . T h e s o l n . c o n t a i n i n g c h l o r o o s m i c a c i d w a s 
e v a p o r a t e d o n t h e s t e a m - b a t h w i t h o u t l o s s o f o s m i u m . I t w a s n e c e s s a r y t o k e e p t h e s o l n . 
d i s t i n c t l y a c i d i c t o p r e v e n t t h e p r e c i p i t a t i o n o f a b a s i e c o m p o u n d , p r e s u m a b l y t h e 
h y d r a t e d d i o x i d e . A m m o n i u m c h l o r o o s m a t e w a s p r e c i p i t a t e d f r o m t h i s s o l n . b y t h e 
a d d i t i o n o f a m m o n i u m c h l o r i d e . T h e s a l t i s b r i c k - r e d i n c o l o u r a n d i s r e l a t i v e l y i n s o l u b l e . 
T h e s a l t w a s i g n i t e d t o m e t a l i n a c u r r e n t o f h y d r o g e n , a t e m p , o f 6 0 0 ° t o 7 0 0 ° b e i n g f i n a l l y 
a t t a i n e d . T h e h o t s p o n g e w a s c o o l e d i n o x y g e n - f r e e n i t r o g e n . T h i s m e t a l , p r e s e r v e d i n 
a s t o p p e r e d b o t t l e , d i d n o t f o r s o m e d a y s b e g i n t o e m i t t h e o d o u r o f o s m i u m t e t r o x i d e , 
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F i n e l y - d i v i d e d o s m i u m u n i t e s w i t h o x y g e n t o f o r m t h e t e t r o x i d e e v e n a t o r d i n a r y t e m p . 
O s m i u m a l l owed t o cool in h y d r o g e n g l o w s w h e n b r o u g h t i n t o c o n t a c t w i t h a i r , t h e r e b y 
c a u s i n g s o m e loss of osmitxm a s t h e t e t r o x i d e . A f u r t h e r pu r i f i ca t ion , if t h o u g h t n e c e s s a r y , 
c a n b e a c c o m p l i s h e d b y r e p e a t i n g t h e cyc le of o p e r a t i o n s j u s t d e s c r i b e d , b e g i n n i n g w i t h 
t h e s p o n g e o b t a i n e d b y t h e i g n i t i o n of t h e a m m o n i u m ch lo roGsma te . O s m i u m r e m a i n i n g 
in t h e filtrates f rom t h e p r e c i p i t a t i o n b y a m m o n i u m ch lo r ide c a n b e r e c o v e r e d b y 
e v a p o r a t i n g t h e so ln . t o d r y n e s s a n d i g n i t i n g t h e e n t i r e r e s i d u e u n d e r h y d r o g e n . 

A. G u t b i e r found t h a t i n w o r k i n g u p o s m i u m res idues c o n t a i n i n g o rgan ic s u b ­
s t a n c e s , t h e m e t a l is n o t c o n v e r t e d i n t o t h e ch lor ide w h e n t r e a t e d w i t h ch lor ine , 
a n d in consequence t h e pur i f i ca t ion of t h e m e t a l cou ld n o t be effected in t h e u s u a l 
w a y b y m e a n s of t h e inso lub le a m m o n i u m ch lo r o - o sma te . T h e following m e t h o d 
h a s been evo lved for t h e r e c o v e r y of t h e m e t a l f rom s u c h res idues . T h e d r i ed 
res idues a r e p l aced in porce la in b o a t s in a h a r d glass t u b e , h e a t e d , a n d a c u r r e n t 
of o x y g e n is pa s sed o v e r ; t h i s b u r n s a w a y all c a r b o n a c e o u s m a t t e r , a n d t h e 
o s m i u m is c o n v e r t e d i n t o t h e t e t r o x i d e , wh ich dis t i l s ove r i n t o a series of U - t u b e s 
c o n t a i n i n g v a r i o u s r e d u c i n g a g e n t s . A s r e d u c i n g a g e n t s , t h e a u t h o r e m p l o y s 
a lcohol in s l igh t ly a lka l ine soln. , a m m o n i a c a l a lcohol c o n t a i n i n g a m m o n i u m ch lor ide 
a n d a n alcohol ic soln. of h y d r a z i n e h y d r a t e . T h e r e d u c e d soln . is e v a p o r a t e d t o 
d r y n e s s on t h e w a t e r - b a t h , a n d t h e n c o n v e r t e d i n t o t h e m e t a l b y h e a t i n g in h y d r o g e n 
a n d a l lowing t o cool in c a r b o n d iox ide . !By t h i s p rocess , i t is poss ib le t o r ecove r 
2-83 g r m s . of o s m i u m f rom a n a r t i f i c ia l ly -prepared m i x t u r e c o n t a i n i n g 3-O g r m s . of 
o s m i u m . 

H . S t . C. Devi l le a n d H . D e b r a y r e p o r t e d crys ta l l ine o s m i u m t o be fo rmed b y 
h e a t i n g t o r edness o s m i u m m i x e d w i t h 7 t o 8 t i m e s i t s w e i g h t of t i n (or z inc) , 
in a c a r b o n cruc ib le , a n d a l lowing t h e m a s s t o cool s lowly. T h i s p r o d u c t is t h e n 
t r e a t e d w i t h h y d r o c h l o r i c ac id w h e n p s e u d o m o r p h s a f te r t h e c rys t a l l ine s t a n n i d e 
r e m a i n . H . D e b r a y o b t a i n e d o c t a h e d r a l c ry s t a l s b y m e l t i n g o s m i u m w i t h p y r i t e , 
a n d b o r a x a n d e x t r a c t i n g t h e p r o d u c t w i t h di l . h y d r o c h l o r i c ac id . I t is a s s u m e d 
t h a t o s m i u m su lph ide is fo rmed a n d d e c o m p o s e d in t h e o p e r a t i o n . F . D o b e r e i n e r 
o b t a i n e d o s m i u m black , o r r a t h e r a b lu i sh -b lack , p o w d e r of finely-divided o s m i u m , 
b y r e d u c i n g a q . soln. of o s m i u m sa l t s , o r of o s m i u m t e t r o x i d e b y a n a lka l i f o r m a t e . 
A . A . P o l l i t t d iscussed o s m i u m a s a c a t a l y t i c a g e n t . G. I i . I^evi a n d R . H a a r d t 
d iscussed t h e s t r u c t u r e of t h e p o w d e r . S. G. S. D i c k e r p r e p a r e d o s m i u m films 
b y t h e t h e r m a l d e c o m p o s i t i o n of a c a r b o n y l . E . Cohen a n d T . S t r e n g e r s d id n o t 
o b t a i n exp los ive o s m i u m b y t h e ac t i on of ac id on t h e z i n c - o s m i u m al loy. 

A. G u t b i e r a n d G. Hofmeie r 2 p r e p a r e d co l lo ida l o s m i u m , o r o s m i u m hydroso l , 
b y r e d u c i n g a soln. of p o t a s s i u m o s m a t e w i t h h y d r a z i n e in the*, p re sence of g u m 
a r a b i c a s p r o t e c t i v e colloid. N . C a s t o r o used acro le in a s r e d u c i n g a g e n t ; 
O. M a k o w k a , a soln. of a c e t y l e n e in a c e t o n e ; a n d C. P a a l a n d C. A m b e r g e r u s e d 
s o d i u m Iy sal b a t e a n d p r o t a l b a t e a s p r o t e c t i v e col lo ids . C. A m b e r g e r r e d u c e d 
p o t a s s i u m o s m a t e w i t h h y d r a z i n e h y d r a t e s u s p e n d e d in lanol in a s p r o t e c t i v e 
colloid ; a n d t h e n d isso lved t h e r e s u l t i n g o s m i u m d i o x i d e h y d r o s o l in p e t r o l e u m , 
p r e c i p i t a t e d i t w i t h a lcohol , a n d r e d u c e d i t i n h y d r o g e n a t 50° t o 60°. A h y d r o s o l 
wi th 21 pe r cen t , o s m i u m w a s o b t a i n e d i n t h i s m a n n e r . J . D o n a u f o u n d t h a t a 
b o r a x b e a d is co loured r e d d i s h - b r o w n b y o s m i u m . 
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Phil. Mag., ( 3 ) , 2 4 . 3 9 3 , 4 7 4 , 1 8 4 4 ; E . C. F r i t z m a n n , Proc. Platinum Inst., 6 . 116 , 1 9 2 8 ; Zeit. 
anorg. Chem., 1 6 9 . 3 5 6 , 1 9 2 8 ; J . F r i t z s c h e a n d H . S t r u v e , Bull. Acad. St. Petersburg, ( 2 ) , 6 . 8 1 , 
1 8 4 5 ; Liebig's Ann., 6 4 . 2 6 3 , 1 8 4 7 ; Phil. Mag., ( 3 ) , 3 1 . 5 3 4 , 1847 ; Journ. prakt. Chem., ( 1 ) , 
8 7 . 4 8 3 , 1 8 4 7 ; ( 1 ) , 4 1 . 4 7 , 1 8 4 7 ; O. W . G i b b s , Amer. Journ. Science, ( 2 ) , 3 1 . 6 5 , 1 8 6 1 ; Chem. 
News, 8 . 1 3 0 , 1 4 8 , 1 8 6 1 ; 7 . 6 1 , 7 3 , 9 7 , 1 8 6 3 ; 9 . 1 2 1 , 1 8 6 4 ; R . G i l c h r i s t , The Preparation of 
Pure Osmium, and the, Atomic Weight of Osmium, B a l t i m o r e , 1 9 2 2 ; Journ. Washington Acad., 
1 3 . 4 6 , 1 9 2 3 ; Journ. Research Bur. Standards, 3 . 9 9 3 , 1 9 2 9 ; 6 . 4 2 1 , 1 9 3 1 ; 9 . 2 7 9 , 1 9 3 2 ; 1 2 . 
2 8 3 , 1 9 2 4 ; R . G i l c h r i s t a n d E . W i c h e r s , Journ. Amer. Chem. Soc, 5 7 . 2 5 6 5 , 1 9 3 5 ; 
A . G u t b i e r , Chem. Ztg., 8 7 . 8 7 5 , 1 9 1 3 ; A . G u t b i e r a n d K . T r e n k e r , Zeit. anorg. Chem., 
4 5 . 1 6 6 , 1 9 0 5 ; A . G u y a r d , Compt. Bend., 5 6 . 1 1 7 7 , 1 8 6 3 ; Chem. News, 8. 1 0 6 , 1 8 6 3 ; J . L . H o w e , 
Journ. Amer. Chem. Soc, 2 3 . 7 7 5 , 19Ol ; A . J o I y a n d H . D e b r a y , Compt. Rend., 106 . 3 2 8 , 1 8 8 8 ; 
J . R . J o s s , Journ. prakt. Chem., ( 1 ) , 4 . 3 7 1 , 1 8 3 5 ; F. J C r a u s s a n d H . K u k e n t h a l , Zeit. anorg. 
Chem., 1 3 2 . 3 1 5 , 1 9 2 4 ; A . L a u g i e r , Ann. Chim. Phys., ( 1 ) , 8 9 . 1 9 1 , 1 8 1 4 ; Schiveiggery s Journ., 
1 9 . 7 0 , 1 8 1 7 ; Phil. Mag., ( 1 ) , 4 4 . 5 1 , 1 8 1 4 ; M . C. L e a , Chem. News, 1 0 . 2 7 9 , 3 0 1 , 1 8 6 4 ; 1 1 . 3 , 
1 3 , 1 8 6 5 ; Amer. Journ. Science, ( 2 ) , 3 8 . 8 1 , 2 4 8 , 1 8 6 4 ; E . L e i d i e a n d L . Q u e n n c s s e n , Bull. 
Soc. Chim., (S), 2 7 . 1 7 9 , 1 9 0 2 ; ( 3 ) , 2 9 . 8 0 1 , 1 9 0 3 ; G . R . L e v i a n d R . H a a r d t , Atti Accad. Lincei, 
( 6 ) , 3 . 2 1 5 , 1 9 2 6 ; H . M o r a h t a n d C. W i s c h e n , Zeit. anorg. Chem., 3 . 1 5 3 , 1 8 9 3 ; .3. P c r s o z , Ann. 
Chirn. Phys., ( 2 ) , 5 5 . 2 1 0 , 1 8 3 4 ; Journ. Chim. M&d., 9 . 4 2 0 , 1 8 3 3 ; Phil. Mag., ( 3 ) , 4 . 1 5 5 , 1 8 3 4 ; 
( 3 ) , 5 . 3 1 4 , 1 8 3 4 ; A . A . P o l l i t t , Chem. Age, 3 . 2 0 0 , 1 9 2 0 ; O. R u f f a n d F. B o m e m a n n , Zeit. 
anorg. Chem., 6 5 . 4 2 9 , 1 9 1 0 ; O . R u f f a n d F. V i d i c , ib., 1 3 6 . 4 9 , 1 9 2 4 ; YV. v o n S c h n e i d e r , Liebig's 
Ann. Suppl., 5 . 2 6 7 , 1867 ; Ueber Abscheidung des reinen Platins und Iridiums, D o r p a t , 1 8 6 8 ; 
5 . T e n n a n t , Nicholson's Journ., 8 . 22O, 1 8 0 4 ; 1 0 . 2 4 , 1 8 0 5 ; L . N . V a u q u e l i n , Ann. Chirn. 
Phys., ( 1 ) , 8 8 . 167 , 1 8 1 3 ; ( 1 ) , 8 9 . 1 5 0 , 2 2 5 , 1 8 1 4 ; Schtveigger's Journ., 1 2 . 2 6 5 , 1 8 1 4 ; 2 4 . 
2 1 , 1 8 1 8 ; Phil. Mag., ( 1 ) , 4 4 . 3 3 , 1 8 1 4 ; Ann. Phil., 4 . 2 1 6 , 2 7 1 , 3 0 8 , 1 8 1 4 ; 5 . 2 1 , 1 8 1 5 ; 
6 . 4 3 3 , 1 8 1 5 ; K. W i c h e r s , R . G i l c h r i s t a n d W . H . S w a n g e r , Trans. Amer. Inst. Min. Kn<g., 
7 6 . 6 0 2 , 1 9 2 8 ; F . W o h l e r . Pogg. Ann., 3 1 . 1 6 1 , 1 8 3 4 ; Liebig's Ann., 9 . 1 4 9 , 1 8 3 4 ; 1 4 6 . 3 7 6 , 
1 8 6 8 ; W . H . VVol las ton , Phil. Trans., 9 4 . 4 1 1 , 1 8 0 4 ; Nicholson's Journ., 8 . 2 2 0 , 1 8 0 4 ; 1 0 . 
2 4 , 1 8 0 5 ; Phil. Mag., ( 1 ) , 2 0 . 1 6 2 , 1 8 0 5 . 

2 C. A m b e r g e r , Roll. Zeit., 1 7 . 4 7 , 1 9 1 5 ; N . C a s t o r o , Zeit. anorg. Chem., 4 1 . 1 3 1 , 1904 ; 
J . D o n a u , Mon-atsh., 2 5 . 9 1 3 , 1 9 0 4 ; A . G u t b e i r a n d G. H o f m c i e r , Journ. prakt. Chem., ( 2 ) , 7 1 . 
4 5 2 , l t>05 ; G . H o f m e i e r , Ueber anorganische Keyptoide und Kolloide., E r l a n g e n , 1 9 0 4 ; 
O. M a k o w k a , Ber., 4 1 . 9 4 3 , 1 9 0 8 ; C . P a a l a n d C. A m b e r g e r , ib., 4 0 . 1 3 9 2 , 2 2 0 1 , 1 9 0 7 . 

§ 3 . The Physical Properties of Osmium 
T h e co lour of o s m i u m in a c o m p a c t s t a t e is b lu i sh -g rey ; a n d when p r e c i p i t a t e d 

in a fine s t a t e of subd iv i s ion , i t is b lu i sh -b lack . H . S t . C Devi l le a n d H . D e b r a y * 
o b t a i n e d t h e crys ta l s in a mic roscop ic c u b e , en treinies. T h e h e x a g o n a l fo rm of 
o s m i r i d i u m or i r i d o s m i u m w a s t a k e n b y Cx. R o s e , a n d A. L e v y t o r e p r e s e n t a 
d i m o r p h i c form, b u t W . P r i n z e showed t h a t t h e so-cal led h e x a g o n a l forms of all 
t h e va r i e t i e s he e x a m i n e d a re d i s t o r t e d o c t a h e d r a be long ing t o t h e cubic s y s t e m . 
A. W . H u l l found t h a t t h e X - r a d i o g r a m s c o r r e s p o n d with a closely p a c k e d h e x a g o n a l 
l a t t i c e w i th t h e side of u n i t t r i ang l e , a== 2-714 A. , t h e he igh t of u n i t t r i ang l e , 
c = 4 * 3 2 A. , a n d t h e ax ia l r a t i o , a : c—-l : 1*59 ; G. Aminoff a n d G. P h r a g m e n g a v e 
a ==2-90 A. , c = 4 - 6 0 A. , a n d a : c— 1 :*l-590 ; T . B a r t h a n d G. L u n d e , a = 2-714 A. , 
c = 4 * 3 1 I A . , a n d a: c = 1:1-584 ; O. E . Swjaginzeff a n d B . K . B r u n o w s k y , « = 2 - 7 1 6 A . , 
a n d c=^4-331 A. ; G. R . L e v i a n d R . H a a r d t , a= 2-714 A. , c = 4 - 3 1 6 A. ; a n d 
E . A. Owen a n d co-workers , «^=2-7304 A., a n d <?== 1-5785 A. ; a n d a : c = l : 1*590. 
T h e s u b j e c t w a s d i scussed b y R . W . G. WyckofT. 

H . S t . C. Devi l le a n d H . D e b r a y g a v e 21-40 a n d 22-477 for t h e specific grav i ty 
of o s m i u m ; A. J o I y a n d M. Vezes g a v e 22*48 for t h e fused m e t a l . J . J . Berze l ius 
o b s e r v e d 7 t o 10 for t h e sp . gr . of t h e p u l v e r u l e n t m e t a l ; a n d R . Gi lchr i s t gave 
19*13 for o s m i u m sponge . G. R . Lev i a n d R. H a a r d t c a l cu l a t ed from t h e X - r a d i o -
g r a m d a t a t h a t t h e s p . gr . of o s m i u m is 22*98 w h e n t h e bes t r e p r e s e n t a t i v e va lue 
f rom t h e obse rved d a t a is 22-48 ; E . A. O w e n a n d co-workers ca lcu la ted 22-61 a t 
18°, w h e n 22-41 w a s t h e obse rved va lue . V. M. G o l d s c h m i d t ca l cu la t ed 1-336 A. 
for t h e a t o m i c rad ius . E . H . Wes t l i ng , J . C. S la t e r , G. H a g g , a n d W . Bi l tz 
a n d K . Meisel s t u d i e d t h e p a c k i n g d e n s i t y ; a n d W . H u l m e - R o t h e r y , 
J . A . M. v a n L i e m p t , a n d L . P a u l i n g , t h e a t o m i c c o n s t a n t s . T h e m e t a l is v e r y 
h a r d ; I . R . R y d b e r g g a v e 7*0 for t h e hardnes s o n M o h s ' scale . E . W i d d e r g a v e 
for t h e e las t i c m o d u l u s , JS=-2?20{1 —0*0004032(0—20)}. 
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H . F i z e a u 2 f ound t h e coeff. of t h e r m a l e x p a n s i o n of o s m i u m t o be a==0-0 5657 
a t 40°, a n d 0-05679 a t 50°. E . A. Owen a n d co-workers g a v e 6-1 X l O " 6 for t h e 
m e a n coefficient of expans ion . H . V . R e g n a u l t obse rved t h e specif ic h e a t of 
o s m i u m t o be f rom 0 0 3 0 6 3 t o 0-03113 b e t w e e n 18° a n d 98° ; J . D e w a r found 0-0078 
b e t w e e n —253° a n d —196° ; a n d F . M. J a g e r a n d E . R o s e n b o h m g a v e for t h e sp . 
l i t . a n d 

cp 

(Jj> 

the at . ht . 

-

0-3099 
5 915 

8OO ° 
0 0 3 4 7 6 
6-636 

ioo° 
0 0 3 1 4 6 
6-006 

1 0 0 0 ° 
O 0 3 5 7 1 
6-817 

2 0 0 ° 
0 0 3 1 9 3 
6-096 

1200° 
0 03665 
6-996 

400° 
0 0 3 2 8 7 
6-276 

1 4 0 0 ° 
O-O3750 
7-176 

00O° 
0-03382 
6-455 

1 6 0 0 ° 
0-03854 
7-358 

T h e r e l a t i on b e t w e e n sp . h t . a n d t e m p , is l i nea r c p =O-O3O986+O-O 5 47210 ; a n d for 
t h e a t . h t . , C 3 , = 5 - 9 1 5 2 + 0 - 0 0 0 9 0 1 9 . T h e a t . h t . exceeds t h e t heo re t i c a l SR9 a t 
100°, a n d a t 1600°, i t is 7-358. F . M. J a g e r o b s e r v e d n o s ign of a n y a l l o t rop ic 
c h a n g e . A . H . S t u a r t d i scussed t h e r e l a t i o n b e t w e e n t h e e las t ic c o n s t a n t s a n d 
t h e sp . h t . 

J . TJ. B y e r s s t u d i e d t h e b e h a v i o u r of t h e m e t a l on c u p e l l a t i o n . S. T e n n a n t 
sa id t h a t o s m i u m does n o t fuse o r vola t i l ize w h e n h e a t e d t o w h i t e n e s s i n a hol low 
in a p iece of cha rcoa l . O s m i u m was for a long t i m e cons ide red t o be infus ib le . 
H . S t . C. !Seville a n d H . D e b r a y bel ieved t h a t t h e y fused a n d vo la t i l i zed s o m e in 
t h e o x y h y d r o g e n flame ; A . J o I y a n d M. Vezes m e l t e d t h e m e t a l in t h e e lec t r ic a r c 
fu rnace ; a n d H . Moissan m e l t e d a n d dis t i l led t h e m e t a l in t h e e lectr ic a r c fu rnace . 
T h e m e t a l oxidizes , fo rming a vo la t i l e ox ide w h e n h e a t e d in a i r , a n d H . S t . C. Devi l le 
a n d H . D e b r a y sa id t h a t t h e c o m p a c t m e t a l c a n b e h e a t e d t o 419° w i t h o u t vo la t i l i ­
za t ion . R . P i c t e t e s t i m a t e d t h e m e l t i n g po in t t o be 2500° ; W . G u e r t l e r a n d 
M. P i r a n i , F . E . C a r t e r , a n d W . R . M o t t , 2700° ; a n d H . Moissan , a n d A. J o I y a n d 
M. Vezes , 2200° t o 260O0 . W . R . M o t t e s t i m a t e d t h e bo i l ing po in t t o be 5100° . 
A c c o r d i n g t o W . Crookes , if t h e r a t e of vo la t i l i za t ion of p l a t i n u m in a i r a t 1300° is 2, 
t h a t of o s m i u m is 100. J . W . R i c h a r d s e s t i m a t e d t h e n e a t of f u s i o n t o be 35 CaIs. 
A. D . v a n R i e m s d i j k obse rved no flashing in cupe l l a t i on . G. N . Lewis a n d co­
w o r k e r s g a v e 7-8 t o 8-4 CaIs. for t h e en tropy of o s m i u m a t 25° ; a n d E . D . E a s t m a n 
g a v e 7-8 t o 9 0 CaIs. T h e i n t e r n a l e n e r g y a n d e n t r o p y were s t u d i e d by R . D . K l e e -
m a n , a n d K . K . Kel ley . J . J . v a n L a a r d iscussed t h e e q u a t i o n of State. 

A. IJ. H i l g o t t , 3 a n d F . L e d e r s t u d i e d t h e r a d i a t i o n f rom o s m i u m a t d i f ferent 
t e m p . 

A c c o r d i n g t o W . F r a z e r , 4 t h e flame Spectrum of o s m i u m h a s t h r e e s t r o n g l ines , 
a n d one feeble line in t h e b lue -v io le t , a n d A . G o u y s t u d i e d t h e s p e c t r a of flames 
cha rged wi th p o w d e r e d sa l t s of o s m i u m . T h e s p a r k s p e c t r u m of o s m i u m h a s s o m e 
feeble l ines, w i t h t h e 4420-6 l ine in t h e i nd igo -b lue t h e m o s t p r o m i n e n t . T h e m o r e 
i m p o r t a n t l ines in t h e s p a r k s p e c t r u m a r e 2909-19, 3772 -71 , 4135-95, 4261-01 , a n d 
4420-62. T h e spark s p e c t r u m w a s s t u d i e d b y W . H u g g i n s , R . T h a l e n , F . McClean , 
E . D e m a r e a y , F . E x n e r a n d E . H a s c h e k , W . E . A d e n e y , A . H a g e n b a c h a n d 
H . K o n e n , a n d J . M. E d e r a n d E . V a l e n t a . Li. H . G. C la rk a n d E . C o h e n , a n d 
W . F . Meggers a n d O. L*aporte s t u d i e d t h e u n d e r - w a t e r s p a r k s p e c t r u m . T h e 
m o r e i m p o r t a n t l ines in t h e arc s p e c t r u m a r e 3752-69, 3782-34, 3794-08, 3963*80, 
3977-39, 4 1 1 2 1 9 , 4135-96, 4173-4O, 4212-06, 4261 -01 , a n d 4420-64. T h e a r c 
s p e c t r u m w a s s t u d i e d b y J . N . L o c k y e r , H . A . R o w l a n d a n d R . R . T a t n a l l , 
W . F . Meggers , W . A l b e r t s o n , H . K a y s e r , F . E x n e r a n d E . H a s c h e k , A . H a g e n b a c h 
a n d H . K o n e n , a n d J . M. E d e r a n d E . V a l e n t a . T h e effect of pressure o n t h e 
spec t r a l l ines was s t u d i e d by W . J . H u m p h r e y s ; a n d t h e effect of a magnetic field— 
t h e Z e e m a n effect—by B . E . Moore ; a n d t h e struci-ure of t h e s p e c t r a l l ines , b y 
P . G. N u t t i n g , E . P a u l s o n , a n d A. L>auvillier. W . G e r l a c h a n d K . R u t h a r d t d i s ­
cussed t h e m o s t sens i t ive l ines for t h e r e c o g n i t i o n of o s m i u m . J . F o r m a n e k 
e x a m i n e d t h e absorpt ion spectra of a q . so ln . of t h e s a l t s . T h e b r o w n i s h - y e l l o w , 
c o n e . soln. of o s m i u m ch lo r ide h a s b a n d s in t h e g r e e n , b l u e , a n d v io l e t ; t h e r e a r e 
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n o b a n d s wi th dil . soln. ; a n d soln. of o s m i u m chlor ide g ive n o charac te r i s t i c 
r eac t i on w i t h t i n c t u r e of a l k a n n a . R . S a m u e l a n d A. R . R . D e s p a n d e s tud ied 
t h e abso rp t ion spec t r a of soln. of t h e sa l t s , a n d A. L a n g s e t h a n d B . Qviller, t h e 
ultra-violet absorption spectrum. 

T h e X - r a y spec trum was e x a m i n e d b y F . K . R i c h t m y e r a n d S. K a u f m a n , 5 

H . Gt. J. Moseley, K . L a n g , J . E . Mack a n d J . M. Cork, B . Po l l and , a n d M. S iegbahn ; 
a n d A. Sommerfe ld gave for t h e K-ser ies l ines co r respond ing with cta<x=0-19645 ; 
CL2CL' = - 0 2 0 1 3 1 ; /S1)S=O-17361 ; a n d figy=.O-16875. M. S iegbahn , A. Sommerfe ld , 
H . H i r a t a , a n d B . R . S t e p h e n s o n a n d J . M. Cork, gave for t h e L-series, Ct1Ct= 1 -38816; 
Ot2Ct'=-1-3982 ; ! , ! = 0 - 9 5 1 6 ; Z , i r = 0 - 9 9 8 5 ; Z 1 1 1 = I l S S ; /S1)S== 1-19459 ; /3^y 
= - 1 1 6 8 3 8 ; / S 3 ^ = 1-772; /3 4 ^-=l -2150 ; /3 B £= 1-140 ; / 3 6 t = l - 2 0 4 8 ; J S 9 = I - 1 2 3 8 ; 
V 1 S = 1-02247 ; y 5 K = l - 0 5 4 1 ; a n d y66>= 1-0053. T h e s t r u c t u r e was s tud ied by 
D . Coster , J . C. B r y c e , E . H j a l m a r , A. S a n d s t r o m , F . K. R i c h t m y e r a n d 
S. K a u f m a n , J . Z a h r a d n i c e k , A. I )auvi l l ie r , O. R e c h o u , K . L a n g , a n d P . Auger a n d 
A. Dauvi l l i e r . M. S iegbahn , a n d A. Sommerfe ld gave for t h e M-series, M 1 = ^ 4 1 3 7 ; 
A f n = 4 - 4 1 2 ; M I i r - 5 - 0 2 7 ; A f I V = 5 - 9 7 5 ; M v - = 6 - 1 9 4 ; y = 4 - 7 7 9 9 ; 77 = 5-802 ; 
£ - 4 - 9 4 9 ; e = 6-882 ; y ' = 5 - 7 1 7 ; y y = 5 - 6 6 9 ; N11 3 / I V — 8-342 ; / 3 / 3 ^ 6 - 2 5 3 ; 
i V i i i — M v = 8 - 2 9 1 ; Ct1Ct= 6-476 ; a = 6-438 ; ct" = 6-457 ; £ ' - 6 - 2 3 2 ; / 3 " = 6-233 ; 
a n d y ' -5-652. T h e M-series was also s t u d i e d by R . A. Roge r s , E . Gr. P u r d o m a n d 
J . M. Cork, a n d E . L i n d b e r g , a n d t h e N-ser ies b y E . L indbe rg , a n d T. Magnusson . 
S. K. Allison s tud ied t h e e lec t ron levels of t h e X - r a y spec t r a ; a n d E . F e r m i a n d 
co-workers , t h e artificial r a d i o a c t i v i t y . 

T. Pavo l in i ° s tud ied t h e pho tosens i t i v i ty ; E . Amak l i a n d co-workers , a n d 
F . W . N e w m a n a n d I I . J . Walke , t h e induced r ad ioac t i v i t y ; a n d N . Pi l t schikolr , 
t h e Moser r ays . 

F . B l a u 7 found t h e sp . e lectr ical conduct iv i ty of o s m i u m t o be 10-5X 104 m h o s 
pe r c m . cube a t 20° ; a n d L . L o m b a r d i found t h e t e m p . coefF. of t h e res is tance t o 
be a = 0 * 0 0 4 2 0 . A. Schulze s t ud i ed t h e sub jec t ; a n d F . S imon, t h e t h e o r y of 
c o n d u c t i v i t y . 

E . G. Weischede 8 found t h a t in a soln. of p o t a s s i u m chloro-osmate acidified 
wi th su lphur ic acid c o n t a i n i n g 16 m g r m s . of o s m i u m , pe r IOO c.c. a t 20°, t h e 
electrode potent ia l was 0-439 vo l t ; a n d in t h e electrolysis of t h e soln., he observed 
t h a t t h e depos i t ion potent ia l of o s m i u m was 0-023 to —0-11 vol t , t h e cu r ren t 
d e n s i t y 1O - 5 per sq. cm. J . A. V. B u t l e r a n d co-workers s tud ied t h e ox ida t ion 
po ten t i a l ; a n d A. Thiel a n d W . H a m i n e r s c h r a i d t , t h e hyd rogen over -vo l tage . 
W. R . Crowell a n d co-workers d e t e r m i n e d q u a d r i v a l e n t o s m i u m by e lec t rometr ic 
t i t r a t i on . 

M. F a r a d a y 9 m a d e some o b s e r v a t i o n s on t h e m a g n e t i c p roper t i e s of o s m i u m . 
K . H o n d a gave for t h e m a g n e t i c susceptibil i ty 0 - 0 4 x 1O - 6 be tween 18° a n d 1100° ; 
M. Owen g a v e 0-()48x 1 0 - 6 m a s s u n i t ; a n d K . H o n d a a n d T . Sone, 0-074 X 1O-0 
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S y s t e m : O s - H 2 . 

§ 4. The Chemical Properties of Osmium 
P . M. Niccol in i x d i scussed t h e o d o u r of t h e e l emen t . E . Miiller a n d 

K . S e h w a b e 2 o b s e r v e d t h a t t h e h y d r o g e n t a k e n u p b y o s m i u m is all i r r eve r s ib ly 
a b s o r b e d i n d i c a t i n g chemica l c o m b i n a t i o n . A. G u t b i e r a n d W . Schiefe rdecker 
found t h a t t h e a b s o r p t i o n p o w e r of o s m i u m for h y d r o g e n , F i g . 1, c losely 
r e s e m b l e s t h a t of i r i d i u m . V. S. Sadikoff a n d A. K . Michailoff s t u d i e d 
o s m i u m a s a c a t a l y s t in h y d r o g e n a t i o n r e a c t i o n s . J . J 
o s m i u m does n o t oxid ize in t h e cold or a t 100° in a ir , o r 
in o x y g e n , b u t a t a h i g h e r t e m p , o x i d a t i o n occu r s ; b u t , 
a c c o r d i n g t o H . Hose , a n d H . S t . C. Devi l l e a n d 
H . D e b r a y , f ine ly-d iv ided o s m i u m h a s a p e r c e p t i b l e 
smel l a t o r d i n a r y t e m p , p r e s u m a b l y owing t o t h e for­
m a t i o n of a vo la t i le ox ide ; a n d w h e n exposed t o a i r , 
i t d a r k e n s t h e wal ls of t h e vessel in wh ich i t is 
conf ined. F . E . C a r t e r sa id t h a t finely-divided 
o s m i u m beg ins t o ox id ize in a i r a t 100° , fo rming t h e 
t e t r o x i d e ; b u t m a s s i v e o s m i u m does n o t oxid ize 
a p p r e c i a b l y below redness . TI. v o n W a r t e n b e r g said 
t h a t t h e l imi t ing q u a n t i t y w h i c h c a n be d e t e c t e d b y t h e sense of smel l is 
2 X IC) - 5 m g r m . pe r c.c. R . W i l l s t a t t e r a n d E . Sonner fe ld obse rved t h a t col loidal 
o s m i u m read i ly oxid izes a t o r d i n a r y temp. R . Gi lchr i s t o b s e r v e d t h a t meta l l i c 
o s m i u m which h a s been i gn i t ed a n d cooled in h y d r o g e n is r ead i ly a t t a c k e d b y a i r 
t o fo rm o s m i u m t e t r o x i d e ; in s o m e cases t h e s p o n g y o s m i u m glows. Th i s can be 
p r e v e n t e d b y d i sp lac ing t h e h y d r o g e n w i t h n i t r o g e n . Crys ta l l ine or fused o s m i u m 
is s t a b l e a t o r d i n a r y t e m p , a n d , a c c o r d i n g t o H . S t . C. Devi l le a n d I I . D e b r a y , i t 
c o m m e n c e s t o oxid ize a t 40O ° ; a n d , a c c o r d i n g t o O. SuIc, o x i d a t i o n beg ins a t 200° 
in a i r , a n d a t 160° in o x y g e n . M. Vezes a d d e d t h a t t e m p , of o x i d a t i o n d e p e n d s 
on t h e s t a t e of subd iv i s ion of t h e m e t a l . F . W o h l e r obse rved t h a t w h e n o s m i u m 
is e m p l o y e d a s a n o d e in t h e e lec t ro lys is of a n ac id ic or a lka l ine soln. i t is c o n v e r t e d 
i n t o a p e r o x i d e . I*. IJ. D u l o n g a n d J . L . The i i a rd obse rved t h a t finely-divided 
o s m i u m causes a m i x t u r e of o x y g e n a n d h y d r o g e n t o u n i t e exp los ive ly a t 40° t o 50° ; 
F . C. Ph i l l i p s f o u n d t h a t t h e p l a t i n u m m e t a l s h a v e c a t a l y t i c ac t iv i t i e s in t h e 
dec rea s ing o r d e r Os , P d , P t , R u , I r , K h , a n d A u in ox id iz ing h y d r o g e n ; a n d 
H . R e m y a n d B . Schafe r found o s m i u m t o be i n a c t i v e . H . R e m y a n d H . G o n n i n g -
t o n s t u d i e d t h e sub j ec t . K . A. H o f m a n n a n d O. Schne ide r found t h a t t h e a c t i v i t y 
of t h e p l a t i n u m m e t a l s in ox id iz ing h y d r o g e n in t h e p re sence of c h l o r a t e soln. 
d e c r e a s e d in t h e o r d e r P t , R h , R u , P d , A u , Os , I r , Ag . C. P a a l a n d C. A m b e r g e r 
p l a c e d t h e col loidal m e t a l s i n t h e dec rea s ing o r d e r of a c t i v i t y in d e c o m p o s i n g 
h y d r o g e n d iox ide : Os , P d , P t , a n d I r . G. R . L e v i s t u d i e d t h e sub jec t . Accord ing 
t o H . V. R e g n a u l t , a n d C. Claus , o s m i u m is oxid ized b y t h e v a p o u r of water . 

A c c o r d i n g t o H . Moissan , fluorine does n o t a t t a c k p u l v e r u l e n t o s m i u m in t h e 
co ld , b u t u n i o n c o m m e n c e s n e a r 100°, a n d t h e h e a t of t h e r eac t i on m a k e s t h e 
m e t a l i n c a n d e s c e n t . O. Ruff a n d F . E i s n e r o b s e r v e d t h a t va r ious fluorides a r e 
f o r m e d . O . RuiT a n d F . W . Tseh i r ch o b s e r v e d t h a t c o m b i n a t i o n occurs a t a b o u t 
250° . a n d o s m i u m t e t r a - , h e x a - , a n d octo-f luor ides a r e fo rmed . Accord ing t o 
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J . J . Berze l ius , ch lor ine does n o t a c t on o s m i u m in t h e cold, b u t w h e n t h e d r y gas 
is passed ove r t h e m e t a l h e a t e d in a long t u b e a d a r k g reen s u b l i m a t e is fo rmed of 
t h e d ich lor ide , a n d f u r t h e r on , a r ed s u b l i m a t e of t h e t e t r a c h l o r i d e . C. Claus , 
O. Ruff a n d K . B o r n e m a n n , a n d H . M o r a h t a n d C. W i s c h i n o b s e r v e d t h a t t h e 
t e t r a c h l o r i d e is fo rmed a t 650° t o 700°. T h e a t t a c k is c o m p l e t e d , sa id J . J . Berze l ius , 
on ly w h e n t h e m e t a l is m i x e d w i t h a n a lka l i ch lor ide , a n d a ch lo ro -osma te is fo rmed . 
A . J o I y n o t e d t h a t a m i x t u r e of c a r b o n m o n o x i d e a n d ch lor ine g ives n o b e t t e r 
r e su l t s t h a n does ch lor ine a lone . O. RufF a n d H . K r u g obse rved t h a t ch lor ine 
trifluoride a t t a c k s t h e m e t a l wi th i ncandescence . H . M o r a h t a n d C. Wisch in o b s e r v e d 
t h a t b r o m i n e v a p o u r is w i t h o u t a c t i o n on t h e m e t a l a lone or a d m i x e d w i t h a b r o m i d e ; 
a n d L . N . V a u q u e l i n , a n d H . M o r a h t a n d C. Wisch in , t h a t i od ine v a p o u r is w i t h o u t 
a c t i o n o n t h e m e t a l a lone or m i x e d w i t h a n iod ide . W . A. D u d l e y , A . M. Vasileff, 
a n d C. M a t i g n o n o b s e r v e d t h a t hydroch lor ic ac id does n o t a t t a c k o s m i u m , b u t in 
t h e p resence of o x y g e n t h e m e t a l is d i sso lved b y t h i s ac id . A soln. of p o t a s s i u m 
hypoch lor i t e r ead i ly a t t a c k s t h e f inely-divided m e t a l . 

J . J . Berze l ius , a n d H . S t . C. Devi l le a n d H . D e b r a y o b s e r v e d t h a t o s m i u m 
b u r n s b r i g h t l y in t h e v a p o u r of su lphur , w i th t h e e v o l u t i o n of h e a t a n d l igh t , t o 
fo rm a su lph ide . G. R . L e v i a n d M. F a l d i n i o b s e r v e d t h a t t h e p resence of o s m i u m 
dec rea sed t h e a c t i v i t y of p l a t i n u m as a c a t a l y s t in t h e o x i d a t i o n of su lphur d iox ide . 
O s m i u m is a t t a c k e d b y h o t , cone , su lphur ic ac id . K . H r a d e c k y f o u n d t h a t cold 
se l en ic ac id h a s n o ac t ion on o s m i u m , b u t a t 150°, t h e m e t a l d issolves ; t h e colour­
less soln. c o n t a i n s se lenious ac id a n d o s m i u m t e t r o x i d e . E . A. A r n o l d a n d 
R . E . B u r k s t u d i e d t h e c a t a l y t i c effect of o s m i u m on t h e t h e r m a l d e c o m p o s i t i o n 
of a m m o n i a . F . H a b e r a n d co -worke r s found o s m i u m t o be a v e r y effective 
c a t a l y s t in t h e s y n t h e s i s of a m m o n i a f rom i t s e l e m e n t s a t 880° t o 1000° a n d u n d e r 
185 a t m . p ress . T h e t h e r m a l d e c o m p o s i t i o n of a m m o n i a on o s m i u m was s t u d i e d 
b y E . A. A r n o l d a n d R . E . B u r k . J . J . Berze l ius f o u n d t h a t o s m i u m is ox id ized 
b y cone , n i tr ic ac id , a n d L . N . V a u q u e l i n d isso lved i t in a q u a r e g i a . J . J . Berze l ius 
s h o w e d t h a t o s m i u m c o m b i n e s w i t h t h e v a p o u r of p h o s p h o r u s w i th i n c a n d e s c e n c e , 
f o rming a p h o s p h i d e . W . S t r e c k e r a n d M. F . Schur ig in found t h a t p h o s p h o r u s 
pentach lor ide or p h o s p h o r u s p e n t a b r o m i d e does n o t a c t on t h e s p o n g y m e t a l t o 
fo rm p h o s p h o h a l i d e s . 

H . Moissan n o t e d t h a t m o l t e n o s m i u m dissolves 3-89 t o 3-97 p e r cen t , of c a r b o n 
a n d re jec ts i t a s g r a p h i t e on cool ing. H . W o l b l i n g s t u d i e d t h e a d s o r p t i o n of o s m i u m 
b y ac t i ve c a r b o n . J . G e r u m , a n d C P a a l obse rved t h a t c a r b o n m o n o x i d e is 
oxid ized b y oxygen i n t h e p resence of o s m i u m h y d r o s o l a t o r d i n a r y t e m p . 
K . A. H o f m a n n a n d O. S c h n e i d e r found t h a t t h e r a t e of o x i d a t i o n of c a r b o n 
m o n o x i d e wi th a soln. of s o d i u m c h l o r a t e in t h e p re sence of a p l a t i n u m m e t a l 
decreased in t h e o r d e r Os, R h , A u , P t , R u , I r , Ag . F . F i s c h e r a n d c o - w o r k e r s 
c o m p a r e d t h e a c t i v i t y of t h e p l a t i n u m m e t a l s a s c a t a l y s t s in t h e r e d u c t i o n of c a r b o n 
m o n o x i d e t o m e t h a n e . A c c o r d i n g t o C. P a a l , t h e h y d r o s o l , a n d f ine ly-d iv ided 
o s m i u m ea ta ly t i ca l Jy f a v o u r t h e o x i d a t i o n of some u n s a t u r a t e d o r g a n i c c o m p o u n d s 
—e.g. c y c l o h e x a n e — a n d R . W i l l s t a t t e r a n d E . Sonner fe ld o b s e r v e d t h a t t h i s 
p r o p e r t y is n o t s h a r e d u n d e r t h e s e c o n d i t i o n s b y t h e o t h e r p l a t i n u m m e t a l s . 
J . E . N y r o p , a n d B . S. S r i k a n t a n s t u d i e d t h e efficiency of o s m i u m a s a c a t a l y s t . 
N . D . Zel insky a n d M. B . T u r o v a - P o l l a k a l so found t h a t i t o p e r a t e s a s a r e d u c i n g 
a g e n t for benzene , cycZo-hexadiene, o -xy lene , ^ - x y l e n e , m e s i t y l e n e , i n d e n e , n a p h t h a ­
lene , t h u j e n e , ace tone , m e t h y l e t h y l k e t o n e , eyefo-pen tanone , a n d m e t h y l cyclo-
p e n t a n o n e , a t a lower t e m p , t h a n p l a t i n u m o r p a l l a d i u m . R . W i l l s t a t t e r a n d 
E . Sonnerfe ld s t ud i ed o s m i u m as a c a t a l y s t in t h e o x i d a t i o n of cycZo-hexane ; 
A. A . B a l a n d i n , i t s a c t i o n in t h e d e h y d r o g e n a t i o n of d e c a h y d r o n a p h t h a l e n e ; 
C. P a a l a n d J . G e r u m , t h e h y d r o g e n a t i o n of n i t r o b e n z e n e ; A . A. B a l a n d i n , t h e 
d e h y d r o g e n a t i o n of d e c a h y d r o n a p h t h a l e n e . F . C. Ph i l l i p s o b s e r v e d t h a t o s m i u m 
a s b e s t o s f avours t h e o x i d a t i o n of e thylene* a n d t r i m e t h y l e n e . C P a a l a n d 
A . S c h w a r z s t ud i ed t h e a d s o r p t i o n of a c e t y l e n e , a n d f o u n d t h a t t h e h y d r o g e n a t i o n 
of a c e t y l e n e is n o t affected b y col loidal o s m i u m . G. F . I I i i t t ig a n d E . W e i s s b e r g e r 
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s t u d i e d t h e c a t a l y t i c d e c o m p o s i t i o n of m e t h y l a l c o h o l ; E . Muller , a n d E . Mul ler 
and co-workers, of formic acid, and of formaldehyde. 

N o c o m p o u n d of o s m i u m w i t h t h e m e t a l s is k n o w n . P . G. E h r h a r d t obse rved 
t h a t a l i t h i u m - o s m i u m a l loy is h a r d e r t h a n o s m i u m a lone . J . O. L i n d e inves t i ­
g a t e d t h e so lub i l i ty of o s m i u m in coppe r . S. T e n n a n t p r e p a r e d a c o p p e r - o s m i u m 
a l loy w h i c h is ma l l e ab l e a n d so luble in a q u a reg ia ; a n d W . T r u t h e s t u d i e d t h e 
b e h a v i o u r of t h e o s m i u m - s i l v e r a l l oy on cupe l l a t i on . S. T e n n a n t p r e p a r e d g o l d -
o s m i u m a l loy . J . O. L i n d e d iscussed t h e so lub i l i ty of o s m i u m in gold. W . T r u t h e 
s t u d i e d t h e b e h a v i o u r of t h e a l loy on cupe l l a t ion . H . D e b r a y , a n d H . S t . C. Devi l le 
a n d H . D e b r a y o b t a i n e d a z i n c - o s m i u m a l loy b y d isso lv ing o s m i u m in m o l t e n 
z inc , a n d b y e x t r a c t i n g t h e z inc w i t h a n ac id or b y vo la t i l i za t ion , c rys t a l s of o s m i u m 
r e m a i n b e h i n d . S. T e n n a n t , a n d J . J . Berze l ius o b t a i n e d o s m i u m a m a l g a m , o r a 
m e r c u r y - o s m i u m a l loy , b y t h e a c t i o n of m e r c u r y on a n a q . soln. of osmic ac id . 
W h e n t h e a m a l g a m is h e a t e d , t h e m e r c u r y is expe l led , a n d o s m i u m r e m a i n s as a 
b l a c k p o w d e r . H . S t . C. Devi l l e a n d H . D e b r a y sa id t h a t t h e a m a l g a m w e t s glass , 
a n d c o n t a i n i n g vessels a r e r a p i d l y " s i l v e r e d . " H . D e b r a y sa id t h a t t h e t i n - o s m i u m 
a l loys g a v e n o s ign of t h e f o r m a t i o n of a s t a n n i d e . A c c o r d i n g t o J . S t o d a r t a n d 
M. E a r a d a y , i rou-OSmium a l l o y s c a n be p r e p a r e d a n d t h e i ron acqu i r e s a t e m p e r . 
T h e a l loys were s t u d i e d b y R . A . Hadf ie ld , P . Oberhoffer , a n d J . B . J . D . Bous -
s i n g a u l t . T r e a t m e n t of t h e a l loy w i t h ac id s g ives no ev idence of a n y chemica l 
c o m p o u n d . F . W e v e r s t u d i e d t h e effect of o s m i u m on t h e t r a n s f o r m a t i o n p o i n t s 
of i ron . H . 1-temy a n d H . G o n n i n g t o n s t u d i e d t h e c a t a l y t i c a c t i v i t y of t h e i ron-
osmium alloys ; of the cobalt-osmium alloys; of the nickel-osmium alloys; of the 
ruthenium-osmium alloys; and of the rhodium-osmium alloys. F . E. Carter 
o b s e r v e d t h a t owing t o t h e difficulty in con t ro l l ing t h e c o m p o s i t i o n of t h e p a l l a d i u m -
o s m i u m a l l o y s , t h e y h a v e n o t a t t r a c t e d m u c h a t t e n t i o n . A n a l loy wi th 25 p e r 
c e n t , of o s m i u m h a s a Br ine l l ' s h a r d n e s s of 2OO w h e n h a r d , a n d 100 w h e n a n n e a l e d ; 
a n d a n e lec t r ic r e s i s t ance of 12O o h m s p e r mil l ion ft. T h e y lose o s m i u m w h e n 
h e a t e d . H . R e m y a n d H . G o n n i n g t o n s t u d i e d t h e i r c a t a l y t i c a c t i v i t y . 

K. W o h l e r o b s e r v e d t h a t w h e n o s m i u m is fused w i t h p o t a s s i u m h y d r o x i d e , 
e x p o s e d t o t h e a i r , p o t a s s i u m o s m a t e is fo rmed , a n d a s imi la r r e su l t is o b t a i n e d w i th 
p o t a s s i u m h y d r o x i d e s a n d ox id iz ing a g e n t s , e.g. n i t r a t e , c h l o r a t e , e tc .—vide ,supra, 
o p e n i n g o s m i r i d i u m . E . !Leidie a n d L.. Q u e n n e s s e n o b t a i n e d soluble s o d i u m o s m a t e 
b y t h e ac t i on of m o l t e n s o d i u m d i o x i d e . E . T iede a n d R . P i w o n k a s t u d i e d t h e 
a l u m i n a o s m i u m p h o s p h o r s . J . J . Be rze l ius a lso o b s e r v e d t h a t o s m i u m is a t t a c k e d 
by molten alkali hydrosulphate. 

Some reactions of analytical interest.—When a soln. of osmium chloride in dil. 
n i t r i c ac id is d is t i l led , a n d t h e v a p o u r s col lected in a soln. of s o d i u m h y d r o x i d e , 
a lka l i o s m a t e is fo rmed . I f t h e yel low soln. be t r e a t e d w i t h ac id , t h e r e is a pene ­
t r a t i n g o d o u r c h a r a c t e r i s t i c of o s m i u m t e t r o x i d e , a n d s o d i u m t h i o s u l p h a t e p r o d u c e s 
a b r o w n p r e c i p i t a t e of o s m i u m su lph ide . A soln. of p o t a s s i u m ch lo ro -osmate w h e n 
t r e a t e d w i t h h y d r o g e n su lphide , g ives a d a r k b r o w n p rec ip i t a t e of o s m i u m su lph ide , 
inso lub le in a m m o n i u m su lph ide ; p o t a s s i u m h y d r o x i d e or c a r b o n a t e , or a q . 
a m m o n i a , g ive r e d d i s h - b r o w n p r e c i p i t a t e s of h y d r a t e d ox ide . A soln. of o s m i u m 
t e t r o x i d e decolor izes i n d i g o - b l u e ; a n d , a cco rd ing t o E . P . A l v a r e z , 3 i t fo rms green 
o s m i u m h y d r i o d i d e w h e n t r e a t e d w i t h a n ac idic soln. of p o t a s s i u m i o d i d e — i n t h e 
p r e s e n c e of p h o s p h o r i c ac id a n d e t h e r , t h e r e a c t i o n is sens i t ive t o 1 in 200,000 of 
o s m i u m t e t r o x i d e in so ln . I n t h e p resence of e t h e r , a few mi l l i on ths of a g r a m of 
o s m i u m c a n be recognized b y t h e g reen co lour of t h e e the rea l l ayer . A soln. of 
o s m i u m t e t r o x i d e oxid izes a l c o h o l t o a l d e h y d e a n d ace t i c ac id a n d t h e soln. becomes 
d a r k b lue ; a s imi la r co lo ra t ion is p r o d u c e d w i t h t a n n i c ac id . W h e n t h e soln. of 
o s m i u m c h l o r o - o s m a t e is t r e a t e d w i t h p o t a s s i u m ni tr i te , g a r n e t - r e d c rys ta l s a r e 
d e v e l o p e d ; w i t h s u l p h u r o u s ac id , t h e s equence of co lour c h a n g e s : yel low, r edd i sh -
b r o w n , g reen , a n d ind igo-b lue is deve loped ; ferrous s u l p h a t e p r ec ip i t a t e s b lack 
o s m i u m d i o x i d e ; S t a n n o u s ch lor ide g ives a b r o w n p r e c i p i t a t e soluble in h y d r o ­
ch lo r ic a c i d • a n d srinc a n d severa l o t h e r m e t a l s i n t h e presence of free ac id 
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p r e c i p i t a t e meta l l i c o s m i u m . T h e soln . a r e a lso r e d u c e d t o m e t a l b y s o d i u m 
f o r m a t e , a n d , acco rd ing t o H . E r d m a n n , a n d O. M a k o w k a , b y a c e t y l e n e . 
V. N . Ivanoff sa id t h a t t h i o c y a n a t e s d o n o t g ive defini te p r e c i p i t a t e s w i t h soln. of 
o s m i u m sa l t s ; b u t M. H i r s c h sa id t h a t t h e b lue colour d e v e l o p e d w h e n t h e m i x t u r e 
is s h a k e n w i t h e t h e r or a m y l a lcohol is j u s t pe r cep t ib l e i n a d i l u t i o n of 1 p a r t of 
o s m i u m pe r mil l ion p a r t s of soln . O n w a r m i n g a soln. of p o t a s s i u m o s m a t e w i t h 
ani l ine su lphate a d e e p rose co lo ra t ion a p p e a r s ; p o t a s s i u m ch lo ro -osma te g ives a 
violet one ; and /?-naphthylamine hydrochloride, pyrocatechol, or pyrogallol gives 
a d e e p b lue (S. C. O g b u r n ) . O s m i u m sa l t s a lso g ive p r e c i p i t a t e s w i t h s t r y c h n i n e 
su lphate (S. C. O g b u r n a n d L . F . Miller) . V. G. Chlopin obse rved t h a t benz id ine 
"with sa l t s of q u a d r i v a l e n t o s m i u m g ives a ye l low p r e c i p i t a t e a n d w i t h p e r o s m i c ac id , 
a b lue c o l o u r ; a n d L . W o h l e r a n d Li. Me tz , a r e d co lour w i t h th iocarbani l ide . 
E . Miiller s t u d i e d t h e r e d u c t i o n of f o r m a l d e h y d e w i t h o s m i u m as c a t a l y s t . 
Li. A . Tschugaeff, w h e n a soln . c o n t a i n i n g o s m i u m in t h e f o r m of i t s t e t r o x i d e o r a s 
a c h l o r o s m a t e is w a r m e d for a few m i n u t e s w i t h th iocarbamide , in excess , a n d a few 
d r o p s of hyd roch lo r i c ac id , t h e l iqu id a c q u i r e s a d e e p red o r a rose colour , a c c o r d i n g 
t o t h e cone , of t h e o s m i u m . Ry t h i s m e a n s , o s m i u m m a y be d e t e c t e d a t a d i l u t i on of 
1 in 100,000. W . S ing le ton r e c o m m e n d e d t h e r eac t i ons w i t h p o t a s s i u m t h i o c y a n a t e 
a n d e the r , or a m y l a lcohol ; a n d w i t h t h i o c a r b a m i d e in h y d r o c h l o r i c ac id so ln . 

P h y s i o l o g i c a l a c t i o n . — J . J . Berze l ius 4 s a id t h a t a i r c o n t a i n i n g o s m i u m 
t e t r o x i d e a t t a c k s t h e lungs s t r o n g l y w h e n i n h a l e d , p r o d u c i n g l o n g - c o n t i n u e d 
e x p e c t o r a t i o n , a n d i t a lso exc i t e s a b u r n i n g s ensa t i on in t h e eyes . Li. N . V a u q u e l i n 
sa id t h a t w h e n resp i red i t i m p a r t s un sentiment douloureux. F . W o h l e r a d d e d 
t h a t e x t r e m e l y smal l q u a n t i t i e s of t h e v a p o u r a c t v i o l e n t l y on t h e eyes a n d l u n g s . 
C. Gr. Grmelin sa id t h a t o s m i u m sa l t s a c t i n g on t h e s t o m a c h q u i c k l y cause v o m i t i n g , 
a n d in t h e v a s c u l a r s y s t e m , i t c ause s a v e r y cop ious d i s c h a r g e of a s e rous fluid 
f rom t h e lungs , t h u s effecting a s top jmge in t h e p u l m o n a r y c i r cu la t ion . W h e n 
in jec ted i n t o t h e s t o m a c h of a r a b b i t , v o m i t i n g occu r red , t h e r a b b i t t h e n refused 
t o e a t , b e c a m e e m a c i a t e d , a n d r ecove red s lowly. A n o t h e r in jec t ion r e s u l t e d 
in a pa r a ly s i s of t h e e x t r e m i t i e s , followed b y d e a t h . T h e sur face of t h e oesophagus , 
s t o m a c h a n d smal l i n t e s t i ne s w a s b lu i sh -b lack , i n t e r i o r w a s a s b l ack a s c h a r c o a l , 
a n d h a r d . T h e smal l i n t e s t i ne s showed n o c h a n g e . T h e wal l of s t o m a c h in t h e 
v i c in i t y of t h e ca rd i ac orifice w a s c e d e m a t o u s . T h e h e a r t , l ungs , l iver , sp leen , 
b l a d d e r , k i d n e y , a n d n e r v e s were in n a t u r a l s t a t e . T h e b l ack co lour is d u e t o 
r e d u c t i o n of o s m i u m by a n i m a l m a t t e r . N o t r a c e of i n f l a m m a t i o n w a s p e r c e p t i b l e 
u p o n t h e b l ackened p a r t s , t h e y h a d n o t a b a d smel l , a n d cou ld n o t be t o r n 
w i th m o r e ease t h a n in t h e n a t u r a l s t a t e . F . R . B r u n o t f o u n d t h a t a n i m a l s 
b r e a t h i n g t h e fumes of o s m i u m t e t r o x i d e in h igh c o n c e n t r a t i o n d e v e l o p p n e u m o n i a , 
a n d d ie . A c c o r d i n g t o JR. Seel iger , w h e a t c o r n w i t h s t a n d s for s o m e h o u r s , 
w i t h o u t be ing ki l led, r e l a t i ve ly h i g h c o n c e n t r a t i o n s of o s m i u m t e t r o x i d e , 
a l t h o u g h in lower c o n c e n t r a t i o n s t h i s ox ide r e t a r d s g e r m i n a t i o n , d e l a y s g r o w t h , 
a n d r e su l t s in d i m i n u t i o n of t h e m a g n i t u d e of t h e o r g a n s of t h e y o u n g p l a n t . 
T h e p a r e n c h y m a t o u s cells of t h e r e d b e e t a r e h i g h l y sens i t ive t o t h e a c t i o n of 
o s m i u m t e t r o x i d e . A c c o r d i n g t o E . W i c h e r s a n d co -worke r s , in w o r k i n g w i t h 
o s m i u m , cons ide ra t ion m u s t a l w a y s be g iven t o t h e d a n g e r of p o i s o n i n g f rom 
o s m i u m t e t r o x i d e . E v e n in m i n u t e q u a n t i t i e s t h e v a p o u r s a r e v e r y i r r i t a t i n g t o 
t h e m u c o u s m e m b r a n e s . P r o l o n g e d e x p o s u r e t o s m a l l c o n c e n t r a t i o n s , a s well 
a s brief c o n t a c t w i t h l a rge r a m o u n t s , m a y cause se r ious a n d poss ib ly p e r m a n e n t 
i n ju ry , especial ly t o t h e eyes . F o r t u n a t e l y , t h e c o m p o u n d h a s a p e n e t r a t i n g , 
r ead i ly recognizable odour , w h i c h se rves a s a w a r n i n g . T h e p o i s o n o u s v a p o u r s , 
sa id H . S t . C. Devi l ie a n d H . D e b r a y , p r o d u c e t e m p o r a r y b l i n d n e s s a n d o t h e r 
u n p l e a s a n t s y m p t o m s . C. Claus r e c o m m e n d e d t h e i m m e d i a t e i n h a l a t i o n of 
h y d r o g e n su lph ide a s a n a n t i d o t e for n e u t r a l i z i n g t h e a c t i o n of t h e t e t r o x i d e o n 
t h e r e s p i r a t o r y o r g a n s . O b s e r v a t i o n s on t h e phys io log ica l a c t i o n were m a d e b y 
F . B r a u e l l , A . Butleroff, G. M. Ho l se , P . Owsjannikoff , A . F . Coca , F . R o s e n t h a l , 
a n d A . v o n Szi ly—vide infra, t h e uses of o s m i u m . 
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S o m e u s e s Of o s m i u m . — O s m i u m is e m p l o y e d in t h e fo rm of o smi r id ium, a n d 
i n s o m e s y n t h e t i c a l loys for p e n - p o i n t m a t e r i a l , a n d for s p a r k i n g po in t s . O s m i u m 
h a s b e e n used in t h e m a n u f a c t u r e of t h e filaments of i n c a n d e s c e n t l a m p s , b y 
A . v o n A u e r b a c h . 5 S. T e n n a n t , a n d L . N . V a u q u e l i n o b s e r v e d t h a t a soln. of 
o s m i u m t e t r o x i d e — c a l l e d osmic a c i d — b l a c k e n s organ ic s u b s t a n c e s , even t h e cu t ic le , 
especia l ly w h e n t h e y a r e we t , b y r e d u c t i o n t o w h a t t h e y a s s u m e d t o be me ta l l i c 
o s m i u m . Soln. of pe rosmic a c i d , ( O s O 4 ) , " osmic a c i d , " a r e also used in d i f fe ren t ia t ing 
t i s sues u n d e r t h e m i c r o s c o p e — M . S h u l t z e , L . A . R a n v i e r , ~R. P a l m e r , L . Go lode tz , 
a n d J . R . P a r t i n g t o n a n d D . B . H u n t i n g f o r d s tud ied t h e n a t u r e of t h e b l a c k s t a in 
p r o d u c e d b y fa t s a n d al l ied s u b s t a n c e s , a n d conc luded t h a t i t is a h y d r a t e d o s m i u m 
d iox ide . 
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§ 5. The Atomic Weight and Valency of Osmium 
T h e a t . w t . of o s m i u m is a b o u t 190-9. T h e e l e m e n t is bivalent in t h e m o n o x i d e 

a n d d ich lor ide ; a n d /ervalent in t h e s e squ iox ide a n d t r i ch lo r ide w h e r e i t f o rms s a l t s , 
2NIT4CLOsCl3 , a n a l o g o u s w i t h c o r r e s p o n d i n g sa l t s of r u t h e n i u m t r i ch lo r ide , a n d 
ferric ch lo r ide . O s m i u m is quadrivalent in t h e d iox ide , t e t r a f luo r ide , a n d t e t r a ­
ch lor ide , a n d t h e d o u b l e sa l t s , 2KCLOsCl 4 , a n a l o g o u s wi th t h e i s o m o r p h o u s 
2 K O - R u C l 4 , a n d wi th 2 K F - M n F 4 . T h e e l emen t is sexavaleni in t h e hexaf luor ide , 
O s F 0 , a n d in t h e o s m a t e s , K 2 O s O 4 , a n a l o g o u s wi th t h e c o r r e s p o n d i n g r u t h e n a t e s , 
f e r r a t e s , m a n g a n a t e s , a n d s u l p h a t e s . O s m i u m b e h a v e s l ike a n oetovalent e l e m e n t 
in t h e tetroxichi, OsO 4 , wh ich is a n a l o g o u s w i th r u t h e n i u m t e t r o x i d e . E . O g a w a 1 

s t u d i e d t h e c o n s t i t u t i o n of t h e t e t r o x i d e . H e sa id : 
The re a re t w o different t heo r i e s on t h e c o n s t i t u t i o n of o s m i u m t e t r o x i d e . 

S. S u g d e n s ays t h a t i t m u s t be a semi -po la r c o m p o u n d , while N . V. S idgwick r e g a r d e d 
i t as a co -va l en t c o m p o u n d . N . V. S idgwick sa id t h a t , a c c o r d i n g t o h is v a l e n c y 
t h e o r y , since t h e e l e m e n t s of first s u b - g r o u p or V I I I t I i g r o u p , i ron , r u t h e n i u m , a n d 
o s m i u m , h a v e e igh t e l ec t rons m o r e t h a n a n i n e r t ga s , t h e y m i g h t be e x p e c t e d t o 
show t h e va l ency of e igh t , espec ia l ly in 8 -cova len t c o m p o u n d s which could be 
fo rmed d i r ec t ly w i t h o u t c o - o r d i n a t i o n . B u t b y t h e e o v a l e n e y ru le , t h e m a x i m u m 
cova lency of an a t o m is 2 for h y d r o g e n , 4 for t h e e l e m e n t s f rom l i t h i u m t o fluorine, 
C for t h e e l emen t s f rom p o t a s s i u m t o bromine, , a n d 8 for t h e e l e m e n t s f rom r u b i d i u m 
t o u r a n i u m . So t h e e l e m e n t s w h i c h c a n form 8-covalent. c o m p o u n d s d i r e c t l y 
w i t h o u t co -o rd ina t ion a re r u t h e n i u m a n d o s m i u m on ly . O s m i u m o c t o n u o r i d e , 
O s F 8 , is a n i l lus t ra t ion of a c o m p o u n d of o c t o v a l e n t o s m i u m ; a n d i t is a t l e a s t 
p r o b a b l e t h a t o s m i u m t e t r o x i d e , OsO 4 , h a s a s imi la r 8 -cova len t s t r u c t u r e : 

0 > - 0 B < ^ 0 and no t Q >Os<; Q 

Thi s is s u p p o r t e d b y t h e fact t h a t r u t h e n i u m , wh ich a l so c a n b e 8 -cova len t , l ikewise 
fo rms a vola t i le t e t r o x i d e ; b u t i ron , wh ich is l im i t ed t o a c o v a l e n c y of s ix , does n o t . 
R . C. Menzies s tud ied t h e co -o rd ina t ion n u m b e r of o s m i u m . 

T h e m e a s u r e m e n t of p a r a c h o r b y S. S u g d e n , a n d t h e i so l a t ion of t h e c o m ­
p o u n d s b y F . K r a u s s , i n d i c a t e t h a t o s m i u m t e t r o x i d e m u s t b e a n u n s a t u r a t e d 
c o - o r d i n a t i o n c o m p o u n d , a n d E . O g a w a sa id t h a t t h e s e fac t s a r e s t r o n g o b j e c t i o n s 
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t o t h e c o v a l e n c y t h e o r y . S. S u g d e n c a l c u l a t e d 154-0 for t h e p a r a c h o r of 
o s m i u m t e t r o x i d e u s ing t h e d a t a m e a s u r e d b y H . v o n W a r t e n b e r g . A s s u m i n g 
t h a t t h e o s m i u m h a s a n o c t e t , t h e r e m u s t be four s emi -po la r l inks (or co -o rd ina t e 
l inks a c c o r d i n g t o N . V. S idgwick) i n t h e molecu le ; a n d t h e p a r a c h o r for o s m i u m 
will b e : O s = 1 5 4 - 0 — 4 x 2 0 - 0 4 - 4 x 1 - 6 = 8 0 - 4 . On t h e o t h e r h a n d , if t h e molecu le 
is a n a l o g o u s t o t h e oc tof luor ide , O s F 8 , a n d h a s four t r u e d o u b l e l inks , t h e p a r a ­
chor , a c c o r d i n g t o S. S u g d e n ' s va lues , shou ld be O s = 154 -0—80-0—4x 2 3 - 2 = —18-8 . 
S. S u g d e n sa id t h a t t h e r e is n o o t h e r ev idence of t h e v a l u e of t h e p a r a c h o r of 
o s m i u m , b u t f rom r o u g h d a t a for t h e n e i g h b o u r i n g e l e m e n t s it shou ld be b e t w e e n 
60 a n d 100. H e n c e , he c o n c l u d e d t h a t t h e fo rmu la is t o be rer j resented b y : 

A c c o r d i n g t o N . V. S idgwick , S. S u g d e n ' s a r g u m e n t m a y seem a t first s igh t t o 
be conc lus ive , b u t t h e r e a r e some difficulties. I n t h e first p lace , t h e close agree ­
m e n t b e t w e e n t h e o r y a n d o b s e r v a t i o n w h i c h h e o b t a i n e d w i t h t h e o t h e r s u b s t a n c e s 
c a n n o t be a d d u c e d he re , because of t h e l ack of d a t a as t o t h e p a r a c h o r of o s m i u m . 
Second ly , in all t h e s u b s t a n c e s for w h i c h t h e a g r e e m e n t w a s found t o be close, 
t h e r e is t h e ev idence of t h e p resence (in e v e r y a t o m e x c e p t h y d r o g e n ) of a n oc te t . 
H e n c e , a d d e d N . V. S idgwick , t h e r e is n o p roof t h a t S. S u g d e n ' s va lue s ho ld good 
w h e n t h e va l ency g r o u p exceeds e igh t ; t h i s m i g h t be e x p e c t e d t o affect t h e mol . 
vol . , a n d t h a t , in a d d i t i o n t o t h e c o n s t i t u t i v e f ac to r s of t h e p a r a c h o r , a n o t h e r 
fac tor w o u l d be needed t o a l low for t h e c h a n g e in size of t h e v a l e n c y g r o u p . Th i s 
would p r e s u m a b l y be n e g a t i v e ; t h e h igh s t a b i l i t y a n d sc reen ing effect of t h e 
o c t e t a s c o m p a r e d w i t h a n y o t h e r a r r a n g e m e n t of t h e o u t e r e l ec t rons sugges t t h a t 
w h e n t h e r e is a l a rge r v a l e n c y g r o u p t h e e x t e r n a l field is s t r onge r , a n d t h e a t t a c h e d 
a t o m s a r e m o r e c losely he ld t o g e t h e r . F o r e x a m p l e , in z inc , w h e r e t h e g r o u p n e x t 
t o t h e v a l e n c y e l ec t rons is e i g h t e e n , t h e vo l . is m u c h smal l e r t h a n in ca l c ium, 
w h e r e i t is e igh t . I n o s m i u m t e t r o x i d e , if t h e m e t a l is rea l ly 8-covalent , 
t h e r e is a n e x t r e m e case of t h i s effect, s ince t h e v a l e n c y g r o u p h a s e x p a n d e d f rom 
e i g h t t o s i x t e e n , a n d i t m a y be c o n c l u d e d t h a t if t h i s occu r red , i t wou ld con­
s i d e r a b l y r e d u c e t h e p a r a c h o r , so t h a t t h e fac t t h a t such a f o r m u l a w o u l d give a 
n e g a t i v e v a l u e for t h e p a r a c h o r of o s m i u m , w h e n n o a l lowance is m a d e for t h e 
c h a n g e in t h e v a l e n c y g r o u p , is n o t conc lus ive ev idence t h a t t h e fo rmula is wrong . 

I n s u p p o r t of S. S u g d e n ' s t h e o r y , F . K r a u s s a n d D . Wi lken r e p o r t e d t h e i sola t ion 
of s o m e c o m p o u n d s of t h e t y p e s : Cs 2 [OsO 4 (OH) 2 J , a n d Cs 2 [OsO 4 F 2 J , which i nd i ca t e 
t h a t o s m i u m t e t r o x i d e is a n u n s a t u r a t e d co -o rd ina t i on c o m p o u n d . This fact is 
a n ob j ec t i on t o N . V. S idgwiek ' s t h e o r y . I n s h o r t , a d d e d E . Ogawa , t h i s q u e s t i o n 
is n o t y e t so lved . 

I n s u p p o r t of a n a t . w t . of t h e o rde r 191 for o s m i u m , t h e v a p . d e n s i t y de t e r ­
m i n a t i o n s of o s m i u m t e t r o x i d e show t h a t t h e a t . w t . is e i the r 191 or a s u b m u l t i p l e 
of t h i s v a l u e . T h e a t . w t . , 1 9 1 , is in a c c o r d w i t h t h e sp . l i t . ru le , a n d w i t h t h e 
i s o m o r p h o u s ru le exempl i f ied by t h e ch lo ro -osma te s , K 2 OsCl 6 , a n d t h e co r r e spond ing 

o t h e r e l e m e n t s were d i scussed b y J . W . Mal le t , 2 w h o cons idered i t be longed t o t h e 
a r s en i c f a m i l y on t h e a s s u m p t i o n t h a t i t s a t . w t . is half t h e v a l u e n o w accep ted . 
T h e v a l u e 191 is in a c c o r d w i t h t h e pos i t ion of o s m i u m in t h e per iodic t ab l e 
w h e r e i t s c lose a n d u n i q u e r e l a t i o n s w i t h r u t h e n i u m a r e emphas i zed , a n d a n 
a t . w t . b e t w e e n t h e v a l u e s 186-31 for r h e n i u m , a n d 193-1 for i r id ium. 

I n 1828 , J . J . Berzef ius a n a l y z e d p o t a s s i u m ch lo ro -osma te , a n d from t h e r a t i o 
2 K C l : Os , c a l c u l a t e d t h e a t . w t . t o be 198-9 ; a n d in 1844, E . F r e m y o b t a i n e d 
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r a t i o (NH 4 ) 2 OsCl 6 : Os ; 192-23 f rom t h e r a t i o 6AgCl : ( N H 4 ) 2 O s C l 6 ; 190-27, a n d 
191-14 f rom t h e r a t i o K 2 O s C l 6 : 2 K C l ; 191-23 f rom t h e r a t i o 6AgCl : K 2 O s C l 6 ; 
a n d 190-38 f rom t h e r a t i o K 2 O s C l 6 : Os . F . Seybo ld ca l cu l a t ed 189-4, a n d 191-1 
f rom t h e r a t i o ( N H 4 ) 2 O s C l 6 : Os ; a n d R . Gi lchr i s t , 191-53 f rom t h e r a t i o 
( N H 4 ) 2 O s C l 6 : Os, a n d 191-58 f rom t h e r a t i o ( N H 4 J 2 O s B r 6 : Os . F . W . " C l a r k e 
ca l cu l a t ed 191-067 for t h e b e s t r e p r e s e n t a t i v e v a l u e ; a n d t h e I n t e r n a t i o n a l T a b l e 
for 1935 g a v e 190-9. 

T h e a t o m i c n u m b e r of o s m i u m is 76. A c c o r d i n g t o F . W . A s t o n , 3 t h e r e a r e 
six i s o t o p e s w i th a t o m i c w e i g h t s , r e l a t i v e a b u n d a n c e s , a n d p e r c e n t a g e a b u n d a n c e s 
a s follow : 

M a s s n u m b e r s 
. . j f r e la t ive A b u n d a n c e s , ( p e r c e n t a g e . 

1 8 6 
2 - 4 
I O 

1 8 7 
1-4 
OG 

1 8 8 
31-6 
13-5 

1 8 9 
40-8 
17-3 

19O 
58-9 
25-1 

1 9 2 
1OO 
42-6 

in acco rd w i t h t h e m e a n m a s s n u m b e r 190-35, wh ich , w h e n co r r ec t ed t o t h e c h e m i c a l 
scale g ives a n a t . w t . of 190-31 w h i c h is sma l l e r t h a n t h e v a l u e 190-9 i n d i c a t e d a b o v e . 
N e i t h e r E . R u t h e r f o r d a n d J . C h a d w i c k , n o r H . P e t t e r s s e n a n d G. K i r s c h , h a v e 
o b s e r v e d t h e a t o m i c d i s r u p t i o n of o s m i u m b y t h e b o m b a r d m e n t w i t h c t - rays . 
T h e e l e c t r o n i c s t r u c t u r e , a c c o r d i n g t o N . B o h r , a n d E . C S t o n e r , is (2) for t h e 
K-she l i ; (2, 2 , 4) for t h e L-shel l ; (2, 2, 4, 4 , 6) for t h e M-shell ; (2, 2, 4 , 4 , 6, 6, 8) 
for t h e N-she l l ; (2, 2 , 4 , 4, 2) for t h e O-shell ; a n d (2) for t h e P - s h c l l — o r 
else (2, 2, 4, 4, 3) for t h e O-shell , a n d (1) for t h e P-she l l . T h e s u b j e c t w a s s t u d i e d 
b y P . D . F o o t e , W . H u m e - E o t h e r y , S. K a t o , H . G. G r i m m , S. K . Al l i son, 
G. I . P o k r o w s k y , H . J . W a l k e , a n d C. D . N i v e n . 
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§ 6. The Osmium Oxides 
J . J . Berze l ius 1 t r e a t e d a so ln . of t h e d o u b l e s a l t of p o t a s s i u m ch lo r ide a n d 

o s m i u m dich lor ide w i t h p o t a s h lye , a n d in a few h o u r s o b t a i n e d a g r e e n i s h - b l a c k 
p r e c i p i t a t e of o s m i u m d i h y d r o x i d e , pos s ib ly O s ( O H ) 2 , o r hydrated o s m i u m 
m o n o x i d e . I t r e t a i n s t h e a lka l i v e r y t e n a c i o u s l y . C. C laus sa id t h a t t h e p r o d u c t 
is v e r y i m p u r e ; a n d C. Claus a n d E . J a c o b y , a n d E . J a c o b y o b t a i n e d t h e h y d r a t e 
b y w a r m i n g o s m i u m s u l p h i t e w i t h a c o n e . so ln . of p o t a s s i u m h y d r o x i d e i n a n a t m . 
of i n e r t gas . T h e b lu i sh -b l ack p r e c i p i t a t e is r a p i d l y w a s h e d w i t h h o t w a t e r ; i t 
is r a p i d l y oxid ized on e x p o s u r e t o a i r . A c c o r d i n g t o J . J . Be rze l i u s , w h e n t h e 
h y d r a t e is h e a t e d w i t h c o m b u s t i b l e s u b s t a n c e s , i t d e t o n a t e s f o r m i n g o s m i u m ; 
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w i t h h y d r o g e n a t o r d i n a r y t e m p . , h e a t is g e n e r a t e d , a n d w a t e r a n d o s m i u m a r e 
fo rmed ; a n d w h e n i g n i t e d t o i nc ip i en t r e d n e s s , in c losed vessels , w a t e r is g iven off, 
b u t n o osmic ac id is evo lved , a n d Osmium m o n o x i d e , OsO, is fo rmed . Th i s ox ide 
w a s o b t a i n e d b y C. Claus b y h e a t i n g a m i x t u r e of s o d i u m c a r b o n a t e w i t h p o t a s s i u m 
o s m i u m su lph i t e , or , a c c o r d i n g t o C- Claus a n d E . J a c o b y , o s m o u s su lph i t e , in a 
c u r r e n t of c a r b o n d iox ide , a n d w a s h i n g t h e p r o d u c t w i t h w a t e r . T h e grey ish-
b l a c k p o w d e r is in so lub le i n ac ids . A c c o r d i n g t o E . F r e r n y , a n d O. W . Gibbs , 
w h e n a m m o n i a a c t s o n p o t a s s i u m o s m a t e , a b r o w n l iqu id is fo rmed wh ich 
is supposed to contain osmium diainminodihydroxide, [Os(NH3)2](OH)2 , or 
[ O S ( N H S ) 2 ( O H ) 2 J . 

According to C. Claus and E . Jacoby, hydrated osmium hemitrioxide, 
O s 2 0 3 . n H 2 0 , is p r o d u c e d a s a r e d d i s h - b r o w n p r e c i p i t a t e w h e n a n a lka l i is a d d e d 
t o a n a q . soln . of p o t a s s i u m c h l o r o s m i t e ; a n d o s m i u m hemitr iox ide , Os 2 O 3 , or 
o s m i u m sesquiox ide , is f o r m e d a s a b l a c k p o w d e r w h e n sa l t s of t e r v a l e n t o s m i u m 
a r e h e a t e d "with s o d i u m c a r b o n a t e in a c u r r e n t of c a r b o n d iox ide , a n d w a s h e d 
w i t h w a t e r . H . S t . C. Dev i l l e a n d H . D e b r a y p r e p a r e d i t in coppe r - r ed scales b y 
h e a t i n g o s m i u m t e t r o x i d e w i t h f ine ly-d iv ided o s m i u m . T h e p r o d u c t is inso luble 
in ac ids . 

J . J . B e r z e l i u s r e f e r r ed t o a hlxie, oxide of osmium w h i c h w a s s u p p o s e d t o b e a- m i x t u r e 
of t h e m o n o x i d e a n d s e s q u i o x i d e , o r of t h e m o n o x i d e a n d d i o x i d e , a n d h e o b t a i n e d i t a s 
a b l u e c o l o r a t i o n b y t h e a c t i o n of s u l p h u r o u s a c i d on a n a q . so ln . of o s m i c ac id ; S. T e n n a n t 
o b t a i n e d i t b y t h e a c t i o n of t i n c t u r e of ga l l s on a so ln . of osrnic ac id ; a n d U . V . Collet-
J>escoti ls , a n d L . N . V a u q u e l i n , a s t h e first film of s u b l i m a t e of o x i d e f o r m e d w h e n o s m i u m 
o r o s m i f e r o u s p l a t i n u m is h e a t e d in a r e t o r t c o n t a i n i n g a i r . 

A c c o r d i n g t o J . J . Berze l ius , E . J a c o b y , a n d C. Claus a n d E . J a c o b y , w h e n sa l t s of 
q u a d r i v a k m t o s m i u m a r e h e a t e d w i t h s o d i u m c a r b o n a t e in a c u r r e n t of c a r b o n 
d iox ide , a n d e x t r a c t e d w i t h w a t e r a n d h y d r o c h l o r i c ac id , t h e r e is fo rmed o s m i u m 
diox ide , O s O 2 ; if a i r b e p r e s e n t , vo la t i l e o s m i u m t e t r o x i d e m a y be fo rmed . T h e 
s a m e c o m p o u n d is p r o d u c e d w h e n o n e of t h e d r i e d h y d r a t e s is h e a t e d in a n a t m . 
of n i t r o g e n , or c a r b o n d iox ide , a sma l l q u a n t i t y of vo la t i l e o s m i u m t e t r o x i d e m a y 
be fo rmed , a n d s o m e h y d r o g e n g i v e n off: 2Os(OH) 4== O s O 4 + OsO 2 - J -2H 2 O-f -2H 2 . 
H . R a t h s b u r g , a n d O. Ruff a n d H . R a t h s b u r g o b t a i n e d t h e d iox ide by h e a t i n g 
v e r y f ine ly-div ided o s m i u m in a n a t m . of n i t r o g e n a n d t h e v a p o u r of o s m i u m 
t e t r o x i d e a t 650° . H . M o r a h t a n d C W i s c h i n o b t a i n e d t h e d iox ide b y e lec t ro lyz ing 
a so ln . of p o t a s s i u m p e r o s m a t e ; a n d A. J o I y , b y h e a t i n g p o t a s s i u m o s m i a m a t e , 
K O s N O 3 , i n v a c u o , a t 350° . H . F r e u n d l i c h a n d F . O p p e n h e i m e r p r e p a r e d t h e 
col loidal ox ide . 

T h e d iox ide m a y a p p e a r a s a b lack , o r g rey i sh -b lack powder , or in coppe r - r ed , 
o c t a h e d r a l o r h e x a h e d r a l c r y s t a l s , wh ich , a c c o r d i n g t o V. M. G o l d s e h m i d t , a r e 
t e t r a g o n a l w i t h a ~ 4 - 5 1 A. , c = 3 1 9 A . , a n d « : e = l : 0 7 0 7 . G. L u n d e s t u d i e d 
t h e s u b j e c t . T h e a m o r p h o u s , b lu i sh -b lack d iox ide o b t a i n e d by d e h y d r a t i n g 
t h e d i h y d r a t e a t 200° w a s f o u n d by O. Ruff a n d H . R a t h s b u r g t o h a v e a sp . gr . 
of 7-71 ; a n d w h e n f u r t h e r h e a t e d t o 400° , t h e y n o t e d t h a t t h e colour c h a n g e s t o 
d a r k b r o w n , a n d t h e s p . gr . i nc reases s l igh t ly . A t a b o u t 460°, t h e d iox ide begins 
t o d e c o m p o s e i n t o o s m i u m , a n d o s m i u m t e t r o x i d e , b u t t h e r eac t i on : 2 O s O 2 
^ 2 O s - + - 2 O 2 , r i gh t t o left , is f a v o u r e d in t h e v a p o u r of o s m i u m t e t r o x i d e , a n d t h e 
coppe r - r ed c r y s t a l s of t h e d iox ide t h u s fo rmed a t 650° h a v e a sp . gr . of 7-91 a t 2 1 . 
F . K r a u a s a n d G. S c h r a d e r , a n d G. S c h r a d e r o b t a i n e d for t h e sp . gr . 11-375 a t 21°/4° ; 
F . W o h l e r , V. M. G o l d s e h m i d t , a n d F . K r a u s s a n d G. S c h r a d e r g a v e 19-6 for t h e 
rool. vo l . , a n d O. Ruff a n d H . R a t h s b u r g , 28*2 t o 29 0. J . J . Berze l ius found 
t h a t t h e d iox ide c a n be h e a t e d t o n e a r r edness o u t of c o n t a c t w i t h a i r w i t h o u t decom­
pos i t i on ; i t is r e d u c e d b y h y d r o g e n a t o r d i n a r y t e m p . ; i t d e t o n a t e s w h e n h e a t e d 
w i t h c o m b u s t i b l e s u b s t a n c e s ; a n d i t is inso lub le in ac ids . Accord ing t o O. Ruff 
a n d H . R a t h s b u r g , t h e d i o x i d e p r e p a r e d b y t h e r e d u c t i o n or hydro lys i s processes 
r e t a i n s a lka l i a n d o r g a n i c s u b s t a n c e s v e r y t enac ious ly , a n d t h e d r y p o w d e r is 
pyrophoric osmium dioxide. I t is m o r e or less d a n g e r o u s t o h a n d l e , as i t m a y 
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k i n d l e on e x p o s u r e t o t h e a i r or d e t o n a t e o n w a r m i n g . A n old p r e p a r a t i o n , o r 
o n e t h a t h a s been w a r m e d w i t h w a t e r for s o m e t i m e w i t h a v iew t o i t s pur i f i ca t ion , 
will n o t be so d a n g e r o u s , b u t t h e n i t will c o n t a i n m u c h free me ta l l i c o s m i u m . 
T h e d e t e r m i n a t i o n of o s m i u m as d iox ide , a s r e c o m m e n d e d b y O. Ruff a n d F . B o r n e -
m a n n , is therefore u n t r u s t w o r t h y . 

H . F r e u n d l i c h a n d H . B a e r w i n d p r e p a r e d a colloidal solution of o s m i u m d i o x i d e 
b y s h a k i n g t h e h y d r a t e d d iox ide w i t h w a t e r . T h e col loidal pa r t i c l e s a r e n e g a t i v e l y 
c h a r g e d a n d m i g r a t e t o t h e a n o d e . T h e sol, in i t s b e h a v i o u r t o e l ec t ro ly t e s , s h o w s 
t h e b e h a v i o u r t y p i c a l of n e g a t i v e l y c h a r g e d sols, t h a t is , t h e k a t i o n of t h e p rec ip i ­
t a t i n g e lec t ro ly te is d e t e r m i n a t i v e of t h e a c t i o n of t h e e l ec t ro ly t e . T h e p rec ip i ­
t a t i o n va lues a re in k e e p i n g w i t h t h e v a l e n c y ru le . T h e p a r t i c l e s a r e n o t sphe r i ca l . 
T h e a d d i t i o n of g e l a t i n t o o s m i u m d iox ide sols a t first b r i n g s a b o u t c o a g u l a t i o n 
which is followed b y a p r o t e c t i v e a c t i o n . I n k e e p i n g w i t h t h i s , t h e a d d i t i o n of 
ge l a t in t o t h e e l ec t ro ly tes exerc ises b o t h a sens i t i z ing a n d a p r o t e c t i v e a c t i o n . T h e 
sol is n o t c o a g u l a t e d a t a n y c o n c e n t r a t i o n s b y t a n n i n a n d s a p o n i n . T h e m i g r a t i o n 
ve loc i ty of o s m i u m d iox ide sols o n t h e a d d i t i o n of ge l a t i n inc reases a l m o s t u p t o 
t h e c o a g u l a t i n g c o n c e n t r a t i o n ; i t t h e n falls a n d finally inc reases , b u t t h e r e is n o 
r eve r sa l of t h e c h a r g e of t h e sol. T h e o s m i u m d i o x i d e sol, a s s u c h , h a s n o d e c o m ­
pos ing a c t i o n on formic ac id a t 100°, b u t i t is r e d u c e d t o t h e m e t a l sol , a n d t h i s 
b r i ngs a b o u t a r a p i d d e c o m p o s i t i o n of t h e ac id . C. A m b e r g e r p r e p a r e d t h e col loid 
b y us ing lanol in a s p r o t e c t i v e colloid w h e n a soln. of p o t a s s i u m o s m a t e is t r e a t e d 
w i t h h y d r a z i n e h y d r a t e . S. MedvedcfF a n d E . A l e x e e v a s t u d i e d t h e d i o x i d e a s a 
c a t a l y s t in t h e o x i d a t i o n of u n s a t u r a t e d h y d r o c a r b o n s . 

C. Claus r e p o r t e d a pentahydrate, O s O 2 . 5 H 2 O , t o be fo rmed , in a n i m p u r e s t a t e , 
b y t h e a c t i o n of a m m o n i a on. a c h l o r o - o s m a t e ; i t is inc l ined t o fo rm a n a m r a i n e in 
t h e p resence of a m m o n i a . E . F r e m y o b t a i n e d t h e monohydrate, O s O 2 . H 2 O , o r 
O s O ( O H ) 2 , a s a b l a c k p o w d e r , b y h e a t i n g t h e d i h y d r a t e a t 120° t o 130° in a n 
i ne r t gas ; J . J . Berze l ius , a n d O. Ruff a n d H . R a t h s b u r g , p r e p a r e d t h e 
dihydrate, O s O 2 . 2 H 2 O , or o s m i u m tetrabydroxide , O s ( O H ) 4 , b y t r e a t i n g a cone , 
soln. of p o t a s s i u m c h l o r o s m a t e b y a n a lka l i c a r b o n a t e or h y d r o x i d e : K 2 O s C l 6 
- f -4KOH— 6 K C l H - O s O 2 . 2 H 2 O , a n d i t is difficult t o r e m o v e t h e l a s t t r a c e s of a lka l i 
ch lor ide f rom t h e p r o d u c t . A. Butleroff o b t a i n e d t h e d i h y d r a t e b y t h e a c t i o n of 
a lcohol on a n a lka l i o s m a t e , K 2 O s O 4 + 2 H 2 0 + C 2 H 5 O H = C H 3 . C O H + 2 K O H 
- [ -OsO 2 . 2H 2 O ; a n d C Claus , b y t h e a c t i o n of di l . n i t r i c ac id , a n d E . F r e m y , by 
t h e a c t i o n of dil . s u l p h u r i c ac id on a soln. of p o t a s s i u m o s m a t e . T h e d i h y d r a t e 
a p p e a r s a s a b lu i sh -b lack , a m o r p h o u s p o w d e r w h i c h is v e r y v o l u m i n o u s , a n d 
becomes d a r k b r o w n w h e n d r i ed . C. Claus , E . J a c o b y , a n d C. C laus a n d 
E . J a c o b y o b s e r v e d t h a t w h e n h e a t e d i t is l iable t o d e t o n a t e a n d f o r m t h e 
d iox ide , t e t r o x i d e , w a t e r , a n d h y d r o g e n . F o r O. Ruff a n d H . R a t h s b u r g ' s 
o b s e r v a t i o n s on t h e a c t i o n of h e a t , vide supra ; w h e n t h e d i o x i d e is o b t a i n e d 
f rom t h e h y d r a t e , a c o p p e r - r e d s u b l i m a t e is u s u a l l y d e p o s i t e d o n t h e t u b e — 
poss ib ly o s m i u m t e t r o x i d e — a n d i t m a y b e t h a t t h e h y d r a t e pas ses i n t o t h e 
t r i ox ide , OsO 3 , wh ich d e c o m p o s e s 2 0 s 0 3 ^ O s 0 2 - f - O s 0 4 . C. C laus a n d E . J a c o b y 
sa id t h a t t h e moi s t h y d r a t e d i sso lves freely in h y d r o c h l o r i c ac id , w h i l s t t h e 
dr ied h y d r a t e dissolves s p a r i n g l y in t h a t ac id . S o m e o x i d a t i o n o c c u r s w h e n 
t h e h y d r a t e is d issolved in n i t r i c a n d s u l p h u r i c a c i d s . A c c o r d i n g t o F . W d h l e r , 
t h e soln. in cone, h y d r o c h l o r i c ac id is a t first p u r p l e , i t t h e n b e c o m e s ye l lowish -
b r o w n , a n d las t ly g r e e n — o r if h e a t e d b r o w n i s h - y e l l o w ; s u l p h u r o u s ac id co lou r s 
i t ye l low, a n d n o t h i n g is d e p o s i t e d w h e n t h e soln . is bo i led . E . F r e m y sa id t h a t 
a m m o n i u m chlor ide colours t h e soln . in a c i d s ye l low. 

A c c o r d i n g t o C. Claus , a n d J . J . Be rze l iu s , if o s m i u m t e t r o x i d e is t r e a t e d w i t h 
a n excess of cone . a q . a m m o n i a , a n d t h e ye l low l iqu id h e a t e d i n a c losed vessel 
a t 50° un t i l i t becomes d a r k b r o w n in co lour a n d a b l a c k p o w d e r is d e p o s i t e d , a n d 
t h e n exposed t o t h e a t m o s p h e r e , a b l a c k i s h - b r o w n p o w d e r of o s m i u m OXydiainininO-
dihydroxide , LOsO(NH 3J 2 J (OH) 2 , is f o r m e d w h e n t h e l iqu id i s e v a p o r a t e d a t a low 
t e m p . T h e p r o d u c t d e c o m p o s e s exp los ive ly w h e n h e a t e d w i t h t h e e v o l u t i o n of 
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n i t r o g e n ; i t d issolves in ac ids y ie ld ing t h e c o r r e s p o n d i n g sa l t s ; a n d t h e base c a n b e 
r e p r e c i p i t a t e d f rom t h e soln. in ac ids b y t h e a d d i t i o n of a lka l i h y d r o x i d e , b u t boi l ing 
t h e b a s e w i t h a lka l i lye d e c o m p o s e s i t w i t h t h e l i be r a t i on of a m m o n i a , a n d t h e 
d e p o s i t i o n of o s m i u m d iox ide . W . E i c h l e r p r e p a r e d w h a t he r e g a r d e d a s a po tas ­
s i u m perosmi te , K 2 0 . 3 O s O 2 , b y expos ing a n a q . soln . of p o t a s s i u m o s m a t e t o 
sun l i gh t . T h e l iqu id b e c o m e s t u r b i d a n d d e p o s i t s a s o o t y b l ack powde r . I t is 
so luble in cold, cone , h y d r o c h l o r i c ac id , f o rming a soln . of ch lo ro -osma te . A q . 
a m m o n i a , a n d p o t a s h lye p r e c i p i t a t e b l a c k h y d r a t e d o s m i u m d iox ide f rom t h e 
soln . I n c o n t a c t w i t h a i r , t h e soln. g ives off v a p o u r s of o s m i u m t e t r o x i d e . 

O. Ruff a n d IT. R a t h s b u r g p r e p a r e d co l lo idal o s m i u m dioxide b y r educ ing soln. 
of a lka l i o s m a t e s w i t h a lcohol , o r b y t h e h y d r o l y s i s of ch lo rosmates—v ide supra. 
T h e d iox ide is a g a i n p r e c i p i t a t e d on a d d i n g sufficient e l ec t ro ly te t o t h e n e u t r a l 
soln . , b u t i t fo rms a col loidal soln . aga in w h e n t r e a t e d w i t h ac ids , a lkal i h y d r o x i d e s , 
or a m m o n i a o r w a s h e d free f rom e lec t ro ly te s . Cone. soln. a p p e a r b lack b y reflected 
l i gh t o r b lue b y t r a n s m i t t e d l igh t . A p e r m a n e n t h y d r o s o l was o b t a i n e d b y 
C. A m b e r g e r b y us ing lanol in a s a p r o t e c t i v e colloid w h e n a soln. of p o t a s s i u m o s m a t e 
is r e d u c e d w i t h h y d r a z i n e h y d r a t e . T h e p r o d u c t c a n be dissolved in l igh t p e t r o l e u m , 
a n d t h e soln. is p r e c i p i t a t e d b y a lcohol . W h e n t h e p r e c i p i t a t e is h e a t e d t o 50° in 
h y d r o g e n , t h e colloidal d iox ide is r e d u c e d t o o s m i u m . 

J . W . Mal le t fused s o m e p l a t i n u m res idues w i t h n i t r e , a n d w a r m e d t h e p r o d u c t 
w i th s u l p h u r i c ac id a n d o b t a i n e d yel low d r o p s as a s u b l i m a t e , a n d t h e y congea led 
t o a yel low w a x ; f a r t h e r a w a y , o s m i u m t e t r o x i d e a p p e a r e d in colourless needles . 
W h e n t h e yel low solid, in a sealed t u b e , was exposed t o so lar r a y s , needles a n d 
p r i s m s r e sembl ing o s m i u m t e t r o x i d e a p p e a r e d as a s u b l i m a t e , a n d t h e yel low m a s s 
b e c a m e b lack in co lour . J . W . Mal le t t h o u g h t t h a t t h e yel low p r o d u c t is i m p u r e 
o s m i u m tr ioxide, OsO 3 , w h i c h b r e a k s d o w n i n t o o s m i u m t e t r o x i d e a n d a lower 
ox ide or o s m i u m itself. T h e ye l low p r o d u c t w a s m o r e l ike ly t o h a v e b e e n a n 
i m p u r e d iox ide . I I . M o r a h t a n d (.-. W i s c h i n o b t a i n e d a b l a c k s u b s t a n c e b y t h e 
a c t i o n of h e a t on a m i x t u r e of p o t a s s i u m o s m a t e a n d n i t r i c ac id . I t was first 
o b t a i n e d b y W . Kichler , a f t e r w a r d s b y K. F r e m y , a n d t h e n b y C Claus a n d E . J a c o b y , 
b y e x p o s i n g a soln . of p o t a s s i u m o s m a t e t o s u n l i g h t ; t h e y ass igned t o i t t h e 
f o r m u l a O s O 3 . 2 H 2 O , b u t H . M o r a h t a n d C. W i s c h i n f o u n d t h a t when d r i ed over 
p h o s p h o r u s p e n t o x i d e , in v a c u o , i t s c o m p o s i t i o n c o r r e s p o n d s wi th t h e h y d r a t e , 
O s O 3 - H 2 O , o r o s m i c ac id , H 2 O s O 4 . O. Ruff a n d K . B o r n e m a n n could n o t confirm 
t h e ana ly s i s , a n d cons ide red t h e p r o d u c t t o be t h e h y d r a t e d d iox ide . H . M o r a h t 
a n d C. Wisch in r e p o r t t h a t o smic ac id is s o o t y - b l a c k , a n d w h e n d r y does n o t possess 
t h e c o p p e r y lu s t r e c h a r a c t e r i s t i c of t h e d i h y d r a t e d d iox ide . I n mois t a i r , i t ha s 
t h e o d o u r of o s m i u m t e t r o x i d e ; i t is s t a b l e u n d e r w a t e r con t a in ing alcohol , i t 
d i sso lves in hydrof luor ic acid ; w i t h h y d r o c h l o r i c acid i t forms a n ol ive-green soln. 
smel l ing of ch lor ine , a n d w h e n t h e soln . is e v a p o r a t e d , i t y ie lds c ry s t a l s of 
O s 2 ( H 7 . 7 H 2 O — p r o b a b l y a m i x t u r e of ch lo r ides ; h y d r o b r o m i c ac id r e a c t s l ike 
h y d r o c h l o r i c ac id , fo rming c r y s t a l s of O s 2 B r 9 . 6 H 2 O — p r o b a b l y a m i x t u r e of 
b r o m i d e s ; iod ine v a p o u r h a s n o a c t i o n ; hyd r iod i c ac id r e a c t s , forming o s m i u m 
t e t r a i o d i d e ; i t is n o t a t t a c k e d b y su lphu r i c ac id ; h y d r o g e n su lph ide r e a c t s 
v io l en t ly p r o d u c i n g a n o x y s u l p h i d e ; b r o m i n e v a p o u r h a s n o ac t ion ; i t d issolves 
in n i t r i c ac id t o fo rm o s m i u m t e t r o x i d e . 

Li. W i n t r e b e r t f ound t h a t t h e b i v a l e n t rad ic le , w h i c h he called o s m y l , O s O 2 , 
p e r s i s t s t h r o u g h a ser ies of c o m p o u n d s , a n d in t h i s r e spec t r e sembles t h e radic le 
u r a n y l , U 0 2 . H e n c e o s m i u m t r i o x i d e c a n be r e g a r d e d a s o s m y l ox ide , (OsO 2 )O, 
a n d osmic ac id , a s o s m y l hydroxide , O s O 2 ( H O ) 2 . T h e ch lor ide , su lph i t e , n i t r i t e , 
o x a l a t e , e t c . , fo rm c o m p l e x sa l t s typi f ied b y 2KCL(OsO 2 )Cl 2 , o r K 2 (OsO 2 )C l 4 ; 
a m i n i n o - s a l t s h a v e also been o b t a i n e d . L . W i n t r e b e r t a lso o b t a i n e d o s m y l o x y -
salta i n w h i c h t h e g r o u p (OsO 2 )O u n i t e s a d d i t i v e l y w i t h v a r i o u s sa l t s—chlor ides , 
b r o m i d e s , a n d n i t r i t e s . W h e n o s m y l t e t r a m m i n o c h l o r i d e is t r e a t e d w i t h m o i s t 
s i lve r o x i d e , o r o smy l t e t r a m m i n o s u l p h a t e is t r e a t e d w i t h b a r i u m h y d r o x i d e , a 
s t r o n g l y a lka l ine , yel low l iqu id is formed which r e a d i l y a b s o r b s c a r b o n d iox ide 
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f rom t h e a t m o s p h e r e ; t h e l iqu id c o n t a i n s o s m y l t e t r a m n i i n o h y d r o x i d e , 
[OsO 2 (NHg) 4 ] (OH) 2 , a l t h o u g h all a t t e m p t s t o i so la te t h e ba se h a v e b e e n n u g a t o r y 
b e c a u s e on c o n c e n t r a t i o n , t h e soln. d e c o m p o s e s i n t o o s m i u m t e t r o x i d e a n d a m m o n i a . 

E . F r e m y o b t a i n e d p o t a s s i u m OSmate , K 2 O s O 4 . 2 H 2 O , b y r e d u c i n g a n a lka l ine 
soln. of o s m i u m t e t r o x i d e w i t h a lcohol ; E . F r e m y , O. W . G i b b s , a n d C. Claus 
used p o t a s s i u m n i t r i t e , a s r e d u c i n g a g e n t ; E . F r e m y , a n d C. Claus o b t a i n e d i t b y 
s i m p l y boi l ing a n a lka l ine soln. of o s m i u m t e t r o x i d e — i t is t h o u g h t t h a t t h e r e d u c t i o n 
is he re p r o d u c e d b y i m p u r i t i e s in t h e a lka l i ; a n d E . F r e m y o b t a i n e d i t f rom a so ln . 
of o s m i u m d iox ide in a n a l k a l i n e so ln . of o s m i u m t e t r o x i d e . O. Ruff a n d K . B o r n e -
m a n n o b t a i n e d t h e s a l t b y fus ing o s m i u m w i t h a m i x t u r e of p o t a s s i u m h y d r o x i d e 
a n d n i t r a t e , d i sso lv ing t h e p r o d u c t in w a t e r , p r e c i p i t a t i n g w i t h a lcohol , a n d 
ox id iz ing t h e p r o d u c t w i t h c h r o m i c ac id in a c u r r e n t of o x y g e n . T h e o s m i u m 
t e t r o x i d e so f o r m e d is p a s s e d i n t o a 10 p e r c e n t . soln. of p o t a s s i u m h y d r o x i d e , t h e 
sa l t p r e c i p i t a t e d b y a lcohol , a n d d r i ed in v a c u o . T h e s a l t is d e p o s i t e d f rom t h e 
cone . a q . soln. ; w i t h s low e v a p o r a t i o n , rose- red , g a r n e t - r e d , v io le t , or b l ack 
c r y s t a l s ; a n d H . R e h r e n s sa id t h a t t h e v io le t o c t a h e d r a be long t o t h e r h o m b i c 
s y s t e m . A c c o r d i n g t o H . M o r a h t a n d C. W i s c h i n , t h e sa l t c a n be k e p t in t h e cold 
e x p o s e d t o s u n l i g h t for m a n y d a y s w i t h v e r y l i t t le d e c o m p o s i t i o n . E . F r e m y , 
a n d C. Claus found t h a t t h e c r y s t a l s do n o t lose w a t e r a t 100° ; b u t t h e y lose t h e i r 
w a t e r of c ry s t a l l i z a t i on a t 200° in a n i n e r t a t m . W h e n t h e s a l t is w a r m e d d e c o m ­
pos i t i on is a cce l e r a t ed , a n d t h e o d o u r of o s m i u m t e t r o x i d e a p p e a r s . W h e n h e a t e d 
in i n e r t a t m . , a lka l i h y d r o x i d e , o s m i u m d iox ide , a n d o s m i u m t e t r o x i d e a r e fo rmed . 
A c c o r d i n g t o E . F r e m y , a n d C. Claus , h y d r o g e n r e d u c e s t h e sa l t t o o s m i u m a n d p o t a s ­
s i um h y d r o x i d e . T h e sa l t is s t a b l e in d r y a i r , a n d w h e n h e a t e d i n a i r , i t first loses 
w a t e r , t h e n a b s o r b s o x y g e n a n d fo rms vo la t i l e o s m i u m t e t r o x i d e , a n d p o t a s s i u m 
p e r o s m a t e ; a n d e v e n if h e a t e d i n o x y g e n , n o t all t h e o s m i u m is c o n v e r t e d i n t o t h e 
t e t r o x i d e . T h e s a l t is r a p i d l y d e c o m p o s e d in m o i s t a i r a n d d e v e l o p s o s m i u m 
t e t r o x i d e ; co ld w a t e r d i sso lves a l i t t l e of t h e sa l t , a n d t h e soln . a c q u i r e s t h e 
co lour of a p e r m a n g a n a t e , r e a c t s a lka l ine , g r a d u a l l y b e c o m e s t u r b i d w i t h t h e 
s e p a r a t i o n of h y d r a t e d o s m i u m d iox ide , wh i l s t o s m i u m t e t r o x i d e r e m a i n s in so ln . 
H o t w a t e r freely d isso lves t h e s a l t w i t h d e c o m p o s i t i o n . T h e d e c o m p o s i t i o n 
is f a v o u r e d b y ac ids , a n d r e t a r d e d b y a lka l i . Chlor ine t r a n s f o r m s t h e s a l t i n t o a 
p e r o s m a t e ; h y d r o g e n su lph ide fo rms o s m i u m s u l p h i d e ; s u l p h u r o u s ac id a c q u i r e s 
a b lue colour , a n d o s m i u m s u l p h i d e o r p o t a s s i u m o s m i u m s u l p h i t e is fo rmed ; a q . 
a m m o n i a d issolves t h e s a l t f o r m i n g a n a m r a i n e ; a soln . of a m m o n i u m ch lo r ide 
fo rms a m m o n i u m osmyl ch lo r ide , ( N H 4 ) 2 ( 0 s 0 2 ) C l 4 . O r g a n i c s u b s t a n c e s r e d u c e 
t h e sa l t f o rming o s m i u m ; i t is n o t d issolved b y a lcohol o r e t h e r . C a r b o n i c ac id 
h a s t e n s t h e d e c o m p o s i t i o n of t h e a q . soln . , a n d w h e n t h e sa l t is h e a t e d in c a r b o n 
d iox ide , a lka l i c a r b o n a t e , a n d o s m i u m d i o x i d e a n d t e t r o x i d e a r e fo rmed . H y d r o ­
ch lor ides of c inchon ine , n a r c o t i n e , a n d o t h e r a l k a l o i d s b e h a v e l ike a m m o n i u m 
ch lor ide in fo rming a c o m p l e x sa l t . I n t h e p r e s e n c e of a n excess of h y d r o c h l o r i c 
ac id , gold, or p l a t i n u m ch lo r ide p r o d u c e s a c r y s t a l l i n e d o u b l e s a l t ; p a l l a d i u m ch lo r ide 
p r o d u c e s a ye l l owi sh -b rown soln . f rom w h i c h h y d r o c h l o r i c ac id p r e c i p i t a t e s a 
c o m p l e x sa l t . Coba l t i c h e x a r n m i n o c h l o r i d e o r s u l p h i t e w a s f o u n d by O. W . G i b b s 
t o give a b rownish-ye l low p r e c i p i t a t e c o n t a i n i n g o s m i u m a n d c o b a l t , w h i c h f o r m s 
a wine-yel low soln. w i t h h y d r o c h l o r i c ac id , a n d w h i c h g ives c r y s t a l l i n e d o u b l e 
s a l t s w i t h m e r c u r y , gold , a n d p l a t i n u m ch lo r ides . M. C. L e a f o u n d t h a t a n 
a m m o n i a c a l soln. of s o d i u m a n t i m o n y s u l p h i d e g ives a b r o w n p r e c i p i t a t e w i t h a 
soln. of p o t a s s i u m o s m a t e . 

E . F r e m y also p r e p a r e d s o d i u m o s m a t e , N a 2 O s O 4 . n l l 2 0 , w h i c h c rys t a l l i ze s 
w i t h difficulty ; i t is so luble in w a t e r , a n d is i n so lub l e in a lcohol a n d e t h e r ; w h e n 
t h e a q . so ln . is t r e a t e d w i t h b a r i u m ch lo r ide , t h e r e is f o r m e d a g r e e n , f locculen t 
p r e c i p i t a t e of b a r i u m o s m a t e , B a O s 0 4 . n H 2 0 , w h i c h c h a n g e s i n t o b l a c k , l u s t r o u s 
p r i s m s ; s imi la r ly w i t h s t r o n t i u m o s m a t e , S r O s O 4 . r * H 2 0 ; c a l c i u m o s m a t e , 
C a O s 0 4 . n H 2 0 ; a n d l ead o s m a t e , P b O s 0 4 . w H 2 0 . 

A s i n d i c a t e d in c o n n e c t i o n w i t h t h e c h e m i c a l p r o p e r t i e s of o s m i u m , J . J . Ber-
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zelius o b s e r v e d n o o x i d a t i o n of o s m i u m b y a i r occurs in t h e cold or a t 100°, 
a l t h o u g h t h e smell of o s m i u m a t o r d i n a r y t e m p . , a cco rd ing t o H . Hose , a n d 
H". S t . C. Devi l le a n d H . D e b r a y , shows t h a t a vo la t i l e ox ide is be ing formed, a n d 
t h e m e t a l also d a r k e n s t h e wal ls of t h e c o n t a i n i n g vessel . F i n e l y - d i v i d e d o s m i u m 
a t o r d i n a r y t e m p , w a s o b s e r v e d b y H . S t . C. Devi l le a n d H . D e b r a y t o fo rm 
o s m i u m tetroxide, OsO 4 . T h e f inely-divided o s m i u m inflames in a i r a t 400° , 
a n d p r o d u c e s t h i s vo la t i l e t e t r o x i d e , which is some t imes cal led o s m i c ac id , 
p a r t i c u l a r l y w h e n in a q . soln . T o a v o i d confusion w i t h osmic acid, H 2 O s O 4 , t h e 
a q . soln. of t h e t e t r o x i d e c a n be cal led perosmic ac id , a n d t h e t e t r o x i d e t h u s becomes 
perosmic anhydride. J . J . Berze l ius p r e p a r e d o s m i u m t e t r o x i d e b y pass ing o x y g e n 
ove r o s m i u m h e a t e d t o r ednes s in t h e first of t w o bu lbs on a h a r d glass t u b e ; t h e 
second b u l b is k e p t cool . All b u t a b o u t 2 or 3 pe r cen t , of t h e t e t r o x i d e col lects 
in t h e s econd b u l b , a n d t h e gas w h i c h passes on is led t h r o u g h aq . a m m o n i a or 
p o t a s h - l y e . T h e lower ox ides of o s m i u m also pas s i n t o t h e vola t i le t e t r o x i d e w h e n 
t h e y a r e h e a t e d in a i r ; a n d t h e ox ide is f o rmed w h e n o s m i u m is h e a t e d w i t h 
p o t a s s i u m h y d r o x i d e in air , or w i t h a m i x t u r e of p o t a s s i u m h y d r o x i d e a n d n i t r a t e . 
W . H . W o l l a s t o n h e a t e d o s m i r i d i u m wi th n i t r e , d issolved t h e cold p r o d u c t in w a t e r , 
a d d e d di l . s u lphu r i c ac id ( 1 : 1 ) , a n d dis t i l led off t h e o s m i u m t e t r o x i d e . J . J . Ber ­
zel ius , a n d F . Wohle r obta in t id t h e t e t r o x i d e b y h e a t i n g t h e lower o s m i u m oxides , 
t h e ch lo r ide , or t h e ch lo ro -osma te s w i t h n i t r i c ac id ; J . J . !Berzelius, by pass ing 
ch lor ine m i x e d w i t h t h e v a p o u r of o s m i u m ch lor ide , i n t o mi lk of l ime ; C Olaus , 
b y pass ing ch lor ine i n t o p o t a s h lye w i t h f inely-divided h y d r a t e d o s m i u m d iox ide 
in suspens ion ; A. ButlerofF, J . J . Berze l ius , C Claus , C-. Claus a n d E . J a c o b y , 
E . F r o r a y , A. J^augier, a n d H . M o r a h t a n d C Wisch in , b y d e c o m p o s i n g p o t a s s i u m 
o s m a t e w i t h dil . ac ids , or b y boil ing a n a q . soln. of t h i s sa l t whe reby p o t a s s i u m 
h y d r o x i d e is l i be ra t ed , a n d o s m i u m t e t r o x i d e is vola t i l ized ; a n d F . Wohle r , b y 
t h e e lec t ro lys is of p o t a s h lye w i th p o r o u s o s m i u m as t h e a n o d e . 

I J . N . V a u q u e l i n said t h a t o s m i u m t e t r o x i d e furnishes colourless, t r a n s p a r e n t , 
a c i cu l a r c r y s t a l s wh ich , a cco rd ing t o J . W . Mal le t , be long t o t h e monocl inic sy s t em. 
1*. Niggl i a n d W . N o w a c k i d iscussed t h e c rys t a l s t r u c t u r e . H . St . C Devil le a n d 
H . D e b r a y found t h a t t h e vapour dens i ty is 8-89 (air un i t y ) or 128 (hydrogen unhvv) 
when t h e t h e o r e t i c a l v a l u e for OsO 4 is 127-5. T h e v a p o u r t h u s c o n t a i n s OsO 4 
mols . F . K r a u s s a n d D . W i l k e n s t u d i e d t h e c o n s t i t u t i o n of t h e t e t rox ide—v ide 
supra, v a l e n c y of o s m i u m . H . v o n W a r t e n b e r g found t h e specific gravity t o be 
4-44 a n d 4-19, r e spec t ive ly , a t 42° a n d 100° ; a n d 4-91 a t 22°. G. Schrade r , a n d 
F . K r a u s s a n d G. S c h r a d e r gave 4-959 for t h e s p . gr . a t 21°/4°, a n d 51-1 for t h e 
m o l e c u l a r v o l u m e . K. O g a w a found t h a t t h e dens i t i es of t h e l iquid, IJ, a n d of t h e 
v a p o u r , d, a r e : 

43° f>8° 75° 9f>° 1 1 5 a 150° 
1) . . 4-3224 4 262O 4-1923 4-1IGS 4-0271 3 8733 
d O-OOOO U-OOlO 0-0015 0-0027 0-0048 O 0131 
1 ' a rachor . . 136-2 156-8 157-5 157-6 1 5 7 0 158 4 

S. S u g d e n ' s va lue for t h e parachor f rom H . v o n W a r t e n b e r g ' s d a t a is 1 5 4 0 ; t h e 
m e a n of al l K. O g a w a ' s d a t a is 157-7. T h e resu l t s a b o v e 75° cor respond wi th 
JJ— d~ D0(I — 3HC)03, w h e n Z>0 is t h e d e n s i t y a t a b s o l u t e zero, a n d Tc is t h e r e d u c e d 
c r i t i ca l t e m p , in 0 K . T h e resu l t s show t h a t t h e t e t r o x i d e is a n o r m a l l iquid a b o v e 
75° , a n d t h a t t h e molecules a r e p a r t l y assoc ia ted a t t e m p , below 75°. H . von 
W a r t e n b e r g g a v e 49-8 a n d 42-2 for t h e surface t ens ion , a d y n e s pe r cm. , of t h e l iquid 
t e t r o x i d e a t 50-0° a n d JOO-O0, r e spec t ive ly . E . O g a w a g a v e : 

43° 58" 75° 95° 115° 150° 

a . . 49-24 47-25 4 5 0 3 41-62 38-59 33-32 

a n d t h e r e su l t s can be r e p r e s e n t e d b y Cr=Cr 0 ( I - ^c ) 1 " 2 - T h e whole of t h e resu l t s 
fu rn ish t w o s t r a i g h t l ines i n t e r sec t ing a t a b o u t 75°. T h e specific cohes ion a t t h e 
b.p. is a * = 1-867. 
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H . v o n W a r t e n b e r g g a v e 0 0 0 1 0 2 for t h e coeff. of t h e r m a l e x p a n s i o n . 
L . N . V a u q u e l i n sa id t h a t o s m i u m t e t r o x i d e r ead i ly fuses ; L . T?. S v a n b e r g sa id 
t h a t fus ion occurs even b y h e a t f r om t h e h a n d , a n d h e g a v e 40° for t h e m e l t i n g 
po int ; F . W . Tsch i rch , a n d O. Ruff a n d F . W . Tsch i rch , 45° ; H . v o n W a r t e n b e r g , 
40-1° ; a n d E . Ogawa , 40-6° t o 40-7°. 

F . K r a u s s a n d D . W i l k i n in fer red t h a t o s m i u m t e t r o x i d e furn i shes e n a n t i o t r o p i c 
i somers , one , wh i t e , m e l t i n g a t 39-5°, a n d t h e o t h e r , yel low, m e l t i n g a t 41*0°. T h e 
w h i t e c r y s t a l s m e l t t o f o r m a ye l low t r a n s p a r e n t l iqu id w h i c h solidifies t o a l i gh t 
yel low, o r w h i t e o p a q u e m a s s w h i c h , w h e n h e a t e d aga in , m e l t s a t 41-0°. E . O g a w a 
sa id t h a t t h e w h i t e need le s d o n o t m e l t a t 39-5°, b u t a t 40-6° t o 40-7°, a n d t h e 
solidified l igh t ye l low m a s s h a s t h e s a m e m . p . F . W o h l e r o b s e r v e d t h a t t h e 
t e t r o x i d e boils a n d e v a p o r a t e s a t a m o d e r a t e h e a t . A s l igh t r ise of t e m p , c a u s e s 
i t t o s u b l i m e in need les f rom one p a r t t o t h e o t h e r of t h e vessel in w h i c h i t is k e p t . 
H . S t . C. Devi l l e a n d H . D e b r a y sa id t h a t "when fused, i t boi ls w i t h o u t d e c o m ­
pos i t ion n e a r 100°. F . K r a u s s a n d D . W i l k i n g a v e 134° for t h e boi l ing po int ; 
E . O g a w a , 131-2° ; O. Ruff a n d F . W . Tsch i r sch , 130° ; a n d H . v o n W a r t e n b e r g , 
129°. F . K r a u s s a n d D . W i l k i n sa id t h a t t h e ye l low form c h a n g e s i n t o t h e w h i t e 
in l iqu id a i r , a n d i t t h e n b e c o m e s b r e a k a b l e w i t h a g lass rod , a n d m e l t s a t 
39-5°. E . O g a w a f o u n d t h a t t h e ye l low fo rm d id n o t c h a n g e i t s co lour w h e n left 
in l iqu id a i r for 24 h r s . , a n d i t s m . p . r e m a i n e d 40-6°. F . K r a u s s found t h a t t h e 
v a p o u r pressure, p m m . , of t h e w h i t e a n d yel low fo rms a r e different : 

White form Yellow form 
• * • • * • 

O" 10° 18° 29° 36° O' 12" 18° 28° 35* 
p . . . 2 O 3-5 5-O 7 0 9 O 0-5 2-O 3-O 5 O 7-5 

B o t h fo rms h a v e t h e s a m e v a p . p ress , a t 41-0°. H . v o n W a r t e n b e r g sa id t h a t t h e 
v a p o u r is s t a b l e u p t o 1500°. M e a s u r e m e n t s of t h e v a p . p ress , of t h e t e t r o x i d e 
h a v e b e e n m a d e b y F . W . T s c h i r c h , a n d O. Ruff a n d F . W . T sch i r ch . H . v o n 
W a r t e n b e r g ' s r e su l t s for t h e l iquid a n d solid a r e : 

Solid IJquitl 
/ * , , * » 
— 38 0° —19-6° 0° 4O 2° 5 1 0 ° 07-8° «1-0° 136-4° 

p . . O O J 3 7 li-1 l!i 0 - 7 7 5 l l - O 32-O 7 9 O 2 0 5 - 4 7 5 7 - 4 
a n d for p in a t m . a n d a b s o l u t e t e m p . , t h e r e su l t s for t h e solid can be r e p r e s e n t e d 
b y log _p= —J3500/4-57T-4 7-83, a n d for t h e l iqu id , l o g / > = 10100/4-57 7N-5-49 . 
E . O g a w a g a v e : 

15 80° 26 95° 30 99° 4 0 0 1 ° 53 07° 7O 15° 100 29° 130 00° 
p . . . 5 - 3 7 J I - 0 3 2 1 O o 2 5 O O 4 7 1 2 KMM 8 3 0 0 - 4 6 7 4 6 - 1 8 

T h e r e su l t s for t h e sol id c a n be r e p r e s e n t e d b y log p = - 254201T~* -f 9 -51791 . 
T h e r e is a t rans i t ion po in t a t 72°, a n d t h e r e su l t s for t h e l iquid below 72° c a n be 
r e p r e s e n t e d by log />——2167-22T~~ l-}-8-31658 ; a n d a b o v e t h e t r a n s i t i o n t e m p , 
b y log/>—— 1977-39T-1 -f-7-77704. T h e c a l c u l a t e d h e a t s of vapor i za t ion a r e : 

43-02° to 60-1° 60-10° to 85-22° 85-22 to 11500° 11500° to 130 00° 
H e a t v a p o r i z a t i o n . 9859 9 7 6 3 9129 8982 c a l s . 

H . v o n W a r t e n b e r g ' s v a l u e for t h e h e a t of v a p o r i z a t i o n is 10,1(X) ca ls . a t t h e m . p . 
a n d 13,500 cals . for t h e h e a t of s u b l i m a t i o n of t h e solid ; E . O g a w a f o u n d 11,640 
cals . for t h e h e a t of s u b l i m a t i o n ; 154O cals . for t h e h e a t of f u s i o n ; P . O r z e c h o w s k y 
g a v e 34(X) cals . pe r g r a m - m o l . , a n d H . v o n W a r t e n b e r g , 3-41 Cals . E . O g a w a g a v e 
869 cals . for t h e h e a t of t rans format ion . A g a i n , T r o u t o n ' s c o n s t a n t is 22-2, a n d 
t h e t e t r o x i d e is a n o r m a l l iqu id a t i t s b . p . T h e h e a t o f f o r m a t i o n f o u n d b y 
P . O r z e c h o w s k y , a n d H . v o n W a r t e n b e r g is 93-37 Cals . p e r a t o m of o s m i u m . 
E . O g a w a ca l cu l a t ed t h e free e n e r g y c h a n g e f r o m t h e sol id t o t h e l i qu id is 6 3 t o 77 
ca l s . a t 25° . W . H e r z s t u d i e d s o m e r e l a t i o n s of t h e entropy . H . v o n W a r t e n b e r g 
g a v e 405° for t h e crit ical t emperature , a n d E . O g a w a o b t a i n e d a r e s u l t b e t w e e n 
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388° a n d 4 2 2 ° — m e a n 405° . H . v o n W a r t e n b e r g g a v e 170 a t m . for the critical 
pressure a n d 0-007 for t h e cr i t ical v o l u m e . 

T h e i n d e x of re fract ion is 1-56 a t 45° . J . L i f sch i tz a n d E . R o s e n b o h m s t u d i e d 
t h e op t i ca l p r o p e r t i e s ; A . !Langseth a n d B . Qvil ler , t h e u l t r a -v io l e t absorption 
s p e c t r u m of o s m i u m t e t r o x i d e ; a n d S. K a t o m e a s u r e d t h e a b s o r p t i o n s p e c t r u m 
of t h e v a p o u r , a n d of i t s O-OOliV-aq. so ln . PIe f o u n d t w o g r o u p s of osci l la t ion 
b a n d s . I n t h e first g r o u p , t h e i n t e n s i t y m a x i m a a p p e a r a t 296O a n d 2947 A. 
in t h e g a s , a n d a t 2983 a n d 2970 A. in t h e soln . T h e m a x i m a in t h e second g r o u p 
a p p e a r a t 2475 a n d 2460 A. for t h e g a s , a n d a t 2515 a n d 2500 A. for t h e soln. 
T h e i n t e n s i t y of a b s o r p t i o n i n t h e first g r o u p is g r e a t e r in t h e long-wave m a x i m a , 
wh i l s t i n t h e second g r o u p t h e s h o r t - w a v e m a x i m a a r e m o r e in t ense . T h e shift 
of m a x i m a t o w a r d s t h e r ed in t h e s p e c t r a of t h e soln. is a t t r i b u t e d t o h y d r a t i o n . 
T h e effect of h y d r a t i o n is a l i nea r f u n c t i o n of t h e f r equency for b o t h se ts of b a n d s . 
H . Buff, a n d L. B l e e k r o d e o b s e r v e d t h a t soln. of t h e t e t r o x i d e d o n o t c o n d u c t a n 
e lectr ic current ; M. Ie B l a n c a n d H . Sachse sa id t h a t t h e electr ical c o n d u c t i v i t y 
is sma l l ; a n d H . v o n W a r t e n b e r g , t h a t t h e sp . c o n d u c t i v i t y of t h e l iqu id is less 
t h a n l O - n m h o . 

H . v o n W a r t e n b e r g found t h a t t h e c h a r a c t e r i s t i c o d o u r of t h e t e t r o x i d e becomes 
p e r c e p t i b l e w h e n 2 X i0~~ft mgrm. p e r c.c. is p r e s e n t . O s m i u m t e t r o x i d e is v e r y 
eas i ly r e d u c e d t o o s m i u m . If. S t . C. Devi l l e a n d H . D e b r a y o b s e r v e d t h a t t h e 
v a p o u r of t h e t e t r o x i d e is eas i ly r e d u c e d b y hydrogen . K . A. H o f m a n n a n d 
c o - w o r k e r s n o t e d t h a t t h e t e t r o x i d e a d s o r b s h y d r o g e n . J . J . Berze l ius o b s e r v e d 
t h a t o s m i u m t e t r o x i d e m a y be s u b l i m e d in li3 rdrogen, b u t if t h e h y d r o g e n be m i x e d 
w i t h t h e v a p o u r a n d passed t h r o u g h a t u b e a t a r e d - h e a t , t h e t e t r o x i d e is r e d u c e d 
in t h a t r eg ion w i t h o u t exp los ion a n d does n o t e x t e n d t o t h e co lder p a r t s of t h e 
m i x t u r e . F . C. Ph i l l ips sa id t h a t n o r e d u c t i o n occurs w h e n h y d r o g e n is pa s sed 
i n t o a q . soln . of t h e t e t r o x i d e . T h e t e t r o x i d e r ead i ly dissolves in water , a n d t h e 
a q . soln. , sa id S. T e n n a n t , a n d Li. N . V a u q u e l i n , does n o t r e d d e n l i t m u s . H . v o n 
W a r t e n b e r g o b s e r v e d t h a t w a t e r does n o t w e t t h e ox ide , y e t KK) g r m s . of w a t e r 
d i s so lve 0-47 g r m . of o s m i u m t e t r o x i d e a t 18°, a n d K)O g r m s . of c a r b o n t e t r a c h l o r i d e 
d i sso lve a b o u t 25O g r m s . of t h e t e t r o x i d e a t 20°, so t h a t t h e t e t r o x i d e c a n be 
e x t r a c t e d f rom a q . soln. by s h a k i n g t h e soln . w i t h c a r b o n t e t r a c h l o r i d e , a n d 
r ecove red f rom t h e l a t t e r soln . b y soda lye ; o s m i u m is p r e c i p i t a t e d f rom t h e soln. 
of a lka l i lye b y t r e a t m e n t w i t h p l a t i n i z e d h y d r o g e n . D . M. V o s t a n d R . J . W h i t e 
f o u n d t h a t t h e p a r t i t i o n of o s m i u m t e t r o x i d e b e t w e e n w a t e r a n d ca rbon t e t r a c h l o r i d e 
is g r e a t l y d i m i n i s h e d w h e n t h e w a t e r c o n t a i n s s o d i u m h y d r o x i d e , a n d s l igh t ly 
d i m i n i s h e d when i t c o n t a i n s p o t a s s i u m c h l o r a t e . I t is inferred t h a t perosmic 
ac id , H o O s O 5 , is p r o d u c e d ; a n d s ince | H ] [ H O s O 5 ' JZLH2OsO5 J= K^ 8 x K ) " 1 3 a t 
25° , t h e h y p o t h e t i c a l p e r o s m i c ac id is w e a k e r t h a n ca rbon ic ac id . E . F r i t z m a n n 
s t u d i e d t h e d i s t i l l a t ion of t h e t e t r o x i d e f rom i t s a q . soln. J . J . Berze l ius obse rved 
t h a t a m i x t u r e of h y d r o g e n a n d s t e a m r e d u c e s t h e ox ide w i t h o u t explos ion . A 
m i x t u r e of a soln . of o s m i u m t e t r o x i d e a n d a s t r o n g m inera l acid is ye l lowish-red , 
i t smel l s of t h e t e t r o x i d e , a n d g ives off t h e t e t r o x i d e w h e n dist i l led. C. Olaus 
o b s e r v e d t h a t hydroch lor ic ac id does n o t a c t on t h e t e t r o x i d e . J . Mi lbauer r e p o r t e d 
t h a t o s m i u m t e t r o x i d e is d e c o m p o s e d b y cone , hyd roch lo r i c ac id a t r o o m t e m p , 
w i t h t h e e v o l u t i o n of ch lo r ine , b u t O. RufT a n d S. M u g d a n sa id t h a t t h e r eac t i on 
d o e s n o t t a k e p lace w i t h a n ac id of sp . gr . 1-124 ; a n d H . R e m y showed t h a t t h e 
r e a c t i o n d e p e n d s on t h e c o n e , of t h e ac id . W i t h h y d r o c h l o r i c ac id of a s p . g r . 
g r e a t e r t h a n 1-16O, o s m i u m t e t r o x i d e is d e c o m p o s e d w i t h a n app r ec i ab l e ve loc i ty , 
w i t h t h e e v o l u t i o n of ch lo r ine , f o r m i n g q u a d r i v a l e n t , n o t b iva l en t , o s m i u m . T h e 
r e s u l t w a s conf i rmed b y F . K r a u s s a n d D . W i l k e n , a n d R . Gi lchr is t . Acco rd ing t o 
W . R . Crowel l , a n d W . R . Crowell a n d H . D . K i r s c h m a n , w h e n hydrobromic ac id 
a c t s o n o c t o v a l e n t o s m i u m , a t 100°, t h e p r o d u c t s a r e q u a d r i v a l e n t o s m i u m a n d 
b r o m i n e , a n d a s t a t e of e q u i l i b r i u m is a t t a i n e d ; w i t h cone , soln. , SiV-HBr, t h e 
r e a c t i o n t o q u a d r i v a l e n t o s m i u m a n d b r o m i n e is c o m p l e t e , a n d in d i l . soln . , 
O*IiV-HBr, t h e r e a c t i o n is c o m p l e t e d in t h e r eve r se d i rec t ion . C. Claus , a n d 

sp.gr
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E . A. K l o b b i e found t h a t iodine is q u a n t i t a t i v e l y l i be ra t ed f rom a soln. of p o t a s s i u m 
iodide , a l t h o u g h N . A . OrlofE o b s e r v e d t h a t iod ine is n o t l i b e r a t e d f rom a n e u t r a l 
soln . of t h e iod ide , b u t , a s s h o w n b y E . P . A lva rez , w i t h ac id ic soln. , i od ine is 
l i b e r a t e d w i t h t h e p r e c i p i t a t i o n of O s I 2 - 2 H I . K . A . H o f m a n n a n d co -worke r s 
f o u n d t h a t o s m i u m t e t r o x i d e influences t h e r a t e of d e c o m p o s i t i o n of p o t a s s i u m 
chlorate , or of i t s a q . soln. T h e c a t a l y t i c effect of t h e t e t r o x i d e in o x i d a t i o n b y 
a lka l i c h l o r a t e c a n n o t be d u e t o t h e f o r m a t i o n of s o m e h ighe r o s m i u m ox ide , s ince 
o s m i u m t e t r o x i d e does n o t t a k e u p o x y g e n f rom c h l o r a t e so lu t ions , a n d t h e lower 
ox ides of o s m i u m t a k e on ly as m u c h o x y g e n f rom t h e c h l o r a t e a s t o give t h e 
t e t r o x i d e . N e i t h e r is i t d u e t o c a t a l y t i c d e c o m p o s i t i o n of t h e ch lo r a t e , s ince o s m i u m 
t e t r o x i d e does n o t a p p r e c i a b l y inc rease t h e ve loc i ty of e v o l u t i o n of o x y g e n f rom 
e i t h e r solid c h l o r a t e or c h l o r a t e soln. T h e f o r m a t i o n of a n a d d i t i v e c o m p o u n d is 
e v i d e n c e d by t h e fol lowing : (1) t h e so lub i l i ty of p o t a s s i u m c h l o r a t e is i nc reased in 
a so lu t ion of o s m i u m t e t r o x i d e ; (2) t h e a d d i t i o n of o s m i u m t e t r o x i d e t o a so lu t ion 
of p o t a s s i u m c h l o r a t e ra i ses t h e o x i d a t i o n p o t e n t i a l t o a p o i n t w h i c h is h i g h e r t h a n 
t h a t of e i t h e r of t h e c o m p o n e n t s ; (3) t h e ve loc i t y w i t h w h i c h iod ine is l i b e r a t e d 
f rom a so lu t i on of p o t a s s i u m iod ide i n d i c a t e s t h a t t h e c o n c e n t r a t i o n of t h e a c t i v e 
s u b s t a n c e is p r o p o r t i o n a l t o t h e p r o d u c t of t h e c o n c e n t r a t i o n s of t h e o s m i u m 
a n d c h l o r a t e . T h e c h l o r a t e is r e d u c e d d i r e c t l y t o t h e ch lo r ide w i t h o u t t h e i n t e r ­
m e d i a t e f o r m a t i o n of ch lo r i t e or h y p o c h l o r i t e . Th i s is d u e t o t h e fac t t h a t t h e lower 
ox ide of o s m i u m fo rmed d u r i n g t h e p rocess f rom t h e a d d i t i v e c o m p o u n d is O s 2 O 5 , 
o r OsO 2 ,OsO 3 , a n d t h i s r equ i r e s t h r e e o x y g e n a t o m s for t h e r e g e n e r a t i o n of o s m i u m 
t e t r o x i d e . N . W . F i s c h e r found t h a t t h e t e t r o x i d e is n o t r e d u c e d in a q . soln. b y 
su lphur , or b y s e l e n i u m . J . J . Berzcilius, a n d H . M o r a h t a n d C. W i s c h i n o b s e r v e d 
t h a t h y d r o g e n sulphide d e c o m p o s e s t h e d r y ox ide i n t o o s m i u m su lph ide a n d w a t e r ; 
a n d C. Claus , t h a t t h e a q . soln. p r e c i p i t a t e s a n o x y s u l p h i d e , a n d t h a t a n a q . so ln . 
acidified w i t h h y d r o c h l o r i c ac id fo rms o s m i u m d i su lph ide . J . J . Berze l ius , a n d 
O. Claus a n d E . J a c o b y obse rved t h a t su lphurous acid a d d e d in inc reas ing q u a n t i t i e s 
p rogress ive ly c h a n g e s t h e co lour yel low, b r o w n , r ed , g reen , a n d finally i n d i g o - b l u e — 
a n d s u l p h i t e s a r e fo rmed . J . J . Berze l ius n o t e d t h a t a soln. of t h e t e t r o x i d e is 
s lowly b l a c k e n e d b y a la rge excess of a q . a m m o n i a , a n d in a few h o u r s w h e n 
h e a t e d , a t t h e s a m e t i m e n i t r o g e n is evo lved , a n d a n a m m i n o - o x i d e is f o r m e d . 
J . F r i t z s c h e a n d H . S t r u v e r e p r e s e n t e d t h e r e a c t i o n b y t h e e q u a t i o n : 3 O s O 4 
4 - 1 0 N H 3 = 6 H 2 O - J - 2 N 2 + 3 { O s O 2 ( N H 3 ) 2 . H 2 O } , a n d w i t h a soln. of t h e t e t r o x i d e 
in a lka l i lye , o s m i a m i c ac id is fo rmed . W . R . Crowell a n d H . D . K i r s c h m a n , a n d 
K . A. H o f m a n n a n d co -worke r s o b s e r v e d t h a t h y d r o g e n su lphide is q u a n t i t a t i v e l y 
ox id ized t o s u l p h a t e b y t h e t e t r o x i d e . W . R . Crowell a n d H . I ) . K i r s c h m a n 
r e d u c e d o c t o v a l e n t o s m i u m t o t h e q u a d r i v a l e n t s t a t e b y h y d r a z i n e , i n h y d r o b r o m i c 
ac id soln. , a n d followed t h e r e a c t i o n ; N 2 H 4 . H 2 S 0 4 4 - H 2 0 8 0 5 - f - 6 H B r = = = N 2 H - H 2 S O 4 
H-H 2 OsBr 0 - J -SH 2 O, b y e l e c t r o m e t r i c t i t r a t i o n . E . F r c m y sa id t h a t p o t a s s i u m 
nitrite t r a n s f o r m s a n a lka l ine soln. of t h e t e t r o x i d e i n t o a lka l i o s m a t e . S. T e n n a n t , 
a n d N . W . F i s che r f o u n d t h a t p h o s p h o r u s r e d u c e s a soln . of t h e t e t r o x i d e . 
X . A . H o f m a n n obse rved t h a t h y p o p h o s p h o r o u s ac id is ox id i zed t o p h o s p h o r i c a c i d 
b y p o t a s s i u m c h l o r a t e in n e u t r a l or s l i gh t ly ac id ic so ln . , i n t h e p re sence of o s m i u m 
t e t r o x i d e ; a n d t h a t wh i l s t a m i x t u r e of arsen ic a n d a soln . of p o t a s s i u m c h l o r a t e 
suffers no r e a c t i o n e v e n a f t e r t h e a d d i t i o n of a few d r o p s of s u l p h u r i c ac id , y e t , o n 
a d d i n g a t r a c e of o s m i u m t e t r o x i d e , t h e t e m p , r ises , a n d t h e a r sen ic is ox id ized t o 
a r sen ic ac id . I t is t h o u g h t t h a t a n a d d i t i v e c o m p o u n d of t h e t e t r o x i d e a n d t h e 
c h l o r a t e is fo rmed , a n d t h a t t h i s is t h e r e a l ox id iz ing a g e n t . I t is n o t t h o u g h t 
p r o b a b l e t h a t a h ighe r ox ide is f o r m e d a s i n t e r m e d i a t e a g e n t , a n d o s m i u m t e t r o x i d e 
is n o t k n o w n t o affect c a t a l y t i c a l l y t h e d e c o m p o s i t i o n of t h e c h l o r a t e . N . W . F i s c h e r 
o b s e r v e d t h a t a n t i m o n y i m m e r s e d i n a c i d u l a t e d soln . of t h e t e t r o x i d e , a c q u i r e s a 
sol id film of o s m i u m ; a n d s imi la r ly w i t h b i s m u t h . 

X . A. H o f m a n n a n d co-workers o b s e r v e d t h a t col lo idal c a r b o n is ox id ized 
v igorous ly b y o s m i u m t e t r o x i d e . L.. J . Thc^nard o b s e r v e d t h a t o s m i u m t e t r o x i d e 
def lagra tes on glowing coal l ike n i t r e . F . C. Ph i l l ips r e p o r t e d t h a t t h e t e t r o x i d e is 
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r a p i d l y r e d u c e d w h e n h e a t e d in a c u r r e n t of carbon m o n o x i d e ; a n d also w h e n 
h e a t e d w i t h m a n y h y d r o c a r b o n s — h e p t a n e , e t h y l e n e , p r o p y l e n e , i so -bu ty l ene , 
a c e t y l e n e , a n d a l ly lene . O- M a k o w k a f o u n d t h a t o s m i u m is n o t c o m p l e t e l y 
p r e c i p i t a t e d b y pas s ing a c e t y l e n e i n t o a di l . a q . soln. of o s m i u m t e t r o x i d e ; b u t 
w i t h a soln. of a c e t y l e n e i n a c e t o n e , a col loidal soln. of o s m i u m is o b t a i n e d f rom 
w h i c h t h e m e t a l s e p a r a t e s c o m p l e t e l y a t 100° t o 110°. F . L e h m a n n , a n d W . N o r m a n n 
a n d F . Sch ick showed t h a t o s m i u m t e t r o x i d e a c t s c a t a l y t i c a l l y in t h e h a r d e n i n g o r 
h y d r o g e n a t i o n of u n s a t u r a t e d o i l s l ike l inseed or co t ton - seed oil. F o r t h e a c t i o n 
of t h e t e t r o x i d e on fa t s , e t c . , vide supra, t h e uses of o s m i u m . F . C. Ph i l l i p s n o t e d 
t h a t t h e t e t r o x i d e is r a p i d l y r e d u c e d b y carbony l sulphide , a n d b y m e t h y l h y d r o -
SUlphide, or su lphide . J . J . Berze l ius found t h a t t h e t e t r o x i d e dissolves in a l c o h o l 
or e ther , f o rming a colour less soln. w h i c h d e p o s i t s al l t h e c o n t a i n e d o s m i u m in t h e 
cour se of a few h o u r s , b u t a n a q . soln. of t h e t e t r o x i d e is n o t d e c o m p o s e d b y a lcohol 
or e t h e r . C. Glaus sa id t h a t in t h e case of a lcohol , ace t i c ac id , a n d d i h y d r a t e d 
o s m i u m d iox ide a r e fo rmed . A c c o r d i n g t o J . J . !Berzelius, if osmium, t e t r o x i d e b e 
p l aced on t h e edge of a p iece of p l a t i n u m foil, a n d he ld in t h e flame of a sp i r i t l a m p 
so a s t o al low t h e flame t o r ise freely in a i r , t h i s p a r t of t h e flame b e c o m e s l u m i n o u s 
because t h e t e t r o x i d e f o r m e d b y t h e c o m b u s t i o n of t h e o s m i u m is r e d u c e d b y t h e 
f lame t o o s m i u m a n d t h e f ine ly-d iv ided pa r t i c l e s g low b r i g h t l y in t h e flame. 
K . A. H o f m a n n a n d co -worke r s sa id t h a t a t 50° t o 100°, a n d in o x y g e n a t 10 a t m . 
p ress . , i n t h e p resence of a t r a c e of o s m i u m t e t r o x i d e , 4O p e r cen t , a lcohol is ox id ized 
in 3 t o 4 h r s . t o ace t i c ac id a n d a l d e h y d e or a c e t a l , t r a c e s of c r o t o n a l d e h y d e a lso 
be ing f o r m e d ; 50 pe r cen t , m e t h y l a lcohol g ives f o r m a l d e h y d e a n d formic ac id . 
T h e a c t i o n on t h e a l d e h y d e s t a k e s p lace v e r y s lowly, or n o t a t all ; for e x a m p l e , 
p a r a c e t a l d o h y d e a n d a c e t a l show n o s igns of o x i d a t i o n w i t h i n 8 d a y s a t 20° ; 
van i l l in on ly af ter 24 h r s . K. Muller a n d J . Ke i l s t u d i e d t h e c a t a l y t i c d e h y d r o g e n a -
t ion of formic ac id . F . D o b c r e i n e r obse rved t h a t s o d i u m formate r educes a soln . 
of t h e t e t r o x i d e , n e u t r a l i z e d w i t h l ime or p o t a s h , w i t h t h e evo lu t ion of c a r b o n 
d iox ide a n d t h e f o r m a t i o n of b lue , col lo idal m e t a l ; a n d Iv. A. H o f m a n n a n d 
co -worke r s a d d e d t h a t t h e ac ids , formic , ace t i c , a n d oxal ic , a r e v e r y s t ab l e t o w a r d s 
o s m i u m t e t r o x i d e . Ani l ine s u l p h a t e is r ead i ly ox id ized , a n d a n t h r a c e n e gives 
a n t h r a q u i n o n e in ace t ic ac id soln. O s m i u m t e t r o x i d e is d e c o m p o s e d b y o i l or 
ta l low. S. T e n n a n t o b s e r v e d t h a t o rgan i c s u b s t a n c e s a r e a t first co loured p u r p l e 
a n d t h e n b lack by o s m i u m t e t r o x i d e — v i d e supra, t h e uses of o s m i u m — a n d t incture 
Of ga l l s is coloured pu rp l e , a n d t h e n d a r k b lue owing t o t h e fo rma t ion of t h e " b lue 
o x i d e . " A. KutlerofT f o u n d t h a t t a n n i n is b l a c k e n e d b y t h e t e t r o x i d e . 
C A. Mitchel l r e c o m m e n d e d " osmic ac id " a s a r e a g e n t for t h e eo lo rome t r i e 
d e t e r m i n a t i o n of p y r o c a t e c h o l , pyroga l lo l , gall ic ac id , a n d co r r e spond ing t a n n i n s , 
a n d t h e sub j ec t w a s discussed b y P . H . P r i ce . F . L e h m a n n said t h a t in h a r d e n i n g 
oils a n d fa t s , o s m i u m t e t r o x i d e is c o n v e r t e d i n t o t h e d iox ide , b u t W . N o r m a n n 
a n d F . Schick sa id t h a t t h e m e t a l is fo rmed . A c c o r d i n g t o U. Claus , a soln. of 
c a n e s u g a r is n o t r e d u c e d in 2 d a y s in t h e cold, b u t a t 3O" t o 60°, t h e h y d r a t e d 
d iox ide is fo rmed a long w i t h oxal ic , formic , a n d ca rbon ic acid ; s tarch , a n d g u m 
b e h a v e l ike suga r , on ly t h e r eac t i on p roceeds m o r e s lowly ; a n d ind igo-b lue is 
ox id ized . A . But le rof l o b s e r v e d t h a t sa l i c in is ox id ized a n d t h e colour c h a n g e s 
a r e : yel low~>brown->-black ; ur ic ac id is qu i ck ly r e d u c e d a t a gen t l e h e a t ; 
turpent ine is r educed t o a res in ; m a n n i t e is v e r y s lowly ox id ized a t o r d i n a r y t e m p . ; 
a n d g lycero l is co loured b lue . K . A. H o f m a n n a n d co -worke r s obse rved t h a t in t h e 
p re sence of p o t a s s i u m c h l o r a t e in n e u t r a l or s l igh t ly ac id ic soln. , a n d a long w i t h a 
t r ace of o s m i u m t e t r o x i d e , i n d i g o - c a r m i n e is ox id ized t o ind igo-whi te , qu ino l t o 
q u i n h y d r o n e , an i l ine t o e m e r a l d i n ; m o n o - a n d d i - m e t h y l a n i l i n e a r e oxid ized ; 
benz id ine t o d i p h e n o q u i n o n e - d i - i m i d e , 39-leucaniline a n d l eucoma lach i t e -g reen t o 
t h e d y e s ; ca t echo l , resorc inol , a n d t a n n i n a r e ox id ized , a n t h r a c e n e t o a n t h r a ­
q u i n o n e , e t h y l a lcohol t o a c e t a l , n o c h l o r i n a t i o n t a k i n g p lace ; s l igh t ly ac id 
p o t a s s i u m f o r m a t e t o c a r b o n d iox ide . K . A. H o f m a n n a n d co -worke r s o b s e r v e d 
t h a t s u b s t a n c e s w i t h t h e e thy l ene - l i nk ing , w h i c h r ead i ly a d d on ozone o r h a l o g e n s , 
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a r e a t t a c k e d , b u t n o t so v igorous ly a s in t h e case w i t h p e r m a n g a n a t e . T h u s , 
e t h y l e n e , p ropy l ene , a m y l e n e , i n d e n e , r - p inene , a n d d i c h l o r o e t h y l e n e , CHCl : C H C l , 
a r e r e a d i l y ox id ised ; t r i c h l o r o e t h y l e n e , CHCl : CCl2 , i 8 on ly s lowly ox id ized , a n d 
p e r c h l o r o e t h y l e n e n o t a t a l l . Allyl a lcohol is m u c h m o r e r ead i ly ox id ized t h a n 
e t h y l a lcohol ; *"soeugenoi is m o r e r e a d i l y ox id ized t h a n e t h y l a lcohol , wh i l s t 
van i l l in is no t . B e n z e n e c o n t a i n i n g t h i o p h e n g ives a r e a c t i o n d u e t o t h e p re sence 
of t h e t h i o p h e n . A c e t y l e n e is ox id ized . Benzo ic ac id , b r o m o b e n z o i c ac id , 
n a p h t h a l e n e , a n d s a t u r a t e d k e t o n e s a r e n o t affected, a n d b e n z a l d e h y d e o n l y v e r y 
s lowly. Accord ing t o C A . Mi tche l l , j u s t a s a s u b s t a n c e m u s t c o n t a i n t h r e e 
h y d r o x y l - g r o u p s in j u x t a p o s i t i o n t o p r o d u c e a p e r m a n e n t co lour w i t h i r o n s a l t s — 
i.e. a n i n k — s o also w i t h o s m i u m t e t r o x i d e , wh ich y ie lds a n i n k w i th g a l i o t a n n i c 
a n d gallic ac ids a n d w i t h pyroga l lo l , b u t n o t w i t h p h e n o l or qu ino l . I n v e r y d i l u t e 
so lu t ion osmic p y r o g a l l a t e is a t f irst . v io le t , b u t a l m o s t i m m e d i a t e l y b e c o m e s 
green i sh-b lue , a n d w h e n a p p l i e d t o p a p e r g ives a d e e p v io le t -b lack co lo ra t i on . 
T h e r eac t ion affords a sens i t ive t e s t for o s m i u m t e t r o x i d e , t h e d i s t i nc t i ve b l u e 
co lo ra t ion be ing o b t a i n e d on a d d i n g a t r a c e of solid pyroga l lo l t o a so lu t ion con­
t a i n i n g a few d r o p s of 1 p e r cen t , o s m i u m t e t r o x i d e so lu t ion . T h e v a p o u r f rom 
boi l ing " osmic ac id ''" so lu t ion -will d e v e l o p r e c e n t finger p r i n t s on p a p e r , a n d 
conve r se ly a s l ight ly g r ea sy finger p r i n t affords a t e s t for o s m i u m t e t r o x i d e , t r a c e s 
of o rgan ic s u b s t a n c e s left by t h e finger g iv ing p e r m a n e n t g r ey t o b lack co lo ra t ions 
owing t o t h e r e d u c t i o n of t h e o s m i u m t e t r o x i d e t o o s m i u m . A m o r p h o u s s i l i con is 
n o t a t t a c k e d b y o s m i u m t e t r o x i d e . W . R . Crowell a n d H . D . K i r s c h m a n t i t r a t e d 
o c t o v a l e n t o s m i u m sa l t s i n h y d r o b r o m i c ac id soln. , e l ec t rome t r i ca l l y , w i t h a 
t i t anous sal t soln. , a n d o b s e r v e d t h r e e inflexions in t h e c u r v e — o n e c o r r e s p o n d s 
w i t h t h e r educ t i on of t h e b r o m i n e t o b r o m i d e ions , one w i t h t h e r e d u c t i o n of o c t o ­
v a l e n t t o q u a d r i v a l e n t o s m i u m , a n d one t o t h e r e d u c t i o n of q u a d r i - t o t e r v a l e n t 
o s m i u m . 

E . F r e m y obse rved t h a t w h e n t h e v a p o u r of o s m i u m t e t r o x i d e is passed o v e r 
r e d - h o t copper t u r n i n g s , me ta l l i c o s m i u m is d e p o s i t e d on t h e coppe r ; a n d if a 
c u r r e n t of h y d r o g e n is pas sed a long w i t h t h e v a p o u r of t h e t e t r o x i d e , t h e c o p p e r 
ox ide is r educed , a n d t h e increase in we igh t of t h e c o p p e r is solely d u e t o t h e 
o s m i u m . T h e r eac t i on is q u a n t i t a t i v e . S. T c n n a n t o b s e r v e d t h a t soln. of t h e 
t e t r o x i d e a r e r e d u c e d b y n e a r l y all t h e m e t a l s — g o l d , r h o d i u m , i r id ium, a n d 
p l a t i n u m a r e t h e excep t ions , for t h e y d o n o t r e d u c e t h e soln. T h e r e d u c t i o n o c c u r s 
-with s i lver, a n d w i t h m e r c u r y . J . J . Berze l ius o b s e r v e d t h a t m e t a l s p r e c i p i t a t e 
f rom t h e n e u t r a l aq . soln. on ly a sma l l p r o p o r t i o n of o s m i u m t o g e t h e r w i t h t h e m e t a l 
o s m a t e , b u t in a n a c i d u l a t e d soln. , al l t h e o s m i u m is p r e c i p i t a t e d . A c c o r d i n g t o 
N . W . F i scher , coppe r w i t h a n a c i d u l a t e d soln. g ives a solid film of o s m i u m w i t h o u t 
a b lue t a r n i s h ; a n d s i lver i m m e r s e d in t h e l iqu id b e c o m e s covered w i t h v a r i o u s 
t i n t s , a n d u l t i m a t e l y b lack , a n d t h i s occurs in soln. so di l . t h a t t h e o d o u r is sca rce ly 
pe r cep t i b l e ; s i lver t h u s t a r n i s h e d does n o t lose i t s c o a t i n g of o s m i u m u n t i l i t h a s 
b e e n h e a t e d t o r edness . W i t h a c i d u l a t e d soln. , z i n c , a n d c a d m i u m p r e c i p i t a t e 
o s m i u m as a b lu ish- or r e d d i s h - b l a c k p o w d e r which r e m a i n s s u s p e n d e d i n t h e 
l iquid for a long t i m e a n d i m p a r t s t o i t a b lue co lour ; if t h e z inc is in c o n t a c t w i t h 
p l a t i n u m , t h e o s m i u m is d e p o s i t e d a s a r e d d i s h - g r e y film on t h e glass in t h e n e i g h ­
b o u r h o o d of t h e p l a t i n u m . I n a c i d u l a t e d soln. m e r c u r y does n o t g ive a b lue 
co lo ra t ion , a n d t h e o s m i u m is d e p o s i t e d a s a solid c rus t , wh ich , a c c o r d i n g t o 
S. T e n n a n t , fo rms a n a m a l g a m . N . W . F i s c h e r o b s e r v e d t h a t t i n co lours a n 
a c i d u l a t e d soln. of t h e t e t r o x i d e b lue a s i t r e d u c e s t h e o x i d e t o a s u s p e n s i o n of 
f ine ly-d iv ided r e d u c e d o s m i u m i n t h e l iqu id ; l ead p r o d u c e s a sol id c r u s t of 
o s m i u m a n d n o b l u e s o l n . — t h e r e d u c t i o n is i n c o m p l e t e , a n d finally a w h i t e p o w d e r 
a p p e a r s ; a n d i ron b e h a v e s l ike t i n . J. J . Berze l ius sa id t h a t a q . soln. of o s m i u m 
t e t r o x i d e d o n o t expe l c a r b o n d iox ide f rom a lka l i carbonate s . N . W . F i s c h e r 
obse rved t h a t ferrous s u l p h a t e r e d u c e s a n a q . soln. of o s m i u m t e t r o x i d e , b u t n o t so 
w i t h s t a n n o u s chloride . H . R o s e sa id t h a t b o t h sa l t s r e d u c e soln. of t h e t e t r o x i d e . 

Accord ing t o C. Claus , o s m i u m t e t r o x i d e is n o t a n ac id ic a n h y d r i d e , a n d i t does 
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n o t form sa l t s w i t h t h e a lka l ies . O n t h e o t h e r h a n d , L*. A. Tschugaeff sa id t h a t 
t h e t e t r o x i d e pe r fo rms t h e func t ion of a n ac id ic a n h y d r i d e i n f o r m i n g sa l t s w i t h t h e 
a lka l i h y d r o x i d e s . T h u s , p o t a s s i u m hydroxyperosmate , 2 K O H - O s O 4 , rub id ium 
hydroxyperosmate, RbOH-OsO4 , and caesium hydroxyperosmate, CsOH.OsO4, and 
C s O H . 2 O s O 4 , all furn ish o r a n g e or b r o w n c rys t a l s , w h i c h a r e r e a d i l y so luble in 
w a t e r , a n d s t r o n g l y h y d r o l y z e d in aq . soln. F . K r a u s s a n d D . W i l k e n cou ld n o t 
p r e p a r e t h e s e h y d r o x y p e r o s m a t e s b y t h e m e t h o d of L . A. TschugaefE, b u t b y a d d i n g 
sa t . soln. of t h e h y d r o x i d e s t o solid o s m i u m t e t r o x i d e , he o b t a i n e d a p o t a s s i u m sa l t 
of t h e s a m e compos i t i on as t h a t g iven b y L . A. TschugaefE, b u t t h e cassium s a l t 
h a d t h e compos i t ion 2CsOH-OsO 4 ; a n d h e o b t a i n e d a m m o n i u m h y d r o x y p e r o s m a t e , 
2 N H 4 O H - O s O 3 , a n d b a r i u m hydroxyperosmate , B a ( O H ) 2 - O s O 4 . These c o m p o u n d s 
fo rm l igh t b r o w n or yel low c rys t a l s wh ich d e c o m p o s e w h e n s e p a r a t e d f rom t h e 
mo the r - l i qu id . T h e y c o n t a i n o c t o v a l e n t o s m i u m . F . K r a u s s a n d D . W i l k e n a lso 
prepared caesium difluoperosmate, 2CsF-OsO4, and rubidium difluoperosmate, 
2 R b F . O s O 4 ; b u t s imi la r c o m p o u n d s were n o t fo rmed w i t h cyan ides , t b i o c y a n a t e s , 
or o rgan ic bases . L . A. TschugaefE o b t a i n e d r h o d i u m dichloroquaterpyridino-
hydroxyperosmate , [RhIJy 4 Cl 2 J(OH)(OsO 4 )^ , in t h i n , yel low p l a t e s . T h e sub jec t 
was discussed b y E . K . F r i t z m a n n . 

R E F E R E N C E S . 
1 JE. P . A l v a r e z , Chem. News, 9 1 . 1 7 2 , 1 9 0 5 ; O. A m b e r g e r , KuIl. Ze.it., 1 7 . 4 7 , 1 9 1 5 ; 

H . B e h r e n s , Ze.it. a-iutl. Chem., 3 0 . 1 5 4 , 1 8 9 1 ; Vhcm. News, 6 4 . 123 , 1891 ; J . J . B e r z e l i u s , Acad. 
Handl. Stockholm, 2 5 , 1 8 2 8 ; Pogg. Ann., 1 3 . 4 3 5 , 5 2 7 , 1 8 2 8 ; Ann. Chim. Phys., ( 2 ) , 4 0 . 5 1 , 1 3 8 , 
2 5 7 , 3 3 7 , 1 8 2 9 ; Quart. Journ. Science, 2 . 174 , J 8 2 9 ; Phil. Mag., ( 2 ) , 5 . 3 9 5 , 1 8 2 9 ; ( 2 ) , 6 . 1 4 6 , 
1 8 2 9 ; M . Ie B l a n c a n d H . S a c h s e , Phys. ZeU., 3 2 . 8 8 7 , 1 9 3 1 ; J,. B l e e k r o d e , Proc. Roy. Soc, 2 5 , 
3 2 2 , 1 8 7 7 ; Phil. Mag., ( 5 ) , 5 . 3 7 5 , 4 3 9 . J 8 7 8 ; F . B o r n e m a n n , Ueber dan Omnium, M u n c h e n , 
1 9 1 0 ; H . Buff, Pogg. Ann., 1 1 0 . 2 6 7 , 1859 ; A . B u t l e r o f f , Hull. Acad. St. Petersburg. (2 ) , 1 0 . 2 0 9 , 
1 8 5 2 ; C. G l a u s , ib., ( 2 ) , 3 . 3 5 5 , 1 8 4 5 ; ( 2 ) , 6 . 2 7 3 , 1 8 4 8 ; Pogg. Ann., 6 5 . 2 0 2 , 1 8 4 5 ; IAeMg** 
Ann., 6 3 . 3 3 7 , 1 8 4 7 ; Journ. prakt. Chern., ( 1 ) , 4 2 . 3 4 8 . 1847 ; Phil. Mag., (3 ) , 3 5 . 3 9 6 , 1 8 4 9 ; 
C. G l a u s a n d E . J a c o b y , Bull. Acad. St. Petersburg. ( 3 ) , 6- 1 4 5 , 1 8 6 3 ; Journ. prakt. Chern.. ( 1 ) , 
9 0 . 6 5 , 1 8 6 3 ; H . V. C o l l e t - D e s c o t i l s , Nicholson s Journ., 8 . 1 1 8 , 1804 ; Journ. Mines, 1 5 . 4 6 . 
1 8 0 3 ; Ann. Chim. Phys., ( 1 ) , 15 . 4 6 , 1 8 0 3 ; ( 1 ) . 4 8 . 1 5 3 , 1 8 9 3 ; W . K . Crovvell , Journ. Anu r . 
Chern. Soc., 5 4 . 1 3 2 4 , 1 9 3 2 ; W . R . C r o w e l l a n d H . IX K i r s c h m a n , ib., 5 1 . 1 7 5 , 1 6 9 5 , 1 9 2 9 ; 5 5 , 
4 8 8 , 1 9 3 3 ; H . S t . C. D e v i l l e a n d H . D e b r a y , Ann. Chim. Phys., ( 3 ) , 56 . 3 8 5 , 1859 ; Ann. Mines, 
( 5 ) , 16 . 1, 1 8 5 9 ; lAebig's Ann., 1 1 1 . 2 0 9 , 1 8 5 9 ; 1 1 4 . 7 8 , 1 8 6 O ; Pogg. Ann., 1 0 7 . 2 1 4 , 1 8 5 9 ; 
Chem. News, 1. 5 , 1 5 , 8 5 , 1 8 6 0 ; Cotn.pt. Rend., 4 8 . 7 3 1 , 1 8 5 9 ; 8 2 . 1 0 7 7 . 1 8 7 6 ; F . D o b e r e i n e r , 
Liebig's Ann., 14 . 17 , 2 5 1 , 1 8 3 5 ; W . E i c h l e r , Bull. Soc. Nat. Moscou, 3 2 . i. 1 5 2 , 1 8 5 9 ; 
N . W . F i s c h e r , Pogg. Ann.. 1 2 . 4 9 9 , 1 8 2 8 : Schweiggcr's Journ.. 5 3 . 1 9 8 . 1 8 2 8 ; E . F r e m v , Ann. 
Chim. Phys., ( 3 ) , 1 2 . 52O, 1 8 4 4 ; (3 ) , 4 4 . 3 9 1 , 516, ' 1 8 5 5 ; Compt. Rend., 1 8 . 144, 1 8 4 4 ; Phil. 
Mag., ( 3 ) , 2 4 . 2 9 3 , 4 7 4 , 1 8 4 4 ; Liebig's Ayin., 5 2 . 2 7 1 . 1 8 4 4 ; H . F r e u n d l i c h a n d H . B a e r w i n d , 
Kail. Zeit., 3 3 . 2 7 5 , 1 9 2 3 ; H . F r e u n d l i c h a n d F . O p p e n h e i m e r . Per., 5 8 . B , 1 4 3 , 1 9 2 5 ; E . F r i t z ­
m a n n , Zeit. anorg. Chern., 1 6 3 . 1 6 5 , 1 9 2 7 ; 1 7 2 . 2 1 3 , 1 9 2 8 ; 1 8 2 . 3 4 , 1 9 2 9 ; Ann. Jnst. Platine. 
6. I O I , 1 9 2 8 ; 7 . 1 3 8 , 1 9 2 9 ; J . F r i t z s c h e a n d H". S t r u v e , Journ. prakt. Chern., (1 ) , 4 1 . 9 7 , 1 8 4 6 ; 
Phil. Mag., ( 3 ) , 3 1 . 5 3 4 , 1847 ; Liebig's Ann., 6 4 . 2 6 3 , 1 8 4 7 ; Bull. Soc. St. Petersburg, ( 2 ) , 6. 
8 1 , 1 8 4 8 ; O. W . G i b b s , Amer. Journ. Science, ( 2 ) , 2 9 . 4 2 7 , 186O ; ( 2 ) , 3 1 . 7 0 , 1861 ; ( 2 ) , 3 4 . 3 4 1 , 
1 8 6 2 ; Amer. Chern. Journ., 3 . 2 3 3 , 1 8 8 1 : Chern. News, 2 . 1 7 9 , 186O ; 3 . 13O, 1 4 8 , 1861 ; 7 . 6 1 , 
7 3 , 9 7 , 1 8 6 3 ; R . G i l c h r i s t , Journ. Research Bur. Standards, 9 . 2 7 9 , 1 9 3 2 ; V. M. G o l d s c h m i d t , 
Norske Vid. Akad. Oslo, 5 , 6 , 1 9 2 6 ; W . H e r a , Zeit. anorg. Chern., 1 7 5 . 2 4 5 , 1 9 2 8 ; 177 . 1 1 6 , 
1 9 2 8 ; 1 7 9 . 2 7 7 , 1 9 2 9 ; 1 8 0 . 2 8 4 , 1 9 2 9 ; K . A . H o f m a n n , Per., 4 5 . 3 3 2 9 , 1 9 1 2 ; K . A . H o f m a n n , 
O. E r h a r t a n d CX S c h n e i d e r , ib., 4 6 . 1 6 5 7 , 1 9 1 3 ; Chen,. News, 1 0 8 . 8 6 , 1 9 1 3 ; K . A . H o f m a n n 
a n d O. S c h n e i d e r , Ber., 4 5 . 3 3 2 9 , 1 9 1 2 ; E . J a c o b y , Monographia metalla Osmia, S t . P e t e r s b u r g , 
1 8 6 3 ; A . J o I y , Compt. Rend., 1 1 2 . 1 4 4 2 , 1 8 9 1 ; S. K a t o , Science Papers Inst. Tokyo, 1 3 . 2 4 8 , 
1 9 3 0 ; E . A . K l o b b i e , Versl. Akad. Amsterdam, 6 . 5 5 1 , 1 8 9 8 ; F . K r a u s s , Zeit. anorg. Chern., 1 1 7 . 
I l l , 1921 ; 1 7 5 . 3 4 3 , 1 9 2 8 ; F . K r a u s s a n d G. S c h r a d e r , ib., 176 . 3 8 5 , 1 9 2 8 ; F . K r a u s s a n d 
IX W i l k e n , »7»., 1 8 7 . 3 4 9 , 1 9 2 4 ; 1 4 5 . 1 5 1 , 1 9 2 5 ; A . L a n g s e t h a n d B . Q v i l l e r , Zeit. phys. Chern., 
2 7 . B , 7 9 , 1 9 3 4 ; A . L a u g i e r , Phil. Mag., ( 1 ) , 4 4 . 5 1 , 1 8 1 4 ; Ann. Chim. Phys., ( 1 ) , 8 9 . 1 9 1 , 
1 8 1 4 ; M . C. L e a , Amer. Journ. Science, ( 2 ) , 3 8 . 8 1 , 2 4 8 , 1 8 6 3 ; Chern. News, 1 0 . 2 7 9 , 3 0 1 , 1 8 6 4 ; 
1 1 . 3 , 1 3 , 1 8 6 5 ; F . L e h m a n n , Arch. Pharm., ( 2 ) , 2 5 1 . 1 5 2 , 1 9 1 3 ; J . L i f s c h i t z a n d E . R o s e n b o h m , 
Zeit. phys. Chern,., 9 7 . 1, 1 9 2 1 ; G . L u n d e , Metallwirtschaft, 7 . 4 1 7 , 1 9 2 8 ; O. M a k o w k a , Ber., 
4 1 . 9 4 3 , 1 9 0 8 ; J . W . M a l l e t , Amer. Journ. Science, ( 2 ) , 2 9 . 4 9 , 1 8 6 0 ; Phil. Mag., (4 ) , 1 9 . 2 9 3 , 
1 8 6 0 ; Chem. News, 1 . 2 0 6 , 1 8 6 0 ; S. M e d v e d e f f a n d E . A l e x e e v a , Bach's Festschrift, 1 IO, 1 9 2 7 ; 
J . M i l b a u e r , Journ. prakt. Chem., ( 2 ) , 9 6 . 1 8 7 , 1 9 1 7 ; C. A . M i t c h e l l , Analyst, 4 5 . 1 2 5 , 1 9 2 0 ; 4 9 . 
1 6 2 , 1 9 2 4 ; H . M o r a h t a n d C. W i s c h i n , Zeit. anorg. Chem., 3 . 1 5 3 , 1 8 9 3 ; E . M u l l e r a n d J . K e U , 
Zeit. Elektrochem., 2 9 . 3 9 5 , 1 9 3 1 ; P . N i g g l i a n d W . N o w a c k i , Zeit. Kryst., 86 . 6 5 , 1 9 3 3 ; W . N o r -
m a u n a n d F . S c h i o k , Arch. Pharm., ( 2 ) , 2 5 2 . 2 0 8 , 1 9 1 4 ; E . O g a w a , Bull. Japan. Chem. Soc., 6 . 

Ze.it
Ze.it
Cotn.pt


714 I N O K G A N I C A N D T H E O R E T I C A L . C H E M I S T R Y 

302, 1931 ; K. A. Orloff, Chem. Zty., 31 . 1063, 1907 ; P . Orzechowsky, Bildungs- und Schmelz-
tvdrme von Osmiumletroxyd, Danzig, 1924 ; Jahrb. Dissert. Tech. Hochschule, Danzig , 40, 1925 ; 
F . C. Phil l ips, Zeit. anorg. Chem., 6. 23 3, 229, 1894 ; Amer. Chem. Journ., 16. 163, 255, 1894 ; 
P . H . Pr ice , Analyst, 49. 336, 1924 ; H . R a t h s l m r g , Ueber das Osmiumdioxyd, Danzig , 1915 ; 
H . R e m y , Journ. prakt. Chem., (2), 101. 341 , 1921 ; H . Rose, Ansfuhrlichee Handbuch der analy-
tischen CJhemic, Braunschweig, 1. i, 218, 1851 ; O. Ruff and F . Bornemann , Zeit. anorg. Chem., 
65. 429, 1910 ; O. Ruff a n d S. Mugdan , Journ. prakt. Chem., (2), 98. 143, 1918 ; O. Ruff and 
H . R a t h s b u r g , Ber., 50. 484, 1917 ; O. Ruff and F . W. Tschirch, ib., 46. 929, 1913 ; G. Schrader , 
Zur Chemie des Rutheniums und Osmiums, Braunschweig , 1928 ; S. Sugden, Journ. Chem. Soc, 
1780, 1927 ; b . F . Svanberg , Oefvers. A had. Forh., 3 . 36, 1 8 4 6 ; S. T e n n a n t , Fhil. Trans., 94. 
411, 1804 ; Nicholson's Journ., 8. 220, 1 8 0 4 ; 10. 24, 1 8 0 5 ; Fhil. Mag., (1), 20. 162, 1 8 0 5 ; 
L. J . Thenard , TraiU de chimie, Par i s , 2. 38O, 1824 ; F . W. Tschirch, Ueber die Fluoride des 
Osmiums, Danzig, 1913 ; L. A. Tschugaeff, Zeit. anorg. Chem., 172. 217, 1928 ; Journ. Fuss. 
Fhys. Chem. Soc, 50. 294, 1928 ; Compt. Rend., 167. 162, 1918 ; D. N . Vauquel in , Ann. Chim. 
Fhys., (1), 89. 150, 225, 1 8 1 4 ; Ann. Fhil., 6. 433, 1 8 1 5 ; H . von War tenbe rg , Liebig's Ann., 
440. 97, 1924 ; 441. 318, 1925 ; L. Win t r ebe r t , Recherches sur quelques sels complexes de Vosmium, 
Par is , 1902 ; Ann. Chim. Fhys., (7), 28. 15, 1903 ; F . Wohler , Liebig's Ann., 9. 149, 1834 ; 140. 
256, I860 ; 146. 376, 1868 ; Chem. News, 15. 86, 1867 ; Journ. prakt. Chem., (1), 100. 407, 1867 ; 
Nac.hr. Gott., 169, 1868 ; Fogg. Ann., 31 . 161, 1 8 3 4 ; W. H . Wol las ton, ib., 16. 158, 1829 ; Fhil. 
Trans.. 94. 411 , 1804 ; 119. 1, 1829 ; Nicholson's Journ., 8. 220, 1804 ; 10. 25, 1805 ; Schweigger's 
Journ., 57. 82, 1829 ; Phil. Mag., (1), 20. 162, 1805 ; (2), 5. 65, 1829 ; (2), 6. 8, 1829 ; D. M. Y o s t 
and R. J . Whi te , Journ. Amer. Chem. Soc., 50. 81 , 1928. 

§ 7. The Osmium Fluorides 
I I . Moissan, 1 a n d O. Ruff a n d F . E i sne r , observed t h a t w h e n fluorine a t t a c k s 

o s m i u m (q.v.), f luorides a r c formed, a n d F . W . Tsch i rch i so la ted t h r e e fluorides 
f rom t h e p r o d u c t s of t h e reac t ion . T h e compos i t ion of t h e m i x e d fluoride o b t a i n e d 
b y t h e ac t ion of fluorine on h e a t e d o s m i u m , d e p e n d s on t h e t e m p . , t h e speed of 
t h e c u r r e n t of fluorine, a n d on t h e a c t i v i t y of t h e o s m i u m , which , in t u r n , d e p e n d s 
on t h e t e m p , t o which t h e o s m i u m oxide f rom which t h e o s m i u m was o b t a i n e d was 
h e a t e d . W h e n t h e t e m p , is 250°, a n d t h e o s m i u m is in a n a c t i v e form b y h a v i n g 
been p r e p a r e d from an ox ide which h a s n o t been h e a t e d t o a high t e m p . , t h e p r o d u c t 
c o n t a i n s hexa - a n d octo-fluorides only , a n d t h e r e l a t ive p r o p o r t i o n of t h e h e x a -
fluoride increases as t h e speed of t h e c u r r e n t of fluorine d imin i shes . A t lower t e m p , 
wi th t h e less ac t ive forms of o s m i u m , t h e p r o d u c t is m a i n l y t h e t e t r a f luor ide . 

T h e isola t ion of o s m i u m octofluoride, O s F 8 , f rom t h e m i x t u r e of f luorides is 
effected b y e v a c u a t i n g t h e c o n t a i n i n g p l a t i n u m t u b e a t o r d i n a r y t e m p . , a n d 
col lect ing t h e c o n d e n s a t e in a d r y glass receiver cooled b y l iquid air . T h e ease of 
decompos i t ion of t h e sa l t p r e v e n t e d H . B r a u n e a n d S. K n o k e s t u d y i n g t h e X - r a d i o -
g r a m s sa t is factor i ly . Accord ing t o O. Ruff a n d co-workers , t h e lemon-ye l low 
crys ta l s h a v e a v a p . d e n s i t y 11 «4 (air u n i t y ) a n d t h e co r r e spond ing mol . w t . is 330 
w h e n t h e va lue for t h e octofluoride is 343 . Th is r e su l t e s tab l i shes t h e o c t o v a l e n c y 
of o s m i u m in th i s fluoride. T h e s u b s t a n c e is solid a t 34*1°, a n d a ye l lowish-red 
l iquid a t 34-7°, so t h e m . p . is n e a r 34-4°. T h e v a p . press . , p m m . , is : 

0° 20 J 40-3° 47-5° 70° 100° 
P . . . 159-6 302-7 594-5 7 6 0 0 1 6 9 9 0 4944-0 

T h e l a t e n t h e a t of v a p o r i z a t i o n b e t w e e n 38° a n d 54° is 20-6 cals . p e r g r a m , or 7101 
cals . pe r mol . W h e n t h e v a p o u r is h e a t e d , i t beg ins t o d e c o m p o s e a t 225°, b u t t h e 
decompos i t i on becomes no t i ceab le on ly a b o v e 400°. T h e v a p o u r is colourless , a n d 
i t h a s a pecul ia r odou r ; i t v igorous ly a t t a c k s t h e m u c o u s m e m b r a n e of t h e nose , 
a n d eyes ; i t b lackens o rgan ic s u b s t a n c e s w h e r e i t t o u c h e s ; a n d t h e octof luor ide 
p r o d u c e s a " b u r n " w h e n i t comes i n c o n t a c t w i t h t h e sk in . T h e solid fumes i n 
a i r g ive a wh i t e c loud. T h e octof luor ide fo rms a colourless soln. w i t h w a t e r , 
a n d i t is t h e n m o r e or less h y d r o l y z e d because t h e l iqu id smel ls of t h e t e t r o x i d e 
a n d n o t t h e octofluoride. T h e hydro lys i s w a s s t u d i e d b y N . V. S idgwick . O. Ruff 
a n d co-workers obse rved n o r eac t i on w i t h iod ine . T h e v a p o u r of t h e octof luor ide 
b l ackens su lphur . Cone, su lphur ic acid dissolves t h e v a p o u r , fo rming a colourless 
soln. which smells of t h e t e t r o x i d e . Yel low p h o s p h o r u s is b l a c k e n e d b y t h e v a p o u r , 

Nac.hr
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b u t red. p h o s p h o r u s requ i res h e a t i n g before a r eac t ion occurs , f l u o r i d e s a re 
fo rmed w i t h arsenic a n d w i t h a n t i m o n y . K o reac t ion w a s obse rved wi th ca rbon , 
b u t o rgan ic subs t ances a re v io len t ly a t t a c k e d b y t h e octof luor ide. I t h a s a g r e a t 
t e n d e n c y t o a t t a c k t h e me ta l s . T h e me ta l s copper , si lver, a n d gold lose t h e i r 
m e t a l l u s t r e , a n d acqu i re a b lack film. T h e gold is n o t a t t a c k e d , b u t t h e o t h e r 
m e t a l s fo rm fluorides. Magnes ium reac t s qu ick ly ; zinc, a n d m e r c u r y r e a c t s lowly ; 
a l u m i n i u m reac t s s l o w l y ; t i n , a n d lead a re qu ick ly a t t a c k e d : c h r o m i u m reac t s 
r a p i d l y ; m a n g a n e s e , i ron a n d nickel r eac t r ap id ly ; a n d p l a t i n u m b e h a v e s l ike 
gold. T h e soln. of t h e octofluoride in s o d i u m h y d r o x i d e h a s t h e cha rac t e r i s t i c 
yel lowish-red colour of t h e p e r o s m a t e s ; a n d w i t h a lkal i fluorides i t fo rms w h i t e 
sa l t s wh ich a re decomposed b y s o d i u m h y d r o x i d e w i t h t h e evo lu t ion of ozonized 
oxygen . 

W h e n o s m i u m , formed b y r e d u c t i o n a t a low t e m p . , is t r e a t e d w i t h fluorine 
a t 250°, t h e octofluoride be ing t h e m o s t vola t i le passes a long t o a well-cooled 
receiver , a n d o s m i u m hexafluoride, O s F 6 , c o n t a m i n a t e d w i th o t h e r fluorides, 
collects close t o where t h e t u b e leaves t h e furnace . This p r o d u c t is w a r m e d in t h e 
p l a t i n u m t u b e a t 50°, a n d 20 m m . press . , for a b o u t a n h o u r , w h e n t h e hexaf luor ide 
sub l imes , a n d condenses on t h e cool p a r t of t h e t u b e in l ight green c rys ta l s . T h e 
p r o d u c t is mixed wi th some o s m i u m d iox ide a n d t e t r o x i d e , a n d only an a p p r o x i ­
m a t e d e t e r m i n a t i o n of t h e phys ica l prox>erties h a s there fore been m a d e . T h e m . p . 
is a b o v e 50° a n d below 120°, a n d i t could n o t be d e t e r m i n e d accu ra t e ly because 
t h e hexaf luor ide becomes b lack w h e n hea t ed in c o n t a c t wi th glass ; t h e b . p . is 
be tween 202° a n d 205°. T h e v a p o u r in mois t air is grey , and colours b l ack all 
s u b s t a n c e s t h a t a r e n o t q u i t e d r y — p a r t i c u l a r l y t h e skin . T h e hexaf luor ide is 
decomposed b y wa te r , a n d b y su lphur i c acid, forming b l ack o s m i u m d iox ide , t h e 
t e t r o x i d e a n d hydrof luor ic acid . I t forms yel low soln. w i th sod ium h y d r o x i d e 
s imilar t o t h a t formed w i t h s o d i u m ch lo rosma te . 

W h e n o s m i u m which h a s been r educed a t a r e d - h e a t is t r e a t e d w i t h fluorine a t 
280°, a m i x t u r e of o s m i u m tetrafluoride, O s F 4 , a n d some h igher fluorides is formed. 
These can be r e m o v e d b y pass ing n i t rogen over t h e m i x e d fluorides a t 100°, a n d 
a t a low press . If t h e res idue is e x t r a c t e d w i t h w a t e r , t h e te t ra f luor ide dissolves . 
I t was n o t i so la ted , b u t if hydrof luor ic acid is a d d e d t o t h e so lu t ion in t h e pro­
p o r t i o n of 2 mols . of ac id t o 1 mol . of fluoride, a n d t h e so lu t ion t h e n neu t ra l i zed 
w i t h p o t a s s i u m h y d r o x i d e a n d e v a p o r a t e d , regu la r c rys ta l s a r e o b t a i n e d , which 
a re p r o b a b l y p o t a s s i u m osmifluoride. T h e fact t h a t o s m i u m is p r e s e n t in t h e 
a q u e o u s e x t r a c t in t h e q u a d r i v a l e n t cond i t ion was p roved by t i t r a t i n g the su lphur ic 
ac id so lu t ion w i t h p e r m a n g a n a t e , w h e r e b y o x i d a t i o n t a k e s p lace t o t h e oc tova l en t 
cond i t ion ; t h e oxidized so lu t ion l ibera tes iodine from po t a s s ium iodide, t h e o s m i u m 
being r educed t o t h e q u a d r i v a l e n t cond i t ion . The q u a n t i t i e s of p e r m a n g a n a t e 
used a n d iodine l ibe ra ted were equ iva l en t . A s imi lar m e t h o d of ana lys is was also 
used -with t h e hexaf luor ide . P . l l e n k e l a n d A\x. K l e m m gave 3-87 for t h e sp. gr . 
a t —183°. 

As ind i ca t ed a b o v e , o s m i u m octofluoride forms doub l e sa l t s w i t h t h e a lka l i 
fluorides, b u t t h e y h a v e n o t been inves t iga t ed ; o s m i u m te t ra f luor ide in soln. w i th 
hydrof luor ic acid, a n d neu t r a l i zed w i t h sod ium h y d r o x i d e , forms, on c o n c e n t r a t i o n , 
oc t ahed ra l , t e t r a h e d r a l , a n d dodecahed ra l , yellow c rys t a l s of s od iu m fluosmate, 
H 2 O s F 6 . 

Accord ing t o I I . M o r a h t a n d O. Wi.schin, if o s m i u m t e t r o x i d e be h e a t e d wi th 
a n alcoholic soln. of hydrofluoric acid, a b lack p o w d e r of o s m i u m oxyfluoride is 
formed. 
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§ 8. The Osmium Chlorides 
J . J . Berze l ius * obse rved t h a t w h e n d r y ch lor ine is pa s sed ove r h e a t e d o s m i u m , 

o s m i u m dichloride, OsCl2* ^8 f o rmed as a d a r k green s u b l i m a t e , a n d f a r t h e r a w a y 
f rom t h e h e a t e d o s m i u m , t h e m o r e vo la t i l e , r e d t e t r a c h l o r i d e sub l imes . C. Claus 
a n d E . J a c o b y found t h a t t h e d a r k g reen colour is d u e t o t h e p resence of t r a c e s of 
mo i s tu re , for if t h e ch lor ine be t h o r o u g h l y dr ied , t h e s u b l i m a t e is d a r k b lue . T h e 
needle- l ike c rys ta l s of t h e d a r k b lue sa l t fo rm a n ind igo-b lue soln. w i t h w a t e r , a n d 
on exposu re t o a i r i t becomes g reen l ike t h e a q . soln. of t h e sa l t p r e p a r e d b y 
J . J . Berzel ius , owing t o t h e p resence of t h e t r i ch lo r ide ; w h e n exposed sti l l m o r e , 
t h e g reen soln. becomes yel low as i t fo rms t h e t e t r a c h l o r i d e . These t r a n s f o r m a t i o n s 
a re r e t a r d e d b y t h e p resence of a lka l ies w h i c h fo rm d o u b l e sa l t s . C. Claus a n d 
E . J a c o b y also said t h a t h y d r a t e d o s m i u m m o n o x i d e dissolves in hyd roch lo r i c ac id , 
fo rming a n ind igo-b lue soln. wh ich r a p i d l y oxidizes t o t h e t r i ch lo r ide , a n d yellow 
t e t r ach 1 o ri d e. 

These m o d e s of p r e p a r i n g o s m i u m dich lor ide were found b y E . B o r n e m a n n , a n d 
O. Ruff a n d F . B o r n e m a n n , t o furnish a m i x t u r e of ch lor ides ; a n d t h e y p r e p a r e d 
t h e d ichlor ide b y h e a t i n g t h e t r i ch lo r ide t o 500° u n d e r r e d u c e d press . , a n d cool ing 
t h e v a p o u r t o — 50°. T h e p r o d u c t is a d a r k b r o w n p o w d e r w h i c h is a l m o s t inso lub le 
in w a t e r , b u t wh ich y ie lds a pa le ye l low soln. w h e n boi led for a long t i m e w i t h 
w a t e r . W . H a m p e obse rved t h a t t h e d ich lor ide sub l imes w i t h o u t m e l t i n g ; a n d 
t h a t i t dissolves s l ight ly in e the r , b u t m o r e r ead i ly in w a t e r . T h e a q . soln. soon 
decomposes ; i t is a good c o n d u c t o r of e lec t r ic i ty , depos i t i ng o s m o u s h y d r o x i d e a t 
t h e c a t h o d e . T h e e the rea l soln. is a n o n - c o n d u c t o r ; a n d t h e a lcohol ic soln. con­
d u c t s s l ight ly . A c c o r d i n g t o O. Ruff a n d F . B o r n e m a n n , o s m i u m d ich lo r ide is 
a t t a c k e d s lowly b y cone , n i t r i c ac id , a n d a q u a reg ia , fo rming o s m i u m t e t r o x i d e ; 
a n d cold, cone , a lka l i lye s lowly a t t a c k s i t , fo rming a c lear , d e e p b r o w n soln. 
O s m i u m dichlor ide , u n l i k e p l a t i n u m dich lor ide , w i t h cone, h y d r o c h l o r i c ac id , 
does n o t fo rm c h l o r o s m o u s ac id , H 2 OsCl 4 , ana logous w i t h c h l o r o p l a t i n o u s ac id , 
H2PtCl4 . W. Manchot and J . Konig prepared osmium tricarbonyldichloride, 
Os(CO) 3 ( I 2 . J . J . Berze l ius d id descr ibe a p o t a s s i u m ch lorosmi te , o b t a i n e d f rom 
soln. of t h e so-called o s m i u m dich lor ide a n d p o t a s s i u m ch lo r ide , in l igh t b r o w n 
p r i s m s . This p r o d u c t is n o w t h o u g h t t o h a v e a m o r e o r less i m p u r e p o t a s s i u m 
ch 1 oroperosmi t e. 

J . J . Berze l ius p r epa red an aq . soln. of o s m i u m trichloride, OsCl3 , b y a l lowing 
a m i x t u r e of a sa t . aq . soln. of o s m i u m t e t r o x i d e , h y d r o c h l o r i c ac id , a n d m e r c u r y t o 
s t a n d un t i l t h e o d o u r h a d d i s a p p e a r e d ; a n d C. Claus a n d E . J a c o b y , b y t h e a c t i o n 
of h y d r o g e n su lph ide on t h e hyd roch lo r i c acid soln. of t h e t e t r o x i d e . A sa l t c a n 
be i so la ted b y a d d i n g a m m o n i u m chlor ide t o t h i s soln. , b u t n o t o s m i u m t r i ch lo r ide 
a lone , since on e v a p o r a t i o n over su lphu r i c ac id , in v a c u o , i t y ie lds a p u r p l e , sh in ing 
mass , l ike v a r n i s h . H . M o r a h t a n d C. W i s e h i n , h o w e v e r , o b t a i n e d t h e trihydrate, 
OsCl 3 . 3H 2 O, b y h e a t i n g o s m i u m t e t r o x i d e w i t h cone , h y d r o c h l o r i c ac id in a reflux 
a p p a r a t u s for 48 hou r s , a l i t t l e a lcohol be ing a d d e d t o h i n d e r t h e f o r m a t i o n of 
perosmic a n h y d r i d e ; ch lor ine was evo lved , a n d a s l ight , b l ack res idue is left u n d i s ­
solved ; af ter fi l tering a n d e v a p o r a t i n g in v a c u o , l a rge , wel l - formed, s ix-s ided 
p y r a m i d s of t h e chlor ide O s 2 C l 7 . 7 H 2 O were o b t a i n e d . D . M. Bose a n d H . G. B h a r 
s t u d i e d t h e m a g n e t i c p rope r t i e s . 

Accord ing t o H . M o r a h t a n d G. Wiseh in , t h i s sa l t in m o i s t a i r is d a r k ol ive-
green , b u t when qu i t e d r y i t is t h e co lour of m i n i u m ; i t d issolves in a lcohol a n d 
w a t e r t o give a d a r k green co lour a n d c rys ta l l i zes a g a i n u n c h a n g e d . T h i s ch lo r ide 
is a m i x t u r e of o s m i u m t r i - a n d fcetra-chlorides, for, w h e n i t s a lcohol ic soln. is m i x e d 
w i t h a soln. of p o t a s s i u m chlor ide , red , o c t a h e d r a l c r y s t a l s of p o t a s s i u m c h l o r o s m a t e , 
K 2 O s C l 6 , s epa ra t e , a n d if t h e f i l t ra te f rom t h i s b e e v a p o r a t e d in v a c u o , a c r y s t a l l i n e 
r e s idue of OsCl 3 .3H 2 O is left. F . B o r n e m a n n , and" O. Ruff a n d F . B o r n e m a n n 
p r e p a r e d t h e a n h y d r o u s sa l t , a d m i x e d w i t h s o m e t e t r a c h l o r i d e , b y h e a t i n g o s m i u m 
a t a b o u t 1050° in a c u r r e n t of ch lor ine , a n d cool ing t h e v a p o u r r a p i d l y , a n d a p r o d u c t 
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of a h i g h e r degree of p u r i t y is o b t a i n e d w h e n a m m o n i u m c h l o r o s m a t e is h e a t e d t o 
350° in ch lor ine . T h e b r o w n i s h - b l a c k , mic roc rys t a l l i ne p o w d e r , o b t a i n e d a s a 
s u b l i m a t e , is hygroscop ic , a n d freely so luble i n w a t e r ; t h e solm is s t ab l e w h e n 
bo i led , a l t h o u g h i t possesses a n ac id ic r e a c t i o n ; s i lver n i t r a t e s lowly p rec ip i t a t e s a 
g r e y s u b s t a n c e f rom t h e a q . soln. H . D a h l m a n n s t u d i e d t h e o s m i u m hal ides ; 
a n d I . I . Tscherniaeff , t h e c o m p l e x sa l t s . W . M a n c h o t a n d J . K o n i g found t h a t 
w i t h d r y or mo i s t c a r b o n m o n o x i d e , a t 270° , o s m i u m t r i ch lo r ide furnishes a c ry s t a l ­
l ine s u b l i m a t e , a n d w h e n w a s h e d w i t h boi l ing c a r b o n t e t r a ch lo r i de , i t furn ishes 
o s m i u m tr icarbonyldichloride , Os(CO) 3Cl 2 , w h i c h m e l t s a t 269° t o 273° . 
Iu. A. Tschugaeff p r e p a r e d r e d o s m i u m hexathiocarbamidotr ichlor ide , 
[ O s { C S ( N H 2 ) 2 } 6 ] C l 3 . H 2 0 . 

O s m i u m t r i ch lo r ide fo rms sa l t s u s u a l l y cal led chlorosmites or osniocltlorides ; 
h e r e t h e y a r e ca l led ch loroperosmi tes , 3RCLOsCl 3 , or R 3 OsCl 0 . J . J . Berze l ius 
desc r ibed a b r o w n d o u b l e sa l t t o be fo rmed b y a l lowing m e r c u r y t o ac t on a sa t . aq . 
soln. of o s m i u m t e t r o x i d e a n d a lka l i lye m i x e d wi th hydroch lo r i c acid, un t i l t h e 
o d o u r of t h e t e t r o x i d e h a d d i s a p p e a r e d . T h e e v a p o r a t i o n of t h e l iquor furnishes 
t h e d o u b l e sa l t m i x e d wi th s o m e free p o t a s s i u m chlor ide . C. Claus a n d K. J a c o b y 
sa id t h a t p o t a s s i u m ch loroperosmite , K 3 O s C I 6 . 3 H 2 O , is fo rmed when o s m i u m m i x e d 
w i t h p o t a s s i u m ch lor ide is a t t a c k e d b y ch lor ine a t a n e l eva t ed t e m p . H e o b t a i n e d 
i t b y a d d i n g a m m o n i a t o a n a q . soln. of o s m i u m t e t r o x i d e in p o t a s h lye , a d d i n g 
h y d r o c h l o r i c ac id before a n o s m i a m a t e h a s s e p a r a t e d , a n d r a p i d l y e v a p o r a t i n g t h e 
so ln . t o d r y n e s s . T h e sa l t m i x e d wi th a m m o n i u m a n d p o t a s s i u m chlor ides is 
w a s h e d wi th ice-cold w a t e r . T h e d a r k red or r e d d i s h - b r o w n c r y s t a l s of t h e 
trihydrate effloresce in a i r a n d all t h e w a t e r is expe l led a t 150° t o 180°. T h e sa l t 
is freely soluble in w a t e r t o form a red soln. which h a s an a s t r i n g e n t t a s t e . T h e 
a q . soln. decomposes s lowly w h e n cold, r a p i d l y w h e n h e a t e d , wi th t h e s e p a r a t i o n 
of a b r o w n oxych lo r ide . W . M a n c h o t a n d G-. L e h m a n n found t h a t t h e t e m p , of 
e v o l u t i o n of t h e ha logen is dep re s sed in t h e p resence of c a r b o n m o n o x i d e , b u t n o 
c a r b o n y l ch lo r ide is f o r m e d ; b u t W . M a n c h o t obse rved t h a t if t h e ch lor ide is 
h e a t e d in c a r b o n m o n o x i d e , a c a r b o n y l is sub l imed . Accord ing t o C. Claus, t h e 
s a l t is so luble in a lcohol , a n d e the r . Alka l ies , a n d a lkal i c a r b o n a t e s give a p r e ­
c i p i t a t e of h y d r a t e d sesqu iox ide ; a q . a m m o n i a gives t h e s a m e p r e c i p i t a t e w h i c h 
red isso lves , fo rming a n a m r a i n e . R e d u c i n g a g e n t s t u r n t h e red soln. b lue ; a n d 
h y d r o g e n su lph ide p r e c i p i t a t e s a d a r k b r o w n sesqu i su lph ide . J . J . Berze l ius 
o b t a i n e d a n i m p u r e a m m o n i u m ch loroperosmi te , ( N H 4 ) : J O s C l 6 . 3 H 2 0 , by t h e ac t ion 
of hyd roch lo r i c ac id on a n a m m o n i a c a l soln. of o s m i u m t e t r o x i d e . T h e red l iquor 
m i x e d w i t h a m m o n i u m ch lor ide is e v a p o r a t e d . T h e red or b rownish- red c ry s t a l s 
a r e so luble in w a t e r , a n d in a lcohol . P . Mercier t r ied t h e sa l t as a deve loper for 
p h o t o g r a p h i c p l a t e s . 

J . J . Berze l ius , a n d C. Glaus a n d F . J a c o b y o b t a i n e d o s m i u m tetrachloride, 
OsCl 4 , a s a r e d d i s h - b r o w n s u b l i m a t e , w h e n o s m i u m is h e a t e d in d r y chlor ine gas—-
vide sujrra, t h e d ich lor ide . F . B o r n e m a n n , a n d O. RuIT a n d F . B o r n e m a n n recom­
m e n d e d a t e m p , of 650° t o 700°, a n d a l lowed t h e v a p o u r t o cool slowly in a t u b e 
w r a p p e d in a sbes tos . T h e t e t r a c h l o r i d e fo rms b lack , c rys ta l l ine c rus t s , a n d i t 
vola t i l izes in v a c u o t o jp. ye l low v a p o u r . S. M. Jvar im a n d R . Samuel s t u d i e d t h e 
a b s o r p t i o n s p e c t r u m . W . H a m p e sa id t h a t t h e t e t r a c h l o r i d e fuses read i ly , a n d 
t h e fused m a s s is a n o n - c o n d u c t o r . W . 13. T r e a d well a n d M. Zi i rcher s t u d i e d t h e 
e l ec t rome t r i c t i t r a t i o n of H 2 O s C l 6 . O. RufE a n d F . B o r n e m a n n found t h a t t h e 
t e t r a c h l o r i d e is n o t hygroscop ic , a n d i t is d e c o m p o s e d b y w a t e r v e r y slowly t o form 
h y d r a t e d o s m i u m d iox ide a n d h y d r o c h l o r i c ac id . J . J . Berze l ius sa id t h a t t h e 
t e t r a c h l o r i d e dissolves in a sma l l q u a n t i t y of w a t e r , fo rming a yellow soln. wh ich 
t u r n s g r e e n w h e n m i x e d w i t h a l a rge p r o p o r t i o n of w a t e r , t h e n becomes o p a q u e , 
d e p o s i t i n g t h e d iox ide . A c c o r d i n g t o R . Gi lchr is t , t h e r eac t i on be tween o s m i u m 
t e t r o x i d e (q.v.) a n d 2O p e r cen t , hyd roch lo r i c ac id h e a t e d a l m o s t t o boil ing, in t h e 
p r e sence of a l i t t le e t h y l a lcohol , furn ishes in a b o u t 3 h r s . a soln. which does n o t 
smell of o s m i u m t e t r o x i d e , a n d w h i c h c h a n g e s f rom d e e p b r o w n t o t r a n s p a r e n t 
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reddish-ye l low, a n d c o n t a i n s o s m i u m t e t r a c h l o r i d e . C. Claus a n d E . J a c o b y 
obse rved t h a t hydroch lo r i c acid, or a lka l i ch lor ides , r e t a r d t h e hydro lys i s . T h e t e t r a ­
ch lor ide is n o t soluble in t h e u s u a l so lven t s , b u t dissolves in t h e s t r o n g ox id iz ing 
ac ids . L . Tschugaeff a n d E . E r i t z m a n n boi led s o d i u m c h l o r o s m a t e w i t h t h i o -
c a r b a m i d e in t h e p resence of a l i t t l e hyd roch lo r i c ac id , a n d o b t a i n e d a n 
i n t ense r ed co lo r a t i on ; t h e y e x t r a c t e d o s m i c hexatmocarbain idohydroxytr ich lor ide , 
[ O S ( N H 2 - C S - N H 2 ) C I C I 3 ( O H ) , a n d d e t e r m i n e d t h e f.p. a n d e lect r ical c o n d u c t i v i t y 
of i t s a q . soln. O. W . Gibbs sa id t h a t p r o b a b l y c o m p l e x sa l t s a r e f o r m e d w h e n 
o s m i u m chlor ide is t r e a t e d w i t h a m m o n i u m m o l y b d a t e or s o d i u m t u n g s t a t e . 

O s m i u m t e t r ach lo r i de forms osmichlor ides or c h l o r o s m a t e s of t h e t y p e R 2 O s C l 6 , 
or 2RCLOsCl 4 , w i th o t h e r m e t a l ch lor ides . J . J . Berze l ius , E . J a c o b y , a n d C. C laus 
a n d E . J a c o b y o b t a i n e d p o t a s s i u m ch lorosmate , K 2 O s C l 6 , b y h e a t i n g t o n e a r r edness 
an i n t i m a t e m i x t u r e of t h e finely-divided m e t a l a n d p o t a s s i u m chlor ide in a c u r r e n t 
of chlor ine . T h e ch lor ine is s lowly a b s o r b e d , a n d t o avo id a loss of o s m i u m , t h e 
v a p o u r s a re rece ived in a n a lka l ine soln. T h e b lack m a s s is w a s h e d wi th a l i t t l e 
cold w a t e r t o r e m o v e t h e excess of p o t a s s i u m chlor ide , a n d t h e p r o d u c t d isso lved 
in h o t wa t e r , a n d a l lowed t o e v a p o r a t e s p o n t a n e o u s l y for c rys t a l l i za t ion . T h e 
sa l t was o b t a i n e d b y C. Claus a n d E . J a c o b y b y boil ing o s m i u m t e t r o x i d e w i t h 
hydroch lo r i c ac id , a d d i n g p o t a s s i u m chlor ide , a n d a lcohol , a n d e v a p o r a t i n g t h e 
l iquid . Iv. Seube r t , E . A. S a s s e r a t h , A. R o s e n h e i m a n d E . A. S a s s e r a t h , K . Maisch , 
a n d A. G u t b i e r a n d K . Maisch o b t a i n e d i t b y t h e d o u b l e d e c o m p o s i t i o n of t h e 
s o d i u m sa l t w i t h p o t a s s i u m chlor ide ; a n d L . W i n t r e b e r t , b y t h e ac t i on of h y d r o ­
chloric ac id on p o t a s s i u m osmyl o x y n i t r i t e . Accord ing t o C. Claus , t h e d a r k r ed 
oc t ahed ra l c rys ta l s a re i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g sa l t s of p a l l a d i u m , 
i r id ium, a n d p l a t i n u m . R . S a m u e l a n d co -worker s s t u d i e d t h e a b s o r p t i o n s p e c t r a 
of some c o m p l e x chlor ides . J . J . Berze l ius obse rved t h a t w h e n t h e sa l t is i gn i t ed , 
i t forms o s m i u m a n d p o t a s s i u m chlor ide a s a res idue . I t d issolves in cold w a t e r , 
forming a l emon-ye l low soln. , a n d m o r e a b u n d a n t l y i n h o t w a t e r , fo rming a d e e p 
yellow soln. w i th a g reen t i nge . T h e a q . soln. decomposes w h e n i t is boi led, f o rming 
o s m i u m t e t r o x i d e a n d a b l ack p o w d e r which C. Claus cons idered t o be a n o s m i u m 
OXychloride. P a p e r m o i s t e n e d w i t h t h e aq . soln. a n d exposed t o sun l igh t a c q u i r e s 
a b lue co lour which is n o t r e m o v e d b y w a s h i n g . C. Claus obse rved t h a t p o t a s s i u m 
iod ide colours t h e l iqu id red . H y d r o g e n su lph ide p r e c i p i t a t e s o s m i u m s u l p h i d e . 
N o chemica l ac t i on occurs w h e n t h e soln. is boi led w i t h s u l p h u r o u s ac id , b u t 
C. Claus obse rved t h a t t h e soln. in cone, s u l p h u r o u s ac id b e c o m e s d a r k g reen w h e n 
h e a t e d , a n d a h y d r a t e d ox ide is p r e c i p i t a t e d . C. Claus found t h a t a q . a m m o n i a 
p r ec ip i t a t e s t h e h y d r a t e d d iox ide , a n d w i t h a g r e a t excess of a m m o n i a a so luble 
a m m i n e is fo rmed . H . S c h w a r z r e p r e s e n t e d t h e r eac t i on : K 2 [ O s C l 0 ] 
• > [ O S ( N H 3 ) J J ( O H ) 2 " | . O. W . G i b b s f o u n d t h a t p o t a s s i u m n i t r i t e does n o t r e d u c e 
t h e soln. of t h e sa l t . Acco rd ing t o J . J . Berze l ius , w h e n dis t i l led w i t h n i t r i c ac id , 
o s m i u m t e t r o x i d e passes i n t o t h e rece iver , a n d p o t a s s i u m ch lor ide a n d n i t r a t e 
r e m a i n . C. Claus obse rved t h a t s o d i u m p h o s p h a t e , a n d b o r a x p r e c i p i t a t e t h e 
h y d r a t e d d iox ide . Alcohol p r e c i p i t a t e s t h e or ig inal sa l t f rom i t s a q . soln. a s a 
vermi l ion red powde r . H . R o s e sa id t h a t a lka l i f o r m a t e s r e d u c e t h e l iqu id w i t h 
t h e s e p a r a t i o n of o s m i u m . A c c o r d i n g t o C. Claus , potassiuin, h y d r o x i d e p r e c i p i t a t e s 
t h e sa l t , a n d re-dissolves i t w h e n heated., fo rming a colourless soln. w h i c h b e c o m e s 
t u r b i d a n d depos i t s t h e h y d r a t e d d iox ide . H . R o s e o b s e r v e d t h a t s i lver n i t r a t e , 
a n d m e r c u r o u s n i t r a t e fo rm p r e c i p i t a t e s ; C. Claus , t h a t l ead a c e t a t e h a s n o a c t i o n , 
a n d t h a t ferrous s u l p h a t e r educes t h e soln. t o m e t a l . L . B r i z a r d r e d u c e d p o t a s s i u m 
o s m i a m a t e w i t h a hyd roch lo r i c ac id soln. of s t a n n o u s ch lor ide a t 60° a n d o b t a i n e d a 
m a r r o n c rys ta l l ine p o w d e r of p o t a s s i u m a m i d o c h l o r o s m a t e , K 2 O s ( N H 2 ) C l 5 . T h e 
c r y s t a l s dissolve freely in w a t e r , fo rming a g reen soln. T h e a q . soln . r e a d i l y d e c o m ­
poses i n t o t h e t e t r o x i d e . T h e sa l t decolorizes p o t a s s i u m p e r m a n g a n a t e , a n d F e h l i n g ' s 
soln . ; a n d w i t h si lver n i t r a t e , s i lver is depos i t ed . A soln. i n cold , cone , h y d r o c h l o r i c 
acid deposits crystals of potassium amidohydrochlorosmate, K2Os(NH2)Cl3 .HCl; 
t h e h o t acid forms ch lo rosma te . Lr. W i n t r e b e r t o b t a i n e d p o t a s s i u m n i t rosy lch lo ros -
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m a t e , K 2 O s ( N O ) C l 5 , b y t r e a t i n g p o t a s s i u m n i t r i t o s m a t e w i t h c o n e , h y d r o c h l o r i c 
a c i d . T h e r e d r h o m b i c c r y s t a l s are i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g s a l t o f 
r u t h e n i u m . T h e s a l t i s s t a b l e ; i t k e e p s v e r y w e l l i n a q . s o l n . A . R o s e n h e i m 
reported potassium hydrosulphi tochlorosmate , K6H2 .OsCl4(S03)4 . 

A . G u t b i e r a n d K . M a i s c h , a n d K . M a i s c h p r e p a r e d r u b i d i u m c h l o r o s m a t e , 
R b 2 O s C l 6 , b y a d d i n g r u b i d i u m c h l o r i d e t o t h e a m m o n i u m s a l t . T h e c a r m i n e - r e d , 
o c t a h e d r a l c r y s t a l s a r e s o l u b l e i n c o l d w a t e r , a n d t h e a q . s o l n . o n e x p o s u r e t o a ir 
d e p o s i t s a b l a c k p o w d e r . T h e s a l t i s a l s o s o l u b l e i n h y d r o c h l o r i c a c i d . T h e corre ­
s p o n d i n g C a e s i u m c h l o r o s m a t e , C s 2 O s C l 6 , w a s o b t a i n e d i n a s i m i l a r m a n n e r . 
F . K r a u s s a n d K . M a h l m a n n p r e p a r e d p a l l a d i u m d i c M o r o d i a m m i n o c h l o r o s m a t e , 
[ P d ( N H a ) 2 C l 2 ] O s C l 6 . J . J . B e r z e l i u s , F . S e y b o l d , R . G i l c h r i s t , K . S e u b e r t , 
A . R o s e n h e i m a n d E . A . S a s s e r a t h , a n d A . G u t b i e r a n d K . M a i s c h o b t a i n e d 
a m m o n i u m c h l o r o s m a t e , ( N H 4 ) 2 O s C l 6 , b y t h e d o u b l e d e c o m p o s i t i o n o f t h e s o d i u m 
s a l t w i t h a m m o n i u m c h l o r i d e ; or b y e v a p o r a t i n g a s o l n . o f o s m i u m t e t r o x i d e in 
h y d r o c h l o r i c a c i d (vide supra) t o a s y r u p y c o n s i s t e n c e , a n d a d d i n g a m m o n i u m 
c h l o r i d e , w h e n b r i c k - r e d a m m o n i u m c h l o r o s m a t e i s p r e c i p i t a t e d . T h e b r o w n , 
o c t a h e d r a l c r y s t a l s a r e pur i f i ed b y r e c r y s t a l l i z a t i o n . A c c o r d i n g t o R . G i l c h r i s t , 
t h e s p . gr . i s 2 - 9 3 . T h e s a l t c a n b e d r i e d t o c o n s t a n t w e i g h t a t 1 4 0 ° t o 1 5 0 ° ; n o 
e v i d e n c e o f d e c o m p o s i t i o n c a n b e d e t e c t e d b e l o w 1 7 0 ° . T h e s a l t i s r e d u c e d t o 
o s m i u m s p o n g e w h e n h e a t e d i n h y d r o g e n . I t i s s p a r i n g l y s o l u b l e i n w a t e r ; 
a n d i s c o n v e r t e d i n t o s p o n g y o s m i u m w h e n h e a t e d . IJ . W i n t r e b e r t s a i d t h e 
r e a c t i o n s r e s e m b l e t h o s e o f t h e p o t a s s i u m s a l t . % 

L. Mehler, A . Gutbier and L. Mehler, K . Maisch, A. Gutbier and K. Maisch, a n d 
A. Gutbier and 1*. Walbinger , obta ined methylammonium chlorosmate, (CH3NH^)2OsCl,, , as 
brownish-red crystals ; dimethylammonium chlorosmate, { (CH 3 ) a NH,} 2 OsCl 6 , as pa le red, 
rhombic p r i s m s ; trimethylammonium chlorosmate, {(CH3 J3NHjJOsCf0," as pale red, cubic 
crysta l s ; tetramethylammonium chlorosmate, ((CH3 J4N)2OsCl6 , in* -reddish-yellow oe tahedra; 
ethylammonium chlorosmate, (CoH 5 NH 3 J 2 OsCl 6 , *ts scarlet-red leaflets ; diethylammonium 
Chlorosmate, ( (C 2 H 6 )2NH 2 I 2 OsCl 6 , a s ye l lowish-red, monocl in ic crystals ; triethyl-
ammonlum Chlorosmate, ( (C 2 Hg) 3 NH) 2 OsCl 6 , as orange-ye l low or golden-yel low mono-
clinic crys ta l s ; tetraethylammonium chlorosmate, ( (C 2H 5J 4N) 2OsCl 6 , in red, monocl in ic 
crysta l s ;* rt-propylammonlum chlorosmate, (C 3 H 7 NHj) 2 OsCl 8 , in dark brown, monocl in ic 
crysta ls ; iSO-propylammonlum Chlorosmate, (CT3H7NH3)2OsCf*6, in brownish-red, mono­
clinic or rhombic pr isms ; dipropylammonium chlorosmate, ( (C 3 H 7 J 2 NH 2 I 2 OsCl 6 , in 
reddish-yel low, monocl in ic pr i sms ; tripropylammonium chlorosmate, ((C3H7)". NH) 2 OsCl 6 , 
in red, monocl in ic crysta ls ; n-butylammonium chlorosmate, ( C 4 H 9 N H 3 J8OsCl6, in. brownish-
red, monocl in ic crys ta l s ; lso-butylammonium chlorosmate, (C 1HnNH 3J 2OsCI 6 , in 
ye l lowish-red monocl in ic or rhombic crysta ls ; di-lso-butylammonium chlorosmate, 
((C4H9J2N H 2}2OsCl0 , in red crysta ls ; tri-iso-butylammonium chlorosmate, ((Q1H9J3NHf2OsCl6 , 
in red, triclinic crysta ls ; allylammonium chlorosmate, (C 3H 5NHj) 2OaCI 6 , in reddish-
brown, rhombic crysta ls ; di-iso-amylammonium chlorosmate, ( (C 5H 1 1J 2NH 2J 2OsCl 0 , in 
orange-yel l ow, rhombic crysta ls ; t i i - iso-amylammonium chlorosmate, ( (C 6 H 1 1 J 3 NH) 2 OsCl 6 , 
in s traw-ye l low needles ; benzylammonium chlorosmate, (C 7 H 7 .NH 3 J 2 OsCl 6 , in brownish-
red, monocl in ic p l a t e s ; phenylammonium Chlorosmate, (NH 3-C 6H 5J 2OsCl 6 , in brownish-red, 
rhombic leaflets ; phenylmethylammonium chlorosmate, (NH 2 .CH 3 .C 6 H 6 J 2 OsCl 6 , in brownish-
red, inonocliriie crysta l s ; o-tolylammonium chlorosmate, (C 6H 4 .OH 3 .NH 3J 2OsCl 6 , in 
y e l l o w or brownish-red, rhombic needles ; m-tolylammonlum chlorosmate, in brownish-
red, rhombic needles ; p-tolylammonium chlorosmate, in yel lowisl i-red, rhombic leaflets ; 
O-4-xylylammonlum chlorosmate, ( C 6 H 3 ( C H 3 J 2 N H 3 J 2 O S C I 6 , in i^df monocl inic needles ; 
m-4-xylylammonlum chlorosmate, in ruby-rod, rhombic crysta ls ; p-5-xylylammonium 
chlorosmate, in red, rhombic n e e d l e s ; a-naphthylammonium chlorosmate, (C 1 0 H 7 -NH 3 J 2 OsCl 6 , 
in brownish-red, rhombic plates ; /S-naphthylammonium chlorosmate, in brownish-red, 
rhombic leaflets ; ethylenediammonlum chlorosmate, (C 2 H 4 N 2 H 6 )OsCI 6 , in dark brown, 
monocl in ic crystals ; propylenediammonlum chlorosmate, (C 3 H 6 N 2 H 6 )OsCl 6 , in brownish-
red, monoc l in ic crysta ls ; pyridinium chlorosmate, (C 6 H 6 N) 2 OsCl 6 , in red, rhombic p l a t e s ; 
guanldinlum chlorosmate, ( C N H ( N H 2 J 2 H ) 2 O s C l , , in dark brown crystals ; triphenyl-
guanidlnlum chlorosmate, ( ( C 6 H s ) 3 C N ( N H a ) 2 H ) 2 O s C l 6 , in ye l low c r y s t a l s ; o-amylanilinium 
chlorosmate, (C 6 H 5 -NHa-C 6 H 1 1 J 8 OsCl 2 , in orange - y el Io w needles ; m-chloroanilinium 
chlorosmate, (C 6 H 4 ClNH 8 J8OsCla, in reddish-brown, triclinic crysta l s ; tribenzylammonlum 
Chlorosmate, ( (C 6 H 6 -CHa) 3 NH) 8 OsCl 6 , in brownish-yel low, rhombic crystals ; ^-cumldlnium 
chlorosmate, (C 6 H 2 (CH 3 J3NH8) aOsCl6 , in orange-red needles ; a-picollnium chlorosmate, 
(C 5 H 4 -CH 3 -NH) a OsCl 6 , in yel lowish-red, rhombic l ea f l e t s ; /S-picoIinium chlorosmate, in 
reddish-brown, monocl in ic crysta ls ; Iutldlnium chlorosmate, (C 6 H 3 (CH 3 J 2 NH) 2 OsCl 6 , in 
ye l lowish-brown, monocl in ic crysta l s ; collidinium chlorosmate, (C 6 H 2 (CHa) 3 NH) 8 OsCl 6 , 
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in brown, monoclinic crystals ; piperidinium Chlorosmate, { ( C H ^ J N H J J J O S C I , , in pale 
brownish-red, rhombic crystals ; iso-quinollnium chlorosmate, (C»H7NH)aOsCle , in pale 
brownisb-red, monoclinic crystals ; and quinollnium chlorosmate, in yellowish-red, mono-
clinic needles. 

C. Clauss a n d E . J a c o b y , a n d K . S e u b e r t p r e p a r e d s o d i u m c h l o r o s m a t e , 
N a 2 O s C l 6 . 2 H 2 O , b y m e t h o d s e m p l o y e d for t h e p o t a s s i u m sa l t . E . A . S a s s e r a t h , 
a n d A. R o s e n h e i m a n d E . A. S a s s e r a t h p r e p a r e d t h e sa l t a s follows : 

Sodium sulphitosmate was first prepared by passing sulphur dioxide through a soln. 
of osmium tetroxide in 2O per cent, soda lye, and when the soln. -was nearly neutral to 
l i tmus, neutralizing the liquid with sodium hydrosulphi te . This is converted in to the 
chlorosmate by heating i t in a current of hydrogen chloride, first a t a gentle heat , and 
finally a t dull redness, and also by boiling it -with cone, hydrochloric acid of sp. gr. 1*19, 
and then evaporat ing the soln. to dryness on a water-bath, extract ing "with absolute alcohol, 
and distilling the alcoholic soln. under reduced press. 

S o d i u m c h l o r o s m a t e fo rms o range - red , r h o m b i c p r i s m s , easi ly soluble in w a t e r , 
a n d in a lcohol . T h e sa l t fo rms a g reen soln. w i t h a l i t t l e w a t e r . A c c o r d i n g t o 
G. Sai ler , w h e n boi led w i t h a cone . soln. of s o d i u m h y p o s u l p h i t e , i t fo rms s o d i u m 
s u l p h i t o s m a t e W h e n t h e soln. is t r e a t e d w i t h p o t a s s i u m chlor ide , i t fu rn i shes 
t h e c o r r e s p o n d i n g p o t a s s i u m sa l t ; s imi la r ly w i t h a m m o n i u m ch lor ide . T h e 
co r r e spond ing a lka l ine ear th c h l o r o s m a t e s cou ld n o t be o b t a i n e d b y d o u b l e 
d e c o m p o s i t i o n w i t h t h e s o d i u m sa l t . C. Claus a n d E . J a c o b y o b t a i n e d s i lver 
ch lorosmate , Ag 2 OsCl 6 , b y t r e a t i n g t h e p o t a s s i u m sa l t w i t h si lver n i t r a t e . T h e 
d i r t y , g rey ish-green p r e c i p i t a t e is inso luble in w a t e r , a n d soluble in a q . a m m o n i a . 
T h e a m m o n i a c a l soln. w a s found by W . E ieh le r t o depos i t s i lver d i a m m i n o c h l o r o s -
m a t e , A g 2 O s C l 6 ( N H 3 ) 2 , a s a r ed p o w d e r wh ich fo rms a ye l low soln. w i t h w a t e r . 
W. E ieh le r a lso o b t a i n e d z i n c a m m i n o c h l o r o s m a t e , in o range-ye l low r h o m b o h e d r a , 
by t h e ac t i on of p o t a s s i u m c h l o r o s m a t e on a n a m m o n i a c a l soln. of z inc s u l p h a t e ; 
s imi la r ly w i t h c a d m i u m a m m i n o c h l o r o s m a t e , in ye l low r h o m b o h e d r a ; copper 
a m m i n o c h l o r o s m a t e , in ye l low c rys t a l s insoluble in w a t e r a n d a m m o n i a ; coba l t 
amminochlorosmate, as a brown precipitate ; and nickel amminochlorosmate, 
as a b r o w n p r e c i p i t a t e . 

J . J . Berze l ius , a n d C. Claus p r e p a r e d o s m i u m o x y d i a m m inochlor ide , 
[ 0 8 0 ( N H s ) 2 J C l 2 , b y t r e a t i n g t h e h y d r o x i d e w i t h h y d r o c h l o r i c ac id . T h e b r o w n , 
c rys ta l l ine sa l t is soluble in w a t e r , a n d t h e aq . soln. d e c o m p o s e s a n d depos i t s a 
bas ic sa l t . W h e n h e a t e d , t h e sa l t swells u p , loses h y d r o g e n chlor ide a n d a m m o n i a , 
a n d l eaves a r e s idue of o s m i u m . 

T h e chlor ine a n a l o g u e of o s m i u m h e x a n u o r i d e , n a m e l y , o s m i u m hexach lor ide , 
OsCl6 , h a s n o t been p r e p a r e d , b u t E . A . S a s s e r a t h , a n d A . I- tosenheim a n d 
E . A. S a s s e r a t h p r e p a r e d t h e s o d i u m d e r i v a t i v e , s o d i u m o s m i u m dodecachlor ide , 
N a 6 O s C l 1 2 , or CNaCLOsCl6 , b y pass ing d r y h y d r o g e n ch lor ide ove r w a r m s o d i u m 
s u l p h i t o s m a t e — v i d e supra. T h e b l a c k p r o d u c t is d i sso lved i n a sma l l q u a n t i t y 
of w a t e r , a n d recrys ta l l ized ove r su lphu r i c ac id . T h e b r i g h t , copper - red leaflets 
a r e c o n t a m i n a t e d w i t h a l i t t l e su lph i t e . T h e a d d i t i o n of p o t a s s i u m chlor ide t o t h e 
soln. does n o t y ie ld p o t a s s i u m o s m i u m dodecachlor ide , b u t r a t h e r K 2 O s C l 6 , n o r 
cou ld t h e p o t a s s i u m or a m m o n i u m o s m i u m dodecachlor ide be fo rmed b y t h e 
d i r ec t m e t h o d . 

E . K r a u s s a n d D . W i l k i n s found t h a t t h e b r o w n soln. of o s m i u m t e t r o x i d e i n 
cone , h y d r o c h l o r i c ac id , c o n t a i n i n g p o t a s s i u m iod ide , c o n t a i n s o s m i u m hydroxytr i -
chloride , Os(OH)Cl 3 . w h i c h crys ta l l izes in b r o w n need les c o n t a i n i n g w a t e r of 
h y d r a t i o n w h i c h is los t a t 150°. Th i s c o m p o u n d fo rms w i t h a lka l i ch lor ides a 
series of h y d r o x y p e n t a c h l o r o s m a t e s , e.g. p o t a s s i u m h y d r o x y p e n t a c h l o r o s m a t e , 
K2[Os(OH)Cl5] ; rubidium hydroxypentachlorosmate, Rb2[Os(OH)Cl5] ; caesium 
hydroxypentachlorosmate, Cs2[Os(OH)Cl6] ; ammonia hydroxypentachloros­
mate, (NH4)2[Os(OH)Cl5] ; and methylammonium hydroxypentachlorosmate, 
(CH 3 NHg) 2 [Os (OH)Cl 5 ] . W h e n t h e s e sa l t s a r e c rys ta l l i zed f rom cone , h y d r o ­
chloric acid, t h e o r d i n a r y h e x a c h l o r o s m a t e s a r e fo rmed . 
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O. W . G ibbs p r e p a r e d o s m y l te tra inininochlor ide , [OsO 2 (NHa) 4 ]Cl 2 , aa a n 
o range-ye l low, c rys t a l l ine p r e c i p i t a t e , b y a d d i n g a m m o n i u m chlor ide t o a cone , 
soln. of p o t a s s i u m o s m a t e . I t y ie lds s p o n g y o s m i u m w h e n ign i t ed . T h e sa l t is 
s p a r i n g l y soluble in cold w a t e r , a n d i t is d e c o m p o s e d in boi l ing w a t e r i n t o o s m i u m 
t e t r o x i d e a n d o s m i u m o x y d i a m m i n o c h l o r i d e . I t is inso luble in a lcohol , in a q . 
soln. of a m m o n i u m sa l t s , a n d in cone , hyd roch lo r i c ac id ; p o t a s s i u m fe r rocyan ide 
g ives a v io le t co lo ra t ion w i t h a n a q . soln. of t h e sa l t . P . Owsjannikoff r e c o m m e n d e d 
t h i s sa l t in p lace of ** osmic ac id " for h is to logica l s t a in ing—v ide supra, uses of 
o s m i u m . Soluble , o r a n g e ye l low c r y s t a l s of o s m y l t e t r a m m m o c h l o r o p l a t i n a t e , 
[ O s O 2 ( N H a ) 4 ] P t C l 6 , were a lso p r e p a r e d b y O. W . G i b b s . 

L». W i n t r e b e r t p r e p a r e d p o t a s s i u m o s m y l chloride , K 2 (OsO 2 )C l 4 , b y t h e a c t i o n of 
h y d r o c h l o r i c ac id on p o t a s s i u m o s m y l o x y n i t r i t e , a n d b y t h e a c t i o n of hyd roch lo r i c 
ac id on p o t a s s i u m o s m a t e ; a n d b y t h e a c t i o n of boi l ing a q u a regia on p o t a s s i u m 
c h l o r o s m a t e . J . H o a r d a n d J . D . G r e n k o found t h a t t h e c rys t a l s of K 2 O s O 2 C l 4 
h a v e a b o d y - c e n t r e d , t e t r a g o n a l l a t t i c e w i t h a = 6-99 A. , a n d c = 8 - 7 5 A. ; w i t h 
t w o molecu les pe r u n i t cell. T h e ions a r e K* a n d O s O 2 C l 4 " . T h e d i s t ances b e t w e e n 
t h e a t o m s Os a n d Cl is 2-28 A. ; b e t w e e n Cl a n d Cl, 3-22 A. ; b e t w e e n Os a n d O, 
1*85 A. ; a n d b e t w e e n O a n d Ci, 2-94 A. L . W i n t r e b e r t f o u n d t h a t t h e r ed c r y s t a l s 
a r e r ead i ly soluble in w a t e r , a n d w h e n t h e cone . a q . soln. is cooled, r ed , o c t a h e d r a l , 
t r ic l in ic c ry s t a l s of t h e dihydrate s e p a r a t e , a n d t h e w a t e r of c ry s t a l l i z a t i on c a n be 
expe l led b y h e a t i n g t h e d i h y d r a t e in a c u r r e n t of h y d r o g e n . W h e n h e a t e d t o 200° 
in h y d r o g e n , o s m i u m is fo rmed . T h e n e u t r a l , a q . soln. is n o t s t ab l e , a n d fo rms 
osmic ac id , b u t i t is s t a b l e in t h e p resence of a n ac id . Alka l i lye , a n d h y d r o c h l o r i c 
ac id t r a n s f o r m t h e sa l t i n t o a c h l o r o s m a t e ; a n d a q . a m m o n i a forms a m m o n i u m 
o s m y l chloride , (NH 4 J 2 (OsO 2 )Cl 4 , w h i c h c a n also be p r o d u c e d b y m e t h o d s a n a l o g o u s 
t o t h o s e e m p l o y e d for t h e p o t a s s i u m sa l t . T h e g a r n e t - r e d c ry s t a l s of t h e a m m o n i u m 
sa l t a re i s o m o r p h o u s w i t h t h o s e of t h e p o t a s s i u m sa l t . III. W i n t r e b e r t p r e p a r e d 
ammonium osmyl oxydichloride, (NH4)2(Os02)OCl2 , by adding hydrochloric acid 
t o t h e c o r r e s p o n d i n g n i t r i t e ; a s l ight excess of ac id h i n d e r s o x i d a t i o n b y t h e 
n i t r o u s fumes ; a n d if t h e t e m p , is r a i sed t o o h igh , a m m o n i u m osmyl ch lor ide , or 
e v e n c h l o r o s m a t e , m a y b e fo rmed . I f t h e m i x t u r e be g e n t l y w a r m e d , n i t r o u s fumes 
a r e evo lved , a n d t h e sa l t is o b t a i n e d a s a yel low, c rys t a l l ine depos i t , s l igh t ly soluble 
in w a t e r . P o t a s h lye c o n v e r t s t h e s a l t i n t o a m m o n i a , a n d p o t a s s i u m o s m a t e . T h e 
c o r r e s p o n d i n g p o t a s s i u m o s m y l oxydichlor ide , K 2 ( O s O 2 ) O C l 2 , cou ld n o t be p r e ­
p a r e d because i t s o x y n i t r i t e is c o n v e r t e d d i r ec t l y i n t o t h e o s m y l ch lo r ide b y 
hyd roch lo r i c ac id . 

G. Scagl ia r in i a n d Z. A. M a s e t t i p r e p a r e d w h a t t h e y r e g a r d e d as pyr id in ium 
tr ioxyd ich lorosmonate , ( H p y ) 2 [ O s ( H 2 O ) O 3 C l 2 ] , b y t h e a c t i o n of p y r i d i n e h y d r o ­
ch lor ide on a s t r o n g l y ac id ic soln. of p o t a s s i u m o s m a t e . T h e ye l lowish -b rown , 
fusiform need les y ie ld p o t a s s i u m o s m a t e w h e n t r e a t e d w i t h cone, p o t a s h lye ; 
t h e y also p r e p a r e d a sa l t , [ ( O s O 3 C l 2 ) ( H 2 O ) ] H 2 ( C 5 H 5 N ) 2 , b y t h e a c t i o n of p y r i d i n e 
h y d r o c h l o r i d e on p o t a s s i u m o s m a t e . 

A c c o r d i n g t o C. Claus , o s m i u m octochlor ide , OsCl8 , is f o rmed in smal l q u a n t i t i e s 
w h e n ch lor ine a c t s o n o s m i u m ; a n d , a c c o r d i n g t o H . M o r a h t a n d C. Wisch in , w h e n 
t r i h y d r a t e d o s m i u m t r i ch lo r ide is h e a t e d i n h y d r o g e n , a ye l low s u b l i m a t e is f o r m e d 
t h o u g h t t o be oc toch lo r ide . L . N . V a u q u e l i n a lso sugges t ed t h a t t h e h y d r o c h l o r i c 
ac id soln. of o s m i u m t e t r o x i d e c o n t a i n s s o m e oc toch lo r ide . L . A . TschugaefT 
obtained a complex rhodium chloropyridinoperosmate, [Rh(C6H5N)4Cl2](OH)-OsO4, 
in ye l low p l a t e s . 
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§ 9. The Osmium Bromides 
H . M o r a h t a n d C. Wisch in * obse rved t h a t o s m i u m , even w h e n h e a t e d , is n o t 

a t t a c k e d b y b r o m i n e v a p o u r ; a n d w h e n osmic ac id is w a r m e d w i t h h y d r o b r o m i c 
a c i d — a n d a l i t t l e a lcohol t o p r e v e n t t h e f o r m a t i o n of vo la t i l e t e t r o x i d e — a b r o w n 
soln. is f o rmed which , w h e n e v a p o r a t e d in v a c u o ove r su lphu r i c ac id , a n d p o t a s s i u m 
h y d r o x i d e , furnishes c rys t a l s w h i c h w h e n recry.stall ized a p p e a r in d a r k r edd i sh -
b r o w n needles of t h e c o m p o s i t i o n O s 2 B r 9 . 6 H 2 O . T h e c r y s t a l s a r e soluble in w a t e r , 
a n d in a lcohol . T h e y a re a m i x t u r e of o s m i u m tr ibromide, o r o s m i u m te t ra -
bromide w i t h some h ighe r b r o m i d e . W h e n t h e a q . soln. is e v a p o r a t e d on a w a t e r -
b a t h , osmiUTn oxyfluoride is f o rmed . 

E . A. Sas se r a th , a n d A. R o s e n h e i m a n d E . A. S a s s e r a t h p r e p a r e d a m m o n i u m 
b r o m o s m a t e , ( H N 4 J 2 O s B r 6 , b y t h e d o u b l e d e c o m p o s i t i o n of t h e s o d i u m b r o m o s m a t e 
a n d p o t a s s i u m chlor ide ; IJ. W i n t r e b e r t , b y t h e a c t i o n of h y d r o b r o m i c ac id o n 
p o t a s s i u m osmyl o x y n i t r i t e ; a n d H . Gi lchr i s t , b y t r e a t i n g a soln. of o s m i u m 
t e t r o x i d e (q.v.) i n cone , h y d r o b r o m i c ac id , a n d e v a p o r a t e d t o a s y r u p y cons i s t ence , 
w i th a m m o n i u m b r o m i d e . D a r k b r o w n i s h - b l a c k c r y s t a l s of t h i s s a l t were fo rmed . 
T h e sp . gr . is 4-09. T h e sa l t c a n b e d r i ed a t 140° t o 150° ; n o e v i d e n c e of 
decompos i t i on c a n b e d e t e c t e d be low 170°. I t is r e d u c e d b y h y d r o g e n t o s p o n g y 
o s m i u m . A. S a c h s o b s e r v e d t h a t t h e b l a c k c r y s t a l s be long t o t h e cub i c s y s t e m . 
A n u m b e r of o rgan ic b r o m o s m a t e s h a v e b e e n p r e p a r e d b y A. Grutbier a n d 
L . Mehler , A. R o s e n h e i m a n d E . A . S a s s e r a t h , N . P f a n n e r , Li. Mehle r , a n d 
O. E d e l h a u s e r . 

The organic bromosmates include methylammonlum bromosmate, (CH3-NHa)8OsBr6 , in 
dark brown scales ; dimethylammonlum bromosmate, {(CH3)2NH,} aOsBr„ in. da rk brown 
octahedra ; trlmethylammonium bromosmate, ((CH3J3NH)2OsBr6 , in dark red octahedra ; 
tetramethylammonium bromosmate, {(CHs)4N},OsBr«, in da rk reddish-brown octahedra ; 
benzalmethylammonium bromosmate, (CH3-NH : CH.C6H6) aOsBr6 , as a dark red, crystalline 
powder,- benzylmethylammonlum bromosmate, (CH 3 .NH 2 .CH a .C 6H 6) 2OsBr 6 , in dark brown 
crystals ; ethylammonlum bromosmate, (C,H8 .NH s)2OsBr f l , in da rk reddish-brown, six-sided 
plates ; diethylammonium bromosmate, ( (C 2H 5 ) ,NHj) 8OsBr 8 , in da rk brownish-red p l a t e s ; 
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ni t rosodie thylammonlum bromosmate , ( ( C 2 H g ) 2 N C N H ) 2 O s B r 6 , i n b l a c k , t r ic l in ic c r y s t a l s ; 
t r t e thy lammonium bromosmate , { ( O a H 5 ) 3 N H } a O s B r 6 , in b l a c k c r y s t a l s ; t e t r ae thy lammonium 
bromosmate , { (C a H B ) 4 N} a OsBr 6 , i n d a r k r e d d i s h - b r o w n c r y s t a l s ; benza le thy lammonlum 
bromosmate , ( C 8 H 8 - N H : C H . C 6 H 6 J 8 O s B r 6 , in b l a c k n e e d l e s ; benzyle thy lammonium 
bromosmate , ( C 8 H 5 . N H , . C H 2 . C 6 H 6 ) J 5 O s B r 6 , i n d a r k b r o w n c r y s t a l s ; n -p ropy lammonium 
bromosmate , ( C 3 H 7 . N H 8 ) a O s B r 6 , in r e d d i s h - v i o l e t sca les ; i so -propylammonium bromosmate , 
i n d a r k b r o w n c r y s t a l s ; d ipropylammonium bromosmate , { ( C 3 H 7 ) a N H 2 > 2 O s B r 6 , i n c o p p e r -
r e d p l a t e s ; t r ip ropy lammonium bromosmate , ( ( C 3 H 7 J 3 N H ) 2 O s B r 6 , in d a r k b r o w n i s h - r e d 
c r y s t a l s ; n - b u t y l a m m o n i u m bromosmate , ( C 4 H 9 . N H 3 J 2 O s B r 8 , in d a r k b r o w n , s i x - s i ded 
p l a t e s ; I so-buty lammonium bromosmate , ( C 4 H 9 . N H 3 J 8 O s B r 6 , in r e d d i s h - v i o l e t , isotroi>ic 
p l a t e s ; d i - i so-buty lammonium bromosmate , { ( C 4 H 9 ) 2 N H 2 ) 2 O s B r 6 , in d a r k b r o w n , m o n o c l i n i c 
c r y s t a l s ; " t r i - i so-buty lammonium bromosmate , ( ( C 4 H 9 J 3 N H ) 8 O s B r 6 , in r e d n e e d l e s ; 
a l ly l ammonium bromosmate , ( C 3 H 5 - N H 3 J 2 O s B r 6 , in d a r k r e d d i s h - b r o w n c r y s t a l s ; i so-
a m y l a m m o n i u m bromosmate , ( C 5 H 1 1 - N H 3 J 2 O s B r 6 , in d a r k r e d d i s h - b r o w n c r y s t a l s ; di- iso-
a m y l a m m o n i u m bromosmate , ( (C 5 H 1 1 J 2 NHjS) 8 OsBr 6 , in b l a c k , t e t r a g o n a l p r i s m s ; t r i - i so-
a m y l a m m o n l u m bromosmate , ( ( C 5 H 1 1 J 3 N H ) 2 O s B r 6 , i n d a r k r e d d i s h - b r o w n c r y s t a l s ; 
e thy lenediammonlum bromosmate , ( C 2 H 4 ( N H 3 J 2 ) O s B r 6 , in b l a c k c r y s t a l s ; propylenedi-
a m m o n l u m bromosmate , ( C 3 H 6 ( N H 3 J 2 ) O s B r 6 , i n b l a c k c r y s t a l s ; guanid in ium b r o m o s ­
m a t e , ( C N H ( N H 2 J 2 H ) 2 O s B r 6 , in b r o n z e p l a t e s ; t r iphenylguanidinium bromosmate , 
( ( C 6 H 5 J 3 C N ( N H 2 ) H ) 8 O s B r 6 , in d a r k r e d c r y s t a l s ; an i l ln ium bromosmate , ( C 6 H 5 - N H 3 J 2 O s B r 6 , 
in b l a c k n e e d l e s ; methylan i l in ium bromosmate , ( C 6 H 5 . N H 2 . C H 3 J 2 O s B r 6 , in d a r k b r o w n , 
r h o m b i c p l a t e s ; d imethylani l in ium bromosmate , ( C 6 H 5 - N H ( C H 3 J 2 J 2 O s B r 6 , in r e d d i s h - b r o w n , 
s ix - s ided p l a t e s ; e thylani l inium bromosmate , ( C 6 H 5 - N H 2 - C 2 H 5 J 8 O s B r 6 , in b l a c k c r y s t a l s ; 
diethylanil inium bromosmate , ( C 6 H 5 - N H ( C 2 H 5 J J 2 O s B r 8 , in b l a c k c r y s t a l s ; i so-amylani l in ium 
bromosmate , ( C 6 H 5 - N H 2 - C 5 H 1 1 J 2 O s B r 6 , in b l a c k , p y r a m i d a l c r y s t a l s ; benzalani l in ium 
bromosmate , ( C 6 H 5 - C H : N H - C 6 H 5 J 2 O s B r 6 , in d a r k r e d d i s h - b r o w n c r y s t a l s ; benzylani l inium 
bromosmate , ( C 6 H 5 - C H 2 - N H 2 - C 6 H 5 J 2 O s B r 6 , i n d a r k r e d d i s h - b r o w n n e e d l e s ; methylbenzyl -
anl l ln ium bromosmate , ( C 6 H 5 - C H 2 - N H 3 - C 6 H 5 J 2 O s B r 6 , in b l a c k c r y s t a l s ; e thylbenzyl-
ani l in ium bromosmate , ( C 6 H 5 - C H 2 - N H - C 2 H 6 - C 6 H 6 J 2 O s B r 6 , i n b l a c k m o n o c l i n i c c r y s t a l s ; 
o-bromoani l in ium chlorosmate , ( C 6 H 4 - B r - N H 3 J 2 O s C l 6 , in r u b y - r e d n e e d l e s ; m - b r o m o -
ani l in ium chlorosmate , in r e d d i s h - b r o w n n e e d l e s ; p -bromoani l in ium chlorosmate , in d a r k 
r e d n e e d l e s ; m-chloroani l in ium bromosmate , ( C 6 H 4 C l - N H 3 J 2 O s B r 6 , a s a d a r k b r o w n 
p o w d e r ; p-chloroanlUnium bromosmate , in d a r k b r o w n n e e d l e s ; dichloroanll inium 
bromosmate , C ( 6 H , C 1 2 . N H 3 J 2 O s B r 6 , in b l a c k n e e d l e s ; o-bromoani l in ium bromosmate , 
( C 6 H 4 - B r - N H 3 J 2 O s B r 6 , i n b l a c k n e e d l e s ; m-bromoani i in ium bromosmate , in b l a c k 
c r y s t a l s ; p -bromoanl l in ium bromosmate , in b l a c k , m o n o c l i n i c n e e d l e s ; benzy lammonium 
bromosmate , ( C 6 H 5 . C H 2 . N H 2 J 2 O s B r 6 , in b l a c k p l a t e s ; t r ibenzy lammonium bromosmate , 
( ( C 6 H 5 - C H 2 J 3 N H ) 2 O s B r 6 , in d a r k r e d d i s h - b r o w n c r y s t a l s ; O-toluidinium bromosmate , 
( C 6 H 4 . C H 3 . N H 3 J 2 O s B r 6 , i n r e d d i s h - b r o w n n e e d l e s ; m- to lu id in ium bromosmate , i n d a r k 
b r o w n c r y s t a l s ; p- toluldinium bromosmate , in b l a c k n e e d l e s ; d imethyl-o- toluidinium 
bromosmate , ( C 6 H 4 . C H 3 . N H ( C H 3 ) 2 ) 2 O s B r 6 , i n b l a c k n e e d l e s a n d y^lates ; d imethyl -p-
toluidinium bromosmate , in b l a c k c r y s t a l s ; 1, 2 , 4-xylidinium bromosmate , 
( C 6 H 3 ( C H 3 J 8 N H a ) 8 O s B r 6 , in d a r k b r o w n n e e d l e s ; 1, 3 , 4-xylidinium bromosmate , i n d a r k 
b r o w n n e e d l e s ; 1, 4 , 5-xylidinium bromosmate , i n b l a c k n e e d l e s ; i//-cumidinium bromos­
ma te , ( C 6 H 8 ( C H 3 J 3 N H 3 I 2 O s B r 6 , a s a d a r k r e d d i s h - b r o w n p o w d e r ; m-phenylened iammonium 
bromosmate , ( C 6 H 4 ( N H 3 J 2 ) O s B r 6 , i n b l a c k r h o m b i c p r i s m s ; 1, 2, 4- to luyIenediammonium 
bromosmate , ( C 6 H 3 - C H 3 - ( N H 3 J 8 ) O s B r 6 , in b l a c k n e e d l e s ; 1, 3 , 4- to luylenediammonium 
bromosmate , in b l a c k p l a t e s ; o-anisidinium bromosmate , ( C 6 H 4 - O - C H 3 - N H 3 J 8 O s B r 6 , in 
b l a c k p l a t e s ; p-anis idinium bromosmate , in b l a c k , m o n o c l i n i c n e e d l e s ; o-phenet idinium 
bromosmate , ( C 6 H 4 - O - C 2 H 5 - N H 3 J 2 O s B r 6 , in d a r k b r o n z e n e e d l e s ; p-phenit idinium 
bromosmate , ( C 6 H 4 - O - C 8 H 5 - N H 3 J 2 O s B r 6 , in b l a c k p l a t e s ; pyridinium bromosmate , 
( C 5 H 8 - N H J 8 O s B r 6 , i n d a r k r e d d i s h - b r o w n , r h o m b i c p l a t e s ; a-picolinium bromosmate , 
( C 5 H 5 - C H 3 - N H ) 8 O s B r 6 , in b l a c k , t e t r a g o n a l j>lates ; £-pieolinium bromosmate , a s a d a r k 
b r o w n , c r y s t a l l i n e p o w d e r ; Iu t idlnium bromosmate , ( C 6 H 3 ( C H 3 J 2 N H ) 8 O s B r 6 , i n b l a c k 
n e e d l e s ; collidinium bromosmate , ( C 6 H 3 ( C H 3 J 3 N H ) 2 O s B r 6 , in b l a c k , t r i c l in ic c r y s t a l s ; 
piperidinium bromosmate , ( C 6 H 1 0 - N H 2 J 2 O s B r 6 , in d a r k b r o w n n e e d l e s ; a n d iso-quinol inium 
bromosmate , ( C 8 H 7 - N H J 8 O s B r 6 , a s a d a r k b r o w n , c r y s t a l l i n e p o w d e r . 

O . E d e l h a u s e r , E . A . S a s s e r a t h , a n d A . R o s e n h e i m a n d E . A . S a s s e r a t h p r e ­
p a r e d p o t a s s i u m b r o m o s m a t e , K 2 O s B r 6 , b y t h e d o u b l e d e c o m p o s i t i o n o f t h e 
s o d i u m s a l t w i t h p o t a s s i u m c h l o r i d e ; a n d Lt. W i n t r e b e r t , b y t h e a c t i o n of h y d r o -
b r o m i c a c i d o n p o t a s s i u m o s m y l o x y n i t r i t e . A . S a c h s s a i d t h a t t h e b r o w n i s h -
b l a c k c r y s t a l s b e l o n g t o t h e c u b i c s y s t e m . E . A . S a s s e r a t h s a i d t h a t t h e s a l t i s 
s p a r i n g l y s o l u b l e i n w a t e r . TA. W i n t r e b e r t p r e p a r e d r e d d i s h - b r o w n , r h o m b i c 
c r y s t a l s o f p o t a s s i u m n i t r o s y l b r o m o s m a t e , K 2 O s ( N O ) B r 5 , b y t h e a c t i o n of h y d r o -
b r o m i c a c i d o n p o t a s s i u m n i t r i t o s m a t e . A . R o s e n h e i m a n d E . A . S a s s e r a t h 
o b t a i n e d s o d i u m b r o m o s m a t e , N a 2 O s B r 6 . 4 H 2 O , b y t h e a c t i o n o f d r y h y d r o g e n 
b r o m i d e , o r of h y d r o b r o m i c a c i d o f s p . g r . 1*45, o n s o d i u m s u l p h i t o s m a t e . T h e 
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purp le - r ed soln. depos i t s d a r k b r o w n p r i s m s of t h i s sa l t . O. E d e l h a u s e r p r e p a r e d 
rub id ium b r o m o s m a t e , R b 2 O s B r 6 , a s a r e d d i s h - b r o w n c rys ta l l ine p o w d e r , b y t h e 
a c t i o n of r u b i d i u m chlor ide on t h e s o d i u m sa l t soln. ; a n d s imi la r ly a lso w i t h 
caesium bromosmate, Cs2BrOs6 . R. Gilchrist prepared silver bromosmate, 
A g 2 O s B r 6 , a s a flocculent, ind igo-b lue p r e c i p i t a t e , b y a d d i n g s i lver n i t r a t e t o a soln . 
of t h e s o d i u m sal t . A pa l e b r o w n p r e c i p i t a t e of i m p u r e s t r o n t i u m b r o m o s m a t e , 
a n d l ikewise of b a r i u m b r o m o s m a t e , were o b t a i n e d . 

F . K r a u s s a n d D . Wi lk ins obse rved t h a t w h e n mefchy lammonium h y d r o x y p e n t a -
c h l o r o s m a t e is rec rys ta l l i zed f rom cone , h y d r o b r o m i c ac id , m e t h y l a m m o n t n m 
b r o m o p e n t a c h l o r o s m a t e , ( C H 3 N H a ) 2 [ O s C l 5 B r ] , is f o r m e d in d e e p r e d , s ix-s ided 
leaflets ; a n d w i t h dil . h y d r o b r o m i c ac id , t h e r e is f o r m e d m e t h y l a m m o n i u m 
hydroxydibromotr ich lorosmate , ( C H 3 N H g ) 2 [ O s ( O H ) B r 2 C l 3 ] , wh ich , w i t h c o n e , 
hydrobromic acid forms methylammonium tricMorotribromosmate, 
[CH3NHa)2[OsCl3Br3J. Only methylammonium hydroxypentabromosmate, 
( C H 3 N H a ) 2 [ O s ( O H ) B r 5 ] , w a s o b t a i n e d . 

Li. W i n t r e b e r t p r e p a r e d a m m o n i u m o s m y l bromide , ( N H 4 ) 2 ( O s 0 2 ) B r 4 , in t r i -
clinic g a r n e t - r e d c ry s t a l s , b y t h e ac t i on of h y d r o b r o m i c ac id on a m m o n i u m o s m y l 
o x y n i t r i t e ; a n d t r ic l in ic , g a r n e t - r e d c rys t a l s of p o t a s s i u m o s m y l bromide , 
K 2 ( O s O 2 ) B r 4 , in a n a n a l o g o u s m a n n e r . A yel low c rys t a l l i ne p o w d e r of a m m o n i u m 
o s m y l oxybromide , ( N H 4 J 2 ( O s O 2 ) O B r 2 , w a s p r e p a r e d b y t h e a c t i o n of h y d r o b r o m i c 
ac id on a m m o n i u m osmy l o x y n i t r i t e . 
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quelques sets complexes de Vosmium, Pa r i s , 1902 ; Ann. Chim. JPhys., (7), 28. 15. 1903. 

§ 10. Osmium Iodides 
Li. N . V a u q u e l i n 1 d id n o t succeed in g e t t i n g iod ine t o u n i t e w i t h o s m i u m w h e n 

m i x t u r e s of t h e t w o e l e m e n t s were h e a t e d in a g lass t u b e ; a n d H . M o r a h t a n d 
C. Wisch in a d d e d t h a t t h e r e is n o r e a c t i o n b e t w e e n o s m i u m a n d iod ine v a p o u r , 
o r b e t w e e n osmic ac id a n d iod ine v a p o u r . I f o s m i u m t e t r a i o d i d e is r e d u c e d in 
h y d r o g e n , a smal l ye l low s u b l i m a t e is f o r m e d w h i c h H . M o r a h t a n d C. W i s c h i n 
a s s u m e t o be o s m i u m di iodide, O s I 2 . Acco rd ing t o E . P . A lva rez , a n d N . A. Orloff, 
p o t a s s i u m iod ide , h y d r o c h l o r i c ac id , a n d o s m i u m t e t r o x i d e i n t e r a c t t o f o r m 
e m e r a l d - g r e e n h y d r o i o d o s m o u s ac id , H 2 O s I 4 , o r O s I 2 . 2 H I . T h e c o m p o u n d is 
so luble in w a t e r , a n d m o r e so in e t h e r ; i t is inso lub le in benzene , a n d in ch lo ro ­
fo rm ; t h e g reen soln. g r a d u a l l y b e c o m e s r e d on e x p o s u r e t o a i r ; a n d t h e r e d 
colour a p p e a r s w h e n t h e g reen soln. is t r e a t e d w i t h ox id iz ing acids—-e.g. n i t r i c acid ; 
a n d ac idic soln. w i t h n i t r i t e s depos i t b l a c k h y d r a t e d d iox ide ; a soln. of pe r ­
m a n g a n a t e , a n d ac idic soln. of a c h r o m a t e , a r e decolor ized b y t h e g reen soln. T h e 
r e a c t i o n c a n be u t i l i zed i n d e t e c t i n g o s m i u m — v i d e supra. W h e n t h e so ln . is 
t r e a t e d w i t h a n excess of p o t a s s i u m iod ide , p o t a s s i u m i o d o s m i t e , K 2 O s I 4 , i s 
f o rmed . 

H . M o r a h t a n d C. W i s c h i n r e p o r t e d o s m i u m tetraiodide, Os I 4 , t o b e f o r m e d b y 
h e a t i n g osmic ac id on a w a t e r - b a t h w i t h cone , h y d r i o d i c ac id . T h e osmic a c i d 
s lowly dissolves , fo rming a b r o w n soln. wh ich is s t a b l e i n t h e co ld ; a n d w h e n 
e v a p o r a t e d in v a c u o ove r p o t a s s i u m h y d r o x i d e , a n d s u l p h u r i c ac id , a n d s u b s e ­
q u e n t l y recrys ta l l ized , i t furnishes v io le t -b lack , r h o m b o h e d r a l c r y s t a l s . T h e 
c r y s t a l s a r e hygroscop ic ; a n d t h e y a r e r e a d i l y so lub le i n w a t e r , a n d a l coho l . 
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W h e n t h e r e d d i s h - b r o w n soln. in a lcohol is w a r m e d , i t d e p o s i t s b l ack p u l v e r u l e n t 
osmium oxyiodide. 

L . W i n t r e b e r t p r e p a r e d p o t a s s i u m i o d o s m a t e , K 2 O s I 6 , b y t h e a c t i o n of cone , 
h y d r i o d i c ac id on p o t a s s i u m o s m y l o x y n i t r i t e ; t h e r e a c t i o n is v igo rous , n i t r o u s 
fumes a n d iodine v a p o u r a r e evo lved . W h e n t h e b rowni sh -v io l e t soln. is a l lowed 
t o s t a n d , i t depos i t s d a r k v io le t o c t a h e d r a . T h e sa l t is r a t h e r m o r e so luble in 
w a t e r t h a n t h e c o r r e s p o n d i n g ch loro- a n d b r o m o - o s m a t e s , a n d i t q u i c k l y d e c o m ­
poses . T h e p resence of a l i t t l e free h y d r i o d i c a c i d h i n d e r s t h e d e c o m p o s i t i o n of 
t h e a q . soln. I t is s t ab l e in h y d r o g e n u p t o 200°, b u t n e a r 300°, h y d r o g e n iod ide 
is evo lved . W h e n p o t a s s i u m n i t r i t o s m i t e is t r e a t e d w i t h h y d r i o d i c ac id , i t fo rms 
p o t a s s i u m n i t rosy l iodosmate , K 2 Os(N - O)Is , in d a r k b r o w n c rys t a l s i s o m o r p h o u s 
w i t h t h e c o r r e s p o n d i n g ch lo ro - a n d b r o m o - s a l t s . I J . W i n t r e b e r t also p r e p a r e d 
a m m o n i u m i o d o s m a t e , ( N H 4 ) 2 O s I 6 , in a m a n n e r a n a l o g o u s t o t h a t e m p l o y e d for 
p o t a s s i u m i o d o s m a t e . T h e sa l t fu rn i shes b lu i sh -b l ack o c t a h e d r a , which a r e less 
so luble t h a n t h o s e of t h e p o t a s s i u m sa l t . 

I J . W i n t r e b e r t d id n o t succeed in p r e p a r i n g c o m p l e x o smyl iod ides . 
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§ 1 1 . The Osmium Sulphides and Sulphates 
J . J . Berze l ius l o b s e r v e d t h a t w h e n a m i x t u r e of o s m i u m a n d s u l p h u r is h e a t e d 

in a r e t o r t , t h e m e t a l b u r n s b r i g h t l y in t h e s u l p h u r v a p o u r , t o fo rm o s m i u m sulphide . 
H y d r o g e n su lph ide w a s found b y J . J . Berze l ius , a n d C. Claus a n d E . J a c o b y t o 
p r e c i p i t a t e o s m i u m s u l p h i d e s f rom h y d r o c h l o r i c ac id soln. of o s m i u m sa l t s . T h e 
p r o d u c t s a r e all d a r k b r o w n , a n d fo rm d a r k ye l low (colloidal) soln. w i t h w a t e r ; 
t h e y d issolve in n i t r i c ac id , f o r m i n g a s u l p h a t e w h e n t h e o s m i u m su lph ide is in 
excess , b u t w i t h w a r m n i t r i c ac id , o s m i u m t e t r o x i d e is g iven off, a n d a s u l p h a t e is 
fo rmed . H . S t . C. Devi l le a n d H . D e b r a y boi led a n a m m o n i a c a l soln. of o s m i u m 
t e t r o x i d e s a t u r a t e d w i t h h y d r o g e n s u l p h i d e , a n d found t h a t t h e o s m i u m su lph ide 
w h i c h is fo rmed inf lames a t a h i g h t e m p . , a n d vola t i l izes a s s u l p h u r d iox ide a n d 
o s m i u m t e t r o x i d e . V. N . IvanofE o b s e r v e d n o c o m p l e x f o r m a t i o n w i t h 
t h i o c a r b a m i d e . 

J . J . Berze l ius p r e p a r e d o s m i u m disulphide , OsS 2 , b y t h e ac t i on of h y d r o g e n 
su lph ide on a soln. of p o t a s s i u m c h l o r o s m a t e ; E . F r e m y , b y t h e ac t ion of t h e gas 
on a soln . of p o t a s s i u m o s m a t e ; a n d H . M o r a h t a n d C. Wisch in , b y pass ing a 
c u r r e n t of h y d r o g e n s u l p h i d e ove r w a r m , d r y o s m i u m o x y s u l p h i d e — a t a h ighe r 
t e m p , t h e r e a c t i o n is very v igo rous . H . G. Kra l l , a n d Li. W o h l e r a n d co -worke r s 
also p r e p a r e d t h i s su lph ide . A c c o r d i n g t o I . Of teda l , t h e X - r a d i o g r a m of o s m i u m 
d i su lph ide c o r r e s p o n d s w i th a cub ic l a t t i c e of t h e p y r i t e t y p e , w i t h a—5-64 A. , 
a n d a ca l cu la t ed d e n s i t y of 9-44. K . Meisel g a v e « = 5 - 6 0 7 5 A., a n d a ca l cu la t ed 
d e n s i t y of 9-57. Acco rd ing t o R . J u z a , t h e d i ssoc ia t ion press , of s u l p h u r v a p o u r 
a t 944° is 27 m m . , a n d a t 1044°, 215 m m . ; t h e t h e r m a l v a l u e of t h e r eac t i on 
O s S 2 = O s + S 2 ( g a s ) a t 1020° is —62 CaIs. T h e s u b j e c t w a s d iscussed b y V. M. GoId-
s c h m i d t , P . Niggl i , a n d L . P a u l i n g a n d M. L . H u g g i n s . R . J u z a g a v e 9-47 t o 9-48 
for t h e obse rved s p . gr . 

J . J . Berze l ius , a n d C. Claus o b t a i n e d o s m i u m tetrasulphide , OsS 4 , a s a b r o w n 
p r e c i p i t a t e , b y t h e p a s s a g e of h y d r o g e n su lph ide t h r o u g h a n acidified soln. of t h e 
t e t r o x i d e . T h e d a r k b r o w n p r e c i p i t a t e is inso luble in w a t e r a n d in soln. of a lka l i 
su lph ides , h y d r o x i d e s , or c a r b o n a t e s . I t r a p i d l y oxidizes on exposu re t o a i r , 
a n d a t h igh t e m p , i t l eaves a r e s idue of o s m i u m . W h e n ign i t ed in v a c u o , i t b ecomes 
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i n c a n d e s c e n t , dec rep i t a t e s , a n d forms o s m i u m hemipentasu lph ide , O s 2 S 5 , o r 
OsS 2 -OsS 3 , a s a g rey s u b s t a n c e w i t h a me ta l l i c l u s t r e . R . J u z a t r i e d t o p r e p a r e a 
h ighe r su lph ide b y t h e a c t i o n of h y d r o g e n su lph ide on soln. of o s m i u m t e t r o x i d e 
in different p ropo r t i ons of hyd roch lo r i c ac id , a n d found t h e compos i t i on of t h e 
p r e c i p i t a t e s t o be w i t h 26-7 p e r cen t , of hyd roch lo r i c ac id , OsS 3 . 5 8 O 0 . i 8 -0 ' 14H 2 O ; 
w i t h 17-3 p e r cent , of ac id , O s S 3 . 6 5 0 0 . 1 3 . 0 2 7 H 2 0 ; a n d w i t h 1-1 p e r cen t , of acid 
O s O 3 . 0 6 0 0 . 8 - 0 ' 4 7 H 2 O . W h e n t h e p r e c i p i t a t e d su lph ide is h e a t e d , t h e r e is a n 
a b r u p t d e v e l o p m e n t of h e a t as o s m i u m d i su lph ide c rys ta l l izes . E . F r i t z m a n n 
a n d E . M. Z u h n found t h a t n e i t h e r h y d r o g e n d iox ide no r a m m o n i u m p e r s u l p h a t e 
oxidizes o s m i u m t e t r a s u l p h i d e in n e u t r a l or acidic soln. , b u t w i t h a m i x t u r e of b o t h 
r eagen t s , a s l ight o x i d a t i o n occurs ; in acidic soln. , ch lo ra t e s a n d b r o m a t e s h a v e a 
powerful oxidiz ing ac t ion , whi l s t pe r ch lo r a t e s a r e r a t h e r less ac t i ve . 

C. Claus said t h a t w h e n a n a q . soln. of o s m i u m t e t r o x i d e is t r e a t e d w i t h h y d r o g e n 
su lph ide , a d a r k b r o w n p r e c i p i t a t e of o s m i u m o x y s u l p h i d e is formed. C. Claus 
gave t h e fo rmula O s O S 3 - ^ H 2 O ; E . v o n Meyer g a v e O s 3 O 5 S 7 . 2 H 2 O . H . M o r a h t 
found t h a t h y d r o g e n su lph ide a c t s v igorous ly , a n d w i t h incandescence , on d r y 
osmic ac id w i t h t h e f o r m a t i o n of o s m i u m o x y d i h y d r o s u l p h i d e , O s 2 O 3 ( S H ) 2 , i n 
accord w i t h t h e r eac t i on : 2 H 2 O s O 4 - M H 2 S = : O s 2 O 3 ( S H ) 2 + 5 H 2 O - f 2S . O s m i u m 
o x y d i h y d r o s u l p h i d e is a b r o w n p o w d e r ; a n d i t is d e c o m p o s e d a n d dissolved b y 
hydroch lo r i c , su lphur i c , a n d n i t r i c ac ids . T h e t e m p , of t h e r eac t i on shows t h a t 
t h e h y d r o g e n is n o t l ikely t o be p r e s e n t a s w a t e r of h y d r a t i o n . T h e acidic n a t u r e 
of t h e h y d r o g e n is s h o w n b y t h e evo lu t ion of c a r b o n d iox ide w h e n t h e o x y s u l p h i d e 
dissolves in a soln. of s o d i u m c a r b o n a t e ; b y t h e evo lu t ion of h y d r o g e n su lph ide 
w h e n t h e o x y s u l p h i d e is t r e a t e d w i t h a n ac id ; w i t h solid j w t a s s i u m su lph ide , i t 
fo rms a yel low s u b s t a n c e w i t h t h e escape of h y d r o g e n su lph ide ; a n d w h e n h e a t e d 
w i t h e t h y l iodide i t fo rms m e r c a p t a n in accord w i t h the; e q u a t i o n : 

O = O s - S H O = O s - S C 2 H 5 

6 4 - 2 C 2 H 5 I = 2 H I + 6 
O = O s - S H O — Os SC 2 H 5 

C. Claus o b t a i n e d OSmOUS s u l p h i t e , OsSO 3 , in b lack , insoluble c r y s t a l s , 
b y t h e ac t i on of s u l p h u r d iox ide on a soln. of o s m i u m te t roxide-—10. 57 , 2 5 — a n d 
A. R o s e n h e i m a n d E . A. S a s s e r a t h , a n d E . A. S a s s e r a t h found t h a t wi th a soln. of 
o s m i u m t e t r o x i d e in dil . soda lye , s o d i u m su lph i tosmate , 3 N a 2 O . O s O 3 . 4 S O 2 . 5 H 2 O , 
is fo rmed ; a n d w i t h p o t a s h lye , p o t a s s i u m s u l p h i t o s m a t e , U K 2 0 . 4 O s O 3 . 1 4 S O 2 . 
7 H 2 O , is p r o d u c e d . S o d i u m h y d r o s u l p h i t e a c t s on s o d i u m c h l o r o s m a t e a t i t s 
b .p . , fo rming wh i t e c ry s t a l s of s o d i u m h e x a s u l p h i t o s m a t e , N a 8 [ O s ( S 0 3 ) 6 ] . 8 H 2 0 ; 
w i t h a n excess of su lph i t e a n d a l lowing t h e soln. t o s t a n d i n t h e cold for severa l 
weeks , ye l low or b r o w n , ac icu la r c r y s t a l s of s o d i u m d i c h l o r o t e t r a s u l p h i t o s m a t e , 
Na 6 (OsCl 2 (SO 4 ) 4 ] . 10H 2 O, a re fo rmed ; a n d if t h e m i x e d soln. is g e n t l y w a r m e d 
s o d i u m ch loropentasu lph i tosmate , Na 7 [OsCl (S0 4 ) 5 ~ | .6H 2 0 , is fo rmed . T h e y also 
r e p o r t e d p o t a s s i u m h y d r o c U o r o s u l p h i t o s m a t e , [ OsCl4 (SO 3 ) 4 ] K 6 H 2 . 

Def ini te i n f o r m a t i o n a b o u t t h e o s m i u m s u l p h a t e s is n o t ava i l ab le . J . J . Berze l ius 
r e p o r t e d OSmOUS s u l p h a t e t o be fo rmed b y t h e ac t ion of n i t r i c ac id on a n excess 
of o s m i u m su lph ide ; a n d b y s imi lar ly t r e a t i n g o s m i u m d i su lph ide , h e o b t a i n e d 
O s m i u m d i s u l p h a t e . S o m e o b s e r v a t i o n s were also m a d e b y C. Claus a n d E . J a c o b y . 

C. Claus a n d E . J a c o b y , a n d J . J . Berze l ius r e p o r t e d o s m i u m o x y d i a n i m i n o -
su lphate , [ O s O ( N H 3 ) 2 ] S 0 4 , t o b e fo rmed b y t h e a c t i o n of di l . s u l p h u r i c ac id on t h e 
co r r e spond ing h y d r o x i d e ; a n d O. W . Gibbs , o s m y l t e t r a m m i n o s u l p h a t e , 
f ( O s 0 2 ) ( N H 3 ) 4 ] S 0 4 , b y t h e ac t ion of a m m o n i u m s u l p h a t e on p o t a s s i u m o s m a t e . 
T h e yel low c rys t a l s a r e spa r ing ly soluble in cold w a t e r , a n d a r e d e c o m p o s e d b y 
boi l ing w a t e r . 
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§ 12. Some Nitrogen Compounds of Osmium 
No osmium nitrate has been reported, but osmium oxydiamminonitrate, 

[OsO(NH 3 ) ; , 1(NO^)2, w a s p r e p a r e d b y C. Claus a n d E . J a c o b y , 1 a n d J . J . Berze l ius 
b y t h e ac t ion of di l . n i t r i c ac id on t h e c o r r e s p o n d i n g h y d r o x i d e ; a n d O. W . G i b b s 
obtained osmyl tetramminonitrate, [(Os02)(NH3)4](N03)2, in yellow crystals 
w h i c h a re v e r y u n s t a b l e . 

J . F r i t z s c h e a n d H . S t r u v e j j re jmred w h a t h a s b e e n cal led o s m i a m i c ac id , 
N H O s O 3 , b y t r e a t i n g t h e b a r i u m sa l t w i t h dil . s u lphu r i c acid, or t h e s i lver s a l t 
w i t h h y d r o c h l o r i c ac id . T h e ye l low soln. c a n be c o n c e n t r a t e d t o a c e r t a i n e x t e n t , 
b u t i t d e c o m p o s e s a t a c e r t a i n s t age in t h e p rocess of c o n c e n t r a t i o n . T h e soln . 
of o s m i a m i c ac id is s t r o n g l y ac id ic , i t d e c o m p o s e s a lka l i c a r b o n a t e s w i t h t h e 
evo lu t ion of c a r b o n d iox ide ; a n d w h e n h e a t e d , i t g ives off o s m i u m t e t r o x i d e . 
J . F r i t z s c h e a n d H . S t r u v e r e g a r d e d i t a s a c o m p o u n d of perosni ic ac id w i t h o s m i u m 
n i t r i de t o wh ich t h e y g a v e t h e n a m e osnian, a n d hence t h e y cal led i t osman-osmic 
acid, a n d r e p r e s e n t e d i t s c o m p o s i t i o n H 2 N 2 O s ^ O 5 ; C. G e r h a r d t showed t h a t t h i s 
fo rmula is i nco r rec t ; a n d A. J o I y r e p r e s e n t e d i t b y t h e fo rmula H N O s O 3 , a n d he 
sugges t ed t h a t i t is a n i t r o s o - c o m p o u n d , O s O ( N O ) O H , de r ived f rom an u n k n o w n 
t r i h y d r o x y - c o m p o u n d , O s ( N O ) ( O H ) 3 , a n a l o g o u s t o t h e r u t h e n i u m c o m p o u n d , 
R u ( N O ) ( O H ) 3 . Th i s h y p o t h e s i s is in h a r m o n y w i t h some of t h e r eac t ions of t h e 
ac id , a n d wi th Li. B r i z a r d ' s o b s e r v a t i o n t h a t a c i d u l a t e d s t a n n o u s chlor ide reduces 
i t t o t h e a m i d e , K 2 O s ( N H 2 ) C l 5 — L . B r i z a r d gave t h e fo rmula N O . O s O . O K . 
A. W e r n e r a n d K. D ink lage , h o w e v e r , s h o w e d t h a t well-cooled hydroch lo r i c ac id 
r e a c t s w i t h t h e p o t a s s i u m sa l t t o fo rm K O s N O C l 5 , a fact conf i rmed b y L. W i n t r e b e r t . 
A. W e r n e r a n d K . D i n k l a g e sugges t ed t h a t i t is un l ike ly t h a t a n i t ro so -g roup is 
p r e s e n t in t h e original ac id , a n d t h e y f a v o u r t h e h y p o t h e s i s t h a t t h e ac id h a s a n 
i m i d o - g r o u p rep lac ing a n a t o m of o x y g e n in o s m i u m t e t r o x i d e ; a n d t h a t t h e 
p o t a s s i u m sa l t is a t a u t o m e r i c fo rm : 

° - r> - ° °^r> <^° 
Osmiamic acid, HNOsO3 Potassium osmiamate, KNOsO3 

J . F r i t z s c h e a n d H . S t r u v e p r e p a r e d a m m o n i u m o s m i a m a t e , ( N H 4 ) N O s O 3 , 
b y d e c o m p o s i n g t h e s i lver sa l t w i t h a m m o n i u m ch lor ide . T h e c rys ta l s a r e freely 
so luble in w a t e r , a n d a lcohol ; a n d d e c o m p o s e exp los ive ly a t 150° F . M. J a g e r 
a n d J . E . Z a n s t r a f o u n d t h a t t h e r h o m b i c c r y s t a l s h a v e a l a t t i ce w i th 4 mols . p e r 
u n i t cell , a n d w i t h a= 5-53 A. , 6 = 5 - 8 6 A. , a n d c—13-54 A. H . D u f e t said t h a t t h e 
c r y s t a l s a r e t e t r a g o n a l o c t a h e d r a , a n d i s o m o r p h o u s w i t h t h o s e of p o t a s s i u m 
o s m i a m a t e , K N O s O 3 , p r e p a r e d b y J . F r i t z s c h e a n d H . S t r u v e , b y t h e a c t i o n of 
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a m m o n i a on a cold soln. of o s m i u m t e t r o x i d e in p o t a s h lye . A. J o I y k e p t t h e 
t e m p , a t 40°. H . Dufe t found t h a t t h e orange-ye l low, t e t r a g o n a l o c t a h e d r a a r e 
i s m o r p h o u s w i t h t hose of t h e a m m o n i u m sa l t . F . M. J a g e r a n d J . E . Z a n s t r a 
obse rved t h a t t h e t e t r a g o n a l , b i p y r a m i d a l c ry s t a l s of p o t a s s i u m o s m i a m a t e h a v e 
t h e ax ia l r a t i o a : c—1 : 2-3123 ; t h e vo l . of t h e e l e m e n t a r y cell is 417*6 cub ic A. ; 
t h e observed sp. gr . is 4-49 t o 4*51 ; a n d t h e v a l u e ca l cu l a t ed f rom t h e cell, w i t h 
4 mols . of K O s N O 3 , is 4-616. Accord ing t o J . F r i t z s c h e a n d H . S t r u v e , t h e sa l t 
is soluble in wa te r , a n d in a lcohol , b u t inso lub le i n e t h e r . T h e sa l t is p a r t i a l l y 
decomposed on rec rys ta l l i za t ion f rom a q . soln. W h e n h e a t e d in v a c u o , A . J o I y 
obse rved t h a t n i t r ogen is evo lved a t 200° , p o t a s s i u m o s m a t e , a n d o s m i u m d iox ide 
a re formed a t 350°, a n d a t 440° , t h e res idue h a s t h e compos i t i on K O s O 3 , a k i n d 
of potassium hyposmate. F . M. J a g e r a n d J . E . Z a n s t r a found t h a t t h e r h o m b i c 
c rys ta l s of rubid ium o s m i a m a t e , R b N O s O 3 , h a v e 4 mol s . p e r u n i t cell, a n d t h a t 
<z=5-57 A. , 6 = 5 - 8 4 A. , a n d c= 13-64 A. ; a n d s imi la r ly for c se s ium o s m i a m a t e , 
CsNOsO 3 , for wh ich a = 8-08 A. , 6 = 8 - 3 5 A. , a n d c = 7 - 2 2 A . ; for tha l lous o s m i a m a t e , 
T l N O s O 3 , for which a = 5 - 4 2 A. , 6 = 5 - 6 8 A. , a n d c = 13-54 A. J . F r i t z s c h e a n d 
H . S t r u v e p r e p a r e d s o d i u m o s m i a m a t e , N a N O s O 3 - ^ H 2 O , b y t h e ac t i on of a m m o n i a 
on a soln. of o s m i u m t e t r o x i d e i n soda lye ; or b y t h e d o u b l e d e c o m p o s i t i o n of t h e 
si lver sa l t a n d s o d i u m chlor ide . T h e yel low c rys t a l s a r e v e r y soluble i n w a t e r , 
a n d in a lcohol . A soln. of o s m i u m t e t r o x i d e in a n a m m o n i a c a l soln. of a sa l t of s i lver 
furnishes s i lver o s m i a m a t e , A g N O s O 3 , in l emon-ye l low c rys t a l s . T h e sa l t is 
soluble in w a t e r , a n d in aq . a m m o n i a . I t d e t o n a t e s v io len t ly a t 80° , o r b y pe r ­
cuss ion. T h e ac t ion of b a r i u m chlor ide on a soln. of t h e s i lver sa l t fu rn ishes b a r i u m 
o s m i a m a t e , B a ( N O s O s ) 2 , in yel low, sh in ing needles w h i c h a r e soluble in w a t e r , a n d 
d e t o n a t e a t 150°. A soln. of z i n c o s m i a m a t e , Z n ( N O s 0 3 ) 2 , w a s p r e p a r e d , b u t n o t 
t h e solid, a n d w h e n a zinc sa l t is a d d e d t o a soln. of o s m i u m t e t r o x i d e in a m m o n i a , 
or a soln. of t h e p o t a s s i u m sa l t i n a m m o n i a , a l igh t yel low, c rys ta l l ine p o w d e r , z i n c 
te tram m i n o s m i am ate , Z n ( N O s 0 3 ) 2 . 4 N H 3 , is fo rmed . I t is d e c o m p o s e d b y cold or 
h o t w a t e r , a n d is inso luble in a q . a m m o n i a . I t c a n be d r i ed in a i r w i t h o u t d e c o m ­
pos i t ion . J . F r i t z s c h e a n d H . S t r u v e also p r e p a r e d m e r c u r o u s o s m i a m a t e , 
H g N O s O 3 , a s a n a m o r p h o u s , l igh t ye l low p r e c i p i t a t e which is inso luble in w a t e r 
a n d does n o t exp lode w h e n h e a t e d ; mercur ic o s m i a m a t e , H g ( N O s O 3 J 2 , in p r i s m a t i c 
c ry s t a l s wh ich qu ick ly d e c o m p o s e ; a n d l ead o s m i a m a t e , P b ( N O s 0 3 ) 2 , b y t r e a t i n g 
a soln. of a n o s m i a m a t e w i t h l ead a c e t a t e ; t h e d i r t y ye l low p r e c i p i t a t e soon 
becomes p u r p l e , a n d gives off o s m i u m t e t r o x i d e . I f a soln. of a n o s m i a m a t e is 
t r e a t e d w i t h lead n i t r a t e n o p r e c i p i t a t i o n occurs , b u t a f te r some t i m e , c r y s t a l s 
a r e fo rmed which r a p i d l y d e c o m p o s e . 

T h e o s m i u m n i t r i t e s were i n a d v e r t e n t l y o m i t t e d f rom 8. 49 , 38 . L . W i n t r e b e r t 2 

p r e p a r e d o s m i u m nitr i te , Os(N 0 2 ) 2 , b y d e c o m p o s i n g b a r i u m n i t r i t o p e r o s m i t e , 
w i t h t h e t heo re t i c a l p r o p o r t i o n of dil . s u l p h u r i c ac id , a n d b y w o r k i n g in t h e cold, 
t h e evo lu t i on of n i t r o u s fumes c a n be a v o i d e d T h e l iqu id is s u p p o s e d t o c o n t a i n 
ni tr i toperosmous ac id , H 2 O s ( N O 2 ) S , a n d w h e n c o n c e n t r a t e d , i t evo lves n i t r o u s 
fumes a n d depos i t s o s m i u m n i t r i t e a s a b r o w n p o w d e r , s t ab l e in air . O. W . G ibbs , 
a n d L,. W i n t r e b e r t o b s e r v e d t h a t p o t a s s i u m ni tr i toperosmite , K 2 0 s ( N 0 2 ) 5 , is p r o ­
d u c e d b y t h e a c t i o n of a n excess of p o t a s s i u m n i t r i t e on a soln. of t h e c h l o r o s m a t e , 
a t 80° ; in air , o s m y l n i t r i t e is fo rmed . T h e cana ry -ye l low pa ra l l e lop ipeds a r e 
r ead i ly soluble in w a t e r . B y d o u b l e d e c o m p o s i t i o n of s o d i u m n i t r i t e w i t h t h e 
b a r i u m or si lver sa l t , o range-ye l low c rys t a l s of s o d i u m ni tr i toperosmite , 
N a 2 0 s ( N 0 2 ) 5 . 2 H 2 0 , soluble in w a t e r , were o b t a i n e d ; a m m o n i u m ni tr i toperosmite , 
( N H 4 ) 2 O s ( N 0 2 ) 5 . 2 H 2 0 , w a s o b t a i n e d in o range-ye l low c r y s t a l s ; s i lver n i t r i t o ­
perosmite , A g 2 0 s ( N 0 2 ) 6 . 2 H 2 0 , in golden-ye l low c rys t a l s ; c a l c i u m ni tr i toperosmite , 
C a O s ( N 0 2 ) 5 . 4 H 2 O , in o range-ye l low c rys t a l s ; s t r o n t i u m ni tr i toperosmite , 
S r O s ( N 0 2 ) 5 . 2 H 2 0 , in o r ange c rys t a l s ; a n d b a r i u m ni tr i toperosmite , 
B a O s ( N 0 2 ) 5 . H 2 0 , was o b t a i n e d in yel low p l a t e s b y t h e a c t i o n of b a r i u m ch lo r ide 
o n a n o n - a q u e o u s soln. of p o t a s s i u m n i t r i t o p e r o s m i t e a b o v e 15°—below 15°, t h e 
s a l t is t e t r a h y d r a t e d . S imi lar ly , m a g n e s i u m ni tr i toperosmite , M g O s ( N 0 2 ) 5 . 4 H 2 0 , 
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in sulphur-yellow crystals ; and zinc nitritoperosmite, ZnOs(NOg)6^H2O, in 
orange-yellow crystals, were prepared. 

According to Li. Wintrebert , when osmium tetroxide is reduced by nitric oxide 
in the presence of potassium nitrite, there is formed potassium osmyl nitrite, 
K2(OsO2)(NO2)^; and by cooling a warm soln. of potassium osmyl chloride and 
potassium nitrite. The crystals decompose in sunlight, in aq. soln., and in contact 
with potash lye. Ammonia forms osmyl tetramminonitrite, f (Os02)(NH3)4](N02)2 . 
If a cone. soln. of potassium nitri te acts on osmium tetroxide, potassium osmyl 
oxynitrite, K 2 ( O s 0 2 ) 0 ( N 0 2 ) 2 . 3 H 2 0 , is formed ; and also when nitric oxide acts 
on a soln. of a mol. of osmium tetroxide and 2 mols. of potassium hydroxide ; and 
by the action of potassium hydroxide on the osmyl derivative. The salt forms 
brownish-black needles which dissolve in potash lye to form potassium osmate ; 
they are slightly soluble in cold water ; they begin to lose water of crystallization 
a t 35° ; when crushed in a mortar , the odours of osmium tetroxide and of nitrogen 
peroxide can be detected ; and a t 200°, in hydrogen, osmium is formed without 
explosion. L. Wintrebert also x ) r eP a r e c* ammonium osmyl oxynitrite, 
(NH 4 ) 2 (Os0 2 )0 (N0 2 ) 2 , with 1, 3, and 4 mols. of water respectively ; sodium osmyl 
oxynitrite, Na 2 (Os0 2 )0 (N0 2 ) 2 , as a syrupy liquid ; silver osmyl oxynitrite, 
A g 2 ( O s 0 2 ) 0 ( N 0 2 ) 2 . H 2 0 ; barium osmyl oxynitrite, B a ( 0 s 0 2 ) 0 ( N 0 2 ) 2 . 4 H 2 0 ; and 
strontium osmyl oxynitrite, S r ( O s 0 2 ) 0 ( N 0 2 ) 2 . 3 H 2 0 . 
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mini UM 

§ 1. The Occurrence of Iridium 
T H E h i s t o r y of i r i d i u m h a s b e e n i n d i c a t e d in connec t i on w i t h t h e p l a t i n u m m e t a l s . 
I r i d i u m occurs in n a t u r e a l loyed in sma l l q u a n t i t i e s w i t h t h e p l a t i n u m m e t a l s . 
I r i d i u m occurs a s o s m i r i d i u m or i r i d io smium—v ide p l a t i n u m ; a n d as a n a l loy 
of p l a t i n u m a n d i r i d i u m . I n t h e gold m i n e s of t h e U r a l s , R . H e r m a n n 1 f o u n d a 
b lack m a g n e t i c s u b s t a n c e which he cal led irite a n d w h i c h w a s cons ide red b y 
J . J . Berze l ius , a n d G. A. K e n n g o t t t o be a n i r i d i u m osmi t e , b u t w a s p r o v e d b y 
C. Claus t o be a m i x t u r e of c h r o m i t e , i r i d i o s m i u m , a n d ferric ox ide a s soc ia t ed w i t h 
t h e oxides of o s m i u m , i ron , a n d c h r o m i u m . J . P r i n s e p found t h a t a s a m p l e f rom 
t h e aur i fe rous s a n d s of t h e A v a , in B u r m a , h a d 60 pe r cen t , of i r i d ium, 20 p e r c e n t , 
of p l a t i n u m , a n d t h e r e m a i n d e r m a i n l y i ron . M. F . H e d d l e cal led i t avaite. T h e 
sub j ec t w a s d iscussed b y H . B u r n e y . L . F . S v a n b e r g r e p o r t e d 1-09 t o 2-52 p e r 
cen t , of i r id ium-—not a s o s m i r i d i u m — i n p l a t i n u m ore f rom Choco, e q u a t o r i a l 
Colombia , H . S t . C. Devi l le a n d H . D e b r a y , 0-85 t o 1-55 p e r cen t . ; a n d T. T h o m s o n , 
72-9 pe r cen t , in ore f rom Braz i l ; H . S t . C. Devi l le a n d H . D e b r a y , 0-85 t o 4-20 
pe r cen t , in t h e ore f rom California , A. K r o m a y e r , 0-70 p e r cen t . , F . Wei l , 3*10 p e r 
cen t . , S. K e r n , 0-01 t o 0-60 p e r cen t . , a n d l / K o i f m a n , 1-38 t o 6-72 p e r cen t , of 
i r i d i u m in ore from v a r i o u s mines in t h e Ura l s ; H . S t . C. Devi l le a n d H . D e b r a y , 
0-40 pe r cen t , in t h e ore from O r e g o n ; P . Collier, 0-62 pe r cen t , in t h e ore f rom 
P l a t t s b u r g , N e w Y o r k ; G. C. H o f m a n n , 1-04 t o 1*21 p e r cen t , in t h e ore f rom 
Br i t i sh Co lumbia , C a n a d a ; M. Book ing , 0-66 p e r cen t , in t h e ore f rom B o r n e o , 
a n d S. B leekrode , 6-13 p e r cen t . ; J . J . Berze l ius , 2-35 t o 4-97 per cen t , in R u s s i a n 
ores , G. O s a n n , 1-91 pe r cen t . , H . St . C. Devi l le a n d H . D e b r a y , 1-45 t o 4-30 p e r 
cen t . ; C. Claus , 0-98 pe r cen t . , a n d S. K e r n , 0 1 1 t o 2-80 p e r cen t . , L . D u p a r c a n d 
M. T i k o n o w i t c h , a n d N . W i s s o t s k y , 0-55 t o 2*68 p e r cen t , in t h e ore f rom Tag i l ; 
0-27 t o 1 -55 p e r cen t , in t h e ore f rom t h e w a t e r s h e d of t h e rixcr I s s -Swe t l i -Bor 
a n d W e r e s s o w y - O u w a l , 1-22 t o 7-54 p e r cen t , in ore f rom K a m e n o u c h k y , 
K o s w i n s k y , K a n j a k o w s k y , O m o u n t n a i a , a n d D a n e s k i n - K a m e n , 0-24 t o 1-65 p e r 
cen t , in ore f rom G o u s s c w i - K a m e n , K i e d r o w k a , B a r a n t c h i a , a n d Solwa ; a n d 0*24 
t o 1-19 p e r cen t , in ore f rom G o u s s e w k a , S c h o u m u k a , a n d O b l e i s k a y a - K a m e n k a ; 
H . S t . C. Devi l le a n d H . D e b r a y , 0-95 p e r cen t , in ore f rom S p a i n , a n d 1*10 t o 2-2 
pe r cen t , in ore f rom A u s t r a l i a ; J . C. H . M ingaye , 27-79 p e r cen t , in ore f rom 
N e w S o u t h W a l e s . T h e occu r r ence of o s m i r i d i u m , a n d i r i d io smium in t h e s e ores 
h a s b e e n d iscussed in c o n n e c t i o n w i t h o s m i u m , a n d p l a t i n u m . A. Cissarz n o t e d 
t h e occur rence of i r i d i u m in t h e c o p p e r sha les of Mansfeld. 

T h e genera l occur rence of i r i d i u m h a s been d iscussed in c o n n e c t i o n w i t h t h e 
p l a t i n u m m e t a l s . F . W . Clarke, a n d H . W a s h i n g t o n ' s 2 e s t i m a t e of t h e p r o p o r t i o n 
of i r i d i u m in t h e igneous rocks of t h e e a r t h ' s c ru s t is of t h e o rde r nX 1 0 - 1 0 p e r c e n t . , 
a n d I . a n d W . N o d d a c k gave 3 - O x l O " ^ for t h e e a r t h ' s c r u s t ; 2-3X 1 0 ~ 5 for 
m e t e o r i c i r o n ; 5 0 x l O ~ 6 for t ro i l i t e ; a n d for t h e a t o m i c d i s t r i b u t i o n , o x y g e n 
u n i t y , 3-2 X 10~? ; a n d l a t e r , t h e y g a v e 2 - l x l 0~8 for t h e e a r t h ' s c r u s t , a n d 0-9 X 10~6 
for m e t e o r i t e s . T h e sub jec t was discussed by P . Niggl i , P . V inas sa , V. M. GoId-
s c h m i d t a n d C. P e t e r s , a n d F . B e r n a u e r . J . M. D a v i s o n , G. P . Merr i l l , a n d 
J . C. H . Mingaye obse rved i r i d ium in me teo r i c i ron . H . A . R o w l a n d , a n d 

730 
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J . N . Liockyer d iscussed t h e presence of i r i d i u m in t h e s u n ' s p h o t o s p h e r e . 
M. N . S a h a , H . v o n Kl i ibe r , a n d C. E . S t . J o h n classed i r i d i u m a m o n g s t t h e e l e m e n t s 
of d o u b t f u l occur rence in t h e fixed s t a r s . 
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§ 2. The Extraction and Preparation of Iridium 
T h e r e c o v e r y of o s m i r i d i u m w a s s t u d i e d b y G. H . S t a n l e y a n d I I . JR,. A d a m . 1 

T h e o p e n i n g u p of p l a t i n u m ores w i t h a q u a regia is d iscussed in connec t ion w i th 
p l a t i n u m ; a n d t h e open ing u p of t h e o s m i r i d i u m ore a n d t h e vo la t i l i za t ion of 
o s m i u m as t h e t e t r o x i d e w a s d iscussed in connec t ion w i th r u t h e n i u m a n d w i t h 
o s m i u m . A c c o r d i n g t o L.. N . V a u q u e l i n , a n d J . J . Berzel ius , t h e b l ack p o w d e r 
r e m a i n i n g a f t e r t r e a t m e n t of t h e ore w i t h a q u a regia w a s m i x e d in a r e t o r t w i t h 
tw ice i t s we igh t of p o t a s s i u m n i t r a t e . Osmic acid dist i ls over . T h e ope ra t i on 
is r e p e a t e d , if necessa ry , on a n y b l ack p o w d e r which r e m a i n s af te r t r e a t m e n t w i t h 
h y d r o c h l o r i c ac id ; t h i s soln. is m i x e d w i t h n i t r i c ac id , a n d dis t i l led for o s m i u m 
t e t r o x i d e — v i d e o s m i u m . T h e l iquor in t h e r e t o r t is d i l u t ed w i th w a t e r , n e a r l y 
n e u t r a l i z e d w i t h a m m o n i a , a n d t h e filtered l iquid is e v a p o r a t e d a n d t r e a t e d w i t h 
a m m o n i u m chlor ide , for i r i d i u m ch lo ro i r ida te . T h e m i x e d p r e c i p i t a t e of a m m o n i u m 
c h l o r o i r i d a t e a n d c h l o r o p l a t i n a t e , w h e n ign i t ed furn ishes a p o w d e r c o n t a i n i n g 
p l a t i n u m , w h i c h is so luble in d i l u t e a q u a regia , a n d i r i d ium, which is v i r t ua l ly 
inso lub le in t h a t l i qu id . 

T h e s e p a r a t i o n of i r i d i u m w a s also desc r ibed b y F . Woh le r , J . Persoz , C. Claus , 
M. C. L e a , O. W . G ibbs , H . S t . C. Devi l le a n d H . D e b r a y , C. A. Mar t i u s , S. P . Sad t l e r , 
A . Bet tendorff , W . v o n Schne ide r , a n d R . B u n s e n . I n t h e t r e a t m e n t of o s m i r i d i u m , 
a f te r r e m o v i n g t h e o s m i u m as t e t r o x i d e b y d i s t i l l a t ion , t h e res idue c o n t a i n s i r i d ium 



732 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

c o n t a m i n a t e d wi th more o r less r u t h e n i u m (q.v.). T h e soln. is e v a p o r a t e d t o a 
smal l bu lk , a n d t r e a t e d w i t h a m m o n i u m ch lor ide a n d n i t r i c ac id , a n d e v a p o r a t e d 
t o d r y n e s s on a, w a t e r - b a t h . T h e res idue is w a s h e d w i t h a soln. of a m m o n i u m 
ch lor ide , a b o u t half s a t u r a t e d , un t i l t h e w a s h i n g s a r e colourless , a n d t h e r e su l t i ng 
a m m o n i u m ch loro i r ida te d r ied a n d h e a t e d t o r ednes s in h y d r o g e n . T h e r e s idue 
is d iges ted wi th a q u a regia t o r e m o v e p l a t i n u m , a n d o s m i u m if p r e s e n t ; a n d t h e n 
fused w i t h p o t a s s i u m n i t r a t e a n d h y d r o x i d e a n d l eached w i t h w a t e r t o r e m o v e 
p o t a s s i u m r u t h e n a t e . T h e insoluble res idue is t h e n h e a t e d w h i t e - h o t t o vo la t i l i ze 
t h e l a s t t r ace s of o s m i u m . 

W h e n f inely-divided i r i d i u m or i r i d i u m sponge is fused w i t h l ead a n a l loy is 
p r o d u c e d f rom w h i c h p l a t i n u m , p a l l a d i u m , a n d some r h o d i u m a re r e m o v e d b y 
d iges t ion w i t h a q u a regia . T h e r u t h e n i u m a n d i ron a t t h e s a m e t i m e fo rm a n 
a l loy w i t h i r i d i u m . T h i s a l loy is c rys t a l l i ne a n d is difficult t o d issolve . T h e 
process was e m p l o y e d b y H . S t . O. Devi l le a n d J . S. S t a s , a n d H . S t . C. Devi l le a n d 
H . D e b r a y , a n d t h e y also u sed zinc in p lace of l ead for o p e n i n g u p o s m i r i d i u m . 
G. M a t t h e y purif ied t h e i r i d i u m still c o n t a i n i n g a sma l l r>roportion of p l a t i n u m , 
r h o d i u m , r u t h e n i u m , a n d i ron a s follows : 

T h e p o w d e r is f u s e d w i t h t e n t i m e s i t s w e i g h t of l e a d f o r s o m e h o u r s . T h e c o l d m a s s i s 
t r e a t e d w i t h n i t r i c a c i d t o r e m o v e t h e l o a d , a n d t h e r e s i d u e i s d i g e s t e d w i t h a q t i a r e g i a t o 
r e m o v e p l a t i n u m . T h e r e r e m a i n s i r i d i u m a s s o c i a t e d w i t h r h o d i u m , r u t h e n i u m , a n d i r o n , 
w h i c h i s t h e n f u s e d a t a h i g h t e m p , w i t h p o t a s s i u m h y d r o s u l p h a t e a n d t h e c o l d p r o d u c t 
w a s h e d w i t h w a t e r t o r e m o v e t h e r h o d i u m . T h e r e m a i n i n g i r i d i u m i s t h e n f u s e d f o r a 
l o n g t i m e -wi th 10 t i m e s i t s w e i g h t of p o t a s s i u m h y d r o x i d e a n d 3 t i m e s i t s w e i g h t o f 
p o t a s s i u m n i t r a t e i n a g o l d c r u c i b l e . T h e i r o n i s o x i d i z e d , t h e i r i d i u m f o r m s i n s o l u b l e 
p o t a s s i u m i r i d a t e a n d t h e r u t h e n i u m , s o l u b l e p o t a s s i u m r u t h e n a t e . T h e p r o d u c t i s 
w a s h e d w i t h a n a l k a l i n e s o l n . of s o d i u m h y p o c h l o r i t e u n t i l t h e w a s h i n g s a r e n o l o n g e r 
c o l o u r e d , a n d t h e n a l l o w e d t o r e m a i n s u s p e n d e d i n a c o l d s o l n . of s o d i u m h y p o c h l o r i t e f o r 
s o m e t i m e . T h e m i x t u r e i s b o i l e d i n a r e t o r t u n t i l t h e d i s t i l l a t e n o l o n g e r r e d d e n s a d i l . 
a l c o h o l i c s o l n . of h y d r o c h l o r i c a c i d . T h e r e s i d u e i s a g a i n h e a t e d w i t l i p o t a s s i u m 
n i t r a t e a n d a n a l k a l i n e s o l n . of s o d i u m h y p o c h l o r i t e s a t u r a t e d w i t h c h l o r i n e t o r e m o v e 
t h e l a s t t r a c e s of r u t h e n i u m . T o r e m o v e i r o n a n d t r a c e s of r u t h e n i u m , a n d r h o d i u m , 
t h e r e s i d u e i s d i s s o l v e d i n a q u a r e g i a , e v a p o r a t e d t o d r y n e s s , e x t r a c t e d w i t h w a t e r , a n d 
t h e f i l t e r e d s o l n . i s s l o w l y p o u r e d i n t o a c o n e . s o l n . of s o d i u m h y d r o x i d e a n d h y p o c h l o r i t e . 
T h e l i q u i d s h o u l d r e m a i n c l e a r ; a n d i t i s d i s t i l l e d i n a c u r r e n t of c h l o r i n e , a n d r e c e i v e d i n a 
d i l . a l c o h o l i c s o l n . of h y d r o c h l o r i c a c i d . W h e n t h e d i s t i l l a t e s h o w s no c o l o r a t i o n , r u t h e n i u m 
i s a b s e n t . T h e c h l o r i n e p r e c i p i t a t e s m o s t of t h e i r i d i u m a s b l u e o x i d e w h i c h i s w a s h e d , 
d r i e d , a n d r e d u c e d b y i g n i t i o n in a p o r c e l a i n t u b e i n a c u r r e n t of c a r b o n d i o x i d e a n d 
m o n o x i d e o b t a i n e d b y t h e a c t i o n of s u l p h u r i c o n o x a l i c a c i d . W h e n t h e p r o d u c t i s f u s e d 
a t a r e d - h e a t w i t h p o t a s s i u m h y d r o s u l p h a t e , i r o n a n d r h o d i u m a r e r e m o v e d w h e n t h e 
p r o d u c t i s w a s h e d w i t h - w a t e r ; w a s h i n g w i t h c h l o r i n e " w a t e r r e m o v e s g o l d ; a n d " w a s h i n g 
w i t h h y d r o f l u o r i c a c i d r e m o v e s s i l i c a d e r i v e d f r o m t h e a l k a l i e s , o r f r o m t h e c o n t a i n i n g 
v e s s e l s . T h e i r i d i u m c a n b e f u s e d i n c h a r c o a l , a n d c a s t i n t o a n i n g o t . G-. M a t t h e y s a i d 
t h a t e v e n w i t h t h e u t m o s t c a r e , t h e r t s s u l t i n g i r i d i v i m r e t a i n s m i n u t e t r a c e s of o x y g e n , 
r h o d i u m , r u t h e n i u m , a n d p o s s i b l y i r o n . N . W . P e r r y d i s c u s s e d t h e f u s i o n , c a s t i n g , a n d 
d e p h o s p h o r i z a t i o n of i r i d i u m ; a n d J . H o l l a n d , a n d W". L . D u d l e y , t h e f u s i o n of i r i d i u m . 

XJ. A n t o n y r e c o m m e n d e d t h e fol lowing process : 
I r i d i u m i s p r e c i p i t a t e d b y z i n c t o a n a c i d i f i e d s o l n . of i r i d i u m t r i c h l o r i d e , a n d d i g e s t e d 

w i t h c o n e , n i t r i c a c i d , of s p . g r . 1 -35 , c o n t a i n i n g s o m e n i t r o u s a c i d , t o e l i m i n a t e o s m i u m 
a n d p a l l a d i u m , a n d t h e n d i g e s t e d w i t h d i l . a q u a r e g i a ( I H N O 3 , 3 H C l , a n d 3 H 2 O ) t o d i s s o l v e 
p l a t i n u m a n d a n y t r a c e s of o s m i u m a n d p a l l a d i u m . T h e w a s h e d r e s i d u e i s fx ised w i t h 
p o t a s s i u m h y d r o g e n s u l p h a t e t o r e m o v e r h o d i u m . T h e i n s o l u b l e i r i d i c o x i d e l e f t i s r e d u c e d 
b y h y d r o g e n i n t h e c o l d , t h e m e t a l c o n v e r t e d i n t o p o t a s s i u m c h l o r i r i d a t e , a n d p u r i f i e d b y 
r e p e a t e d c r y s t a l l i z a t i o n . T h e m e t a l o b t a i n e d in t h i s w a y s t i l l c o n t a i n s p l a t i n u m , b u t 
o n p a s s i n g a c u r r e n t o f c h l o r i n e a n d c a r b o n m o n o x i d e o v e r i t a t a t e m p , o f 2 5 0 ° , a s m a l l 
q u a n t i t y of y e l l o w c r y s t a l s s u b l i m e s , w h i c h w h e n t r e a t e d w i t h w a t e r e v o l v e c a r b o n i c 
a n h y d r i d e a n d h y d r o g e n c h l o r i d e a n d l e a v e a b l a c k p o w d e r c o n s i s t i n g of p l a t i n u m . T h e 
i r i d i u m i s l e f t a s a d a r k - g r e e n p o w d e r c o n t a i n i n g i r i d i u m a n d c h l o r i n e , a n d i s e n t i r e l y f r e e 
f r o m p l a t i n u m . 

E . Le id ie r e c o m m e n d e d t h e following process for t h e pur i f ica t ion of iridium : 
I r i d i v i m p u r i f i e d b y f u s i o n w i t h l e a d i s f i n e l y - p o w d e r e d , m i x e d w i t h t w i c e i t s w e i g h t o f 

f u s e d s o d i u m c h l o r i d e , a n d h e a t e d t o i n c i p i e n t r e d n e s s i n a c u r r e n t o f d r y c h l o r i n e . T h e 
c o o l e d p r o d u c t i s t r e a t e d w i t h v e r y d i l . h y d r o c h l o r i c a c i d , a n d t h e f i l t e r e d s o l n . i s h e a t e d 
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t o 5 0 ° t o 6 0 ° , a n d m i x e d , w i t h s u c c e s s i v e s m a l l q u a n t i t i e s of s o d i u m n i t r i t e u n t i l t h e e v o l u ­
t i o n of n i t r o g e n o x i d e s c e a s e s a n d t h e l i q u i d b e c o m e s n e u t r a l t o l i t m u s . I t i s t h e n c a r e f u l l y -
m i x e d w i t h s u f f i c i e n t s o d i u m c a r b o n a t e t o m a k e i t a l k a l i n e t o l i t m u s , a n d w i t h a s l i g h t 
e x c e s s o f s o d i u m n i t r i t e , b o i l e d f o r a f e w m i n u t e s , c o o l e d a n d filtered ; i r o n , l e a d , a n d g o l d 
a r e p r e c i p i t a t e d , w h i l s t t h e s o l n . c o n t a i n s s o d i u m o s m a t e , N a 2 O s O 4 ; a n d t h e c o m p l e x 
n i t r i t e s o f i r i d i u m , I r ( N 0 2 ) s . 3 N a N 0 2 ; r u t h e n i u m , R u ( N O 2 ) 3 . 3 N a N O 2 ; a n d r h o d i u m , 
R h ( N O 2 ) 3 . 3 N a N O 2 . A s l i g h t e x c e s s of s o d i u m h y d r o x i d e i s t h e n a d d e d , a n d t h e s o l n . , 
a f t e r c o o l i n g , i s s a t . w i t h c h l o r i n e , h e a t e d g e n t l y , a n d t r e a t e d w i t h a r a p i d c u r r e n t of 
c h l o r i n e t o e l i m i n a t e r u t h e n i u m a n d o s m i u m i n t h e f o r m of p e r o x i d e s . T h e r e s i d u a l l i q u i d 
i s r e p e a t e d l y e v a p o r a t e d w i t h h y d r o c h l o r i c a c i d t o d e c o m p o s e n i t r i t e s , n i t r a t e s , a n d 
c h l o r a t e s , a n d t h e r e s i d u e d i s s o l v e d i n c o l d c h l o r i n e - w a t e r a n d c r y s t a l l i z e d t o r e m o v e 
s o d i u m c h l o r i d e . T h e f i n a l c r y s t a l l i n e s e p a r a t i o n s a r e a m i x t u r e of s o d i u m c h l o r o r u t h e n a t e 
a n d s o d i u m c h l o r o i r i d a t e ; t h e s e a r e c a r e f u l l y d r i e d , h e a t e d i n d r y c h l o r i n e a t 4 4 0 ° , c o o l e d , 
a n d t r e a t e d w i t h c o l d c h l o r i n e w a t e r . R u t h e n i u m c h l o r i d e r e m a i n s u n d i s s o l v e d , w h i l s t t h e 
i r i d i u m p a s s e s i n t o s o l n . , a n d c a n b e p r e c i p i t a t e d i n t h e f o r m of a m m o n i u m c h l o r o i r i d a t e . 
T h e s u c c e s s f u l s e p a r a t i o n of i r i d i u m a n d r u t h e n i u m d e p e n d s o n o b t a i n i n g t h e d o u b l e 
c h l o r i d e s f r e e f r o m a n y e x c e s s of s o d i u m c h l o r i d e , a n d 011 d r y i n g v e r y c a r e f u l l y b o t h t h e 
c h l o r i n e a n d t h e m i x t u r e o f d o u b l e c h l o r i d e s . 

E . W i c h e r s a n d co -worker s , a n d R . Gi l ch r i s t a n d co-workers r e c o m m e n d e d t h e 
fol lowing p rocess : 

T h e d r i e d m a t e r i a l i s a d d e d t o a m i x t u r e of s o d i u m h y d r o x i d e a n d d i o x i d e w h i c h h a s 
b e e n f u s e d t o e x p e l m o i s t u r e , a n d t h e m i x t u r e k e p t f u s e d f o r 2 t o 3 h r s . w i t h o c c a s i o n a l 
s t i r r i n g if p r a c t i c a b l e . T h e m o l t e n m a s s i s p o u r e d o n a n i r o n p l a t e f r o m w h i c h i t s e p a r a t e s 
c l e a n l y o n c o o l i n g . L e a c h i n g t h e m e l t w i t h c o l d w a t e r d i s s o l v e s s o m e i r i d i u m i n t h e f o r m 
of a s o d i u m s a l t b u t l e a v e s m o s t of i t a s a n i n s o l u b l e o x i d e o r p o s s i b l y a s o d i u m s a l t . 
N e a r l y a l l of t h e o s m i u m a n d m o s t o f t h e r u t h e n i u m p r e s e n t w i l l b e in t h e a l k a l i n e s o l n . , 
b u t m u c h r u t h e n i u m r e m a i n s w i t h t h e i r i d i u m , a s d o a l s o t h e o t h e r p l a t i n u m m e t a l s i n 
w h o l e o r i n p a r t , a n d b a s e m e t a l s s u c h a s i r o n a n d n i c k e l . M u c h of t h e r u t h e n i u m r e m a i n ­
i n g w i t h t h e i r i d i u m m a y b e r e m o v e d b y t r e a t i n g t h e r e s i d u e w i t h s o d i u m h y p o c h l o r i t e 
s o l n . vide si/j>rcty O . M a t t h e y ' s p r o c e s s . T h e r e s i d u e i s d i g e s t e d w i t h h y d r o c h l o r i c a c i d 
on t h e s t e a m - b a t h f o r s e v e r a l h o u r s a n d t h e r e s u l t i n g s o l n . of i r i d i u m c h l o r i d e d e c a n t e d . 
A f r e s h p o r t i o n of h y d r o c h l o r i c a c i d i s a d d e d t o i n s u r e e x t r a c t i n g a l l of t h e s o l u b l e i r i d i u m 
c o m p o u n d s . T h e u n a t t a c k e d r e s i d u e f r o m t h i s t r e a t m e n t i s a g a i n f u s e d w i t h a l k a l i , o r , 
if r h o d i u m i s p r e d o m i n a n t , i t i s m i x e d w i t h s o d i u m c h l o r i d e a n d h e a t e d i n a c u r r e n t of 
c h l o r i n e vide r h o d i u m . 

T h e r e p e a t e d p r e c i p i t a t i o n of a m m o n i u m c h l o r o i r i d a t e i s a s u i t a b l e m e t h o d f o r f r e e i n g 
i r i d i u m f r o m m o s t of t h e i m p u r i t i e s i t m a y c o n t a i n , t h e n o t a b l e e x c e p t i o n s b e i n g p l a t i n u m 
a n d r u t h e n i u m . T h e c h i e f d i s a d v a n t a g e of t h i s s c h e m e i s t h e t r o u b l e i n v o l v e d i n r e d i s -
s o l v i n g t h e i r i d i u m s a l t . T h i s c a n b e d o n e b y s u s p e n d i n g i t i n h o t - w a t e r a n d s a t u r a t i n g 
w i t h s u l p h u r d i o x i d e . T h e i r i d i u m s a l t i s r a t h e r e a s i l y d i s s o l v e d b e c a u s e of i t s r e d u c t i o n 
t o s o l u b l e c o m p o u n d s of t e r v a l e n t i r i d i u m . T h i s m e t h o d of d i s s o l u t i o n h a s t h e f u r t h e r 
a d v a n t a g e of p r e c i p i t a t i n g m u c h of t h e r h o d i u m , if m o r e t h a n s m a l l a m o u n t s a r e p r e s e n t , 
a s a s l i g h t l y s o l u b l e d o u b l e s u l p h i t e . T h e r e s u l t i n g s o l n . , f i l t e r e d f r o m a n y p r e c i p i t a t e , i s 
e v a p o r a t e d w i t h a n e x c e s s o f h y d r o c h l o r i c a c i d t o d e c o m p o s e t h e s u l p h i t e c o m p o u n d s . 
T h e r e s i d u e i s t a k e n u p w i t h w a t e r a n d t r e a t e d w i t h c h l o r i n e o r a q u a r e g i a , a m m o n i u m 
c h l o r o i r i d a t e b e i n g p r e c i p i t a t e d . S o m e a m m o n i u m c h l o r i d e i s a d d e d t o t h e s o l n . t o r e p l a c e 
a n y of t h i s s a l t t h a t h a s b e e n d e s t r o y e d a n d t o d e c r e a s e t h e s o l u b i l i t y of t h e d o u b l e s a l t . 
A m m o n i u m c h l o r o i r i d a t e c a n a l s o b e d e c o m p o s e d b y p r o l o n g e d h e a t i n g w i t h a q u a r e g i a 
o r c h l o r i n e . T h i s t r e a t m e n t m a y b e m o r e t e d i o u s t h a n t h e u s e of s u l p h u r d i o x i d e , b u t i t 
r e s u l t s i n t h e c o m p l e t e d e s t r u c t i o n of t h e a m m o n i u m r a d i c a l a n d a l s o t e n d s t o r e m o v e 
s m a l l a m o u n t s of o s m i u m a s t h e v o l a t i l e t e t r o x i d e . P l a t i n u m c a n n o t b e e l i m i n a t e d b y 
t h e r e p e a t e d p r e c i p i t a t i o n of a m m o n i u m c h l o r o i r i d a t e . R u t h e n i u m p e r s i s t s w i t h t h e 
i r i d i u m a l s o , i n s p i t e of t h e g r e a t e r s o l u b i l i t y of i t s a m m o n i u m s a l t . M o s t of t h e r u t h e n i u m 
p r e s e n t w i t h i r i d i u m c a n b e r e m o v e d b y p o u r i n g t h e s o l n . of t h e c h l o r i d e s i n t o a n e x c e s s 
of s o d i u m h y d r o x i d e , s a t u r a t i n g t h e r e s u l t i n g m i x t u r e w i t h c h l o r i n e a n d d i s t i l l i n g off 
r u t h e n i u m t e t r o x i d e vide r u t h e n i u m . R e p e a t i n g t h e d i s t i l l a t i o n s e v e r a l t i m e s w i l l 
p r o d u c e i r i d i u m v e r y n e a r l y f r e e f r o m r u t h e n i u m , b u t t h e s t r i c t l y c o m p l e t e r e m o v a l of t h e 
l a t t e r e l e m e n t i s v e r y d i f f i c u l t , if n o t i m p o s s i b l e , b y t h i s m e t h o d . 

E . W i c h e r s a n d co-workers o b t a i n e d good s e p a r a t i o n s of r u t h e n i u m a n d i r id ium 
b y a p roces s—desc r ibed b y J . F r i t z s c h e a n d H . S t r u v e , C. Claus , M. C. Lea , a n d 
O. W . G-ibbs—based o n t h e r e l a t ive ly g r e a t e r ease w i t h -which r u t h e n i u m is prec ip i ­
t a t e d b y h y d r o g e n su lph ide : 

A s o l n . c o n t a i n i n g a b o u t 3 7 g r m s . of i r i d i u m a s c h l o r i d e , 2 5 m l . of h y d r o c h l o r i c a c i d , 
i n 7OO m l . , w a s s a t u r a t e d w i t h h y d r o g e n s u l p h i d e a t r o o m t e m p . I t w a s s e t a s i d e f o r a b o u t 
6 0 h r s . , a f t e r w h i c h t h e s o l n . w a s f i l t e r e d off a n d t r e a t e d f u r t h e r w i t h h y d r o g e n s u l p h i d e 
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for s e v e r a l h o u r s , t h e t e m p , b e i n g k e p t n o t far f r o m t h e fo.p. T h e so ln . -was s e t a s i d e ove r ­
n i g h t a n d t h e n f i l tered f r o m t h e p r e c i p i t a t e d s u l p h i d e s . T h e m e t a l s p r e c i p i t a t e d b y t h e 
t w o t r e a t m e n t s a m o u n t e d t o s o m e w h a t less t h a n 15 p e r c e n t , of t h e t o t a l m e t a l i n t h e so ln . 
U p o n p o u r i n g t h e r e s i d u a l i r i d i u m so ln . , first r e o x i d i z e d w i t h c h l o r i n e , i n t o a n e x c e s s of 
s o d i u m h y d r o x i d e so ln . a n d d is t i l l ing w i t h ch lo r i ne , n o r u t h e n i u m w a s f o u n d in t h e 
d i s t i l l a t e . 

I t is e x t r e m e l y difficult t o s e p a r a t e t h e a l m o s t i napp rec i ab l e t r a c e s of r u t h e n i u m 
a n d r h o d i u m f rom i r id ium. T h e spec t roscopic d e t e c t i o n of i m p u r i t i e s in i r i d i u m 
is n o t so c o n v e n i e n t as is t h e case w i t h s o m e o t h e r p l a t i n u m m e t a l s because t h e 
s p e c t r u m of i r i d i u m is c o m p l e x a n d m a n y of t h e sens i t ive l ines of t h e o t h e r p l a t i n u m 
m e t a l s a re co inc iden t w i t h i r i d i u m l ines unless g r e a t d i spers ion is used . I . W a d a 
a n d T . N a k a z o n a , a n d E . W i c h e r s a n d co-workers obse rved t h a t soln. of t i t a n o u s 
sa l t s will c o m p l e t e l y p r e c i p i t a t e r h o d i u m a n d p l a t i n u m in t h e p resence of i r i d i u m . 
S. T. A o y a m a found t h a t p l a t i n u m , a c c o m p a n i e d b y 1 t o 3 pe r cen t , of t h e t o t a l 
i r i d ium, is c o m p l e t e l y p r e c i p i t a t e d f rom ac id ic soln. of t h e ch lor ides b y me ta l l i c 
coppe r . T h e p r e c i p i t a t e c a n be h e a t e d in h y d r o g e n , a n d t r e a t e d w i t h a q u a reg ia 
w h i c h dissolves t h e p l a t i n u m b u t n o t t h e i r i d ium. B . G. KarpofE f o u n d t h a t if a 
m i x t u r e of a m m o n i u m c h l o r o p l a t i n a t e a n d ch lo ro i r i da t e is r e d u c e d a t 100°, b y 
m e r c u r y , t h e p l a t i n u m , a c c o m p a n i e d b y 0-04 t o 0-11 p e r cen t , of i r i d i u m , is p r e ­
c i p i t a t e d ; he also r e c o m m e n d e d a process of s e p a r a t i n g r h o d i u m a n d i r i d i u m b y 
fusion w i t h b i s m u t h ; a n d V. V. L e b e d i n s k y , b y boi l ing a soln. w i t h p o t a s s i u m 
iodide . B . G. Karpoff a n d A. N . F e d o r o v a s t u d i e d t h e s e p a r a t i o n of p l a t i n u m 
a n d i r i d ium ; a n d K . H e s s n e r , t h e r e c o v e r y of i r i d i u m . 

H . D e b r a y p r e p a r e d crystal l ine ir id ium b y h e a t i n g t h e m e t a l w i th p y r i t e a n d 
b o r a x , a n d e x t r a c t i n g t h e p r o d u c t w i t h di l . hyd roch lo r i c ac id . I t is a s s u m e d t h a t 
i r i d i u m su lph ide is fo rmed a n d d e c o m p o s e d in t h e o p e r a t i o n . H . Ross le r o b t a i n e d 
c ry s t a l s b y cool ing s i lver - i r id ium a l loys . W h e n a m m o n i u m ch lo ro i r ida t e is 
i gn i t ed , i r id ium s p o n g e is f o rmed . A c c o r d i n g t o E . W i c h e r s a n d co -worke r s , if 
t h e ign i t ion is d o n e in a i r t h e sponge is p a r t l y ox id ized . Th i s is easi ly co r r ec t ed b y 
ign i t i ng a n d cool ing t h e s p o n g e in h y d r o g e n . S. G. S. D i c k e r p r e p a r e d i r id ium 
films b y t h e t h e r m a l d e c o m p o s i t i o n of t h e c a r b o n y l ; a n d G. F . Tay lo r , i r id ium 
filaments b y d r a w i n g t h e m o l t e n m e t a l in g lass t u b e s . 

W h e n a n a lka l ine soln. of i r i d i u m h e m i t r i o x i d e is bo i led w i t h a lcohol , i r id ium 
black is depos i t ed , a s i n d i c a t e d b y J . W . Dobe re ine r , a n d R . B o t t g e r . J . J . Berze l ius 
used formic ac id a s t h e r e d u c i n g a g e n t . I r i d i u m b lack is a n indef in i te m i x t u r e 
of f inely-divided i r i d i u m a n d i t s ox ides . W h e n i r i d i u m b l a c k is i g n i t e d i t f o rms 
i r i d i u m sponge . G. R . Lev i a n d R . H a a r d t d i scussed t h e s t r u c t u r e of t h e 
p o w d e r ; a n d A. A. Po l l i t t , a n d I . I . Tschukoff a n d co -worker s , i t s c a t a l y t i c 
p rope r t i e s . T h e so-cal led exp los ive i r id ium, d i scovered b y R . B u n s e n , 2 is p r o ­
d u c e d w h e n a n al loy of i r i d ium a n d zinc is t r e a t e d w i t h h y d r o c h l o r i c ac id t o r e m o v e 
t h e z inc . T h e i r i d i u m r e m a i n s i n a f ine ly-div ided cond i t i on—v ide p l a t i n u m . 
E . Cohen a n d T. S t r e n g e r s a t t r i b u t e t h e exp los iveness t o t h e u n i o n of h y d r o g e n a n d 
o x y g e n occ luded in t h e m e t a l , s ince t h e m e t a l is n o t explos ive in t h e en t i r e a b s e n c e 
of a i r ; a n d t h e m e t a l ceases t o be explos ive if i t is k e p t for severa l d a y s a t 100° 
t o 200°. 

G. Hofmeie r , 3 a n d A. G u t b i e r a n d G. Hofmeie r o b t a i n e d co l lo idal i r id ium o r 
i r id ium hydrosol b y r educ ing a n aq . soln. of t h e chlor ide w i t h h y d r a z i n e h y d r a t e 
i n t h e p resence of g u m a r a b i c a s p r o t e c t i v e colloid. C P a a i a n d C A m b e r g e r u s e d 
s o d i u m a m a l g a m a s r educ ing a g e n t , a n d s o d i u m p r o t a l b a t e or l y s a l b a t e a s p r o ­
t e c t i v e colloid. C. P a a l u sed h y d r o g e n , s o d i u m f o r m a t e , a n d f o r m a l d e h y d e a s 
r e d u c i n g a g e n t s for t h e colloid. W h e n t h e soln is e v a p o r a t e d ove r cone , s u l p h u r i c 
ac id in v a c u o , t h e solid hyd roso l is o b t a i n e d ; i t d issolves in w a r m w a t e r r e p r o ­
d u c i n g t h e colloidal soln. W h e n t h e colloidal soln. is s h a k e n w i t h b a r i u m s u l p h a t e 
o r a n i m a l cha rcoa l , t h e d i spersed m e t a l is c o a g u l a t e d a n d p r e c i p i t a t e d . G. A. B r o s s a 
o b t a i n e d a colloidal soln. b y s p a r k i n g i r i d i u m e lec t rodes i m m e r s e d in ice-cold w a t e r 
w i t h a c u r r e n t of 20 t o 25 a m p s , a n d 220 vo l t s . T h e co lour of t h e h y d r o s o l r a n g e s 
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f rom r ed t o b l ack . A smal l c u r r e n t f avour s t h e f o r m a t i o n of t h e b l a c k soln . 
J . D o n a u obse rved t h a t a b o r a x b e a d is co loured r e d d i s h - b r o w n b y colloidal i r i d ium. 
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§ 3 . The Physical Properties of Iridium 
T h e co lour of c o m p a c t i r i d i u m h a s a b r i l l i an t g r ey i sh -wh i t e surface , b e t w e e n 

t h a t of s i lver a n d t i n ; a n d n a t i v e i r i d i u m is s i lver -whi te w i t h a t i nge of ye l low, 
a n d i t is g r ey on a f r a c t u r e d surface . N a t i v e i r i d i u m wh ich , a cco rd ing t o 
A. B r e i t h a u p t , 1 is a l w a y s c o n t a m i n a t e d w i t h p l a t i n u m , occu r s in cub ic crysta ls . 
P . W . Jeremejeff o b s e r v e d t h a t cub ic c ry s t a l s a r e r a r e ; t h e i r i d i u m genera l ly occurs 
in a n g u l a r g ra ins . T w i n n i n g occurs a b o u t t h e ( l l l ) - p l a n e , c o m m o n l y in po ly -
s y n t h e t i c g r o u p s . T h e cub ic c l eavage is i n d i s t i n c t . O s m i r i d i u m , or i r i d o s m i u m — 
which c o n t a i n s bes ides o s m i u m , a n d i r i d i u m , r u t h e n i u m , r h o d i u m , a n d p l a t i n u m — 
fo rms , acco rd ing t o G. R o s e , h e x a g o n a l p l a t e s . G. D . P r e s t o n s t u d i e d t h e t w i n n i n g 
of t h e c rys t a l s . H . D e b r a y , a n d H . Ross l e r p r e p a r e d art if icial c rys t a l s w h i c h a re 
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o c t a h e d r a l . T h e h e x a g o n a l fo rms of some i r i d i u m a l loys is t a k e n b y Gr. R o s e , a n d 
A . L e v y t o show t h a t i r i d i u m is d i m o r p h o u s , b u t W . P r i n z obse rved t h a t al l t h e 
spec imens of t h e h e x a g o n a l v a r i e t y w h i c h h e e x a m i n e d a re d i s t o r t e d o c t a h e d r a 
be long ing t o t h e cub ic s y s t e m . A. W . H u l l f o u n d t h a t t h e X - r a d i o g r a m s co r re ­
s p o n d wi th a face-cent red , cub ic l a t t i ce , a n d t h a t t h e side of t h e u n i t cell h a s 
a== 3-805 A. , w i t h 2-690 A. a s t h e s h o r t e s t d i s t a n c e b e t w e e n t h e a t o m s . 
R . W . G. Wyckoff g a v e a = 3 - 8 2 3 A. ; a n d T . B a r t h a n d G. L u n d e , a== 3-823 A . , 
a n d t h e r e a re 4 a t o m s p e r u n i t cell. E . A . O w e n a n d J . Iba l l , a n d E . A . O w e n a n d 
E . L . Y a t e s gave a = 3-8314 A. , a n d c a l c u l a t e d t h a t t h e closest a p p r o a c h of t h e 
a t o m s is 2-709 A. T . B a r t h a n d G. L u n d e , G. N a t t a , a n d V. I . I v e r o n o v a s t u d i e d 
t h e sub jec t . L. H o l b o r n a n d co -worker s obse rved t h a t c o m p a c t i r i d i u m w h i c h h a d 
been h e a t e d t o 1670° e x h i b i t e d on t h e surface a n e t - w o r k of l ines which was t a k e n 
t o i nd i ca t e a c h a n g e of s t r u c t u r e , a n d af te r h e a t i n g t o 2130°, m u c h coa r se r -g ra ined 
c ry s t a l s were fo rmed . S c a t t e r e d ove r t h e surface were a n u m b e r of c ra t e r - l ike 
p r o t u b e r a n c e s , p r o d u c e d b y t h e evo lu t ion of ga s f rom t h e m e t a l . J . A. H a r k e r a lso 
obse rved t he se l i t t le e r u p t i o n s or vo lcanoes coming t h r o u g h t h e surface 20° be low 
t h e f .p. T h e y are p r o d u c e d b y occ luded gases , a n d l i t t l e b i t s of m e t a l m a y be 
s h o t off. L . T o n k s obse rved t h e a n c h o r i n g of t h e c a t h o d e s p o t on a d i s cha rge t u b e 
b y i r i d i u m pro jec t ing t h r o u g h a m e r c u r y surface . 

J . G. Chi ldren g a v e 18*680 for t h e specific gravi ty of a p o r o u s g lobule of i r i d i u m ; 
a n d R . B u n s e n , 15-19. R . H a r e gave 21-78 t o 21-83 for t h e sp . gr . of c o m p a c t 
i r i d ium ; H . S t . C. Devi l le a n d H . D e b r a y , 21-15 a n d 22-421 a t 17-5° ; G. M a t t h e y , 
22-38 ; a n d L. H o l b o r n a n d co-workers , 22-41 . P . W . Jeremejeff f ound for t h e 
n a t i v e cub ic c rys ta l s 22-647 t o 22-668, a n d for o c t a h e d r a l c rys t a l s 22-770 t o 
22-773 f rom S u k h o - W i s i m , n e a r Nischne-Tag i l sk , a n d 22-8053 t o 22-8361 for c r y s t a l s 
f rom N e w Y a n s k ; a n d G. Rose gave 22-65. J . J . Berze l ius g a v e 15-8629 for t h e 
sp . gr . of i r i d i u m sponge r e d u c e d in h y d r o g e n ; a n d G. R o s e , 18-6088 for t h e sp . g r . 
of i r i d ium b lack . A. W . H u l l ca l cu la t ed f rom t h e X - r a d i o g r a m s a sp . gr . of 23-15 
w h e n t h e be s t r e p r e s e n t a t i v e v a l u e of t h e obse rved resu l t s is 22-42. R . B u n s e n 
said t h a t i r i d i u m is h a r d e r t h a n i ron . V. M. G o l d s c h m i d t c a l cu l a t ed 1-352 A. for 
t h e a t o m i c radius . E . H . Wes t l i ng , J . C. S la te r , G. H a g g , W . Bi l tz a n d K . Meisel , 
J . A. M. v o n L i e m p t , P . Vinassa , a n d L. P a u l i n g s t u d i e d t h e a t o m i c c o n s t a n t s . 

I . R . R y d b e r g gave 6-5 for t h e hardness of t h e m e t a l o n M o h s ' scale ; a n d on 
Br ine l l ' s scale, 172 ; a n d C A. E d w a r d s g a v e 217. A c c o r d i n g t o J . J . Berze l ius , 
a n d R . B u n s e n , i r i d ium is v e r y b r i t t l e , so t h a t w h e n s t r u c k w i t h a h a m m e r i t 
s h a t t e r s i n t o smal l pieces h a v i n g a fine-grained f r a c t u r e ; a n d i t c a n be 
p o w d e r e d b y t r i t u r a t i o n . I t is difficult t o w o r k m e c h a n i c a l l y , t o po l i sh , a n d 
t o d r a w i n t o wire . E . Gri ineisen found for t h e e las t ic m o d u l u s of i r i d i u m , 
E= 52,500 t o 52,900 k g r m s . p e r sq . m m . a t 17-5° t o 19° ; a n d E . W i d d e r 
g a v e ^ = E 2 0 ( I - 0 - 0 0 0 4 2 7 4 ( 0 — 2 0 ) } . C. Schafer o b s e r v e d t h a t t h e tors ion m o d u l u s 
of i r i d i u m decreases 4-03 p e r cen t , pe r 100° r ise of t e m p . E . Gr i ine isen cal ­
c u l a t e d t h e compress ibi l i ty coeff. of i r i d i u m t o be 0-28 X 1 O - 1 2 c .g.s . u n i t s . 
P . W . B r i d g m a n g a v e for t h e compress ib i l i t y (0-268 —1-3 X 10~Qp) X 10~« a t 30° , 
a n d ( 0 - 2 8 1 — 2 - 2 X l O - ^ ) X l O - O a t 70° . L . H . A d a m s g a v e 0 - 2 7 x l 0 ~ « m e g a b a r s . 
G. A. Toml inson , a n d R . v o n D . W e g e n e r s t u d i e d t h e i n t e r n a l cohes ion . 

H . F i z e a u 2 obse rved t h e coeff. of thermal e x p a n s i o n t o be 0-O570 a t 40° , a n d 
0-05708 a t 50° , inc reas ing b y 0*0879 p e r degree . R . B e n o i t f ound t h e coeff. ot, a t 0° 
b e t w e e n 2° a n d 80° t o b e <x=O-O56358-|-O-O83210 ; L . H o l b o r n a n d S. V a l e n t i n e r , 
Z = Z 0 ( H - 0 - 0 5 6 6 9 6 7 ^ z h 0 - 0 8 l l 5 8 ^ 2 ) ; a n d E . Gri ineisen, 0-0 5568 b e t w e e n —190° 
a n d 17°, a n d 0 0 5 6 5 8 b e t w e e n 17° a n d 100°. S. V a l e n t i n e r a n d J . W a l l o t f ound : 

— 192° to —158° t o —73° t o — 55° t o —33° t o —13° t o —0-6 t o 
— 158° —124° —55° —33° —20° 0-6° 19° 

a . 0 0 5 4 4 3 0 0 5 5 2 2 0 0 6 5 8 5 O-06619 0-0*640 0 0 , 6 3 8 0 0 6 6 7 2 

T . B a r r a t t a n d R . M. W i n t e r g a v e for t h e coeff. of t h e r m a l conduct iv i ty 0-141 
caJ. p e r cm. pe r sec. p e r degree a t 17°, a n d 0-135 a t 100°. 
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H . V. R e g n a u l t 3 found t h e specific heat of i r id ium t o be 0 0 4 1 8 6 be tween 20° 
a n d 100°. J . Violle gave for t h e m e a n sp . h t . be tween 0° a n d 0°, c=O-O317+O-O560, 
or 0*0323 be tween 0° a n d 100°, a n d 0 0 4 0 1 be tween 0° a n d 1400°. U . B e h n found 
0-0303 be tween —79° a n d 18°, a n d 0-0282 b e t w e e n —186° a n d 18° ; a n d J . D e w a r , 
0-0099 be tween —253° a n d —196°. F . M. J a g e r a n d E . R o s e n b o h m m e a s u r e d 
t h e t r u e sp . h t . of i r id ium, C3,, a n d these va lues wi th those for t h e sp . h t . a t c o n s t a n t 
vol . , C0. a s well as t h e cor responding a t o m i c h e a t s , Cv a n d C0, a re : 

C p . 
C1, . 

•p -
J V • 

o° 
0 0 3 0 7 

. 0 - 0 3 0 3 
5 - 9 2 8 
5 -851 

100° 
0 - 0 3 1 5 
0 - 0 3 1 0 
6 0 8 3 
5 - 9 8 0 

3 0 0 ° 
0 - 0 3 2 9 
0 - 0 3 2 2 
6 - 3 5 3 
6 - 2 1 8 

600° 
O- 0 3 5 2 
0 - 0 3 4 2 
6 - 7 9 7 
6 - 6 0 4 

900° 
0 0 3 7 4 
0 0 3 6 2 
7 - 2 2 2 
6-99O 

1200° 
0 0 3 9 6 
0 0 3 8 1 
7 -647 
7 -357 

1500° 
0 - 4 1 8 
0 - 4 0 1 
8 - 0 7 2 
7 - 8 4 0 

1700° 
0 - 0 4 3 3 
0 0 4 1 3 
8 - 3 6 1 
7 - 9 7 5 

LJS^- j 

C ^ 

%,<* 

§ 7-50 
-*= 

Sf 70 

^ 6-50 

600 
5-50 L - — o ^ o o 

0 400 8OO 1200 T600 
JPiG. 1. T h e A t o m i c H e a t s of I r i d i u m . 

These va lues a re p l o t t e d in F ig . 1, a n d be tween 0° a n d 1600°, t he re is t h e l inear 
r e l a t ion 0^=0-030725-hO-0574004<9. L.. W o h l e r a n d N . J o c h u m gave for t h e mol . 
h t . , c—= 6-156-f-O-OO2350. As in t h e case of p l a t i n u m a n d osmium, b u t un l ike 
r u t h e n i u m , r h o d i u m , a n d pa l l ad ium, F . M. J a g e r observed no sign on t h e sp . h t . 
cu rve of a n y a l lo t ropic change . T h e a t . 
h t . exceeds t h e theo re t i ca l 3JR a t 40°, 
a t 1600°, Cp is 8-226 CaIs., a n d Cv is 7-84O 
CaIs. E . Gri ineisen gave for Cv, 0-0281 
from —190° t o 17° ; a n d 0-0324 f rom 17° 
t o 100°. L,. S c h m i t t found t h e sp . h t . 
t o be 0-0316 for i r id ium, a n d t h e mol . h t . 
6-1. A. H . S t u a r t d iscussed t h e r e l a t ion 
be tween t h e elast ic c o n s t a n t a n d sp . h t . 

J . L . B y e r s 4 s t ud i ed t h e b e h a v i o u r of 
t h e me ta l on cupe l la t ion . J . J . Berzel ius 
was u n a b l e t o me l t i r id ium in an e the r 
n a m e fed w i th oxygen gas ; J . G. Chi ldren 
mel t ed i t b y t h e electr ic c u r r e n t ; IJ. N. Vauque l in , b y a s t r e a m of oxygen on red-
h o t charcoa l ; a n d E . D . Clarke , R . H a r e , and R . B u n s e n , b y the h e a t of t h e 
o x y h y d r o g e n n a m e . A. J o I y a n d M. Vezes fused t h e m e t a l in t h e electr ic a rc 
furnace in a c u r r e n t of c a r b o n d iox ide . T h e r e is v e r y l i t t l e vola t i l iza t ion . T h e 
m e t a l is superficially oxidized in air . L.ime con ta ine r s a re a t t a c k e d , a n d t h e y 
e m p l o y e d a ca rbon con ta ine r . P . H . v a n de r W e y d e gave 22(X)° for t h e me l t ing 
point of i r id ium ; J . Violle, 1950° ; R . P i c t e t , 2500° ; O. Ruff, 2210° t o 2225° ; 
O. Ruff a n d O. Goecke, 2225° ; W . JSTernst, 2203°, a n d 2348° ; F . E . Car ter , 2350° ; 
H . v o n W a r t e n b e r g a n d co-workers , 2360° when t h e m . p . of p l a t i n u m is 1745° 
— a n d l a t e r he gave for m e t a l of a h igh degree of p u r i t y , 2440° wi th a possible 
a ccu racy of 25° ; C. E . Mendenha l l a n d IJ. R . Ingersol l , 2292° or 2388° accord ing 
as 1745° or 1789° is accep ted for t h e m . p . of p l a t i n u m ; F . Mylius a n d R. Die tz , 
2360° ; W . R . Mot t , 2400° ; F . H e n n i n g a n d W . H e u s e , 2068° ; L,. H o l b o r n a n d 
F . H e n n i n g , 2000° ; a n d G. K . Burgess , 2400° ; F . E . Car ter , 2550° ; L . D . Morris 
a n d S. R . Scholes, 2454° ; F . H e n n i n g a n d H . T. Wense l ob t a ined 2453°, if t h a t 
of gold be 1063° ; a n d 2455°, if t h a t of p l a t i n u m be 1773-5°. W . Guer t l e r a n d 
M. P i r an i , a n d F . E . Car te r considered 2350° t o be t h e best r ep re sen t a t i ve va lue . 
Accord ing t o W . Crookes, if t h e r a t e of vola t i l iza t ion of p l a t i n u m a t 1300° is 2, 
t h a t of i r id ium is 60. F o r t h e loss b y vola t i l iza t ion in oxygen , e tc . , vide infra. 
C. E . Mendenha l l a n d L . R . Ingersol l said t h a t t h e m o l t e n m e t a l m a y be under -
cooled, a n d t h a t w h e n t h e m o l t e n m e t a l solidifies t h e r e is a m o m e n t a r y flash of 
l ight . A. D . v a n R iemsd i jk observed n o flashing in cupel la t ion . W . R . M o t t 
e s t i m a t e d 4500° for t h e boi l ing point , a n d H . Moissan observed t h a t i r id ium can 
be volat i l ized in t h e electr ic a rc furnace . F . E . Ca r t e r gave 2550° for t h e b .p . of 
i r i d ium. W . Crookes found t h a t i r id ium a t 1300° loses 0-828 per cent , in 2 h r s . , 
a n d 7-297 p e r cent , in 22 h r s . ; a n d a t 900°, 0-030 pe r cen t , in 2-25 hrs . , a n d 0 0 9 2 
p e r cen t , in 22 h r s . G. W . C. K a y e a n d D . E w e n s tud ied t h e d i s in tegra t ion , or 

V O L . x v . 3 B 
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volatilization of iridium under reduced press. ; A. Knocke said that in vacuo, an 
appreciable volatilization occurs at 660° ; F. E. Carter, and W. N. Hartley dis­
cussed the volatility of iridium—vide infra, the action of air ; and L. Holborn and 
L. Austin, the cathodic spluttering in air and hydrogen. J. W. Richards calculated 
28 CaIs. for the latent heat Of fusion. G. N. Lewis and co-workers gave 8-7 CaIs. 
for the entropy of iridium at 25° ; and E. D. Eastman gave 8-7 to 9-3 CaIs. The 
internal energy and entropy were studied by R. von D. Wegener, K. K. Kelley, 
and W. Herz. J. J. van Laar discussed the equation of state. 

The refractive index of iridium is 4-87 for A=0-579/u,; and the index of absorp­
tion, 2-13. W. W. Coblentz 5 found the reflecting power, R3 of iridium for light of 
wave-length, A, to be : 

A . 1060 3060 5240 675O 938O 12,030 
R . 79-4 91-4 94-2 94-7 95-6 961 per cent. 

The emissivity of the solid is 0-30 for A=0-65yu.. The subject was studied by 
E. Henning, H. von Wartenburg, and L. V. Whitney. A. de Gramont studied the 
reflection of light by thin films ; and G. R. Greenslade, the heat radiation. 

W. N. Hartley, and W. N. Hartley and H. Ramage studied the oxyhydrogen 
flame spectrum of iridium. The most intense lines in the visible spark spectrum 
of iridium are 4617 in the blue ; 4426, 4400, 4312, and 4268 in the indigo-blue ; 
and 4070, 4020, and 3967 in the violet—Fig. 2—more exactly, 2833-32, 3513-85, 

_ _ _ _ _ _ _ _ _ _ _ 3573-90, 3606-01, 3731-49, 3800-25, 
\ l \ \ JM 3 8 9 5 - 7 2 , 3 9 7 6 - 4 9 , 4 0 2 0 - 2 0 , 4 0 7 0 - 0 7 , 

J I IJ I I 11 I r _..___._ ,___ _ J and 4399*72. The spark spectrum 
5000 4-00O 3000 was studied by G. KirchhofE, 

__a. 2.—The Visible Spark Spectrum of W. A. Miller, R. Thalen, L. de 
Iridium. Boisbaudran, G. Kail, W. N. Hartley, 

F. McClean, H- Nagaoka and co­
workers, E. Demarcay, E. Exner and E. Haschek, W. E. Adeney, O. Lohse, and 
A. Hagenbach and H. Konen ; and the under-water spark spectrum, by L. H. G. Clark 
and E. Cohen, E. O. Hulburt, and W. F. Meggers and O. Laporte. The arc spectrum 
was studied by R. Capron, W. F. Meggers, J. M. Eder and E. Valenta, W. Albertson, 
H. Kayser, F. Exner and E. Haschek, and A. Hagenbach and H. Konen. The 
most intense lines are 2924-94, 2943-30, 3100-50, 3220-91, 3266-59, 3368-64, 3449-13, 
3513-82, 351611, 3522-21, 3573-89, 3638-84, and 3800-25. The ultra-violet 
Spectrum was studied by W. A. Miller, G. Kail, A. Miethe and B. Seegert, and 
F. Exner and E. Haschek : the ultimate rays, by W. N. Hartley and H. W. Moss, 
and A. de Gramont ; and the Zeeman effect, by J. E. Purvis. W. Gerlach and 
co-workers discussed the most sensitive lines for the detection of iridium. 
J. Formanek observed that aq. soln. of iridium chloride furnish no characteristic 
absorption spectrum. There is some absorption in the blue and violet, and no 
characteristic reaction -with tincture of alkanna. The absorption spectra of salt 
soln. were studied by R. Samuel and A. R. R. Despande. The structure of the 
spectral lines was studied by W. Albertson, R. de L. Kronig, E. Paulson, 
W. F. Meggers and O. Laporte, and A. Dauvillier. A. T. Williams discussed the 
relation between valency and multiple spectra. 

The X-ray spectrum was studied by H. G. J. Moseley,6 J. E. Mack and 
J. M. Cork, C. del Rosario, E. Friman, J. C. Boyce, W. Stenstrdm, D. Coster, 
A. Dauvillier, E. Hjalmar, and K. Lang. The K-series of the X-ray spectrum was 
found by M. Siegbahn, and A. Sommerfeld to exhibit lines corresponding with 
a i a=0-19065; a2a'=0-19550 ; ^^-=0-16850; and £2y-= 016376, and observations 
were also made by G. Re_hou, J. E. Mack and J. M. Cork, K. Lang, W. Bothe, 
J. C. Boyce, B. R. Stephenson and J. M. Cork, and J. E. Lilienfeld and H. Seemann. 
The L-series of the X-ray spectrum was reported by M. Siegbahn, S. Kaufman, 
K. Lang, S. Idei, R. Ledoux-Lebard and A. Dauvillier, S. K. Allison, and 
A. Sommerfeld to comprise Ct1Ct= 1-34847 ; Ci2Ct'=: 1-3598 ; J6=- 1-840 ; /^=0-9195 ; 
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£ „ = 0 - 9 6 5 0 ; ^ „ = = 1 . 1 0 3 6 ; ^S1)S=--1-15540 ; / 3 2 y = 1 1 3 2 9 7 ; £ 2 < £ = 1 - 1 3 7 9 ; @4<f> 
= 1-1764; 0 B £ = 1-1030; 0 a t = l - 1 7 1 7 ; ^ 8 = 1-1267 ; yS 9 =l -0874 ; ^ 1 0 = 1-10947 ; 

y i S = 0 - 9 8 8 7 6 ; y^=-0-9Q36 ; y 3 X = 0 - 9 5 6 6 ; y4J/r(»/f')=0-9170 ; y5#c==l-0197 ; a n d 
YQO=0-9636. O b s e r v a t i o n s on t h e s t r u c t u r e of t h e L-ser ies were a lso m a d e b y 
B . H j a l m a r , J . H . W i l l i a m s , V. J . A n d r e w , S. Ide i , J . A. P r i n s a n d A. J . T a k e n s , 
A . S a n d s t r o m , J . Z a h r a d n i c e k , D . Coster , E . F r i m a n , M. J . D r u y v e s t e y n , 
A . Dauv i l l i e r , P . Aug ie r a n d A. Dauvi l l i e r , M. S i egbahn a n d E . F r i m a n , H . L e d o u x -
L e b a r d a n d A. Dauvi l l i e r , H . K i i s t n e r a n d E . A h e n d s , a n d J . M. Cork. T h e M-series 
w a s f o u n d b y M. S e i g b a h n , E . L i n d b e r g , J . A. P r i n s a n d A. J . T a k e n s , E . G. P u r d o m 
a n d J . M. Cork, a n d A. S o m m e r f e l d t o compr i se M11=4-270 ; Af 1 1 1= 4-851 ; MIV 
= 5-754 ; j t f v = 5 - 9 6 1 ; # = 4 - 5 4 8 '•> S = 4-769 ; c = 6 - 6 5 2 ; y ' = 5 - 5 2 8 ; y y = 5 - 4 8 8 ; 
£ = 4 - 8 5 8 ; N11-M^=8-047 ; Nlir-Mxv= 7-627 ; £ £ = 6 - 0 2 4 ; 2V111-Mv-S-OOO ; 
CL2OL' = 6-260 ; Ct1Ct= 6-248 ; <x' = 6-213 ; ct , , = 6-230 ; / 3 ' = 6-008 ; a n d £ " = 6-011. 
O b s e r v a t i o n s on t h e N-ser ies were m a d e b y E . L i n d b e r g , J . A. P r i n s a n d A. J . T a k e n s , 
T. M a g n u s s o n , R . A. R o g e r s , E . H j a l m a r , a n d A. Dauv i l l i e r a n d Li. de Brogl ie . 

J . A . H a r k e r a n d Gr. W . C. K a y e 7 s t u d i e d t h e t h e r m a l emiss ion of e lec t rons . 
T h e n e g a t i v e c u r r e n t a t t a i n e d w i t h i r i d i u m a t t h e m . p . is e q u i v a l e n t t o 80 mi l l i amps . 
C. del R o s a r i o i n v e s t i g a t e d t h e emiss ion of soft X - r a y s ; E . F e r m i a n d co-workers , 
F . H . N e w m a n a n d H . J . W a l k e , O. d 'Agos t i no , E . A m a l d i a n d co-workers , 
JL. Sosnowsky , a n d K . A. H o f m a n n a n d co-workers , t h e i nduced r a d i o a c t i v i t y ; 
F . R a s e t t i , t h e emiss ion of y - r a y s in t h e c a p t u r e of s low n e u t r o n s ; J. 13. Aus t in , 
t h e cha rac t e r i s t i c f r e q u e n c y ; T. P a v o l i n i , t h e pho tosens i t i venes s ; a n d N . P i l t sch i -
koff, t h e Moser r a y s . 

W . J a g e r a n d H . Diesse lhors t 8 found t h e sp . e lectrical conduct iv i ty of i r i d ium 
t o be 1 8 - 9 X l 0 4 m h o s pe r cm. c u b e a t 18°, a n d t h e t e m p . coefT. « = 0 0 0 4 1 1 . 
W . B r o n i e w s k y a n d L . H a c k s p i l l g a v e for t h e res i s t ance , R, 

100° 0° —78-3° —186° 
Ii 8 -31 6 1 O 4 - 2 8 1-92 

a n d I J . H o l b o r n g a v e for t h e t e m p . coefF. of t h e res i s t ance , pe r degree : 
— 135° —39° 50° 150° 250° 350° 450° 

JO<>« . 0 - 4 1 1 0 U - 3 9 2 6 0 - 3 9 2 4 0 - 4 0 1 2 0 - 4 0 3 4 0 - 4 3 5 9 G - 4 3 9 3 

a sub j ec t s t u d i e d b y J . T. MacGregor -Mor r i s a n d R . P . H u n t , a n d A. Schu lze . 
W . Meissner a n d 15. V o i g t e x a m i n e d t h e s u p e r c o n d u c t i v i t y of i r i d i u m a t low 
t e m p . G. B r a u n s f u r t h i n v e s t i g a t e d t h e c o n d u c t i v i t y of t h i n films ; a n d F . S imon , 
a n d A. T. W a t e r m a n , t h e t h e o r y of c o n d u c t i v i t y . 

H . T e r r e y a n d H . C. B a k e r m e a s u r e d t h e e.m.f. of t h e cell H g J I I g 2 C l 2 , 
N a C l I N a C l / N a 2 I r C l 6 , N a 3 I r C l 6 | I r , a n d f o u n d t h a t t h e i r id i - i r idochlor ide e lec t rode 
r e sembles t h e ferr i - ferrochlor ide e lec t rode , a n d a m o u n t s t o a b o u t 1-001 vo l t s . 
C. E . M e n d e n h a l l a n d L . R . Ingerso l l found t h a t g lobules of m o l t e n m e t a l in N o r n s t ' s 
f i l ament m o v e w i t h t h e c u r r e n t . R . H . A t k i n s o n s t u d i e d t h e e lec t ro ly t ic t r ans fe r 
of i r i d i u m w i t h fused ch lor ides as e lec t ro ly tes . P . W . B r i d g m a n obse rved a r e l a t i on 
b e t w e e n t h e e lectr ic r e s i s t ance R t o 30° , 65°, a n d 95°, a n d t h e press . , p, u p t o 12,CX)O 
k g r m s . p e r sq. c m . A t 30° , BRjR= — ( 0 - O 5 1 3 5 3 - 0 O 1 1 4 O ^ ; a t 65°, 8R/R 
= _ ( 0 - 0 5 1 2 8 — 0 - 0 n 3 9 ^ ; a n d a t 95° , SRfR= — ( 0 - 0 5 1 3 4 — 0 - 0 l l p ) p . G. N o r d s t r o m 
d iscussed i r i d i u m for r e s i s t ance wires in e lectr ic furnaces ; R . v o n D . Wegene r , t h e 
c o n t a c t e lec t r ic i ty . 

E . G. We i schede 9 f o u n d t h a t a soln. of s o d i u m ch lo ro i r ida t e w i t h 17-6 g r m s . 
of i r i d i u m in 100 c . c , acidified w i t h a few d r o p s of su lphu r i c ac id , h a s a n e lec t rode 
p o t e n t i a l of 0-702 v o l t a t 20°, a n d 0-0723 v o l t a t 60° ; in t h e e lec t rodepos i t ion of 
i r i d ium, t h e depos i t ion p o t e n t i a l w a s 0 1 1 t o —0-12 vo l t a t 20° a n d 0-22 t o 0-08 
v o l t a t 00° w h e n t h e c u r r e n t dens i t i e s were r e spec t ive ly 2 X 10~ 4 a n d 5 X 10~ 4 a m p . 
p e r sq . c m . H . T e r r e y a n d H . C. B a k e r s t u d i e d t h e e.m.f. of t h e cell H g : H g C l 2 
-HiV-NaCl-T-Na 2 I rCl 6 - I -Na 3 I rCl 6 : I r ; a n d J . A . V . B u t l e r a n d co-workers , t h e 
o x i d a t i o n p o t e n t i a l . E . N e w b e r y obse rved t h e a n o d i c ove rvo l t age of i r i d i u m in 
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ac id is nea r ly c o n s t a n t a t 0-50 vo l t . T h e e lec t rodepos i t ion of i r i d i u m w a s s tud ied 
b y I . I . Tschukoff, a n d L,. S c h u r c h t ; a n d R . H . A t k i n s o n , f rom soln. of K 2 I r C l 6 
in fused a lka l i chlor ides . R . L u t h e r a n d F . J . Bris lee obse rved t h a t i r i d i u m a n o d e s 
in t h e electrolysis of hydroch lo r i c ac id d o n o t exh ib i t t h e pass ive p h e n o m e n a 
s h o w n b y p l a t i n u m anodes . A . D . Ga r r i son a n d J . F . Li l ley s t u d i e d t h e 
o x y g e n ove rvo l t age ; a n d A. Thie l a n d W . H a m m e r s c h m i d t , t h e h y d r o g e n 
over vo l t age . S. C. W o o m e a s u r e d t h e e l ec t romot ive force of t h e cell 
I r J I r C l 6 ' " , I r C l 6 " , ^ - H C l | A r - H C l | H 2 < P t ) — o n e a t m . a t 20° a n d 25°, a n d o b t a i n e d 
—1-0313 a n d —1-0264 vo l t s r e spec t ive ly w h e n t h e cone, of t h e I r sa l t s is b e t w e e n 
0-002 a n d 0-008. T h e r e d u c t i o n p o t e n t i a l of t h e r eac t ion I r C l 6 ' " - + - N - H C l = I r C l 6 ' ' 
-f-2V"-HOl-f~0 is 1-021 a t 25° referred t o t h e n o r m a l h y d r o g e n e lec t rode . T h e 
co r re spond ing changes of free ene rgy , a n d h e a t c o n t e n t a r e respec t ive ly —23-54 
CaIs., a n d —30-4 CaIs. J . A. V. B u t l e r a n d G. D r e v e r obse rved t h a t w h e n i r i d i u m 
elec t rodes a r e anod ica l ly po la r ized in acidic or a lka l ine soln., a n a d s o r b e d l aye r of 
oxygen is fo rmed p r io r t o t h e e s t a b l i s h m e n t of t h e o x y g e n ove rvo l t age . N o 
p e r o x i d a t i o n was obse rved . A. D . Gar r i son a n d J . F . Li l ley s t u d i e d t h e o x y g e n 
overvo l tages on i r i d i u m ; S. K o i d z u m i , t h e a n o d i c b e h a v i o u r in a lka l ine soln. ; 
a n d S. C. W o o a n d D . M. Y o s t , t h e e l ec t romet r i c t i t r a t i o n of t h e ch lo ro i r ida te b y 
t i t a n o u s chlor ide . S. GirgolofE a n d J . Schukoff r e c o m m e n d e d t h e use of i r i d i u m 
e lec t rodes in d e t e r m i n a t i o n s of H"-ion c o n c e n t r a t i o n s . 

E . O. H u l b u r t 1 0 s t u d i e d t h e ca thode splutter ing of i r i d i u m ; a n d L . T o n k s , t h e 
a n c h o r i n g of t h e c a t h o d e spo t . D r o p s of m o l t e n t e l l u r i u m d iox ide were found b y 
A. S imek n o t t o m o v e on h o t i r i d i u m as t h e y d o on p l a t i n u m . 

L. H o l b o r n a n d A. L . D a y " found t h e thermoelectr ic force , E mi l l ivo l t s , for 
t h e i r i d i u m - p l a t i n u m couple : 

— 185° —80° 0° 100° 300° 500° 700° 900° U0O° 1300° 1500° 
JC . —0-28 —0-32 0 0-65 2-47 4-78 7-56 10-80 14-48 18-47 22-50 

W . B r o n i e w s k y a n d L . H a c k s p i l l g a v e 0-68 mi l l ivol t for t h e i r i d i u m - p l a t i n u m 
t h e r m o c o u p l e a t 100° ; or f rom —78° t o 100°, E= 2-44—O-OO140. O. F e u s s n e r 
s t u d i e d t h e t he rmoe lec t r i c force of i r i d ium a g a i n s t a n a l loy of i r i d ium w i t h 60 pe r 
cen t , of r h o d i u m , a n d showed t h a t i t c a n be used for t h e r m o c o u p l e s u p t o 2000° . 
J . M o n h e i m s tud i ed t h e i r i d ium-coppe r couple . 

H . B . Peacock obse rved t h a t w i t h t h i n films of i r i d i u m a t 18°, H a l l ' s effect is 
3 4 x 1 0 - 6 ; a n d H . Z a h n g a v e 402 X 10-° a t 20° ; H . Z a h n found E t t i n g h a u s e n ' s 
effect t o be v e r y smal l ; N e m s t ' s effect, —5 X 10~ 6 ; a n d L e d u c ' s effect, 55 X 1O -*. 

L . H o l b o r n a n d L . A u s t i n , 1 2 a n d F . R o t h e r s t u d i e d t h e c a t h o d i c s p l u t t e r i n g of 
i r i d ium. I f t h e r a t e for p l a t i n u m be 40, t h a t for i r i d i u m is 10. 

M. F a r a d a y 1 3 f ound i r i d i u m t o be d i a m a g n e t i c . K . H o n d a o b s e r v e d t h e 
m a g n e t i c susceptibi l i ty t o be 0-15 X 1 O - 6 m a s s u n i t a t 18°, a n d 0-3 x 10~« m a s s u n i t 
a t 1100° ; a n d M. Owen g a v e 0-129 X 10"» m a s s u n i t . A. N . G u t h r i e a n d L . T . B o u r -
l a n d found t h a t t h e p a r a m a g n e t i c suscep t ib i l i t y increases w i t h t e m p , u p t o 427° . 
B . C a b r e r a a n d A. D u p e r i e r g a v e Ir"**= -f -47-2x 10~ 6 c.g.s. u n i t . W . F i n k e 
obse rved 4-89 X 1 0 - 6 vo l . u n i t . 
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§ 4. The Chemical Properties of Iridium 
F . F i s c h e r a n d ~F. S c h r o t e r x o b s e r v e d n o s ign of chemica l c o m b i n a t i o n w h e n 

i r i d i u m is e lec t r ica l ly s p l u t t e r e d i n l iqu id a r g o n . L . P . Cai l le te t a n d E . Co l l a rdeau 
o b s e r v e d t h a t if a c u r r e n t be p a s s e d t h r o u g h e lec t rodes of s p o n g y i r i d i u m in di l . 
s u l p h u r i c ac id , un t i l b o t h e l ec t rodes a re s a t u r a t e d w i th gases , a n d t h e t w o e lec t rodes 
t h e n p l aced in e lect r ica l c o m m u n i c a t i o n , a k i n d of ga s b a t t e r y is fo rmed . U n d e r 
a t m . p ress . , t h e d i s cha rge l a s t s a b o u t 10 seconds , a n d t h e e.m.f. falls t o zero. T h e 
d u r a t i o n of t h e c u r r e n t is i nc reased b y p re s s . T h e sub jec t was discussed by 
M. B e r t h e l o t . 

T . W i I m obse rved t h a t s p o n g y i r i d i u m a b s o r b s hydrogen , a n d t h e h y d r o g e n i z e d 
s p o n g y m e t a l glows on e x p o s u r e t o a i r a s t h e a b s o r b e d gas is oxidized t o w a t e r . 
A c c o r d i n g t o F . Jfcother, w h e n i r i d i u m foil is s u b ­
j e c t e d t o l ong -con t inued c a t h o d i c p u l v e r i z a t i o n in 
v a c u o , i t becomes c a p a b l e of a b s o r b i n g a t t h e 
o r d i n a r y t e m p , a b o u t 8OO t i m e s i t s vol . of h y d r o g e n . 
T h e s t r u c t u r e of t h e p l a t e is a p p a r e n t l y m u c h 
a l t e r e d ; a n d i t a p p e a r s dull g r ey a n d b r i t t l e , a n d 
t h e v a c u u m is i nc reased b y t h e a b s o r p t i o n of 
h y d r o g e n i n t o t h e i r i d i u m c a t h o d e sur face . T h e 
a b s o r p t i o n of h y d r o g e n c a n r ead i ly p r o d u c e a n 
exp los ion , b u t t h e i n t r o d u c t i o n of n i t r o g e n m o d e r a t e s 
t h e pu lve r i za t i on . A . G u t b i e r a n d c o w o r k e r s 
m e a s u r e d t h e a b s o r p t i o n of h y d r o g e n b y purif ied 
i r i d i u m sponge , b e t w e e n —30° a n d 100°. S o m e 
r e s u l t s a r e i n d i c a t e d in F i g . 3 . T h e c u r v e showing 
t h e vo l . of h y d r o g e n a b s o r b e d p e r u n i t vol . of m e t a l 
h a s a m i n i m u m a t a b o u t 0° , a n d a m a x i m u m a t a b o u t 20°. A. G u t b i e r a n d 
W . Schiefe rdecker f o u n d t h a t t h e i sobars wi th i r i d ium-b l ack a re n e a r l y s t r a i g h t 
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F I Q . 3 . — T h e A b s o r p t i o n of 
H y d r o g e n b y I r i d i u m . 
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l ines of n e g a t i v e slope ; t h e abso rp t i ve power of t h e m e t a l is d imin i shed by-
s t r o n g igni t ion , b u t b y a p ro longed h e a t i n g n o t a b o v e 350°, i t s a b s o r p t i v e power 
for low t e m p , is increased . \^ery l i t t le gas is r e m o v e d a t 18° in v a c u o , b u t a t 

50° nea r ly al l is d r iven off. E . Miiller a n d 
K . S c h w a b e obse rved t h a t al l t h e h y d r o g e n t a k e n 
u p b y r educed i r i d ium is i r revers ib ly a b s o r b e d , 
i nd ica t ing chemica l c o m b i n a t i o n . I . I . Tschukoff 
considered t h a t n o iridium hydride is fo rmed . T h e 
ca t a ly t i c ac t i on of i r i d ium in t h e o x i d a t i o n of 
h y d r o g e n was s t ud i ed b y K . A. H o f m a n n . 

J . J . Berzel ius sa id t h a t w h e n i r id ium, n o t i n 
a c o m p a c t s t a t e , is ign i t ed in air, i t is ox id ized t o 
t h e sesquioxide . Accord ing t o L . H o l b o r n a n d 
co-workers , t h e loss in we igh t which occurs w h e n 

i r i d ium is h e a t e d in h y d r o g e n is so small t h a t i t m a y be d u e t o t h e p resence of 
t r aces of o x y g e n in t h e gas . W . Crookes obse rved t h e following losses w h e n 
i r id ium is h e a t e d in a i r : 

40° 80° 120 160 2OO 
F1IO. 4. I s o b a r s of t h e S y s t e m 

I r - H 2 . 

T i m e 
Loss ' 

130(>° 
900° 

2 
0-828 
0-030 

6 
2-414 
0-048 

IO 
3-686 
0-074 

14 
4-887 
0 0 7 6 

18 
5-884 
0-088 

22 hrs. 
7-297 per cent 
0-092 

T h e vo la t i l i ty of i r id ium was obse rved by W . N . H a r t l e y . F . E . Ca r t e r found t h a t 
ox ida t ion t o t h e d ioxide begins a t a b o u t 800°, a n d i t vola t i l izes freely as ox ide a t 
1000°. J . H . T. R o b e r t s showed t h a t t h e r a t e of loss of we igh t w i t h i r i d i u m is 
m u c h g r e a t e r t h a n i t is w i t h p l a t i n u m a n d r h o d i u m , a n d is p rac t i ca l ly zero w h e n 
o x y g e n is a b s e n t — s a y , in v a c u o . If o x y g e n is p re sen t , t h e r a t e of loss of we igh t 
d imin ishes w i th a fall in t h e press , of oxygen , so t h a t t h e p h e n o m e n o n is con­
n e c t e d w i t h t h e fo rma t ion a n d decompos i t i on of a vo la t i l e ox ide . F . E m i c h also 
obse rved n o loss in non-ox id iz ing gases , a n d he a s s u m e d t h a t t h e loss in we igh t is 
d u e t o t h e fo rma t ion of a n ox ide vola t i le a t a h igh t e m p . L . W o h l e r a n d W. W i t z -
m a n n obse rved t h a t i r i d ium is m o s t r a p i d l y oxidized t o t h e d iox ide a t 1070°. 
A g r a m of i r i d ium in o x y g e n a t 775° loses 0*33 m g r m . p e r h o u r , a n d a t 1000°, 
a b o u t 0-5 m g r m . pe r hour . T h e vola t i le s u b s t a n c e is poss ib ly a t e t r o x i d e w h i c h 
is e n d o t h e r m i c , a n d decomposes on cooling, fo rming t h e d iox ide . T. WiIm t h o u g h t 
t h a t a subox ide is formed w h e n i r i d ium is h e a t e d in a i r or o x y g e n t o dul l r edness ; 
a n d J . J . Berzel ius , t h a t t h e hemi t r iox ide is formed, a n d r educed a t a h ighe r t e m p . 
(J. Claus, however , showed t h a t t h e hemi t r i ox ide is n o t fo rmed u n d e r t h e s e con­
d i t ions ; a n d L,. W o h l e r a n d W . W i t z m a n n , t h a t t h e d iox ide is fo rmed w h e n finely 
d iv ided i r id ium is h e a t e d t o b r i g h t r edness in a i r or oxygen . T h e obse rved p r o d u c t s 
a re a s s u m e d t o be incomple te ly oxid ized m i x t u r e s of i r i d i u m a n d of i t s d iox ide . 
G. Geisenheimer found t h a t t h e r eac t ion is v e r y slow. A. G u t b i e r a n d co -worke r s , 
K . A. H o f m a n n , F . R o t h e r , F . C. Ph i l l ips , a n d T. W i I m obse rved t h a t i r i d ium, l ike 
p l a t i n u m (q.v.) a c t s ca t a ly t i ca l ly o n t h e u n i o n of h y d r o g e n a n d oxygen , a n d w i t h 
s p l u t t e r e d i r id ium in e lec t ro ly t ic gas , a n explos ion ensues . F . C. Ph i l l ips p l aced 
t h e m e t a l s in t h e o rde r of t h e i r c a t a l y t i c ac t iv i t i e s , Os, P d , P t , a n d I r , in ox id iz ing 
h y d r o g e n ; a n d H . R e m y a n d co-workers gave I r , P d , a n d P t , whi ls t t h e o t h e r 
t h r e e p l a t i n u m m e t a l s were inac t ive . L.. P . H a m m e t t a n d A. E . L o r e h s t u d i e d 
t h e a c t i v a t i o n of h y d r o g e n b y i r i d ium ; a n d H . R e m y a n d H . G o n n i n g t o n , t h e 
hyd rogen -oxygen reac t ion . 

C. F . Schonbe in obse rved t h a t i r i d ium h a s t e n s t h e convers ion of o z o n e i n t o 
oxygen . F . E m i c h found t h a t i r i d ium loses we igh t w h e n h e a t e d in w a t e r v a p o u r , 
owing, i t is a s sumed , t o t h e fo rma t ion of a vola t i le h ighe r ox ide . T h e speed of t h e 
r eac t ion is g r ea t e r as t h e press , falls f rom 1-0 t o 0-1 a t m . G. A . Brossa , 1 . 1 . Shukoft* 
a n d co-workers , a n d G. K e r n o t a n d F . A r e n a s t u d i e d t h e acce l e ra t ion in t h e r a t e of 
decompos i t i on of hydrogen dioxide b y colloidal i r i d ium. A s in t h e c o r r e s p o n d i n g 
case w i t h p l a t i n u m (q.v.), t h e r eac t ion is un imolecu la r , a n d t h e speed of t h e r e a c t i o n 
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is a p p r o x i m a t e l y p r o p o r t i o n a l t o t h e c o n c e n t r a t i o n of t h e c a t a l y s t . T h e speed of 
t h e r e a c t i o n is n o t affected b y a lka l ies , i t is acce le ra t ed b y di l . ac ids , a n d i t is r e t a r d e d 
o r i n h i b i t e d b y h y d r o g e n su lph ide , m e r c u r i c ch lor ide o r c y a n i d e , a n d p o t a s s i u m 
c y a n i d e , b u t n o t b y iod ine . O. P a a l a n d C. A m b e r g e r p l aced t h e a c t i v i t y of t h e 
col loidal m e t a l s o n t h e d e c o m p o s i t i o n of h y d r o g e n d iox ide in t h e o r d e r : Os, P d , 
P t , a n d I r . G. R . L e v i s t u d i e d t h e sub jec t . E . Le id ie a n d I J . Q u e n n e s s e n f o u n d 
t h a t w h e n i r i d i u m is h e a t e d w i t h s o d i u m dioxide , t h e r e is fo rmed a soluble i r i d a t e , 
K . A . H o f m a n n a n d O. S c h n e i d e r found t h a t t h e c a t a l y t i c a c t i v i t y of t h e p l a t i n u m 
m e t a l s i n ox id iz ing h y d r o g e n i n t h e p re sence of s o d i u m ch lo ra t e decreases in t h e 
o r d e r , P t , R h , R u , P d , A u , Os , I r , Ag . 

H . Moissan o b s e r v e d t h a t fluorine does n o t a t t a c k i r i d i u m in t h e cold, b u t a t a 
du l l r e d - h e a t , t h e a t t a c k is v igo rous , a n d fumes of i r i d i u m fluoride a r e g iven off : 
a n d O. Ruff a lso o b s e r v e d t h e a t t a c k b y f luorine a t a du l l r e d - h e a t . H . Moissan 
a lso found t h a t a n i r i d i u m a n o d e is r a p i d l y co r roded in t h e e lec t ro ly t ic p rocess 
for f luorine. J . J . Berze l ius , U . A n t o n y , a n d C. Claus obse rved t h a t i r i d i u m is 
a t t a c k e d b y ch lor ine a t a dul l r e d - h e a t , fo rming t h e t r i ch lo r ide , b u t , a cco rd ing t o 
U . A n t o n y , a m i x t u r e of ch lo r ine a n d c a r b o n m o n o x i d e does n o t a t t a c k i r i d i u m 
a t 245° , a l t h o u g h p l a t i n u m is a t t a c k e d u n d e r t h e s e cond i t i ons . I n t h e p resence of 
s o d i u m ch lor ide a t a du l l r e d - h e a t , i r i d i u m is c o m p l e t e l y c o n v e r t e d b y ch lor ine i n t o 
s o d i u m ch lo ro i r ida t e . C. F . S e h d n b e i n o b s e r v e d t h a t i r i d i u m b lack c o n v e r t s a 
m i x t u r e of o x y g e n a n d ch lo r ine w a t e r i n t o o x y g e n a n d hyd roch lo r i c ac id . O. Ruff 
a n d H . K r u g o b s e r v e d t h a t ch lor ine trifluoride r e a c t s w i t h i r i d i u m wi th in­
candescence . A c c o r d i n g t o C. B i r n b a u m , i r i d i u m a t a du l l r e d - h e a t is s l igh t ly 
a t t a c k e d b y b r o m i n e , in t h e p resence of a n a lkal i b r o m i d e , a n d , acco rd ing t o T. Opp le r , 
b y i od ine . I r i d i u m is n o t a t t a c k e d b y hydrochlor ic ac id i n t h e absence of a i r , 
b u t T . W i I m , a n d A. M. Vasileff s h o w e d t h a t i r i d i u m is a t t a c k e d -without t h e 
e v o l u t i o n of h y d r o g e n if i t be a l lowed t o s t a n d in c o n t a c t w i t h hydroch lo r i c ac id 
e x p o s e d t o a i r ; a n d C. M a t i g n o n o b s e r v e d t h a t i t is d issolved w h e n h e a t e d a t 
125° in a sea led t u b e w i t h h y d r o c h l o r i c ac id a n d o x y g e n . C. F . Sehdnbe in 
o b s e r v e d t h a t hypoch lor i t e s a r e c o n v e r t e d i n t o ch lor ides in t h e p resence of i r i d ium 
b lack . 

A c c o r d i n g t o J . J . Berze l ius , i r i d i u m a t a r e d - h e a t u n i t e s w i t h su lphur v a p o u r 
w i t h a s l ight i ncandescence , i n c o m p l e t e l y fo rming a su lph ide . W . Crookes obse rved 
t h a t s u l p h u r in coal gas h a s n o pe r cep t i b l e effect o n i r i d i u m cruc ib les . G. R . L e v i 
a n d M. F a l d i n i found t h a t i r i d i u m lowers t h e c a t a l y t i c a c t i v i t y of p l a t i n u m c a t a l y s t s 
in t h e o x i d a t i o n of su lphur dioxide , owing , sa id S. Pa s to r e l l o , t o t h e f o r m a t i o n of 
i r i d i u m sesqu iox ide . A c c o r d i n g t o J . J . Berze l ius , purified i r i d i u m does n o t d is ­
solve in su lphuric ac id . F . E m i c h obse rved n o loss in we igh t occurs w h e n i r i d ium 
is h e a t e d t o 1500° t o 2150° in n i t rogen free f rom o x y g e n , b u t t h e r e is a m a r k e d loss 
in n i t r o g e n c o n t a i n i n g a l i t t l e o x y g e n — s a y , 2-2 p e r cen t . F . Becke r obse rved n o 
a d s o r p t i o n of n i t r ogen occurs w h e n f inely-divided i r i d i u m oxidizes in air b e t w e e n 
900° a n d 1040°. J . J . Berze l ius found t h a t purif ied i r i d ium does n o t dissolve in 
nitr ic ac id , a n d t h a t i t is v e r y s l igh t ly a t t a c k e d by a q u a regia . S. J . Green s t u d i e d 
t h e r e d u c t i o n of n i t r o - c o m p o u n d s wi th i r i d ium as c a t a l y s t . W . Crookes obse rved 
t h a t boi l ing a q u a regia h a s n o pe r cep t i b l e effect on i r i d i u m crucib les . J . J . Berze l ius 
p r e p a r e d i r i d i u m - b l a c k wh ich is so luble in a q u a regia ; a n d t h e i r i d ium in a n i r i d ium-
p l a t i n u m a l loy d issolves freely in a q u a regia . J . J . Berze l ius found t h a t w h e n 
i r i d i u m is h e a t e d t o r ednes s in t h e v a p o u r of phosphorus , a n i m p u r e p h o s p h i d e is 
f o r m e d . L . D u p a r c a n d co -worke r s s t u d i e d t h e o x i d a t i o n of a m m o n i a w i t h an 
i r i d i u m c a t a l y s t ; a n d a lso t h e h y d r o g e n a t i o n of n i t rous ox ide . A n a l loy of 
i r i d i u m or o s m i r i d i u m w i t h p h o s p h o r u s , descr ibed b y F . W . Clarke a n d O. T. Jos l in , 
is u s e d in p lace of o s m i r i d i u m for p e n - p o i n t s . W . Crookes obse rved t h a t fused 
phosphates—e.<jr., m ic rocosmic s a l t — w i t h f r e q u e n t a d d i t i o n s of c a r b o n h a v e no 
p e r c e p t i b l e effect o n i r i d i u m crucib les . G. Ge i senhe imer obse rved t h a t phosphorus 
pentach lor ide h a s n o ac t i on on i r i d i u m ; b u t W . S t r e c k e r a n d M. F . Schur igen , a n d 
M. F . S c h u r i g e n o b s e r v e d t h a t w h e n i r i d i u m sponge is h e a t e d w i t h p h o s p h o r u s 
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p e n t a e h l o r i d e a t 300°, some I rCl 3 .3PCl 3 is fo rmed ; a n d s imilar ly w i t h phosphorus 
pentabromide. 

J . J . Berzel ius obse rved t h a t a cohe ren t piece of i r i d ium he ld i n t h e m i d d l e 
of a n alcohol flame soon becomes covered -with a ca rbonaceous " v e g e t a t i o n , " 
which is soft t o t h e t o u c h , s t a ins t h e fingers, a n d t a k e s fire w h e n s l ight ly h e a t e d , 
a n d a f t e rwards con t inues t o glow. T h e i r i d ium on which t h i s c a rbonaceous m a s s 
tias been depos i ted a p p e a r s d a r k grey, a n d is comple te ly p e n e t r a t e d b y t h e carbon. 
O n t h e o the r h a n d , W . Crookes found t h a t w h e n a n i r i d i u m crucible is h e a t e d for 
some h o u r s in t h e b u n s e n flame, w i th a n insufficient s u p p l y of air , t h e cruc ib le is 
n o t h a r m e d when t h e depos i t of c a rbon is b u r n t en t i re ly a w a y . H . Moissan found 
t h a t m o l t e n i r id ium dissolves ca rbon , b u t on cooling t h e c a r b o n s e p a r a t e s o u t a s 
g r a p h i t e . H . Wolb l ing s tud ied t h e a d s o r p t i o n of i r i d ium b y a c t i v e c a r b o n . 
J . G e r u m observed h o w carbon m o n o x i d e is oxidized in t h e presence of col loidal 
i r id ium. K . A. H o f m a n n a n d O. Schne ider found t h a t t h e c a t a l y t i c a c t i v i t y 
of t h e p l a t i n u m m e t a l s in oxidiz ing c a r b o n m o n o x i d e in t h e presence of s o d i u m 
ch lo ra t e , decreases in t h e o rde r Os, R h , Au , P t , R u , P d , I r , Ag . A. G u t b i e r 
a n d W . Schieferdecker found t h e i sobars for t h e a b s o r p t i o n of c a r b o n m o n o x i d e 
b y i r id ium black, F ig . 5 , a re s imilar t o t hose of t h e i r i d i u m - h y d r o g e n s y s t e m , a n d 

b y h e a t i n g t h e m e t a l for a p ro longed pe r iod in a n 
a t m . of c a r b o n m o n o x i d e , t h e a b s o r p t i v e power a t 
low t e m p , is cons ide rab ly increased . F . F i s che r a n d 
co-workers c o m p a r e d t h e c a t a l y t i c a c t i v i t y of t h e 
p l a t i n u m m e t a l s in r educ ing c a r b o n m o n o x i d e t o 
m e t h a n e . F . E m i c h obse rved t h a t w h e n i r i d i u m is 
h e a t e d t o 1500° t o 2150° in a n a t m . of c a r b o n 
m o n o x i d e , n o loss in we igh t is pe rcep t ib l e , b u t in 
a n a t m . of carbon dioxide, a m a r k e d loss occurs 
owing t o t h e f o r m a t i o n of a vo la t i l e ox ide—poss ib ly 

"o° 4(f Mf T200 TecF'' 20(f a t e t r o x i d e — d u r i n g t h e d issocia t ion of t h e c a r b o n 
F ia . 5. — Isobars of the d ioxide . T h e speed of t h e r eac t ion is r educed as t h e 

System : I r -CO. press , falls f rom 1-0 t o 0-25 a t m . , a n d t h e n is in­
c reased if t h e press , is lowered still m o r e . C P a a l 

observed t h a t a t o r d i n a r y t e m p , colloidal i r i d ium c o n v e r t s c a r b o n m o n o x i d e a n d 
oxygen in to ca rbon dioxide . F . Myl ius a n d C. H i i t t n e r found t h a t i r i d i u m 
p o w d e r gen t ly h e a t e d in a c u r r e n t of coal gas s a t u r a t e d w i t h carbon disulphide 
forms a b lack m a s s c o n t a i n i n g c a r b o n a n d s u l p h u r . F . C. Phi l l ips o b s e r v e d 
t h a t i r i d ium asbes tos f avours t h e o x i d a t i o n of hydrocarbons . O. P a a l a n d 
A. Schwarz s tud ied t h e a d s o r p t i o n of ace ty lene b y colloidal i r i d i u m ; a n d t h e y 
found t h a t t h e h y d r o g e n a t i o n of a c e t y l e n e is n o t inf luenced b y col loidal i r i d i u m ; 
a n d C. P a a l a n d J . G e r u m e x a m i n e d t h e effect of col loidal i r i d ium on t h e h y d r o ­
gena t i on of n i t r obenzene ; N . D . Ze l insky a n d M. B . T. Po l l ak , of benzene ; 
J . W . Dobere ine r obse rved t h a t in t h e p resence of i r i d i u m b lack , in a i r , a l coho l 
is c o n v e r t e d i n t o ace t i c ac id a s in t h e a n a l o g o u s case w i t h p l a t i n u m b l a c k (q.v.). 
W h e n i r i d ium b lack is p l aced o n p a p e r m o i s t e n e d w i t h a lcohol , t h e r e is a h iss ing 
noise, t h e i r i d ium b lack b e c o m e s r e d - h o t a n d acqu i re s t h e g rey colour of i gn i t ed 
i r id ium. R . B o t t g e r m a d e o b s e r v a t i o n s on t h e sub jec t . H . S t . C. Devi l le a n d 
H . D e b r a y , a n d R. Miiller a n d co-workers s tud ied t h e c a t a l y t i c decompos i t i on of 
formic acid ; a n d F . P l z a k a n d B . H u s e k , t h e hydro lys i s of sugar . 

W . Crookes obse rved t h a t i r id ium crucibles a r e n o t p e r c e p t i b l y a t t a c k e d w h e n 
h e a t e d wi th s i l ica o r s i l icates a long wi th a r educ ing agen t . A p ro longed h e a t i n g of 
a n i r i d ium crucible w i t h copper r ende r s t h e crucible b r i t t l e w h e n h o t , b u t t h e 
coppe r c a n be b u r n t off ; m o l t e n go ld h a s n o pe rcep t ib le effect. Boi l ing z i n c h a s 
n o pe rcep t ib le ac t i on on a n i r i d ium crucible , a n d z inc , r u n in w i t h ac id z inc ch lo r ide 
a n d h e a t e d t o boi l ing, a t t a c k s t h e crucible on ly superficial ly ; boi l ing l ead a t a w h i t e -
h e a t ha s n o percep t ib le ac t ion on a n i r i d ium crucible ; a n d n o a t t a c k w a s o b s e r v e d 
w i t h m o l t e n i ron, o r m o l t e n n icke l . F . W e v e r e x a m i n e d t h e effect of i r i d i u m o n 
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t h e t r a n s f o r m a t i o n p o i n t s of i ron . T h e i r i d ium steels of J . S t o d a r t a n d M. F a r a d a y 
were s t u d i e d b y R . A. Hadf ie ld . H . E e m y a n d B . Schaffer found t h a t t h e 
ruthen imn- i r id ium a l loy is m o r e ac t ive t h a n e i the r m e t a l a lone a s a c a t a l y s t in t h e 
r eac t i on b e t w e e n h y d r o g e n a n d oxygen . F . E . Ca r t e r sa id t h a t i r i d i u m - o s m i u m 
a l loys occur in n a t u r e , a n d b o t h t h e n a t u r a l a n d artificial a l loys a r e used for t i p s 
for f o u n t a i n pens . J . J . Berzeluis obse rved t h a t m o l t e n po tas s ium hydroxide t o 
w h i c h a i r h a s access , or p o t a s s i u m h y d r o x i d e m i x e d w i t h n i t r e , oxidizes i r i d i u m — 
vide supra, open ing u p n a t i v e osmi r id ium. W . Crookes a d d e d t h a t fused p o t a s s i u m 
h y d r o x i d e a t t a c k s i r i d i u m less t h a n i t does p l a t i n u m . J . J . Berzel ius obse rved 
t h a t m o l t e n p o t a s s i u m h y d r o s u l p h a t e c o n v e r t s i r i d i u m i n t o a n insoluble ox ide . 
E . T iede a n d R . P i w o n k a s t u d i e d t h e i r i d i u m glTiTYiinft p h o s p h o r s . H . Weisz 
obse rved t h a t i r i d ium c a n se rve as nucle i in t h e so lar iza t ion of s i lver bromide films. 

Some reactions of analytical interest.—When a soln. of sodium chloro-
i r i d a t e or i r i d ium chlor ide is t r e a t e d w i t h hydrogen sulphide, t h e soln. is decolor ized, 
a n d b r o w n i r i d ium h e m i t r i s u l p h i d e is p r e c i p i t a t e d . T h e p r ec ip i t a t e is also p roduced 
b y a m m o n i u m sulphide , a n d i t is so luble in a n excess of t h a t r eagen t . W h e n 
Sodium hydroxide is a d d e d , t h e colour changes f rom d a r k red t o green, a n d on 
w a r m i n g i t becomes r edd i sh a n d finally a z u r e b lue ; a n d a s imilar co lora t ion is 
o b t a i n e d w i t h s o d i u m hypochlor i te or h y p o b r o m i t e — a c c o r d i n g to F . Mylius a n d 
A. Mazzucchel l i , 2 t h i s is a v e r y c h a r a c t e r i s t i c r eac t ion—if t h e soln. be n o w acidified 
w i th hydroch lo r i c ac id , t r e a t e d w i t h a l i t t le a lcohol t o d e s t r o y t h e hypoch lo r i t e , 
a n d t h e n w i th p o t a s s i u m chlor ide , n o p r e c i p i t a t i o n occurs because t h e K 3 I r C l 6 
which is fo rmed is freely soluble in w a t e r — n o t as w i t h t h e co r re spond ing p l a t i n u m 
sa l t . A spa r ing ly soluble , b rown i sh -b l ack p o t a s s i u m ch lo ro i r ida te is p r e c i p i t a t e d 
w h e n p o t a s s i u m chloride is a d d e d t o t h e so ln . ; i t is insoluble in a soln. of p o t a s s i u m 
chlor ide , a n d in a lcohol ; a m m o n i u m chloride g ives a n ana logous d a r k red precipi­
t a t e . O. W . Gibbs n o t e d t h a t p o t a s s i u m nitrite r educes t h e ch loro i r ida te , forming 
a n o l ive-green l iqu id , w h i c h becomes yel low w h e n boi led, a n d depos i t s K 3 I r C l 0 . 
3K3Ir(NC)2)e> as a ye l lowish-whi te p r e c i p i t a t e spa r ing ly soluble in hydroch lor ic 
ac id or in boi l ing w a t e r . T h e r eac t i on c a n be e m p l o y e d t o s e p a r a t e i r id ium from 
p l a t i n u m . M. C. L e a found t h a t oxa l i c ac id r educes t h e soln. t o t h e lower chlor ide ; 
a n d r educ t ion t o t h e lower ch lor ide occurs w i t h ferrous su lphate , s t a n n o u s chloride, 
sulphurous acid, alcohol, hydrogen dioxide, and alkali (L.. Vanino and L. Seeman), 
a n d h y d r o x y l a m i n e ( P . .Tannasch a n d O. v o n M a y e r ) — r e a c t i o n s which enab le 
i r i d i u m t o be s e p a r a t e d from gold. Soln. of i r id ium sa l t s a r e reduced t o m e t a l b y 
formic ac id , or z i n c — L . Quennessen said t h a t m a g n e s i u m g ives a p rec ip i t a t e of 
w h a t is p r o b a b l y a n ox ide which becomes blue a t 100°. O. M a k o w k a obse rved t h a t 
un l ike p a l l a d i u m , ace ty l ene gives no p r ec ip i t a t e w i th soln. of i r id ium sa l t s . C. Bi rn-
b a u m obse rved t h a t if i r i d ium ox ide be s u s p e n d e d in a soln. of p o t a s s i u m s u l p h i t e , 
s a t u r a t e d w i t h s u l p h u r d iox ide , a n d boi led w i th a renewal of w a t e r un t i l all t h e 
s u l p h u r d iox ide is expel led , t h e i r i d i u m forms a n insoluble su lphi te ; a n d t h e 
p l a t i n u m su lph i t e r e m a i n s in soln. A deep b lue colour is ob t a ined b y w a n n i n g 
a n i r i d i u m sa l t soln. w i t h an i l ine su lphate (S. C. O g b u r n ) . V. G. Chlopin sa id t h a t 
q u a d r i v a l e n t i r i d ium gives a sky-b lue co lora t ion w i t h benzidine ; a n d t e r v a l e n t 
i r id ium a green colour ; J . H . Yoe , a red solut ion wi th a m m o n i u m aurintricar-
boxy la te ; W . N . IvanofY o b t a i n e d a n incomple te p rec ip i t a t ion wi th s od iu m 
t h i o c y a n a t e . W . S ing le ton r e c o m m e n d e d as t e s t s t h e reac t ion wi th sod ium th io -
e y a n a t e a n d a m m o n i u m n i t r a t e soln. , a n d t h e fo rmat ion of r edd i sh -b rown crys ta l s 
w i t h h e x a m e t h y l e n e t e t r a m i n e . O. M a k o w k a found t h a t i r id ium sal t soln. do 
n o t p r e c i p i t a t e i r i d i u m w i t h ace ty l ene . 

S o m e u s e s of i r i d i u m . — I r i d i u m a lone is difficult t o work mechanica l ly . 
W . Crookes 3 d i scussed t h e cha rac te r i s t i c s of i r id ium crucibles. Alloys wi th 
p l a t i n u m a r e e m p l o y e d where p l a t i n u m alone is n o t h a r d enough—pivo t s , surgical 
too ls , t h e m e t r i c a n d k i l o g r a m s t a n d a r d s . F . F o r s t e r r e c o m m e n d e d t h e alloy a s 
a n e l ec t rode in p r e p a r i n g ch lo ra t e s ; R . J . Gulcher , as a f i lament for incandescen t 
l a m p s ; a n d G. F . C. F r i c k , as a b lack p i g m e n t for porcela in pa in t ing . 
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§ 5. The Atomic Weight and Valency of Iridium 
T h e a tomic weigh t of i r i d ium is a b o u t 193. Accord ing t o S. S t re icher , 1 a n d 

L . Woh le r a n d S. St re icher , i r i d i u m exis ts as a u n i v a l e n t e lement in t h e m o n o -
chlor ide , I rCl . L . W o h l e r a n d W . W i t z m a n n ques t ion t h e ex is tence of bivalent 
i r id ium in t h e doub t fu l monox ide , I r O , b u t o the r c o m p o u n d s of t h e b iva len t e l emen t 
a r e known—e .g . t h e i r id ium dichlor ide of S. St re icher , a n d L. Wohle r a n d S. St re icher . 
I r i d i u m is tervalent, in t h e sesquioxide, I r 2 O 3 , a n d t h e t r ich lor ide , IrCl3 , a s in t h e 
ana logous sa l ts of iron, a n d a l u m i n i u m , a n d in i t s c o m p o u n d s wi th t h e m e t a l 
chlor ides , 3KCLIrCl 3 ; quadrivalent in t h e d ioxide , I r O 2 , t h e t e t rach lor ide , I rCl 4 , 
a n d in c o m p o u n d s of t h e t e t r ach lo r ide w i th t h e m e t a l ch lor ides—2KCl . I rCl 4 ; 
quinquevalent in O. Rufi a n d J . F i sche r ' s i r id ium pentaf luor ide , I r F 5 ; a n d sexi-
valent in L. W o h l e r a n d W . W i t z m a n n ' s i r id ium t r iox ide , I rO 3 , a n d in O. Ruff a n d 
J . F i sche r ' s hexaf luor ide , I r F 6 . T. M. L o w r y , a n d A. T. Wil l iams discussed t h e 
sub jec t ; M. Gerber , some re la t ions of t h e a t . w t s . ; and A. W e r n e r a n d co-workers , 
M. Delep ine , F . M. J i iger , a n d C. E . W o o d a n d S. D . Nicolas, t h e s te reochemis t ry 
of t h e i r id ium sa l t s . 

T h e va lue 193 for t h e a t . w t . of i r i d i u m is in a p p r o x i m a t e h a r m o n y wi th t h e 
sp . h t . rule ; wi th t h e i somorphous rule exemplif ied by t h e a lums ; a n d wi th t h e 
analogies w i t h t h e p l a t i n u m m e t a l s a n d i t s pos i t ion in t h e periodic t ab le be tween 
o s m i u m a n d p l a t i n u m . 

I n 1826, T. T h o m s o n 2 a t t e m p t e d t o o b t a i n a va lue for t h e a t . wt . of i r id ium, 
a n d in 1828, J . J . Berzel ius ca lcu la ted t h e a t . wt . of i r id ium from t h e analys is of 
p o t a s s i u m chloro i r ida te t o be 196-7. Th is resu l t was general ly accepted for 
nea r ly half a c e n t u r y . I n 1878, K. S e u b e r t ca lcu la ted 193-38 from t h e ra t io 
(NH 4 )^ I rOl 6 : I r ; 192-99 f rom t h e r a t i o K 2 I r C l 6 : I r ; 192-88 from t h e r a t io 
K 2 I r ( 1 I 6 : 2KCl ; a n d 193-26 from t h e r a t i o K 2 I r C l 6 : 4Cl. A. Jo Iy ob t a ined 
193-07 from t h e pe r cen t , of p o t a s s i u m chlor ide in t h e sal t K 3 I rCl 6 , a n d 193-27 
f rom t h e pe r cent , of i r id ium in (NH 4 ) 2 I rC l 6 . D . H o y e r m a n n ob ta ined 192-59 
from t h e r a t i o (NH 4 ) 2 I r (U 6 : I r , a n d F . H o l z m a n n , 193-40 from t h e same r a t io . 
E . H . Arch iba ld o b t a i n e d 192-9 from t h e ana lys is of po t a s s ium chloroi r ida te . 
F . W . Clarke gave 193*047 for t h e bes t r ep re sen t a t i ve va lue ; a n d t h e I n t e r n a t i o n a l 
T a b l e g a v e 193-1. 

T h e a t o m i c n u m b e r of i r id ium is 77. F . W . As ton 3 observed no i sotopes , 
b u t B. V e n k a t e s a c h a r a n d IJ . S iba iya gave 191 a n d 193 in the re la t ive p ropor t ions 
of 1 : 2. O. d 'Agos t ino ob ta ined an i so tope of i r id ium as a p roduc t of induced 
r ad ioac t iv i ty . N e i t h e r E . R u t h e r f o r d a n d J . Chad wick, no r H . Pe t te r sson a n d 
O. K i r sch h a v e obse rved t h e a t o m i c disruption of i r id ium by i ts b o m b a r d m e n t 
w i t h ex-rays. T h e e lectronic structure, accord ing t o N . Bohr , a n d E . C. S toner , 
is (2) for t h e K-shell ; (2, 2, 4) for t h e L-shell ; (2, 2, 4, 4, 6) for t h e M-shell ; (2, 2, 
4, 4, 6, 6, S) for t h e N-shel l ; (2, 2, 4, 4, 3) for t h e O-shell ; a n d (2) for t h e 
P - she l l—or else (2, 2, 4, 4, 4) for t h e O-shell, a n d (I) for t h e P-shell . The subjec t 
w a s s t u d i e d b y F . D . F o o t e , S. K . Allison, H . J . Walke , C. D . Niven , H . Schuler 
a n d T . S c h m i d t , a n d S. K a t o . 
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§ 6. The Alloys and Intermetallic Compounds of Iridium 
P . G. E h r h a r d t * o b s e r v e d t h a t a tithium-iridium a l loy is h a r d e r t h a n i r i d i u m 

a lone . L . !NT. V a u q u e l i n o b s e r v e d a copper- ir id ium a l loy w h i c h w a s fa i r ly d u c t i l e , 
a n d h a r d e r t h a n c o p p e r ; n i t r i c ac id e x t r a c t s t h e c o p p e r f rom t h e a l loy . 
L . N . V a u q u e l i n , a n d S. T e n n a n t o b t a i n e d a m a l l e a b l e s i lver - i r id ium a l loy . 
TT. Ross le r sa id t h a t i r i d i u m does n o t a l loy w i t h si lver . W . T r u t h e s t u d i e d t h e 
b e h a v i o u r of t h e a l loy o n cupe l l a t ion . S. T e n n a n t p r e p a r e d a ma l l eab l e g o l d -
ir id ium a l loy r e s embl ing gold in colour , a n d a q u a regia e x t r a c t s t h e gold a n d l eaves 
t h e i r i d i u m b e h i n d . W . Mie t schke n o t e d t h e s eg rega t ion of t h e m o l t e n a l loy . 

H . S t . C. Devi l le a n d H . D e b r a y o b t a i n e d a z i n c - i r i d i u m a l loy . R . B o t t g e r 
obtained iridium amalgam, or mercury-iridium alloy, not by direct union, bu t by 
t h e a c t i o n of s o d i u m a m a l g a m o n a n a q . soln. of s o d i u m ch lo ro i r ida t e . W h e n 
ign i t ed s o m e m e r c u r y r e m a i n s in t h e r e s idue , a n d i t c a n b e e x t r a c t e d w i t h n i t r i c 
ac id . T h e res idua l i r i d i u m is so luble in a q u a regia . F . R o t h e r o b t a i n e d t h e 
a m a l g a m b y t r i t u r a t i n g h y d r o g e n i z e d , c a t h o d i c a l l y - s p l u t t e r e d i r i d i u m w i t h 
m e r c u r y . 

Li. !N". V a u q u e l i n p r e p a r e d a du l l w h i t e , c rys t a l l i ne , h a r d , ma l l eab le t in - i r id ium 
a l loy , a n d H . D e b r a y , a n d H . S t . C Devi l le a n d H . D e b r a y o b s e r v e d t h e p r e sence 
of cub ic c r y s t a l s of i r id ium dis tannide , I r S n 2 , w h i c h c a n b e i so la ted b y r e m o v i n g 
t h e excess of t i n w i t h h y d r o c h l o r i c ac id . L . N . V a u q u e l i n p r e p a r e d a duc t i l e l e a d -
i n d i u m a l loy w h i c h is h a r d e r t h a n lead , a n d w h e n t r e a t e d w i t h n i t r i c ac id , l eaves 
t h e i r i d i u m a s a b l a c k p o w d e r . F . Myl ius a n d O. F r o m m p r e c i p i t a t e d t h e a l loy 
b y t h e a c t i o n of l ead o n a soln. of a n i r i d i u m sa l t . S. T e n n a n t found t h a t t h e l ead 
cou ld b e also r e m o v e d b y cupe l l a t ion . H . S t . C. Devi l l e a n d H . D e b r a y o b s e r v e d 
t h a t n o c o m p o u n d is f o r m e d as in t h e case of t h e t i n a l loy . E . F r i e d e r i c h o b s e r v e d 
t h a t t h e i r id ium-ehro i l l ium a l loy w i t h 10 p e r cen t , of c h r o m i u m is f e r r o - m a g n e t i c . 
F . B e c k s t u d i e d t h e e t c h i n g of t h e i r i d i u m - r h e n i u m a l l oys . 

J . J . Berze l ius o b t a i n e d a b l a c k p r e c i p i t a t e on a d d i n g i ron t o a soln. of i r i d i u m 
s u l p h a t e , a n d t h e p r e c i p i t a t e c o n t a i n e d b o t h i ron a n d i r i d i u m . J . S t o d a r t a n d 
M. F a r a d a y o b t a i n e d a n i ron- i r id ium a l loy , in w h i c h t h e i ron is h a r d e n e d ; t h e s e 
a l loys w e r e a lso s t u d i e d b y R . A. Hadf ie ld , a n d P . Oberhoffer . J . B . J . D . Bouss in -
g a u l t sa id t h a t t h e h a r d e n i n g effect w a s d u e t o t h e p re sence of c a r b o n . 
H . S t . C. Devi l le a lso p r e p a r e d s o m e a l loys . H . R e m y a n d H . G o n n i n g t o n s t u d i e d 
t h e c a t a l y t i c effect o n t h e h y d r o g e n - o x y g e n r e a c t i o n ; a n d s imi la r ly w i t h t h e 
cobalt-iridium alloy and the nickel-iridium alloy. 

H . S t . C. Devi l le a n d H . D e b r a y 2 p r e p a r e d a r u t h e n i u m - i r i d i u m a l loy b y 
me l t ing t h e t w o m e t a l s t o g e t h e r ; a n d A. Schulze , O. F e u s s n e r , a n d C W . W a i d n e r 
a n d G. K . B u r g e s s s t u d i e d t h e t h e r m o e l e c t r i c force of a coup le of i r i d i u m - r u t h e n i u m 
aga ins t i r id ium. H . R e m y a n d H . G o n n i n g t o n s t u d i e d t h e ca t a ly s i s o n t h e 
h y d r o g e n - o x y g e n r eac t i on . O. F e u s s n e r , a n d A. Schu lze s t u d i e d t h e t h e r m o e l e c t r i c 
force of t h e ir idiurn-rhodium a l loy a g a i n s t i r i d ium, a n d e m p l o y e d t h e t h e r m o c o u p l e 
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u p t o 2000°. H . R e m y a n d H . G o n n i n g t o n s t u d i e d t h e c a t a l y t i c effect on t h e 
h y d r o g e n - o x y g e n r eac t i on . T h e o s m i u m - i r i d i u m a l l o y s occur r ing n a t i v e h a v e 
been d i scussed in c o n n e c t i o n -with t h e occu r rence of p l a t i n u m . J . B e c k e n k a m p 
found t h a t i r i d o s m i u m is a sol id soln. of t h e t w o m e t a l s w i t h a l a t t i c e of t h e 
m a g n e s i u m t y p e . These a l loys a r e v e r y h a r d , a n d a re u s e d on p e n p o i n t s , a n d a s 
a l loys for special i gn i t i on w o r k w h e r e h a r d n e s s a n d h igh fusion t e m p , a r e r e q u i r e d . 
F . C. C a r t e r n o t e d t h a t i r i d i u m does n o t h a r d e n p a l l a d i u m t o t h e s a m e e x t e n t a s 
i t does p l a t i n u m ; a n d t h a t pa l l ad ium- i r id ium a l loys w i t h over 20 p e r cen t , of 
i r i d i u m c a n b e w o r k e d on ly w i t h g r e a t difficulty. T h e Br ine lFs h a r d n e s s , H, a n d 
t h e e lect r ica l r e s i s t ance , R o h m s p e r mi l l ion ft. , a r e : 

5 IO 15 20 p e r c e n t . 
107 13O 

62 81 H O 152 
86 123 2IO 235 

T h e p a l l a d i u m - i r i d i u m a l loys were s t u d i e d b y A. W . S m i t h . F . A. G e n t h , B . Silli-
m a n , a n d J . I>. D a n a desc r ibed i t s occu r r ence in California ; T. L . Gledhi l l , in 
B r i t i s h Co lumbia ; T . S. H u n t , in C a n a d a ; N . v o n KokscharofF, J . J . Berze l ius , 
G. Hose , P . G r o t h , K . Z e r r e n n e r , a n d A. v o n L a s a u l x , in R u s s i a ; L . H o r n e r , in 
B o r n e o ; G. H . F . Ul r i ch , in Vic to r i a ; A . L ive r s idge , a n d J . C. H . Mingaye , in 
N e w - S o u t h W a l e s . T h e m i n e r a l a lso occurs in t h e p l a t i n u m ores (q.z>.) of Co lombia , 
a n d Braz i l in S o u t h A m e r i c a . A n a l y s e s we re r e p o r t e d b y C. Claus , H . S t . C. Devi l ie 
a n d H . D e b r a y , a n d J . J . Berze l ius . J . J . Berze l ius r e p r e s e n t e d his r e su l t s b y 
formula?, I r O s , I r O s 3 , a n d I rOs 4 b u t t h e r e is n o t h i n g t o conf i rm t h e ex i s tence of 
defini te osmides . S o m e o t h e r m e t a l s — p l a t i n u m , r u t h e n i u m , r h o d i u m , copper , 
a n d i r o n —are u sua l ly p r e s e n t . F . W o h l e r f o u n d gold in s o m e var ie t i e s . H . D e b r a y 
o b t a i n e d a l loys of t h e t w o m e t a l s . 

T h e ea r ly mine ra log i s t s r e g a r d e d t h e m i n e r a l a s a n a l loy of o s m i u m a n d i r i d i u m 
in a c c o r d w i t h t h e a n a l y s i s of S. T e n n a n t , a n d W . H . W o l l a s t o n . K . C. L e o n h a r d 
cal led i t osmiutn-iridium ; A. B r e i t h a u p t , iridosmine ; E . F . Glocker , osmiridium 
or iridosmium, a c c o r d i n g t o t h e r e l a t i ve p r o p o r t i o n s of t h e t w o e lements—v ide 
occu r r ence of p l a t i n u m ; a n d W . H a i d i n g e r cal led o s m i r i d i u m sysserekite, a n d i r idos­
m i u m , nevyanshite a f te r local i t ies in t h e Ura l s . 

T h e co lour of t h e m i n e r a l is t i n - w h i t e t o l i gh t s tee l -grey . T h e m i n e r a l u sua l ly 
occurs in i r regu la r , f l a t t ened g r a i n s , r a r e l y in h e x a g o n a l p r i sms . G. Hose showed 
t h a t t h e r h o m b o h e d r a l c r y s t a l s h a v e t h e ax i a l r a t i o a : c = l : 1*4105 ; a n d 
T. L . Gledhi l l g a v e 1 : 1-3823. T h e (OOOl)-cleavage is per fec t . T h e t w o va r i e t i e s 
a r e i s o m o r p h o u s , a n d t h e solid soln. c o n t a i n different p r o p o r t i o n s of t h e t w o m e t a l s . 
T h e c r y s t a l s were e x a m i n e d b y H . Zenger , K . Ze r r enne r , P . G r o t h , A. v o n L a s a u l x , 
J . JJ. d e B o u r n o n , T . L*. Gledhi l l , a n d P . v o n Jeremejeff . G. Aminoff a n d G. P h r a g -
m e n f o u n d t h e X - r a d i o g r a m s of a spec imen of sp . g r . 19-0 co r r e spond wi th a 
h e x a g o n a l cell w i t h t h e p a r a m e t e r s <z=2-90 A. , a n d c = 4 * 6 0 A. O. E . Swjaginzeff 
a n d B . K . B r u n o w s k y r e g a r d e d o s m i r i d i u m as a solid soln. of i r i d i u m ( p l a t i n u m ) 
a n d o s m i u m : a n d for s a m p l e s w i t h O s - f - R u = 4 4 - 3 , 64-3, a n d 1OO per cen t . , a n d 
I r - j - P t - f - R h , r e spec t ive ly , 50-9, 31-9, a n d 0, a w a s r e spec t ive ly 2-620, 2-710, a n d 
2-716 A. ; c, r e spec t ive ly , 4-235, 4-282, a n d 4-331 A. ; a n d a : c = l : 1-617, 1 : 1-581, 
a n d 1 : 1-595. Va lue s for t h e s p . gr . b y G. R o s e , a n d J . J . Berze l ius r a n g e from 
18*645 t o 21-118 ; a n d t h e h a r d n e s s f rom 6 t o 7. O. E . Swjaginzeff found t h a t t h e 
s p . g r . v a r i e s w i t h t h e r u t h e n i u m c o n t e n t , a n d w i t h t h e p r o p o r t i o n of c o n t a i n e d 
r u t h e n i u m . T h e m i n e r a l is s l igh t ly ma l l eab le , b u t b r i t t l e . W h e n h e a t e d , t h e 
smel l of o s m i u m c a n b e d e t e c t e d . H . R e m y a n d H . G o n n i n g t o n s t u d i e d t h e 
c a t a l y t i c effect in t h e h y d r o g e n - o x y g e n r eac t i on . T h e mine ra l is insoluble in a q u a 
reg ia . C. Claus o p e n e d up t h e m i n e r a l b y fusion w i t h p o t a s s i u m h y d r o x i d e a n d 
n i t r a t e — v i d e t h e e x t r a c t i o n of o s m i u m . F . v o n K o b e l l sa id t h a t w h e n d i p p e d w i t h 
z inc p ince r s i n a soln . of c o p p e r s u l p h a t e , t h e m i n e r a l a cqu i r e s a film of coppe r . 
S . T e n n a n t , a n d J . J . Berze l ius sa id t h a t n o defini te c o m p o u n d is o b t a i n e d w h e n 
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osmiridium is fused with copper, silver, gold, zinc, t in, lead, or bismuth. J . Stodar t 
and M. Faraday said t ha t osmiridium unites in all proportions by fusion with steel, 
and they examined the properties of some alloys. P . O. Lemon discussed the 
uses of the alloy for pen nibs. 
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§ 7. The Oxides of Iridium 
According to J . J . Berzelius,* when iridium dichloride is boiled with potash lye, 

and the heavy black powder which separates is washed with dil. acid, and water 
to free it from alkali, there remains iridous oxide, or iridium monoxide* I rO 
This oxide is also produced by the ignition of iridous hydroxide* or iridium 
hydroxide, Ir(OH)2 , which is formed when an aq. soln. of iridium dichloride 
is t reated with alkali carbonate, in slight excess. The potash lye filtered from the 
iridium monoxide retains some iridium in soln., and when exposed t o air, i t 
gradually absorbs oxygen, forming first a purple-red, and then a dark blue soln. 
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T h e b lue soln. is also p r o d u c e d b y t h e pa r t i a l deox ida t ion of soln. of t he sesquioxide. 
T h e blue iridium oxide was cons idered b y J . J . Berzel ius t o be a mix tu re of t h e 
m o n o x i d e a n d sesquioxide ; a n d C. Claus showed t h a t i t is p robab ly t h e h y d r a t e d 
dioxide—vide infra. L . N . Vauque l in m a d e some observa t ions on the blue soln. 
C. Claus, a n d X . S e u b e r t o b t a i n e d w h a t t h e y r ega rded as t h e monoxide by hea t ing 
a ch loro i r ida te w i th a n a lkal i h y d r o s u l p h i t e : b u t JL. Woh le r a n d W. W i t z m a n n could 
n o t p r e p a r e t h e m o n o x i d e b y t h e decompos i t ion of a complex su lph i te , 
R 2 S O 3 . I r S O 3 . n l l 2 0 , w i t h a lkal i , or b y a n y o t h e r m e a n s ; t h e y also said t h a t t h e 
d issocia t ion press , of t h e h y d r a t e is t oo g r ea t for i t t o exist a t o rd ina ry t e m p . 
W . P a l m a e r m a d e unsuccessful a t t e m p t s t o p r e p a r e ir idous diamminohydroxide , 
[Ir(N"H3)2(OH)2], and iridous tetramminohydroxide, [Ir(NH3J4](OH)2. According 
t o J . J . Berzel ius , w h e n i r id ium dichlor ide is boiled wi th p o t a s h lye, p a r t of t h e re­
su l t ing i r id ium m o n o x i d e r e m a i n s in soln. a s po tass ium iridite ; a n d s imilar ly wi th 
p o t a s s i u m c a r b o n a t e . T h e soln. becomes pu rp l e a n d t h e n blue on exposure t o air . 

J . J . Berzel ius r e p o r t e d t h a t f inely-divided i r id ium is quickly conver ted i n to 
iridium sesquioxide, or iridium hemitrioxide, Ir2O3 , when ignited in air, but the 
c o m p a c t m e t a l is oxidized m o r e slowly. A t a h igher t e m p . , t h e oxide is decom­
posed a n d resolved in to t h e m e t a l . H . S t . C. Devil le a n d H . D e b r a y found t h a t 
a b o v e 1139°, t h e dissocia t ion press , of t h e oxide exceeds 1 a t m . , s o t h a t t h e oxide 
is n o t formed a t t e m p , exceeding 1139°. T . W i l m ' s p r o d u c t , w i th t h e composi t ion 
I r 2 O - I r O , or I r 3 O 2 , was p r o b a b l y a m i x t u r e of oxide a n d me ta l . W . W i t z m a n n , 
a n d I J . W o h l e r a n d W . W i t z m a n n found t h a t t h e hemi t r iox ide decomposes in to t h e 
d ioxide a n d i r id ium a b o u t 400°, so t h a t i t is v e r y doub t fu l if t h e alleged hemi t r iox ide 
is n o t a m i x t u r e of t h e d iox ide a n d t h e me ta l . J . J . Berzel ius said t h a t t h e sesqui­
ox ide is formed w h e n i r i d ium is h e a t e d w i th p o t a s s i u m h y d r o x i d e , or c a r b o n a t e , 
or wi th p o t a s s i u m h y d r o s u l p h a t e while exposed t o air ; a n d t h a t t h e same oxide 
is also formed when i r id ium is h e a t e d wi th a m i x t u r e of po t a s s ium hydrox ide a n d 
n i t r a t e . .3. ,J. Berzel ius also p r e p a r e d t h e hemi t r iox ide by hea t ing t o dull redness 
a m i x t u r e of p o t a s s i u m chloroper i r id i te a n d alkal i c a r b o n a t e . If t h e t e m p , be 
ra ised too h igh , t h e sesquioxide un i t e s wi th t h e alkal i t o form a compound which 
dissolves in w a t e r wi th a yellow soln. The p r o d u c t is digested with boiling wa te r , 
a n d t h e sesquioxide is collected on a filter, washed wi th w a t e r con ta in ing a m m o n i u m 
chlor ide , for if w a t e r a lone is employed , a greenish-blue colloidal soln. is formed, 
a n d t h e a d h e r e n t a m m o n i u m chlor ide r e m o v e d by hea t . A n y a d h e r e n t a lkal i 
is t h e n r e m o v e d b y wash ing w i th wa te r . C. Claus ob ta ined t h e hemi t r iox ide b y 
ign i t ing i r id ium su lph i te . I J . W o h l e r a n d W. W i t z m a n n , and W. W i t z m a n n 
o b t a i n e d an i m p u r e hemi t r iox ide by mix ing ho t , air-free soln. of po ta s s ium h y d r o x i d e 
a n d s o d i u m chloroper i r id i te in a n a t m . of ca rbon d ioxide ; e v a p o r a t i n g the soln. 
t o d r y n e s s , a n d h e a t i n g t h e res idue t o redness in a n a t m . of ca rbon dioxide . T h e 
p r o d u c t is boiled w i th a soln. of sod ium hyd rox ide , a n d t h e n wi th su lphur ic acid . 
Accord ing t o I J . W o h l e r a n d W . W i t z m a n n , when t h e hemi t r iox ide is hea ted above 
400°, i t decomposes i n t o a m i x t u r e of i r id ium a n d its d ioxide, a n d a l i t t le oxygen is 
a t t h e s a m e t i m e evolved. T h e proper t i es of the hemi t r ioxide depend on i ts m o d e 
of p r e p a r a t i o n ; i t m a y form a colloidal soln. wi th hydrochlor ic acid ; a n d i t m a y 
be insoluble in a c i d s ; a n d in mo l t en po tass ium h y d r o s u l p h a t e . J . J . Berzel ius 
obse rved t h a t t h e sesquioxide is r educed by hydrogen gas a t o rd ina ry t e m p . , a n d 
t h e r educ t i on is a ccompan ied b y a rise of t e m p . ; a n d t h a t when hea t ed in t h e 
p resence of organic subs t ances r educ t ion proceeds wi th explosive violence. 
J . J . Berze l ius t h o u g h t t h a t t h e va r ious p roduc t s ob ta ined when i r id ium is oxidized 
b y a i r or n i t r e in t h e presence of fused po tas s ium h y d r o x i d e con ta in potass ium 
periridite, a n d s imi lar ly w i t h t h e p rec ip i t a t e ob t a ined b y add ing po ta sh lye t o 
i r i d ium t r ich lor ide . C. Claus showed t h a t some of t h e colour effects ob ta ined were 
d u e t o J . J . Berzel ius us ing i r id ium c o n t a m i n a t e d w i t h some ru then ium. The 
p r o d u c t s o b t a i n e d b y fusing po t a s s ium hydrox ide wi th i r id ium under oxidizing 
c o n d i t i o n s c o n t a i n i r ida tes (q.v.). L. N . Vauque l in observed t h a t when milk ol 
l ime is a d d e d t o a n acid soln. of t he blue oxide , a b lue c o m p o u n d is p rec ip i t a ted ; 
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a n d C. Claus o b t a i n e d a c a l c i u m periridite, 3CaO- I r 2 O 3 , or Ca 3 ( I rOs) 2 , a s a d i r t y -
ye l low p rec ip i t a t e , on boi l ing a n a lka l i ch lo roper i r id i t e w i t h a n excess of l ime 
w a t e r . Tlie p r ec ip i t a t e t u r n s b lue on e x p o s u r e t o a i r . 

Acco rd ing t o C. Claus , t h e hydrate, I r 2 O s . 5 H 2 0 , or i r id ium tr inydroxide , 
I r ( O H ) 3 - H 2 O , is fo rmed as a n o l ive-green p r e c i p i t a t e w h e n t h e t h e o r e t i c a l q u a n t i t y 
of p o t a s s i u m h y d r o x i d e is a d d e d t o a so ln . of a ch lo roper i r id i t e ; n o p r e c i p i t a t i o n 
occurs if a n excess of t h e p r e c i p i t a n t be e m p l o y e d , s ince t h e h y d r a t e d ox ide t h e n 
dissolves as fast as i t is fo rmed , y ie ld ing a n ol ive-green soln. f rom w h i c h t h e h y d r a t e 
is p r e c i p i t a t e d b y ac ids . T h e p r e c i p i t a t e d ox ide r ead i ly oxidizes in a i r ; i t d i s ­
solves in ac ids t o fo rm a g reen soln. ; t h e soln. i n a lka l i lye r ead i ly oxid ize w h e n 
boiled in a i r , or w h e n t r e a t e d w i t h h y d r o g e n d iox ide , a n d h y d r a t e d i r i d i u m d iox ide 
is p r e c i p i t a t e d . C. B i r n b a u m o b s e r v e d t h a t boi l ing a lcohol r educes t h e h y d r a t e d 
h e m i t r i o x i d e t o i r i d i u m b lack . W . P a l m a e r o b t a i n e d a soln. of i r id ium h e x a m m i n o -
trihydroxide, j_ I r (NH 3 ) 6 ] (OH) 3 , b y t r e a t i n g a soln. of t h e co r r e spond ing ch lor ide 
w i t h s i lver ox ide . T h e soln. is s t r o n g l y a lka l ine ; i t d i sp laces a m m o n i a f rom 
a m m o n i u m sa l t s ; i t p r e c i p i t a t e s h y d r o x i d e s f rom some m e t a l sa l t soln. ; a n d i t 
a b s o r b s c a r b o n d iox ide f rom t h e a t m o s p h e r e t o fo rm a c a r b o n a t e . T h e b a s e , 
iridium aquopentamminotrihydroxide, [Ir(NHs)6(H2O)](OH)3 , is produced by 
t h e a c t i o n of s i lver ox ide o n t h e co r r e spond ing ch lor ide . C. Claus p r e p a r e d 
iridium hydroxypentamminohydroxide, [Ir(NH3)5(OH)](OH)2 . The hydroxypent-
a m m i n e s were s t u d i e d b y B . E . D i x o n . 

Accord ing t o C. Claus , i r id ium dioxide , I r O 2 , is d e p o s i t e d in a h y d r a t e d fo rm 
w h e n a soln. of i r i d ium ch lor ide is boi led w i t h a lka l i lye . T h e p r e c i p i t a t e c a n be 
d e p r i v e d of i t s w a t e r b y h e a t . L . W o h l e r a n d W . W i t z m a n n r e c o m m e n d e d t r e a t i n g 
a h o t soln . of s o d i u m ch lo ro i r i da t e w i t h a lka l i lye , a n d oxid iz ing t h e h e m i t r i o x i d e b y 
pass ing a c u r r e n t of o x y g e n t h r o u g h t h e l iqu id . T h e p r e c i p i t a t e d d iox ide is d r i ed 
a t 400° i n a n a t m . of c a r b o n d iox ide , a n d boi led first w i t h a lka l i lye a n d t h e n w i t h 
su lphu r i c ac id . T h e h y d r a t e c a n be d e h y d r a t e d a t 760° . GL Ge i senhe imer o b t a i n e d 
t h e a n h y d r o u s d iox ide b y m e l t i n g p o t a s s i u m i r i d a t e w i t h a n excess of p o t a s s i u m 
b r o m i d e a n d ch lor ide ; e x t r a c t i n g t h e cold p r o d u c t w i t h w a t e r , t r e a t i n g t h e id-
soluble r e s idue w i t h a q u a regia t o e x t r a c t u n c h a n g e d i r i d a t e , a n d d r y i n g t h e 
c rys t a l l ine p r o d u c t a t 100°. T h e d iox ide is f o r m e d in a n a m o r p h o u s c o n d i t i o n 
b y h e a t i n g t o r ednes s finely-divided i r i d i u m in a c u r r e n t of a i r o r o x y g e n , for m a n y 
h o u r s , un t i l a c o n s t a n t w e i g h t h a s b e e n a t t a i n e d . W . W i t z m a n n , a n d J-.. W o h l e r 
a n d W . W i t z m a n n sa id t h a t t h e o p t i m u m t e m p , is 1070°. 

G. Ge i senhe imer sa id t h a t t h e b l ack c r y s t a l s a r e ac icu la r . A c c o r d i n g t o 
V. M. G o l d s c h m i d t , t h e c r y s t a l s a r e t e t r a g o n a l , a n d t h e X - r a d i o g r a m s c o r r e s p o n d 
w i t h t h e l a t t i c e p a r a m e t e r s a—4*49 A. , c==3-14 A. , a n d a : c = l : 0*099. T h e s p . gr . 
is 3-15, a n d t h e m o l . vo l . 31-7. G. L u n d e s t u d i e d t h e sub j ec t . W . W i t z m a n n , 
a n d Li. W o h l e r a n d W . W i t z m a n n o b s e r v e d t h a t w h e n t h e d iox ide is h e a t e d , i t 
d e c o m p o s e s i n t o o x y g e n a n d t h e m e t a l . T h e d i o x i d e a n d m e t a l a r e t o s o m e e x t e n t 
m u t u a l l y so luble , so t h a t a f t e r a c e r t a i n a m o u n t of d i s soc ia t ion h a s occu r r ed , t h e 
solid p h a s e c o n t a i n s t w o s a t . sol id soln . , a n d y ie lds a c o n s t a n t d i s soc ia t ion press . 
F . B e c k e r g a v e for t h e d i s soc ia t ion p ress . , p m m . : 

910° 937° 963° 982° 1004° 1029" 
p . . 37-O 56-5 86-9 1 1 9 1 164-5 2 3 7 5 

L,. S c h m i t t f ound t h a t t h e s p . h t . of I r O 2 i s 0-0587, a n d t h e m o l . h t . 13-2. 
F . M. J a g e r d i scussed t h e sub j ec t . L.. W o h l e r a n d N . J o c h u m g a v e for t h e m o l . 
h t . C= 13-329 + 0 - 0 1 5 2 1 0 . L . W o h l e r a n d W . W i t z m a n n f o u n d t h a t t h e o x i d a t i o n 
p roceeds m o s t r a p i d l y a t 1070°, a n d a t t h a t t e m p , t h e h e a t of t h e r e a c t i o n I r - J - O 2 
— IrO 2-f-50-0 CaIs. L . W o h l e r a n d N . J o c h u m g a v e 40-14 CaIs. A . G d t z g a v e 
41-990 CaIs. a t 17°, a n d b y N e r n s t ' s t h e o r e m , a t 0 ° , 40-112 t o 41-500 CaIs. A . G o t z 
gave logp= — Q / 4 - 5 7 1 1 7 + l - 7 5 log T + 2 - 8 , so t h a t a t 918° for jo==0-723 a t m . , 
£ = 5 0 , 7 6 0 cals . a n d a t 1093° for ^ = 0 - 8 9 2 1 a t m . , # = 5 2 , 0 5 5 ca l s . L,. W o h l e r a n d 
N . J o c h u m gave for t h e h e a t of f o r m a t i o n 40-14 Cals . C. Claus sa id t h a t a t t h e 
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t e m p , of ca lorescence—or glowing which occurs w h e n t h e d ioxide is h e a t e d in a 
c u r r e n t of c a r b o n d iox ide—al l t h e w a t e r a n d a l i t t le o x y g e n is lost , a n d t h e oxide 
becomes insoluble in ac ids . F . Becke r a t t r i b u t e d t h e p h e n o m e n o n t o a n a b r u p t 
c h a n g e in t h e surface energy of t h e x>articles. A n h y d r o u s i r i d ium d iox ide is in­
soluble in ac ids a n d alkal ies , a n d i t is easi ly r educed b y h y d r o g e n . S. Pas to re l l o 
obse rved t h a t t h e d iox ide is s t ab le in a c u r r e n t of s u l p h u r d iox ide u p t o 650°, b u t 
b e y o n d t h a t r e d u c t i o n occurs as s h o w n b y t h e a p p e a r a n c e of i r i d i u m l ines in t h e 
X - r a d i o g r a m of i r i d ium d iox ide , F ig . 6. T h e decrease in t h e c a t a l y t i c a c t i v i t y 
of p l a t i n u m c o n t a i n i n g i r i d ium is a t t r i b u t e d t o t h e fo rma t ion of th i s oxide—vide 
r h o d i u m sesquioxide . M. Ie B l a n c 
a n d H . Sachse sa id t h a t t h e 
e lect r ical c o n d u c t i v i t y of t h e 
ox ide is smal l ; A . 1ST. G u t h r i e 
a n d L . T . B o u r l a n d d iscussed 
t h e m a g n e t i c p rope r t i e s . 

J . J . Berze l ius t h o u g h t t h a t 
t h e indigo-b lue p r e c i p i t a t e ob ­
t a i n e d w h e n p o t a s s i u m chloro-
i r i da t e or i r id ium t e t r a c h l o r i d e 
is boi led w i th a lka l i c a r b o n a t e 
is h y d r a t e d hemi t r i ox ide , b u t J^ \ 0 ' /0 ^ /0 J0

 1 ^ y00 Tio~viu' .__ 
C . C l a u s s h o w e d t h a t t h e p r e - Fia. 6 . X - r t i d i o g r a m s of I r i d i u m a n d I r i d i u m 
c i p i t a t e is t h e dihydrate of IJioxide. 
i r i d ium d iox ide , or i r id ium 
tetrahydroxide , I r ( O H ) 4 ; a n y sesquioxide formed a t t h e s a m e t i m e is conve r t ed 
t o t h e d iox ide b y boi l ing in air , b y a d d i n g h y d r o g e n d ioxide , or b y pass ing a 
c u r r e n t of o x y g e n t h r o u g h t h e l iqu id . JJ . de B o i s b a u d r a n o b t a i n e d t h e same 
h y d r a t e b y a d d i n g a lka l i t o a soln. of a doub le s u l p h a t e of i r id ium in t h e 
presence of a i r ; N . K . Pschen i t s in a n d C. E . EIrasikofT, b y a d d i n g a 10 pe r cen t , 
soln. of p o t a s s i u m h y d r o x i d e t o a soln. of p o t a s s i u m chloroi r ida te , wash ing t h e 
p r o d u c t w i t h w a t e r , a n d d r y i n g in v a c u o ; G. Geisenheimer , by boiling p o t a s s i u m 
i r ida t e for several h o u r s in a soln. of a m m o n i u m chlor ide , u n d also by s imilar ly 
boiling t h e blue soln. o b t a i n e d in t h e p r e p a r a t i o n of p o t a s s i u m i r ida te w i th 
a m m o n i u m chlor ide ; a s well as b y h e a t i n g t o redness for 2 or 3 h r s . a m i x t u r e 
of f inely-divided i r i d ium a n d s o d i u m h y d r o x i d e a n d n i t r a t e , a n d e x t r a c t i n g t h e 
soluble m a t t e r s w i t h w a t e r — h e r e , t h e s o d i u m i r ida t e which is fo rmed is decom­
posed b y t h e w a t e r l eav ing t h e h y d r a t e d ox ide as a res idue . Accord ing t o 
Ja. W o h l e r a n d W . W i t z m a n n , t h e p r e c i p i t a t e d h y d r a t e d oxide can be dr ied a t 
400° in a c u r r e n t of c a r b o n d iox ide , a n d t h e n boiled w i t h a lkal i lye, a n d s u b s e q u e n t l y 
t r e a t e d w i th su lphur ic ac id . 

T h e co lour of t h e h y d r a t e d d ioxide d e p e n d s g r e a t l y on t h e p r o p o r t i o n of w a t e r 
p resen t . W h e n d r i ed in a des icca tor over su lphur ic acid, i t con t a in s a p p r o x i m a t e l y 
2 H 2 O , a n d is b l ack ; t h e w a t e r c a n on ly be d r iven oil comple te ly b y h e a t i n g a t 
760°. T h e a n h y d r o u s d iox ide is also black. T h e f resh ly-prec ip i ta ted d iox ide 
is m u c h m o r e soluble in ac ids , a n d a lkal ies t h a n w h e n dr ied . C. Claus observed a 
m o m e n t a r y g lowing—calorescence—when t h e h y d r a t e is h e a t e d in a n a t m . of 
c a r b o n d ioxide—vide supra. T h e h y d r a t e is a lmos t insoluble in dil. su lphur ic ac id , 
a n d n i t r i c ac id ; b u t i t is s lowly a n d comple te ly " d issolved " by hydroch lo r i c 
ac id , fo rming a soln. w h i c h is a t first indigo-blue , a n d a f t e rwards becomes ch rome-
green , a n d finally r e d d i s h - b r o w n w h e n h e a t e d . Accord ing t o L . Woh le r a n d 
W . W i t z m a n n , t h e soln. of t h e a m o r p h o u s , h y d r a t e d ox ide in hydroch lor ic ac id 
c o n t a i n col loidal i r id ium dioxide. T h e viole t colloidal soln. is ob ta ined b y t h e ac t ion 
of p o t a s s i u m h y d r o x i d e o n s o d i u m ch loro i r ida te in t h e cold. T h e l iquid g r adua l l y 
becomes viole t , a n d , a f te r a t i m e , a b lue modif ica t ion sepa ra t e s . W h e n t h e v io le t 
f o rm is boi led, i t becomes b lue . T h e change in colour from indigo-blue t o b lue is 
a t t r i b u t e d t o t h e agg rega t ion of colloidal par t ic les . 
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A. J o I y a n d E . Leidie h e a t e d p o t a s s i u m i r i d i u m n i t r i t e in v a c u o a t 440°, a n d 
w a s h e d t h e p r o d u c t . T h e r e w a s f o r m e d a b r o w n colloidal soln. of h y d r a t e d 
i r i d i u m d iox ide , a n d a h e a v y b l a c k p o w d e r c o r r e s p o n d i n g w i t h p o t a s s i u m h y p e r -
iridite, K 2 O-GIrO 2 , a n d cons idered t o be ( I r O ) 6 O 5 ( O K ) 2 , or 6 I r O ( O H ) 2 ; if t h e 
d o u b l e n i t r i t e is h e a t e d t o inc ip ien t r edness in a muffle, a n d t h e p r o d u c t t h o r o u g h l y 
w a s h e d w i t h wa te r , t h e r e s idue h a s t h e c o m p o s i t i o n 1 2 I r O 2 - K 2 O , cons ide red t o 
be ( I r O ) 1 2 O 1 1 ( O K ) 2 . T h e i n d i v i d u a l i t y of t h e s e s u b s t a n c e s h a s n o t b e e n e s t a b ­
l ished. H- S t . C. Devi l le a n d H . D e b r a y fused i r i d i u m w i t h l i t ha rge a n d c a r b o n , 
cupe l led t h e b u t t o n a t a w h i t e - h e a t , a n d o b t a i n e d a c rys t a l l ine p o w d e r w h i c h w a s 
w a s h e d w i t h acet ic ac id . I t c o r r e s p o n d s w i t h l ead hyperiridite , P b O - I r O 2 . I t is 
r educed b y h y d r o g e n , a n d t h e l ead c a n be s e p a r a t e d f rom t h e i r i d i u m b y n i t r i c 
ac id . T h e c o m p o u n d is n o t a t t a c k e d b y cone , n i t r i c ac id . T h e l ead is vo la t i l i zed 
w h e n i t is h e a t e d i n t h e o x y h y d r o g e n flame. 

J . J . Berze l ius sa id t h a t i r id ium tr ioxide, I r O 3 , is k n o w n only in c o m b i n a t i o n , 
a n d Li. W o h l e r a n d W . W i t z m a n n were u n a b l e t o p r e p a r e t h e p u r e ox ide . C. Claus 
obse rved t h a t w h e n finely-divided i r i d i u m is h e a t e d w i t h p o t a s s i u m n i t r a t e for t w o 
h o u r s , a n d t h e m a s s is e x t r a c t e d w i t h w a t e r , a n ind igo-b lue soln. of a bas ic p o t a s s i u m 
i r i da t e is fo rmed , a n d a d a r k b lue c rys ta l l ine p o w d e r of a n ac id ic p o t a s s i u m ir idate , 
K 2 0 . 2 I r O 3 . Th i s p o w d e r w h e n w a s h e d is n e u t r a l t o l i t m u s , a n d t a s t e l e s s ; a n d i t 
g ives off chlor ine w h e n i t is d issolved in hyd roch lo r i c acid- T h e p r o p o r t i o n of 
c o n t a i n e d a lka l i is v a r i a b l e . G. Ge i senhe imer o b t a i n e d 2 K 2 O - I r O 3 - H 2 O u n d e r 
s o m e w h a t s imi lar cond i t i ons . L . W o h l e r a n d W . W i t z m a n n o b s e r v e d t h a t t h e 
m e t h o d s of p r e p a r a t i o n b y fusing finely-divided i r i d i u m with, p o t a s s i u m n i t r a t e 
a n d a lkal i a n d w i t h s o d i u m pe rox ide , a s well a s b y t h e a n o d i c o x i d a t i o n of a n a lka l ine 
so lu t ion of t h e d iox ide , y ie ld p r o d u c t s c o n t a i n i n g cons ide r ab ly less t h a n t h e 
t h e o r e t i c a l p r o p o r t i o n of o x y g e n . O x y g e n is a lso a b s o r b e d w h e n t h e d iox ide , 
m i x e d w i t h a lkal i , is h e a t e d in o x y g e n , b u t n o t in t h e a m o u n t r e q u i r e d t o fo rm t h e 
t r i ox ide . I n t h e absence of a lka l i , t h e d iox ide does n o t a b s o r b o x y g e n , f rom w h i c h 
t h e conclus ion is d r a w n t h a t a t r i o x i d e free f rom a lka l i is u n s t a b l e , a n d t h a t t h e 
c o m p a r a t i v e s t ab i l i t y in t h e p resence of a lka l i d e p e n d s on t h e a d s o r p t i o n of t h e 
t r i ox ide b y t h e a lka l i . 

F . K r a u s s a n d H . Ger l ach p r e p a r e d i r i d i u m tetroxide , I r O 4 , b y h e a t i n g t h e 
h y d r o x i d e for a s h o r t t i m e in n i t r o g e n a t 350° . T h e m e t h o d e m p l o y e d b y E . K r a u s s 
a n d H . K u k e n t h a l for r u t h e n i u m t r i h y d r o x i d e (q.v.) fu rn ishes i r id ium te tra -
hydroxide , I r ( O H ) 4 , free f rom ch lor ine a n d a lka l ies . 
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§ 8. The Iridium Fluorides 
A c c o r d i n g t o H . Moissan , 1 i r i d i u m is n o t a t t a c k e d b y fluorine in t h e cold ; b u t 

a t a du l l r e d - h e a t a r e a c t i o n occurs , a n d a t a h ighe r t e m p , a vola t i le f luoride is 
f o r m e d w h i c h a p p e a r s a s a w h i t e v a p o u r . O. RufE also n o t e d t h a t f luorine r e a c t s 
o n l y a t a du l l r e d - h e a t . E . TJrichoechea d issolved t h e h y d r a t e d oxide in h y d r o ­
fluoric ac id , a n d o n e v a p o r a t i n g t h e g reen soln. t o d r y n e s s , o b t a i n e d a g reen m a s s 
of a n i r id ium fluoride w h i c h w a s inso luble i n w a t e r , a n d soluble in ac ids . W h e n 
h e a t e d i t b e c a m e w h i t e , a n d t h e n f o r m e d a b r o w n p o w d e r . 

O. IlufE a n d J . !Fischer f o u n d t h a t w h e n f ine ly-div ided iridium, is h e a t e d a t 360° 
t o 400° in a c u r r e n t of fluorine, i r id ium hexaf luor ide , I rFg , a n d i r id ium p e n t a ­
fluoride, I r F 5 , a r e fo rmed . T h e y ie ld of t h e pen ta f luo r ide is inc reased b y ra is ing 
t h e t e m p . 

I r i d i u m hexaf luor ide is a ye l low solid w i t h a t i n g e of green ; i t me l t s a t a b o u t 
30° , a n d i t s v a p . p ress , is t h e n r e l a t i ve ly h igh , a b o u t 320 m m . , a n d a t a b o u t 50° , 
t h e p r o d u c t boils a t 760 m m . p ress . J . A. M. v a n L i e m p t s t u d i e d t h e cr i t ica l 
c o n s t a n t s . O. Ruff a n d J . F i s c h e r f o u n d t h a t t h e sa l t is decomposed b y t h e 
m o i s t u r e of t h e a t m o s p h e r e a n d g ives off w h i t e f u m e s — p r o d u c i n g h y d r o g e n 
fluoride, ozone , a n d t h e pen t a f luo r ide . A t r o o m t e m p . , i t a t t a c k s t h e a lka l i of 
g lass c o n t a i n i n g vessels , f o r m i n g t h e pen ta f luo r ide a n d o x y g e n ; a n d l ight acce le ra tes 
t h e r e a c t i o n . T h e hexaf luor ide is m o r e s t a b l e in vessels of fused q u a r t z . W h e n 
h e a t e d t o 400° in a i r , i t passes i n t o t h e pen ta f luo r ide w i t h spa rk ing , u n d t h e s imul ­
t a n e o u s f o r m a t i o n of t h e v io le t ox ide , a n d o x y g e n . 

I r i d i u m pen ta f luo r ide is a -white or g r ey i sh -wh i t e solid wh ich is m u c h less vo la t i l e 
t h a n t h e hexaf luor ide . W h e n k e p t in g lass vessels , i t b ecomes g rey i sh -b lack a n d 
v io le t , a n d fo rms ox ides , a n d oxyf luor ides ; t h i s r e a c t i o n is ^ory r a p i d a t 100° 
t o 200° . 

H . I . Schles inger a n d M. W . T a p l e y p r e p a r e d p o t a s s i u m fiuoiridate, K 2 I r F 6 , 
b y t h e a c t i o n of f ine ly-div ided i r i d i u m on 3 K F . H F . P b F 4 . T h e y also p r e p a r e d 
l ead fluoiridate, P b I r F 6 ; a n d s t u d i e d t h e a b s o r p t i o n spec t r a . 
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§ 9. The Iridium Chlorides 
S. S t r e i che r , 1 a n d L.. W o h l e r a n d S. S t r e i che r p r e p a r e d i r id ium monoch lor ide , 

I rC l , b y t h e t h e r m a l d e c o m p o s i t i o n of i r i d i u m d ich lo r ide , in a n a t m . of ch lor ine 
a t a b o u t 790° . I t s r a n g e of s t a b i l i t y is 773° t o 798° in a n a t m . of chlor ine . T h e 
m o n o c h l o r i d e furn ishes c o p p e r - r e d c r y s t a l s of sp . gr . 10-18, a n d i t is insoluble in 
a lka l i e s , a n d a c i d s — « v e n cone , s u l p h u r i c ac id . T h e molecu la r h e a t of f o r m a t i o n 
is 2 0 5 5 CaIs. T h e v a p . p ress . , p m m . , a r e : 

098° 739° 749° 751° 771° 773° 799° 
2, . 153 256 290 322 424 455 7 7 1 m m . 
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J . J . Berze l ius desc r ibed t h e p r e p a r a t i o n of i r id ium dichloride, o r i r idous 
Chloride, I rC l 2 , i n a n u m b e r of ways—e .g . , b y expos ing f inely-divided i r i d i u m a t a n 
inc ip i en t r e d - h e a t t o ch lor ine gas ; a n d b y t h e ac t i on of hyd roch lo r i c ac id o n 
h y d r a t e d i r i d i u m m o n o x i d e — a n d C. Claus cons idered t h e m al l t o b e e i t h e r t h e 
t r i ch lo r ide , or m i x t u r e s of t h e t r i ch lo r ide a n d t h e m e t a l . T h e g r e y p r o d u c t 
o b t a i n e d b y t h e a c t i o n of ch lor ine o n i r i d i u m w a s sa id t o be a m i x t u r e of t h e t r i ­
ch lor ide a n d m e t a l , for, w h e n finely-powdered a n d a g a i n exposed t o t h e a c t i o n of 
ch lor ine , i t a b s o r b s t h a t gas w i t h o u t c h a n g e of colour , a n d t h u s a p p r o a c h e s m o r e 
n e a r l y t o t h e s t a t e of t h e t r i ch lo r ide ; a n d w h e n m i x e d w i t h s o d i u m ch lor ide a n d 
t r e a t e d w i t h ch lor ine as before , a n d t h e cold p r o d u c t l e ached w i t h w a t e r , s o m e 
i r i d i u m r e m a i n s . Aga in , if t h e t e t r a c h l o r i d e be r e d u c e d b y s t a n n o u s ch lo r ide , 
s u l p h u r d iox ide , h y d r o g e n su lph ide , p o t a s s i u m fe r rocyan ide , or a lcohol , t h e 
r e d u c t i o n s t o p s a t t h e t r i ch lo r ide s t age e x c e p t in cases w h e r e t h e m e t a l is 
s e p a r a t e d w i t h o u t t h e i n t e r m e d i a t e f o r m a t i o n of t h e d ich lor ide . L . R . v o n Fe l i en -
berg sa id t h a t t h e d ich lor ide is p r o d u c e d w h e n i r i d i u m d i su lph ide is h e a t e d in 
chlor ine gas ; M. Skoblikoff obse rved t h a t t h e t h e r m a l d e c o m p o s i t i o n of t h e t e t r a ­
chlor ide y ie lds t h e d ich lor ide l ike a b r o w n res in wh ich W . P a l m a e r sa id is of a n 
u n c e r t a i n compos i t ion ; a n d K . S e u b e r t desc r ibed some c o m p l e x a lka l i s u l p h i t e s 
assoc ia ted w i t h i r i d i u m d ich lor ide . All t h i s shows t h a t t h e d ich lor ide h a s n o t been 
i so la ted , or else i t shows t h a t t h e d ich lor ide h a s a v e r y n a r r o w r a n g e of s t a b i l i t y . 
Li. P a u l i n g discussed t h e l a t t i ce s t r u c t u r e . T h e o b s e r v a t i o n s of S. S t r e i che r , a n d 
Li. W d h l e r a n d S. S t r e i che r , show t h a t t h e d ich lor ide is s t a b l e on ly in t h e r a n g e of 
t e m p . 763° t o 773° in ch lor ine gas ; a b o v e 773°, i t d i ssoc ia tes i n t o t h e m o n o c h l o r i d e 
a n d ch lor ine . I t is p r o d u c e d w h e n t h e t r i ch lo r ide is i gn i t ed a t 770° in a n a t m . of 
ch lor ine . T h e b r o w n c rys t a l s of t h e d ich lor ide so fo rmed a r e inso lub le in a lka l ies , 
a n d a c i d s — e v e n cone, s u l p h u r i c ac id . T h e o b s e r v a t i o n s of V. M. G o l d s c h m i d t , 
a n d G. B r u n i a n d A. F e r r a r i , i n d i c a t e t h a t t h e c ry s t a l s a r e p r o b a b l y r h o m b o h e d r a l . 
S. S t re icher , a n d L . W o h l e r a n d S. S t r e i che r found t h e mol . h e a t of f o r m a t i o n f rom 
i t s e l e m e n t s is 20-05 CaIs. T h e v a p . press . , p m m . , a r e : 

711° 737° 749° 755° 771° 
jj . . . 2 4 1 3 8 6 5 0 5 5 4 8 IWl m m . 

J . J . Berzel ius n o t e d t h e f o r m a t i o n of a l igh t g reen i sh -g rey p o w d e r w h e n 
p o t a s s i u m or a m m o n i u m chloro i r id i te is t r e a t e d w i t h aq . a m m o n i a , a n d his r o u g h 
ana lys i s ind ica tes t h a t a n a m r n i n e w a s fo rmed . M. SkoblikofT, a n d W . P a l m a e r 
o b t a i n e d ir idous d i ch lorod iammine , [ I r (NH 3 ^ 2 Cl 2 J , b y w a r m i n g a m i x t u r e of 
i r i d i u m dichlor ide -with a n excess of a m m o n i u m c a r b o n a t e , a n d t h e n n e u t r a l i z i n g 
t h e l iqu id w i t h hyd roch lo r i c ac id . T h e ye l low, g r a n u l a r p o w d e r is inso lub le in 
w a t e r ; a n d if i t be boi led w i t h a n excess of a m m o n i a , ye l l owi sh -wh i t e i r idous 
t e tramminochlor ide , [ I r (NH 3 J 4 ]Cl 2 , s e p a r a t e s a s t h e soln . cools . I t g ives ofi 
a m m o n i a w h e n boi led w i t h w a t e r . K . S e u b e r t p r e p a r e d a m m o n i u m s u l p h i t o -
ch lo ro i r i d i t e , I r C l 2 . H 2 S O 3 . 4 N H 4 C l , a n d I rC l 2 . ( N H 4 ) 2 S 0 3 . 2 N H 4 C l ; a m m o n i u m 
p o t a s s i u m sulphitocnloroir idi te , I r C l 2 . K 2 S O s . 2 N H 4 C 1 . 4 H 2 0 . W . M a n c h o t a n d 
H . Gall p r e p a r e d i r idous d icarbonyldichlor ide , I r (CO) 2 Cl 2 . 

J . J . Berzel ius r e p o r t e d i r id ium tr ichloride , I rCl 3 , t o be fo rmed as a s u b l i m a t e 
w h e n i r i d i u m alone, or a d m i x e d w i t h p o t a s s i u m n i t r a t e , is h e a t e d in ch lo r ine ; o r 
w h e n " i r i d i u m d ich lor ide " is h e a t e d . A s i n d i c a t e d a b o v e , C. Claus s h o w e d t h a t 
J . J . Berze l ius ' d ichlor ide is e i t he r t h e t r i ch lo r ide or a m i x t u r e of t h e t r i c h l o r i d e 
w i t h m e t a l ; a n d a d d e d t h a t t h e t r i ch lo r ide is t h e m o s t s t a b l e of al l t h e i r i d i u m 
chlor ides . C. Claus, a n d L.. W o h l e r a n d S. S t r e i c h e r p r e p a r e d t h e t r i c h l o r i d e b y 
h e a t i n g t h e r educed m e t a l , m i x e d w i t h s o d i u m ch lor ide , in a c u r r e n t of ch lo r ine , 
a t 600° t o 620°. T h e r eac t i on is c o m p l e t e d in a few m i n u t e s . F . K r a u s s a n d 
H . Ger lach obse rved t h a t t h e f o r m a t i o n of t h e t r i c h l o r i d e f r o m i r i d i u m a n d ch lo r ine 
is acce lera ted b y l igh t , a n d b y t h e p re sence of c a r b o n m o n o x i d e . I r i d i u m t e t r a -
h y d r o x i d e r eac t s w i t h ch lor ine , w h e n h e a t e d , f o r m i n g t h e t r i c h l o r i d e . E . Le id ie 
o b t a i n e d t h e t r i ch lor ide b y h e a t i n g a m m o n i u m c h l o r o i r i d a t e , o r i r i d i u m t e t r a -
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chloride, in a current of chlorine at 440°, and cooling the product in carbon 
dioxide. 

J". J . B e r z e l i u s o b t a i n e d a n i m p u r e t r i c h l o r i d e b y h e a t i n g i r i d i u m m i x e d w i t h p o t a s s i u m 
n i t r a t e , e x t r a c t i n g t h e c o l d m a s s w i t h h o t n i t r i c a c i d , d i s s o l v i n g t h e w a s h e d p r o d u c t i n 
h y d r o c h l o r i c a c i d , a n d e v a p o r a t i n g t h e s o l n . t o d r y n e s s . A s i m i l a r p r o d u c t w a s o b t a i n e d 
b y h e a t i n g t h e y e l l o w p o w d e r p r o d u c e d b y t h e a c t i o n of s u l p h u r i c a c i d o n a n a l k a l i c h l o r -
i r i d i t e i n h y d r o g e n c h l o r i d e a t 5 0 0 ° . A c c o r d i n g t o M . J J e l e p i n e , t h e p r o d u c t s o b t a i n e d 
b y h e a t i n g h y d r a t e d h y d r o c h l o r i r i d i c a c i d , H 2 I r C l „ . 6 H a O , a r e a s s o c i a t e d w i t h t r a c e s of 
h y d r o g e n c h l o r i d e a n d w a t e r , a n d t h e y a r e s o l u b l e i n w a t e r ; t h e o r d i n a r y a n h y d r o u s s a l t 
i s i n s o l u b l e . I f t h e a q . s o l n . b e c o n c e n t r a t e d , a n d t h e c r y s t a l s d r i e d a t 1 0 0 ° , t h e r e r e m a i n s 
t h e hernitritiydrate, I r C l 3 - I ^ M 2 O . T h e tetrahydrate, I r C l 3 . 4 H 2 O , d e s c r i b e d b y C . C l a u s , b y 
e v a p o r a t i n g a n a c i d i c s o l n . of t h e t r i c h l o r i d e , i s a n i n d e f i n i t e m i x t u r e of i r i d i u m t r i c h l o r i d e 
•wi th h y d r o g e n c h l o r i d e a n d w a t e r . 

L. Wohler and S. Streicher, and S. Streicher found that strongly sintered 
iridium powder which has been heated to 900°, forms a brown trichloride at 600° ; 
if this product is reduced in hydrogen at low temp, and again chlorinated at 6()()°, 
the yellow trichloride is obtained. On further reduction and chlorination the dark 
green trichloride results. During these alternating processes the metal produced 
at the various stages becomes more and more finely divided, that is, more and more 
rich in surface energy ; the same holds for the oxide obtained from the metal. 
The various trichlorides therefore owe their colours to the varying stages of fineness 
of the particles, that is, they are simply surface modifications as shown by measure­
ments of their absorptive power towards methylene-blue, and of their velocity of 
sedimentation. The dissociation press, of these different specimens of trichlorides 
show large differences in accord with the difference in their surface energies. The 
dissociation press., p mm., for a brownish-green sample are : 

4 4 2 ° 
p . . 2 1 

447= 5 2 1 ° 
2 4 4 3 - 5 

for a sample prepared at 730° : 

P . 

and for samples : 

(V 1 8 Q 

V . 1 1 9 

0 4 3 ° 6 8 2 ° 
8 8 1 6 5 

Jirowiiish-black 

0 8 5 ° 7 6 4 ° 
3 6 7 7 6 7 

5 9 1 ° 
8 4 

6 5 0 ° 
1 6 3 

7 1 6 ° 
3 0 1 

Yellow 

«50° 
1 7 8 

6 7 1 ° 
2 2 1 

749° 
5 5 5 

7 5 1 ° 
5 7 7 

708° 
4 8 6 

7 4 8 " 
5 7 0 n u n . 

7;.f>° 
6 2 7 m m . 

Dark olivo-groen 

074° 
4 9 9 

707° 
8(>7 m m . 

IJ. Wohler and K. Miiller's observations for the range of stability of the chlorides 
are summarized in Fig. 7. 

Iridium trichloride furnishes olive-green, yellow, or dark brown crystals of 
sp. gr. 5-30. The limits of stability of the salt 
range from below 100° upwards to" 763°. It is ,rCl^ ^ r C I 

appreciably volatile at 470°. A. N. Guthrie and | JrCi3_j§Hf| //•_ ] 
L. T. Bourland found that the diamagnetio suscepti- 7oo° #oo° 900° 
bility is independent of temp. D. M. Bose and F10. 7.—Range of stability of 
H. G. Bhar, and L,. A. WeIo and K. Baudisch the Iridium Chlorides. 
studied the magnetic properties. The trichloride 
dissociates above 763° into iridium dichloride and chlorine. Its mol. heat of 
formation is 19*87 CaIs. 

V. Ipateeft and J. Andreevsky studied the precipitation of metal by hydrogen 
under press. The anhydrous salt is insoluble in water, alkalies, and acids—it even 
resists attack by cone, sulphuric acid, and aqua regia. The green crystals of the 
hydrate are soluble in water, forming a greenish-yellow soln. A. B. Lamb and 
X.. T. Fairhall found that the rate of conversion of the aquo-salt, at 95°, is in accord 
with a unimolecular reaction ; and that with soln. having 000093, 00038 and 
0-0357 mol. per litre, the percentages of aquo-salt formed are respectively Zh-1, 4-5, 
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a n d 6-0. Acco rd ing t o H . R o s e , t h e a q . soln. is oxid ized b y ch lor ine t o t h e h ighe r 
ch lo r ide . C. Claus found t h a t un l ike t h e co r r e spond ing p l a t i n u m or p a l l a d i u m sa l t , 
t h e soln. of i r i d ium t r i ch lo r ide does n o t c h a n g e p o t a s s i u m iodide . H . R o s e obse rved 
t h a t h y d r o g e n su lph ide s lowly colours t h e soln. b r o w n w i t h o u t t h e s e p a r a t i o n of 
s u l p h u r , a n d w i t h h o t soln. , i r i d i u m su lph ide is fo rmed, co loured , a cco rd ing t o 
A . Bet tendorff , a pa le o range-ye l low ; H . Rose found t h a t a m m o n i u m su lph ide 
gives a b r o w n p r e c i p i t a t e . M. C. L e a said t h a t t e t r a t h i o n i c acid gives a wine - red 
co lo ra t ion in acidic soln. , a n d i t is n o t c h a n g e d if t h e soln. be m a d e a m m o n i a c a l . 

H . R o s e obse rved t h a t a m m o n i a does n o t c h a n g e t h e cold soln. , b u t w h e n boi led , 
t h e l iqu id becomes a t first b lack , a n d af ter s t a n d i n g some t i m e , d a r k v io le t -b lue . 
O. W . G ibbs found t h a t p o t a s s i u m n i t r i t e p r o d u c e s no pe r cep t i b l e c h a n g e in cold 
soln. , b u t , w h e n boiled or a l lowed t o s t a n d for some t i m e , t h e g reen l iquid becomes 
yel low owing t o t h e f o r m a t i o n of a soluble d o u b l e sa l t which is p r e c i p i t a t e d b y 
a lcohol . H . Rose obse rved t h a t t h e soln. is ox id ized t o a h ighe r ch lor ide b y n i t r i c 
ac id , or b y a q u a regia , b u t J . F i ed l e r obse rved t h a t i r i d i u m ch lor ide , in t h e p re sence 
of oxal ic ac id , is r e d u c e d w h e n t h e soln. is exposed t o l igh t . G. Ge i senhe imer p re ­
p a r e d some i r id ium phosphochlor ide , I rCl 3 .2PCl 3 , inso luble in w a t e r ; I rCl 3 . 3PCl 3 , 
a lso o b t a i n e d by W . S t r e c k e r a n d M. F . Schur ig in , a n d M. F . S c h u r i g i n — G . Geisen­
h e i m e r p r e p a r e d t h e m o n o h y d r a t e ; I r P 3 C l 1 5 , or I rC l 4 .PCl 5 . 2PCl 3 , d e c o m p o s e d b y 
w a t e r i n t o i r id ium t r i ch lo r ide , a n d p h o s p h o r o u s a n d p h o s p h o r i c ac ids , i r id ium 
phosphoarsenochlor ides , 2 I rP 3 Cl 1 5 . 5AsCl 3 , d ecomposed b y w a t e r : a n d I rC l 3 . 2PCl 3 . 
2AsCl3 , was also d e c o m p o s e d b y w a t e r ; a n d i r i d i u m p h o s p h o s u l p h o c h l o r i d e , 
I rCI 3 .2PCl 3 .2SCl 2 . W . M a n c h o t a n d I I . Gal l o b s e r v e d t h a t a t 150°, c a r b o n m o n ­
ox ide c o n v e r t s i r id ium t r i ch lo r ide i n t o i r id ium dicarbonyldichlor ide , I r (CO) 2 CI 2 , 
wh ich m e l t s a t 140°, is u n s t a b l e p a r t i c u l a r l y t o w a r d s m o i s t u r e , w h i c h h y d r o l y z e s 
i t i n t o i r i d ium oxide or h y d r a t e d ox ide , h y d r o c h l o r i c ac id , a n d c a r b o n m o n o x i d e . 

N o c h a n g e w a s obse rved w i t h p o t a s s i u m fe r r i cyan ide , a n d w i t h p o t a s s i u m 
fe r rocyan ide , a s l ight t u r b i d i t y a p p e a r s a f te r some t i m e . M. C. L e a o b s e r v e d t h a t 
a soln. of p o t a s s i u m fe r r i cyan ide in soda lye , co lours a n a m m o n i a c a l soln. of i r i d i u m 
t r i ch lo r ide yellow-, a n d w h e n boi led, a d e e p wine- red colour . I I . Rose o b s e r v e d n o 
c h a n g e is p r o d u c e d b y s o d i u m f o r m a t e in cold soln. , b u t w i t h h o t soln. , i r i d i u m is 
p r e c i p i t a t e d ; no p r e c i p i t a t e is p r o d u c e d b y oxal ic ac id . C. Claus found t h a t n o 
p r e c i p i t a t e is p r o d u c e d w h e n p o t a s s i u m h y d r o x i d e is a d d e d t o a soln. of i r i d i u m 
t r i ch lo r ide , b u t on h e a t i n g t h e yel low l iquid , a n ind igo-b lue co lo ra t ion is d e v e l o p e d , 
a n d d a r k blue h y d r a t e d d iox ide is depos i t ed a s o x y g e n is a b s o r b e d f rom t h e a i r . 
H . R o s e r e p o r t e d t h a t soln. of a lkal i c a r b o n a t e s p r o d u c e n o c h a n g e in cold so ln . , 
b u t when boiled t h e colour c h a n g e s t o b lack a n d , on s t a n d i n g for a long t i m e , 
b lue ; b a r i u m c a r b o n a t e does n o t p r e c i p i t a t e t h e h y d r a t e d ox ide in h o t or cold 
soln. ; soln. of s o d i u m p h o s p h a t e h a v e n o pe rcep t ib l e effect ; b o r a x in h o t so ln . 
gives a g rey i sh-b lue opa lescence ; m e r c u r o u s n i t r a t e g ives a ye l low p r e c i p i t a t e ; 
a n d si lver n i t r a t e g ives a b r o w n i s h - w h i t e p r e c i p i t a t e , wh ich , a c c o r d i n g t o M. De le -
pine, when dried a t 110° is silver hydroxychloroperiridite, IrCl3.AgOH. S. Royama 
found t h a t copper p r e c i p i t a t e s 1 t o 3 p e r cen t , of t h e i r i d i u m in a n ac id ic soln. of 
t h e chlor ide . O. W . G i b b s f o u n d t h a t coba l t i c h e x a m m i n o c h l o r i d e g ives a pa le 
yellow precipitate of the corresponding cobaltic hexamnmaochloroperiridite. 

F . K r a u s s a n d H . Ger l ach o b s e r v e d t h a t i r i d i u m t e t r a h y d r o x i d e r e a c t s w i t h 
h y d r o g e n chlor ide a t o r d i n a r y t e m p . , f o r m i n g i r id ium aquohydroxyd ich lor ide , 
[ I r ( H 2 O ) ( O H ) C l 2 ] . 2 H 2 O ; a n d w h e n t h e dihydrate is h e a t e d i t f o rms t h e a n h y d r o u s 
sa l t which when dissolved in w a t e r , f o rms dicUorcMlihydroxyiridic ac id , 
H [ I r ( O H ) 2 C l 2 ] . W h e n t h e a q u o h y d r o x y d i c h l o r i d e is t r e a t e d w i t h h y d r o g e n 
chlor ide , i t yields i r i d i u m aquotr ichlor ide , [ I r ( H 2 O ) C l 8 ] , w h i c h loses i t s w a t e r a t 
310°, forming t h e t r i ch lor ide . M. Del<Spine a n d P . Bouss i s t u d i e d t h e d e h y d r a t i o n 
of these chlor ides , b u t o b t a i n e d no ev idence of t h e p o l y m e r i z a t i o n of t h e c o n t a i n e d 
w a t e r . 

J . J . Berzel ius obse rved t h a t a q . a m m o n i a p r o d u c e s a g r e y i s h - w h i t e p r e c i p i t a t e 
w h e n i t ac t s on p o t a s s i u m ch lo ro i r i da t e , a n d t h e a n a l y s i s i n d i c a t e s t h a t a n a m m i n e 
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w a s p r o b a b l y fo rmed . W . P a l m a e r p r e p a r e d i r id ium h e x a m m m o c h l o r i d e , 
[ I r ( N H 3 ) 6 ] C l 3 , b y h e a t i n g t h e c o r r e s p o n d i n g c h l o r o p e n t a m m i n o c h l o r i d e w i th 25 p e r 
c e n t . a q . a m m o n i a in a sea led t u b e a t 140°. T h e p r o d u c t is purified b y convers ion 
t o n i t r a t e , r e p e a t e d e v a p o r a t i o n w i t h cone , hyd roch lo r i c ac id , a n d c rys t a l l i za t ion 
f rom ice-cold h y d r o c h l o r i c a c i d soln. T h e s ix-s ided, colourless c rys t a l s a r e m o n o -
cl inic , w i t h t h e ax i a l r a t i o s a : b : c—0-5843 : 1 : 0-6502, a n d / 3 = 5 7 ° 3 1 ' ; t h e sp . gr. 
is 2-4335 a t 15-5° ; a n d t h e mo l . vo l . is 165-1 . S imi la r coba l t , ch romic , a n d r h o d i u m 
sa l t s , so luble in w a t e r , a r e known—GJ-. B e c k s t u d i e d t h e ion iza t ion of t h e sa l t . 
"W. P a l m a e r o b s e r v e d t h a t 1 p a r t of t h e sa l t d issolves in 4-5 t o 5-0 p a r t s of w a t e r 
a t r o o m t e m p . Soln . of t h e h e x a m m i n e s w i t h hyd roch lo r i c ac id give a n i n c o m p l e t e 
p r e c i p i t a t i o n ; 30 p e r cen t , n i t r i c ac id p r e c i p i t a t e s t h e n i t r a t e ; h y d r o b r o m i c ac id 
p r e c i p i t a t e s t h e b r o m i d e , a n d p o t a s s i u m b r o m i d e gives a n i ncomple t e p r ec ip i t a t i on ; 
p o t a s s i u m iod ide p r e c i p i t a t e s t h e iod ide , a n d s imi la r ly w i t h hydr iod ic ac id ; h y d r o -
fiuosilicic ac id g ives a p r e c i p i t a t e ; a m m o n i u m s u l p h a t e , no p rec ip i t a t e ; a m m o n i u m 
o x a l a t e , a p r e c i p i t a t e ; n e u t r a l p o t a s s i u m c h r o m a t e , a pa le yel low p r e c i p i t a t e ; p o t a s ­
s i u m d i c h r o m a t e , a n o r a n g e - r e d p r e c i p i t a t e ; b a r i u m d i t h i o n a t e , a p r ec ip i t a t e ; 
s o d i u m p h o s p h a t e , n o p r e c i p i t a t e , b u t w i t h a m m o n i a a s well, a p r ec ip i t a t e ; s o d i u m 
py rophospha t e ; , a p r e c i p i t a t e ; m e r c u r i c ch lor ide , a wh i t e p rec ip i t a t e ; mercu r i c 
c y a n i d e , n o p r e c i p i t a t e ; p o t a s s i u m fe r r i cyan ide , a p r e c i p i t a t e ; p o t a s s i u m ferro-
c y a n i d e , a wh i t e p r e c i p i t a t e ; gold ch lor ide , a ye l low p r e c i p i t a t e ; i r i d i u m t r ichlor ide , 
a d o u b l e sa l t ; i r i d i u m t e t r a c h l o r i d e , a b r o w n p r e c i p i t a t e ; p la t in ic clfloride, a 
b rowni sh -ye l low p r e c i p i t a t e ; a n d p l a t i n i c ch lor ide a n d su lphu r i c acid, a yel lowish-
b r o w n p r e c i p i t a t e . V^hen t h e soln. of t h e h e x a m m i n o c h l o r i d e is t r e a t e d wi th 
potassium chloroperiridite, iridium hexammmochloroperiridite, [Ir(NH3)6JIrCl6, is 
d e p o s i t e d a s a ye l low p o w d e r w h i e h c a n be c rys ta l l i zed f rom aq . soln. An iso-
m o r p h o u s r h o d i u m sa l t is k n o w n . S u l p h u r i c ac id a t t a c k s t h e sa l t on ly a b o v e 
190°. W . P a l m a e r o b s e r v e d t h a t if t h e c h l o r o p e n t a m m i n o c h l o r i d e is t r e a t e d w i t h 
cone , p o t a s h lye for s eve ra l h o u r s , a n d t h e cold, filtered l iquid m i x e d wi th cone . 
h y d r o c h l o r i c ac id , i r i d i u m a q u o p e n t a m m i n o c h l o r i d e , [ I r (NH 3 )S l I 2 O)]Cl 3 , is p re ­
c i p i t a t e d ; i t is w a s h e d w i t h cold, cone , h y d r o c h l o r i c ac id , a n d alcohol . T h e a q . 
so ln . is a g a i n p r e c i p i t a t e d b y cold cone , h y d r o c h l o r i c ac id for c rys ta l l i za t ion . 
T h e sp . gr . is 2-473 a t 15°/4° ; a n d t h e mol . vol . , 162-8. S imi la r ch romic a n d cobal t ic 
s a l t s a r e k n o w n . T h e mo l . c o n d u c t i v i t y of soln. of a mo l of sa l t in 250, 500, a n d 
1000 l i t res of w a t e r a t 25° a r e , r e spec t ive ly , 362-1 , 382-8, a n d 399-5. T h e sa l t loses 
w a t e r a t 100°, f o r m i n g t h e c h l o r o p e n t a m m i n o c h l o r i d e . I t is soluble in w a t e r — 
1 p a r t of t h e sa l t d issolves in 1-2 t o 1-5 p a r t s of w a t e r a t r o o m t e m p . W h e n 
ch lo r ine w a t e r is a d d e d t o t h e a q . soln. , t h e v iole t soln. becomes successively d a r k 
b l u e , p a l e b lue , a n d g reen ; t h e green soln. t u r n s b r o w n w h e n a m m o n i a is a d d e d . 
H y d r o c h l o r i c ac id p r e c i p i t a t e s t h e a q u o p e n t a m m i n o c h l o r i d e ; n i t r i c ac id prec ip i ­
t a t e s t h e n i t r a t e ; p o t a s s i u m iod ide soln. , n o p r e c i p i t a t e , b u t solid p o t a s s i u m iodide 
p r e c i p i t a t e s t h e iod ide ; hydrof luosi l ic ic ac id gives no p r e c i p i t a t e , b u t if a lcohol is 
a d d e d , a w h i t e p r e c i p i t a t e ; a m m o n i u m o x a l a t e , a w h i t e p r ec ip i t a t e , p o t a s s i u m 
d i c h r o m a t e , a b l ack p r e c i p i t a t e , b a r i u m d i t h i o n a t e , n o p r ec ip i t a t e ; s o d i u m phos ­
p h a t e , n o p r e c i p i t a t e ; s o d i u m p y r o p h o s p h a t e , a w h i t e p r ec ip i t a t e ; mercu r i c 
c y a n i d e , a w h i t e p r e c i p i t a t e in a s h o r t t i m e ; p o t a s s i u m fer r icyanide , a r edd i sh , 
b r o w n p r e c i p i t a t e ; p o t a s s i u m fe r rocyan ide , a w h i t e p r e c i p i t a t e ; gold chlor ide , a n 
o r a n g e - y e l l o w p r e c i p i t a t e ; i r i d i u m t r i ch lo r ide , a p r e c i p i t a t e of t h e c o m p l e x sa l t ; 
i r i d i u m t e t r a c h l o r i d e , a d i r t y - g r e y p r e c i p i t a t e ; a n d p o t a s s i u m ch loro i r ida te , a 
b r o w n i s h - y e l l o w p r e c i p i t a t e . T h e soln. of t h e a q u o p e n t a m m i n o c h l o r i d e gives a 
y e l l o w p r e c i p i t a t e w i t h c h l o r o p l a t i n i c ac id , i r id ium a q u o p e n t a m m i n o c h l o r o -
p l a t i n a t e , [ I r ( N H a ) 6 H 2 O ] 2 ( P t C I e ) 3 , a n d s imi la r ly w i t h p la t in ic chlor ide a n d dil . 
s u l p h u r i c ac id . . 

C. C l aus , W . P a l m a e r , a n d A . B . L a m b a n d L . T . F a i r h a l l p r epa red ir idium 
C h l o r o p e n t a m m i n o c h l o r i d e , [ I r (NHs) 5 Cl]Cl 2 , in wine- red c rys ta l s , b y t h e ac t ion 
of a m m o n i a o n i r i d i u m t r i c h l o r i d e o r t e t r a c h l o r i d e , or t h e chloro double sa l t s ; 
a n d i t is a l so o b t a i n e d i n ye l low c r y s t a l s , b y t h e a c t i o n of b a r i u m chloride on t h e 
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cor re spond ing s u l p h a t e . T h e red colour of t h e first p r o d u c t is d u e t o t h e p resence 
of a l i t t l e i r i d ium t r ich lor ide , wh ich c a n be r e m o v e d b y t h e a c t i o n of h y d r o g e n 
su lph ide on t h e h o t soln. , a n d fil tering. T h e ye l lowish-whi te , o c t a h e d r a l c r y s t a l s 
a re i s o m o r p h o u s wi th t h e co r respond ing chromic , coba l t i c , a n d r h o d i u m sa l t s . T h e 
r h o m b i c c rys ta l s h a v e t h e ax ia l r a t io s a : b : c = 0 9 8 7 2 7 : 1 : 1-5527 ; t h e sp . g r . 
is 2-679 a t 15-5° ; a n d t h e mol . vol . , 143-6. W . Bi l t z g a v e 2-672 for t h e sp . g r . 
T h e mol . conduc t iv i t i e s of a soln. of a mo] of t h e sa l t in 125, 250, a n d 500 l i t res of 
w a t e r a t 25° a re , respec t ive ly , 230-9, 243-2, a n d 250-3, or , b y e x t r a p o l a t i o n for 
»/==1000, e = 2 5 5 - 5 . T h e sa l t is n o t a l t e red b y h e a t i n g i t t o 275°, b u t a b o v e t h i s 
t e m p , i t decomposes i n t o i r id ium, e tc . T h e sa l t is soluble in wa te r—150-6 p a r t s of 
w a t e r a t 13*8° a re r equ i r ed for t h e d issolut ion of 1 p a r t of t h e s a l t ; a n d 10,000 c.c . 
of 10 pe r cen t , hydroch lo r i c ac id dissolve 1 p a r t of t h e sa l t . A. B . L a m b 
a n d L . T. F a i r h a l l m e a s u r e d t h e r a t e of hydro lys i s w i t h t h e a q u o p e n t a m m i n e — 
vide supra. T h e chlor ine a t o m in t h e c o m p l e x is n o t r e m o v e d by si lver n i t r a t e , 
or su lphur i c acid. W h e n t r e a t e d w i t h i r i d i u m t r i ch lo r ide , ye l low i r id ium c h l o r o -
pentamminochloroperir idi te , [ I r (NHs) 5 Cl] 3 ( I rCIe) 2 , is fo rmed. A s imi lar r h o d i u m 
salt is known. W. Palmaer made iridium cMoropentamminochloroplatinate, 
1Ir (NHs) 5 Cl]PtCl 6 . T h e c h l o r o p e n t a m m i n o c h l o r i d e is d e c o m p o s e d s l ight ly a t 
200°, a n d a t a r e d - h e a t i t decomposes i n t o i r i d i u m , e t c . ; a n d i t is s lowly a t t a c k e d 
b y su lphur i c acid a t 110°. M. Gui l lo t o b t a i n e d i r id ium tr ichlorotf i spicol ine , 
[Ir(Ct-C5H4(CH3)N)3Cl3J ; M. Delepine, iridium diaquodicmorobispyridine, 
J I r P y 2 ( H 2 O ) 2 C l 2 ] , a s a sa l t of t e t r a c h l o r o b i s p y r i d i n e . H e also o b t a i n e d i r id ium 
trichloro-1, 2, 6-trispyridine, [Irpy3Cl3], and iridium trichloro-1,2,3-trispyridine. 
W h e n a soln. of t h e c h l o r o p e n t a m m i n o c h l o r i d e is t r e a t e d w i t h s i lver ox ide , o r t h e 
soln. is w a r m e d w i t h s o d i u m h y d r o x i d e on a w a t e r - b a t h , a soln. of i r id ium c h l o r o -
pentamminohydrox ide , [ I r ( N H 3 ) 5 C l ] ( O H ) 2 , is fo rmed . T h e soln. a b s o r b s c a r b o n 
d iox ide f rom t h e air , a n d is s lowly d e c o m p o s e d w h e n boi led. Th i s sa l t w a s a lso 
p r e p a r e d as a m o n o h y d r a t e b y B . E . D i x o n , w h o also o b t a i n e d i r id ium hydroxy p e n t -
amminoch lor ide , [ I r ( N H 3 ) 5 ( O H ) ] C l 2 . H 2 0 . P . C. R a y a n d N . A d h i k a r i o b t a i n e d 
complexes w i t h e t h y l a m i n e , a n d e thy l su lphide . 

A. W e r n e r arid O. de Vries , a n d W . P a l m a e r found t h a t w h e n t h e d i n i t r i t o -
t e t r a m m i n o c h l o r i d e is h e a t e d w i t h a m m o n i u m chlor ide a n d cone , hyd roch lo r i c ac id 
for severa l h o u r s , t h e yel low l iqu id e v a p o r a t e d for c rys t a l l i za t ion , f i l tered, a n d t h e 
a q . e x t r a c t t r e a t e d wi th hydroch lo r i c ac id , yel low need les a n d p r i s m s of i r id ium 
dich lorote tramminochlor ide , [Tr(NHa)4Cl2JC1LH2O, s e p a r a t e o u t . T h e sa l t c a n 
be purif ied b y c rys ta l l i za t ion f rom t h e h o t , a c i d u l a t e d soln. T h e pa le yel low 
monocl in ic c rys t a l s h a v e t h e ax ia l r a t i o s a : b : c—0-72078 : 1 : 0-65354, a n d 
/ 3 = 5 3 ° 13". H . B a c k s t r o m sa id t h a t t h e c ry s t a l s a r e t r i g o n a l w i t h t h e ax i a l r a t i o s 
a : c — 1 : 0-64497. T h e re f rac t ive ind ices for N a - l i g h t a r e € = 1 - 6 6 6 6 , a n d 
Co= 1-6576, a n d t h e doub l e re f rac t ion is pos i t i ve , a n d e—a>=0*00904. T h e sa l t 
loses w a t e r w h e n h e a t e d , a n d a t a h ighe r t e m p , d e c o m p o s e s i n t o i r i d ium, e t c . 
W . Bi l tz g a v e 2-679 for t h e s p . gr . T h e mol . conduc t iv i t i e s of soln. w i t h a mol . of 
t h e sa l t in 125, 250, a n d 500 l i t res of w a t e r a t 25° a r e , r e spec t ive ly , 95*05, 100*05, 
a n d 103-00, or, b y e x t r a p o l a t i o n , for V=IOOO, / z = 104-5. E . R o s e n b o h m s t u d i e d 
t h e m a g n e t i c suscep t ib i l i ty . Chlor ine w a t e r co lours t h e a q . soln. v io le t . O n e 
p a r t of t h e sa l t dissolves i n 15 p a r t s of w a t e r a t r o o m t e m p . T h e s a l t is n o t a t t a c k e d 
b y cone, hyd roch lo r i c ac id . A soln. of t e t r a m m i n e w i t h n i t r i c ac id g ives a sma l l 
p r e c i p i t a t e ; w i t h cone , h y d r o b r o m i c ac id , a p r e c i p i t a t e ; w i t h cone , h y d r i o d i c 
acid, a pa l e ye l low p r e c i p i t a t e ; w i t h hydrofluosi l ic ic ac id , n o p r e c i p i t a t e ; w i t h 
a m m o n i u m o x a l a t e , n o p r e c i p i t a t e ; w i t h n e u t r a l p o t a s s i u m c h r o m a t e , a p a l e 
yel low p r e c i p i t a t e ; w i t h p o t a s s i u m d i c h r o m a t e , a b r i ck - r ed p r e c i p i t a t e ; w i t h 
b a r i u m d i t h i o n a t e , a w h i t e p r e c i p i t a t e ; s o d i u m p h o s p h a t e , n o p r e c i p i t a t e e i t h e r 
w i t h or w i t h o u t t h e a d d i t i o n of a m m o n i a ; s o d i u m p y r o p h o s p h a t e , n o p r e c i p i t a t e ; 
mercu r i c ch lor ide , a ye l lowish-whi te p r e c i p i t a t e ; p o t a s s i u m f e r rocyan ide o r fer r i -
cyan ide , n o p r e c i p i t a t e ; go ld ch lor ide , a n o r ange - r ed p r e c i p i t a t e ; i r i d i u m t r i ­
chlor ide, a doub le sa l t ; i r i d i u m t e t r a c h l o r i d e , a b r o w n p r e c i p i t a t e ; p l a t i n i c 
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ch lo r ide , a ye l low p r e c i p i t a t e , a n d a long w i t h su lphur i c ac id , a n o range p r e c i p i t a t e . 
W h e n t h e aq . soln. is t r e a t e d w i t h i r i d i u m t r ich lor ide , or p o t a s s i u m ch loroper i r id i te , 
a pale yellow precipitate of iridium diernorotefrajriminochloroperiridite, 
LIr(NHg) 4Cl 2 I 8 ( I rCl 6 ) , is fo rmed . T h e sa l t is soluble in w a t e r ; a n d t h e h o t , cone , 
soln . on cool ing d e p o s i t s t h e sa l t in ye l low needles . L. A. TschugaefT o b t a i n e d 
pentachlorohydraz ino ir id ic ac id , H [ I r ( N 2 H 5 ) C l 5 ] , b y t h e ac t ion of h y d r a z i n e h y d r a t e 
on p o t a s s i u m ch lo ro i r i da t e ; w i t h t e t r a m m i n o p l a t i n o u s chlor ide i t y ie lds p l a t i n u m -
t e t r a m m i n e pentacMorohydraz ino ir idate , [ P t ( N H g ) 4 ] [ I r ( N 2 H 5 ) C l 5 I 2 ; a n d w i t h 
caesium ch lor ide , caes ium pentachlorohydrazinoiridaite , Cs [ I r (N 2 H 5 )C l 5 ] . E . O g a w a 
o b s e r v e d t h a t w h e n p y r i d i n e is p rogress ive ly a d d e d t o aquopentachloroperir idous 
ac id , t h e a q u o - g r o u p is first d i sp laced a n d pen t ach lo ropy r id inope r i r i dous 
ac id , H 2 [ I r p y C l 5 J , is first f o r m e d ; t h e n pyr id in ium pentachloropyridinoper-
iridite , ( C 5 H 6 N ) 2 [ I r p y C l 5 | ; t h e n pyr id in ium tetrachlorobispyridinoperiridite, 
( C 5 H 6 N ) [ I r p y 2 C l 5 ] ; a n d finally, i r id ium tricmorotrispyridine, [ I rpy 3 Cl 3 ] ; t h i s 
p r o d u c t is a lso o b t a i n e d b y a d d i n g p y r i d i n e t o t h e ch loro i r ida te . M. Gkiillot p r e ­
p a r e d i r id ium tr ichlorotr ispicol ine , [ I r ( C 6 H 7 N ) 3 C l 3 ] , i r id ium tetrachlorbispicol ine, 
j I r ( C 6 H 7 N ) 2 C I 4 ] ; a n d i r id ium tr ichlorodiaquopicol ine , [ I r ( C 6 H 7 N ) ( H 2 O ) 2 C l 3 ] . 
I*. C. H a y a n d co -worke r s s t u d i e d s o m e c o m p l e x e s w i t h m e t h y l sulpl i ide. 

A. W e r n e r a n d O. d e Vries o b s e r v e d t h a t i r id ium tr icb lorotr iammine , 
[ r r ( N H 3 ) 3 C l 3 ] , is p r o b a b l y f o r m e d w h e n t h e t r i n i t r i t o t r i a m m i n e is h e a t e d w i t h 
a m m o n i u m ch lor ide , a n d h y d r o c h l o r i c ac id a t 180° for 9 h r s . T h e yel low p r o d u c t 
w a s i m p u r e . W . P a l m a e r o b t a i n e d t h e sa l t in q u a d r a t i c , o r ange p l a t e s which a re 
s p a r i n g l y so luble in w a t e r , d e c o m p o s e d w h e n s t r o n g l y h e a t e d , a n d i t is n o t a c t e d 
on b y h o t s u l p h u r i c ac id . A c c o r d i n g t o M. De lep ine , i r id ium trichlorotrispyridine, 
j I r p y 3 C l 3 ] , c a n be preparcnl f rom one of t h e fo rms—orange-ye l low, or r ed—of 
p o t a s s i u m t e t r a c h l o r o b i s p y r i d i n e a t 130°. T h e orange-ye l low form furnishes 
t w o i somer ides , wh i l s t t h e r e d modi f i ca t ion y ie lds only one c o m p o u n d . T h e 
o r a n g e - c o l o u r e d s a l t s a n d t h e i r p r o d u c t s c o r r e s p o n d t h r o u g h o u t w i t h t h e crs-form, 
a n d m a y g ive op t i ca l i somer ides , wh i l s t t h e r ed s a l t s cor respond wi th opt ica l ly 
i nac t i ve trans-forma. V. V. L e b e d i n s k y a n d co-workers p r e p a r e d i r id ium tri-
chlorotriammino-salt of the types [IrR3Cl3] ; iridium dichlorotetramminochloride, 
f IrR4Cl2 JCl ; iridium chloropentamminochloride, [IrR6Cl]Cl2 ; and iridium 
hexamminotrichloride, [IrR6]Cl3 . 

M. D o l e p i n e a l so p r e p a r e d iridium tetrachlorobispyridine, [ I rpy„Cl 4 ] ; iridium dichloro-
bispyridinodiammlnochloride, [ I r ( N H 3 ) 2 py 2 Cl 2 ]Cl . H 2 O ; iridium c h l o r o b i s p y r i d i n o t r i -
amminochloride. £ I r ( N H 3 ) a p y 8 C l ] C l 2 . 4 H 2 0 ; a n d iridium trispyridinotetramminoehloride, 
[Ir(JNHa) 4Py 2JCl 3 . M . D e l e p i n e , a n d M. JDelepino a n d J . P i n e a u o b s e r v e d t h a t w h e n i r i d i u m 
t e t r a e h l o r o d i p y r i d i n o , [ I r p y s C l 4 ] , is t r e a t e d w i t h a m m o n i a , i t fu rn i shes a m i x t u r e c o n t a i n i n g 
iridium dichlorobispyridinodiammino-salt, [ I r p y 2 ( N H 3 ) 2 C l 2 ] [ I r p y 2 C l 4 ] , i r idium chlorobis-
pyridinotriammino-salt, [ I r p y 2 ( N H 3 ) 3 C l ] [ l r p y 2 C l 4 ] 2 , — w h i c h a lso y ie lds o t h e r ha l i de s , a n d 
t h e s u l p h a t e — a n d i r i d i u m t e t r a c h l o r o b i s p y r i d i n e . T h e y a l so p r e p a r e d iridium chloro-
pyridinotetramminochloride, [ I r ( 1ST H 3 )4py C l ] C l 2 . 2 H 2 O , a n d t h e y o b t a i n e d t h e ch lo ro -
m e r c u r a t e , t h e p i c r a t e , d i c h r o m a t e , a n d s u l p h a t e , a s well a s t h e c o m p l e x e s of [ I r ( N H 3 ) 4 p y C l ] 
w i t h [ I r p y 8 C l 4 ] ' a n d [ I r p y . C l 5 ] " . T h e y a l so p r e p a r e d iridium aquobispyridinotriammino-
Chloride, £ I r ( N H 3 ) 3 p y a ( H 3 b ) ] C l 3 . 3 H a O . W h e n p o t a s s i u m d i o x a l a t o b i s p y r i d i n o p e r i r i d i t e 
is t r e a t e d w i t h h y d r o g e n c h l o r i d e a t 130°, i t f o r m s ye l low need l e s of a n o x a l a t o - s a l t , a n d 
o r a n g e - y e l l o w p r i s m s of a n iridium dichloro-diaquobispyridine-salt of i r i d i u m t e t r a c h l o r o ­
b i s p y r i d i n e , [ I r p y 9 ( H 8 0 ) a C l a ] l I r p y a C l 4 ] , w h i c h , w i t h a m m o n i a , fo rms a m m o n i u m t e t r a -
o h l o r o b i s p y r i d i n o p e r i r i d i t e , a n d ye l low c r y s t a l s of iridium hydroxyaquodichlorobispyridine, 
[ I r P V 8 ( H 1 O ) ( O H ) C l 8 ] . F . K o r t e n , a n d E . R i m b a c h a n d F . K o r t e n p r e p a r e d a c o m p l e x 
ammonium bispyridinium chloroperiridite, (NH 4) 3IrCl 6-2CBH 6]S[Cl ; a n d also anilinium chloro­
periridite, ( C 4 H 6 N H a ) 3 I r C I e . 

J . J . Berzelius obtained potassium chloroperiridite, K3IrCl6 .3H2O, or 
K 3 [ I r C l 6 ] . 3 H 2 0 , b y t h e e v a p o r a t i o n of a soln. of p o t a s s i u m chlor ide, and i r id ium 
t r i c h l o r i d e , b u t C. C laus s a id t h a t t h e sa l t e x a m i n e d b y J . J . Berzel ius m u s t h a v e 
c o n t a i n e d a r e l a t i v e l y l a rge p r o p o r t i o n of r u t h e n i u m . C. Claus ob t a ined t h e sa l t 
b y t h e a c t i o n of s u l p h u r d iox ide or h y d r o g e n su lph ide on a soln. of p o t a s s i u m 
c h l o r o i r i d a t e ; a n d b y h e a t i n g t o r ednes s t h e ch loro i r ida te a lone, or w i th one-



764 I N O R G A N I C A N D T H E O R E T I C A L . C H E M I S T R Y 

t h i r d p a r t of p o t a s s i u m c a r b o n a t e , a n d w a s h i n g t h e p r o d u c t w i t h w a t e r . E . Le id ie 
r e c o m m e n d e d n i t r i c ox ide a s r educ ing a g e n t i n p lace of h y d r o g e n s u l p h i d e in a 
vessel d e p r i v e d of a i r b y t h e passage of c a r b o n d iox ide . T h e c o m p o u n d is a lso 
f o r m e d w h e n p o t a s s i u m ch lo ro i r ida te is h e a t e d t o 440° in a c u r r e n t of h y d r o g e n 
ch lor ide . H . D u f e t sa id t h a t t h e ol ive-green p r i s m s of t h e trihydrate a r e t e t r a g o n a l . 
C. Claus obse rved t h a t t h e c rys t a l s effloresce in a i r a n d a r e freely so luble in w a t e r 
a n d insoluble in a lcohol . A. Duff ou r o b t a i n e d t h e monohydrate, K 3 I r C l 6 . H 2 O , b y 
t h e a c t i o n of boi l ing hydroch lo r i c ac id on p o t a s s i u m o x a l a t o i r i d a t e . T h e b r o w n , 
r h o m b i c c rys t a l s a r e i s o m o r p h o u s w i t h t h e co r r e spond ing r h o d i u m sa l t . C. C laus 
obse rved t h a t t h e a i r -d r ied sa l t loses i t s w a t e r of c rys t a l l i za t ion a t 18°. T h e a q . 
soln. is ol ive-green b y reflected l ight , pu rp l e - r ed b y t r a n s m i t t e d l igh t . W h e n t h e 
aq . soln. is boiled i t depos i t s a g reen p o w d e r of i r id ium oxych lor ide ; ch lo r ine 
w a t e r , or a q u a regia c o n v e r t i t i n t o t h e ch lo ro i r ida te ; a n d a n excess of a lka l i lye 
fo rms a n ol ive-green soln. b y t h e d i s so lu t ion of t h e h y d r a t e d h e m i t r i o x i d e — v i d e 
supra, i r i d ium chlor ide . A. Duff ou r found t h a t t h e monoc l in ic c r y s t a l s of t h e 
p y r i d i n e complex , K I r p y 2 C l 4 . H 2 0 , h a v e t h e ax ia l r a t i o s : a : b : c = 1*169 : 1 : 1-439, 
and 0=^97° 54'. C. Claus prepared some potassium sulphitochloroperiridites, 
K 4 I r 2 Cl .»(S0 3 )4 .4KCl . ]2HoO, insoluble in cold w a t e r a n d d e c o m p o s e d b y h o t w a t e r ; 
K 4 I r 2 Cl 2 (SOa) 4 . 2K 2 SO 3 , d e c o m p o s e d b y w a t e r ; a n d 8 K C ] . C l 2 I r 2 ( S 0 3 ) 2 . 4 H 2 0 , in­
soluble in wa te r , a n d a lcohol . 

M. De lep ine p r e p a r e d rub id ium c h l o r o p e r i r i d i t e , ' R b 3 I r C l 0 - H 2 O , in o l ive -g reen , 
needle- l ike c rys ta l s , by r e d u c i n g t h e ch lo ro i r ida t e w i t h a n o x a l a t e , a n d a d d i n g a n 
excess of r u b i d i u m ch lor ide t o t h e soln. H e o b t a i n e d in a s imi la r m a n n e r caes ium 
Chloroperiridite, Cs 3 I rC l 6 -H 2 O, in b r i g h t o l ive-green need les . J . J . Berze l ius , a n d 
C. Claus p r e p a r e d i m p u r e a m m o n i u m chloroperiridite , ( N H 4 ^ I r C l 6 J I H 2 O , f rom a 
soln. of t h e c o m p o n e n t sa l t s ; a n d C. Claus , a n d M. De lep ine , b y r e d u c i n g a soln . 
of a m m o n i u m ch lo ro i r ida t e as in t h e case of t h e p o t a s s i u m sa l t , or b y t h e d o u b l e 
d e c o m p o s i t i o n of t h e s o d i u m sa l t a n d a n excess of a m m o n i u m ch lor ide . A. Duffour , 
a n d A. J o I y showed t h a t t h e sa l t is p r o b a b l y a inoriohydrate, a n d i s o m o r p h o u s w i t h 
t h e co r r e spond ing p o t a s s i u m sa l t , a n d w i t h t hose of r h o d i u m . A c c o r d i n g t o 
W . Kefe r s t e in , t h e d a r k ol ive-green c rys t a l s a r e r h o m b i c . W h e n h e a t e d t h e s a l t 
begins t o decompose j u s t over 200°, a n d t h e ign i t ion furn ishes s p o n g y i r i d i u m . 
C. Claus , a n d M. C. L e a obse rved t h a t t h e sa l t is freely so lub l e in w a t e r . A . B e n r a t h 
s t ud i ed t h e p h o t o c h e m i c a l r e d u c t i o n of t h e sa l t b y oxal ic ac id . A. Duffour f o u n d 
t h a t t h e monocl in ic c ry s t a l s of t h e p y r i d i n e c o m p l e x , N H 4 I r p y 2 C l 4 . H 2 0 , h a v e t h e 
axia l r a t i o s : a : b : c— 1-192 : 1 : 0-644, a n d £ = 9 4 ° 3 3 ' . 

C. Claus p r e p a r e d s o d i u m chloroperiridite , N a 3 I r C l 6 . 1 2 H 2 O , b y r e d u c i n g a so ln . 
of t h e ch lo ro i r ida te w i t h h y d r o g e n s u l p h i d e ; M. D e l e p i n e , b y r e d u c i n g t h e so ln . 
w i t h s o d i u m o x a l a t e ; a n d E . Le id ie , b y h e a t i n g t h e c h l o r o i r i d a t e in h y d r o g e n 
chlor ide a t 440°. D a r k green c r y s t a l s s e p a r a t e f rom t h e a q . soln. V. V. Liebedinsky 
a n d co-workers also p r e p a r e d t h i s sa l t . J . C. G. de M a r i g n a c sa id t h a t t h e c r y s t a l s 
a r e r h o m b o h e d r a l ; a n d C. K a r m r o d t a n d E . U h r l a u b , t h a t t h e y a re monoc l in i c . 
T h e c rys t a l s m e l t in t h e i r w a t e r of c r y s t a l l i z a t i o n a t 50° . E . O g a w a f o u n d t h a t 
t h e v a p . press . , p m m . , of a s a t . a q . soln. of t h e dodecahydrate is : 

15° 18° 25° 32° 36° 41° 47° 54° 63-2° 68° 
P . 10 46 12-62 19-58 28-55 34-38 42-34 54-99 77-42 119-53 149-29 

or, below 28-7°, log p= 9-10835 — 2329-41T~i ; b e t w e e n 28-7° a n d 48-0°, log p 
= 7 - 5 0 1 6 9 - 1 8 4 3 - 9 4 T - I ; a n d a b o v e 48-0°, log p=8-79301 —2256 - 9 4 f " i . T h e r e 
a re p o i n t s of inflexion a t 28-7° a n d 48-0°. T h e w a t e r so lub i l i t y , S g r m s . a n h y d r o u s 
sa l t in 100 g r m s . of w a t e r , is , a t 

15° 25° 35° 40° 45° 51° 60° 70" 80° 85° 
S . 3 146 46-11 74 03 9 6 0 0 123-96 155-26 1 9 1 1 8 231-66 279-34 307-26 

T h e r e a re po in t s of inflexion on t h e c u r v e a t 29° a n d 48*6°. W h e n t h e d o d e c a h y d r a t e 
is k e p t over su lphur i c ac id in v a c u o for a n h o u r a t 15° t o 43° , t h e dihydraie i s f o r m e d . 
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T h e r e is a s u d d e n c h a n g e in t h e h e a t of soln. a t 28-9°, b u t n o change in com­
p o s i t i o n occurs a b o v e or be low 28*9°. H e n c e , t h e a-dodecahydrate is s t ab le be low 
28-9°, a n d t h e fZ-dodecahydrate is s t a b l e a b o v e t h a t t e m p . T h e yS-dodecahydrate 
c h a n g e s t o fZ-dihydrctie a t 48-3°. T h e a-dihydrate is o b t a i n e d b y keeping t h e 
a - d o d e c a h y d r a t e in v a c u o ove r s u l p h u r i c ac id , a n d i t h a s t h e s a m e colour as t h e 
/ J - d i h y d r a t e . T h e £ - d i h y d r a t e j joes n o t lose w a t e r a t 100°. E . Ogawa also s tud ied 
t h e o x i d a t i o n - r e d u c t i o n p o t e n t i a l i n t h e s y s t e m N a 3 I r C l 6 - N a 2 I r C l 6 . 

A c c o r d i n g t o M. D e l e p i n e , w h e n a soln. of l i t h i u m ch loro i r ida te is boiled w i th a 
l i t t l e a lcohol , a n d e v a p o r a t e d , i t fo rms l i t h i u m chloroperiridite , L i 3 I rCI 6 . 12H 2 O. 
T h e sa l t is b e s t o b t a i n e d b y r e d u c i n g t h e ch lo ro i r ida te w i t h l i t h i u m oxa la t e in aq . 
soln. T h e b l ack , d e l i q u e s c e n t r h o m b o h e d r a a r e freely soluble in wa te r , a n d in 
a lcohol . A m i x e d soln. of s o d i u m a n d l i t h i u m ch lo roper i r ida tes first depos i t s on 
e v a p o r a t i o n t h e s o d i u m sa l t a lone ; b u t on c o n c e n t r a t i n g t h e l iquid fur ther , 
h e x a g o n a l p r i s m s of d i s o d i u m l i t h i u m chloroperiridite , N a 2 L i I r C l 6 . 1 2 H 2 O , a re 
fo rmed , a n d l a t e r , h e x a g o n a l need les of s o d i u m di l i th ium chloroperiridite, 
N a L i 2 I r C l 6 . 1 2 H 2 O . T h e s e sa l t s a r e s t a b l e in soln. on ly in t h e presence of a n excess 
of a sa l t r i che r in l i t h i u m . 

C. Glaus p r e p a r e d s i lver chloroperir idi te , Ag 3 I rC l 6 , b y a d d i n g a n excess of 
s i lver n i t r a t e t o a soln . of s o d i u m ch lo ro i r i da t e , a n d a l lowing t h e b lue , fiocculent 
p r e c i p i t a t e of s i lver c h l o r o i r i d a t e t o s t a n d for s o m e t i m e w h e n i t becomes colourless 
o r ye l low si lver c h l o r o p e r i r i d i t e — t h e c h a n g e p r o c e e d s m o r e q u i c k l y in h o t soln. ; 
C. K a r m r o d t a n d E . U h r l a u b , b y a d d i n g s i lver n i t r a t e t o a soln. of t h e cor respond ing 
s o d i u m sa l t ; J . L a n g , b y a d d i n g s i lver n i t r a t e t o a boi l ing soln. con t a in ing b a r i u m 
c h l o r o n i t r i t o p e r i r i d a t e . T h e r h o m b o h e d r a l c r y s t a l s of s i lver ch loroper i r id i te a re 
inso lub le in w a t e r a n d ac ids , a n d freely so luble in a q . a m m o n i a . W h e n t h e p re ­
c i p i t a t e d s i lver ch lo rope r i r i d i t e is t r e a t e d w i t h a m m o n i a , M. Delep ine observed 
t h a t i t passes i n t o s i lver h e x a m m i n o c h l o r o p e r i r i d i t e , Ag 3 I r (NHg) 6 Ol 6 , which loses 
a m m o n i a on e x p o s u r e t o a i r or w h e n w a r m e d ; a n d he found t h a t a soln. of i r id ium 
t r i ch lo r ide w i t h s i lver n i t r a t e g ives a p r e c i p i t a t e of IrCl3-AgOIT. 

.1. L a n g boiled b a r i u m ch lo ro i r i da t e w i th b a r i u m n i t r a t e , a n d ob ta ined whi te 
barium nitritochloroperiridite, Ba3(IrCl6)2.Ba3{Ir(N02)6}2> which is .sparingly 
so luble in cold, m o r e so luble in boi l ing w a t e r . Th i s sa l t was also p r e p a r e d by 
O. W . G i b b s . C. Glaus o b t a i n e d m e r c u r o u s chloroperiridite , H g 3 I r C l 6 , a s a pale 
ochre-ye l low p r e c i p i t a t e , b y a d d i n g m e r c u r o u s n i t r a t e t o a soln. of p o t a s s i u m chloro­
pe r i r i d i t e , or ch lo ro i r i da t e . M. De l ep ine o b t a i n e d t h a l l o u s chloroperiridite, 
Tl 3 I rGl 6 , b y boi l ing t h e c h l o r o i r i d a t e w i t h h y d r o c h l o r i c ac id a n d cooling t h e l iquid . 
T h e b ronze -co lou red lamella? a r e r e - c o n v e r t e d i n t o t h e ch lo ro i r ida t e b y n i t r i c ac id . 

E . O g a w a t r i ed t o p r e p a r e hydrochloroperiridoi lS acid, H 3 I r C l 6 , b y r educ ing 
hyd roch lo ro i r i d i c ac id w i t h oxal ic ac id a t 50° t o 60° for 40 hrs . , b u t t h e p r o d u c t 
w a s aquopentach loroper ir idous ac id , H 2 [ I r C l 5 ( H 2 O ] - G H 2 O , in o range- red needles . 
T h i s ac id is d ibas ic w i th a d e g r e e of ion iza t ion 0-65. M. Delep ine found t h a t 
t h e p o t a s s i u m ch lo rope r i r id i t e is d e c o m p o s e d in a q . soln. : K 3 I rCl 6 -T-H 2 O 
^ K C l - T - K 2 I r ( H 2 O ) C l 5 , a n d on c rys ta l l i z ing t h e soln., a f te r t h e s epa ra t i on of t h e 
n o r m a l ch lo roper i r id i t e , needle- l ike c r y s t a l s of p o t a s s i u m aquochloroperiridite , 
K 2 I r ( H 2 O ) C l 5 , or K 2 | I r ( H 2 O ) C l 5 ] , a r e f o r m e d — E . O g a w a also o b t a i n e d t h i s sa l t 
in o r a n g e - r e d need le s—M. Dcilepine s imi la r ly o b t a i n e d rubid ium aquochloroper­
ir idi te , R b 2 I r ( H 2 O ) C l 5 , wh ich fo rms smal l , t h i ck c rys t a l s ; caesium aquoch loro ­
periridite, Cs 2 I r (H 2 O)Cl 5 , w h i c h fo rms ol ive needles ; a n d a m m o n i u m aquoch loro ­
periridite , ( N H 4 ) 2 l r ( H 2 0 ) C l 5 , w h i c h c rys ta l l i zes in o c t a h e d r a . E . O g a w a o b t a i n e d 
t h e m o n o h y d r a t e in o r ange - r ed needles . M. De lep ine obse rved t h a t t h e t r i m e t a l 
s a l t s r e a d i l y lose t h e i r w a t e r of c rys t a l l i za t ion , b u t t h e b i m e t a l or aquo- sa l t s u n d e r g o 
n o c h a n g e a t 150°. E . O g a w a also p r e p a r e d s o d i u m aquochloroperiridite, 
N a 2 [ I r ( H 2 O ) C l 5 ] . 6 H 2 O , in ac i cu la r c rys t a l s . 

According to M. Delepine, potassium pentachloropyridinoperiridite, K a[IrpyCl5] , is 
o b t a i n e d from p o t a s s i u m aquochloroperiridite , o r c h l o r o i r i d a t e , b y t h e a c t i o n of p y r i d i n e 
a t 100°. T h e reddish-brown crysta ls form orange so ln . w i th w a t e r . Chlor ine c o n v e r t s i t 
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into the iridic salt- The corresponding silver pentachloropyriduioperiiidlte, Ag a[IrpyCl6] , 
is blue ; and similarly with thallous pentachloropyridinoperiridite, TlaCIrpyClg]. By heat­
ing the chloroiridate or aquochloroperiridite with pyridine for a longer t ime a t 100°, 
potassium tetrachlorobispyridlnoperiridate, Kl[IrPy2Cl4], is formed. There are two iso­
mer] des—one orange-yellow, and the other red. The alkali salts are very stable, and 
the pyridine is not driven out by sulphuric acid a t 100° ; hydrogen dioxide is wi thout 
action ; and when oxidized with nitric acid or chlorine, iridic tetrachlorobispyridine is 
produced. Chromic acid has no action. Similarly with silver tetrachlorobispyridino-
periridite, Ag[Irpy8Cl4] ; orange crystals of silver pentachloropyrldinodiamminoperiridite, 
Ag2[IrpyCl5](NH3)2 .H aO, are formed when the silver sal t is dissolved in aq . ammonia . 
Amorphous mereurous pentachloropyridinoperiridlte, Hg8[IrpyCl8] ; mercuric pentachloro­
pyridinoperiridite, Ug[IrpyCl6] ; and thallous tetrachloroblspyrldlnoperirldlte, Tl[Irpy2Cl4] ; 
and pyridinium tetrachlorobispyridinoperiridite, (C6H6N)[IrpyaCl«], are insoluble in water . 

L . N . Vauque l in , a n d J . J . Berze l ius p r e p a r e d i r i d i u m t e t r a c h l o r i d e , o r i r i d i c 
c h l o r i d e , I rCl 4 , b y pass ing ch lor ine t h r o u g h w a t e r in w h i c h a m m o n i u m ch loro­
i r i d a t e is s u s p e n d e d — a v o i d i n g t h e f o r m a t i o n of n i t r o g e n ch lo r ide—or i t c a n be 
fo rmed b y t h e a c t i o n of a q u a regia o n t h e s a m e sa l t or o n i r i d i u m t r i ch lo r ide . 
C. Claus , F . K o r t e n , a n d E . R i m b a c h a n d F . K o r t e n e m p l o y e d a s imi lar p rocess . 
J . J . Berze l ius , a n d C. Claus a lso p r e p a r e d t h e sa l t b y d isso lv ing i r i d i u m b lack , o r 
i r i d i u m d iox ide in hyd roch lo r i c ac id ; t h e soln. is e v a p o r a t e d , a n d a n y t r i ch lo r ide 
is c o n v e r t e d i n t o t h e t e t r a c h l o r i d e b y t h e a d d i t i o n of a q u a regia . F . K r a u s s a n d 
H . Ger lach were u n a b l e t o p r e p a r e t h e t e t r a c h l o r i d e b y t h e s e m e t h o d s . 
N . K . Pschen i t s in a n d C. E . Kras ikof l o b t a i n e d i t b y t h e a c t i o n of ch lo r ine o n 
a m m o n i u m ch lo ro i r ida te . Acco rd ing t o S. S t re icher , a n d Li. W o h l e r a n d S. S t r e i che r , 
t h e t e t r a c h l o r i d e c a n be o b t a i n e d b y t h e d i r e c t u n i o n of t h e e l e m e n t s a t 60° in t h e 
p resence of l iqu id ch lor ine u n d e r a press , of 20 a t m . for 5 d a y s — a t 15°, a n d 8 a t m . 
press . , t h e convers ion r e q u i r e d a b o u t a y e a r . T . O p p l e r t r e a t e d c ry s t a l s of p o t a s ­
s i u m ch lo ro i r ida te w i th hydronuos i l i c i c ac id , a t a gen t l e h e a t , f i l tered t h e soln. a f te r 
i t h a d s t o o d for 12 h r s . , a n d e v a p o r a t e d t h e l iqu id . 

T h e p r o d u c t o b t a i n e d b y e v a p o r a t i n g t h e soln. i n v a c u o is a d a r k b r o w n , 
a m o r p h o u s m a s s w h i e h is v e r y hygroscop ic . P . V inassa s t u d i e d t h e mol . vol . 
W . D . T readwe l l a n d M. Zi i reher s t u d i e d t h e e l ec t rome t r i c t i t r a t i o n of H 2 I r C l 6 . 
T . T h o m s o n o b t a i n e d t e t r a h e d r a l c rys t a l s c o n t a i n i n g s o m e w a t e r , which is expe l led 
a long w i t h h y d r o g e n ch lor ide w h e n t h e sa l t is h e a t e d ; a t a h ighe r t e m p . , i r i d i u m 
r e m a i n s . J . H. G lads tone found t h a t a 7*9 p e r cen t . aq . soln. h a s a mol . r e f rac t ion 
of 79-3 for t h e D-l ine. S. M. K a r i m a n d R . S a m u e l s t u d i e d t h e a b s o r p t i o n s p e c t r u m . 
U . G. G r i m m s t u d i e d t h e sa l t . D . M. Rose a n d H . G. JBhar s t u d i e d t h e m a g n e t i c 
p rope r t i e s . 

T h e sa l t is freely soluble in w a t e r . C B r u n n e r sa id t h a t h y d r o g e n p a r t i a l l y 
r educes t h e aq . soln. t o t r i ch lo r ide . A c c o r d i n g t o J . J . Berze l ius , t h e cone . a q . soln. 
is oily, a n d a l m o s t b l ack , i t a p p e a r s ye l lowish- red in t h i n l a y e r s b y t r a n s m i t t e d 
l igh t ; on d i lu t ion , i t s l iqu id becomes b r o w n i s h - r e d , r edd i sh -ye l low, a n d finally, 
w i th a l a rge p r o p o r t i o n of w a t e r , ye l low. A c c o r d i n g t o C. Claus , t h e di l . so ln . 
c o n t a i n s h y p o c h l o r o u s ac id a n d i r i d i u m t r i ch lo r ide . W h e n t h e a q . soln. is bo i led i t 
gives off ch lor ine . T . T h o m s o n f o u n d n o deco lo r i za t ion of t h e soln. occur s w i t h 
hydroch lo r i c ac id , b u t C. Claus , a n d H . R o s e obse rved t h a t p o t a s s i u m iod ide r e d u c e s 
t h e a q . soln. H . R o s e , a n d C. C laus o b s e r v e d t h a t h y d r o g e n s u l p h i d e decolor izes 
t h e aq . soln. , a n d a f t e r w a r d s fo rms a b r o w n p r e c i p i t a t e of i r i d i u m s u l p h i d e ; a n d 
s imilar ly w i t h a m m o n i u m s u l p h i d e i n w h i c h case t h e p r e c i p i t a t e is so luble in a n 
excess of t h e r e a g e n t . T . T h o m s o n , a n d E . F r e m y o b s e r v e d t h a t t h e soln . is 
reduced b y s u l p h u r o u s ac id , b u t n o t b y s u l p h u r i c ac id . G. Sai ler o b s e r v e d t h a t 
s o d i u m h y p o s u l p h i t e furn ishes s o d i u m s u l p h i t o i r i d a t e . S. T e n n a n t sa id t h a t t h e 
l iquid becomes p u r p l e - r e d w h e n a m m o n i a is a d d e d . L . N . V a u q u e l i n , T . T h o m s o n , 
C. Claus, a n d H . R o s e f o u n d t h a t a m m o n i a decolor izes t h e soln . , f o rming a b r o w n 
p rec ip i t a t e , b u t a l i t t l e i r i d i u m r e m a i n s i n so ln . w i t h o u t co lour ing t h e l i qu id . 
H . Rose obse rved t h a t if t h e colour less l i qu id b e e x p o s e d t o a i r , or boi led t o d r i v e 
off t h e a m m o n i a , t h e colour less l iqu id b e c o m e s b l u e , a n d d e p o s i t s a b l u e p o w d e r . 
O. W . Gibbs obse rved t h a t p o t a s s i u m n i t r i t e decolor izes t h e so ln . T . T h o m s o n 
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found t h a t n i t r i c ac id e x e r t s n o decolor iz ing ac t i on . !F. C. Phi l l ips observed t h a t 
h y d r o c a r b o n s — e t h y l e n e , p r o p y l e n e , i s o b u t y l e n e , a n d t r i m e t h y l e n e — h a v e n o 
a c t i o n on soln. of i r i d i u m t e t r a c h l o r i d e ; b u t w i t h boi l ing soln. , r educ t ion slowly 
occurs w i t h a c e t y l e n e , a n d a l ly lene ; r e d u c t i o n s lowly occurs w i th c a r b o n m o n o x i d e . 
S. P . S a d t l e r o b t a i n e d a c o m p l e x w i t h e t h y l e n e . J . J . Berzel ius , a n d C. Claus 
o b s e r v e d t h a t w h e n t h e soln. i n a lcohol is e v a p o r a t e d , a n e the rea l o d o u r a p p e a r s , 
a n d i r i d i u m t r i ch lo r ide is fo rmed . H . R o s e f o u n d t h a t s o d i u m fo rma te reduces t h e 
h o t soln. T . T h o m s o n o b s e r v e d n o r e d u c i n g a c t i o n w i t h oxal ic , t a r t a r i c , c i t r ic , 
a n d ace t i c ac ids ; H . R o s e , a n d M. C. L e a f o u n d t h a t oxal ic ac id does decolorize 
t h e soln. a f t e r i t h a s s t o o d for s o m e t i m e ; a n d J . F i ed l e r obse rved r e d u c t i o n t o 
i r i d i u m occurs in l igh t . C. Claus , S. T e n n a n t , a n d T. T h o m s o n said t h a t t i n c t u r e 
of gal ls , gall ic ac id , p o t a s s i u m c y a n i d e , a n d fe r rocyan ide r educe t h e soln. , b u t 
N . W . F i s c h e r o b s e r v e d n o p e r c e p t i b l e a c t i o n w i t h s o d i u m fe r rocyanide , a n d w i t h 
gal l ic ac id . F . W o h l e r a n d A. Muck le s t u d i e d t h e decolor iz ing ac t ion of p o t a s s i u m 
c y a n i d e ; a n d C. Claus , t h a t of p o t a s s i u m t h i o c y a n a t e . 

S. T e n n a n t , a n d T . T h o m s o n said t h a t m o s t of t h e m e t a l s — t i n , zinc, i ron, etc.-—-
decolor ize t h e a q . soln. of t h e t e t r a c h l o r i d e , a n d t h e n p r e c i p i t a t e some i r id ium, b u t 
n o t so w i t h gold, o r p l a t i n u m . A c c o r d i n g t o H . R o s e , a n excess of a soln. of 
p o t a s s i u m h y d r o x i d e p r o d u c e s a s c a n t y b lack i sh -g rey p r e c i p i t a t e , a n d t h e colourless 
o r p a l e g reen l iqu id u n d e r g o e s l i t t l e c h a n g e of co lour w h e n h e a t e d , b u t if a f t e rwa rds 
a l lowed t o s t a n d for a t i m e , i t g r a d u a l l y acqu i r e s a d a r k e r v io le t -b lue colour, a n d 
t h e c h a n g e p roceeds f rom a b o v e d o w n w a r d s . If t h e soln. be e v a p o r a t e d i t y ie lds 
a H u e p r e c i p i t a t e ; t h e d r y r e s idue is g reen i sh -whi t e . T h e r eac t i on was s t ud i ed 
b y C. Claus . S o d i u m c a r b o n a t e decolor izes t h e soln. w i t h o u t g iv ing a p rec ip i t a t e , 
a n d p o t a s s i u m c a r b o n a t e gives a d a r k r e d d i s h - b r o w n p r e c i p i t a t e wh ich g r adua l l y 
red isso lves l eav ing on ly a t r a c e of a d a r k b r o w n p o w d e r ; t h e colourless soln. so 
fo rmed does n o t b e c o m e b lue on s t a n d i n g , b u t if e v a p o r a t e d t o d r y n e s s a n d t r e a t e d 
w i t h w a t e r i t fu rn ishes a b lue p o w d e r . P o t a s s i u m h y d r o c a r b o n a t e , a n d s o d i u m 
p h o s p h a t e decolor ize t h e soln. a f te r a whi le , w i t h o u t p r o d vicing a p r ec ip i t a t e . 
C. Claus found t h a t s o d i u m h y d r o p h o s p h a t e , a n d b o r a x a c t l ike p o t a s h lye . 
T . T h o m s o n obse rved t h a t t h e soln. is decolor ized b y p o t a s h a n d soda lye , a n d also 
b y b a r i u m c a r b o n a t e , a n d by ca l c ium c a r b o n a t e . T . T h o m s o n sa id t h a t t h e soln. 
is n o t decolor ized by c o p p e r s u l p h a t e ; C. Claus , t h a t s i lver n i t r a t e forms a n 
ind igo-b lue p r e c i p i t a t e wh ich becomes pa l e r a n d finally colourless ; T. T h o m s o n , 
t h a t z inc s u l p h a t e decolor izes t h e soln . ; H . R o s e , a n d T . T h o m s o n t h a t m e r c u r o u s 
n i t r a t e g ives a p a l e b r o w n p r e c i p i t a t e ; T. T h o m s o n , S. T e n n a n t , a n d H . R o s e , 
t h a t t h e soln. is decolor ized b y t i n a n d a pa le b r o w n p r e c i p i t a t e is formed ; 
T . T h o m s o n , t h a t ferric s u l p h a t e does n o t decolor ize t h e soln. ; Li. N . V a u q u e l i n , 
a n d T . T h o m s o n , t h a t fe r rous s u l p h a t e decolor izes t h e soln. , p r o d u c i n g , acco rd ing 
t o H . R o s e , a d i n g y green precij^i tate, or, acco rd ing t o N . W . F i scher , a w h i t e one ; 
O. W . G i b b s , t h a t coba l t i c h e x a m m i n o c h l o r i d e gives a b rownish-ye l low p r e c i p i t a t e ; 
a n d O. W . G i b b s o b s e r v e d t h a t p r o b a b l y c o m p l e x sa l t s a r e fo rmed w h e n i r i d i u m 
ch lo r ide is t r e a t e d w i t h a m m o n i u m m o l y b d a t e or s o d i u m t u n g s t a t e . 
JJ . N . V a u q u e l i n n o t e d t h a t w h e n t h e i r idic sa l t is m i x e d w i t h a lower i r i d ium chlor ide 
t h e r e is a s equence of co lour c h a n g e s — b l u e , g reen , v iole t , e t c . The ch lo ropen t -
a m m i n e s in soln. g ive a p r e c i p i t a t e of t h e chlor ide w i t h 20 p e r cen t , hydroch lo r i c 
ac id ; a p r e c i p i t a t e of t h e c h l o r o n i t r a t e w i t h 30 pe r cen t , n i t r i c ac id . W i t h s i lver 
n i t r a t e , t h e c h l o r o p e n t a m r n i n e s give n o p r e c i p i t a t e in cold or h o t soln. ; p o t a s s i u m 
iod ide , a ye l lowish-whi te p r e c i p i t a t e of t h e ch loro iod ide ; hydrofluosi l icic acid, a 
white p r e c i p i t a t e of t h e chlorofluosi l icate ; a m m o n i u m o x a l a t e (1 : 24), a wh i t e 
precipitate of ch lo roxa l a t e ; p o t a s s i u m d i c h r o m a t e , a yel low p rec ip i t a t e ; b a r i u m 
dithionate , a white p r e c i p i t a t e of c h l o r o d i t h i o n a t e ; s o d i u m p h o s p h a t e (1 : 10), n o 
precipitate ; s o d i u m p y r o p h o s p h a t e (1 : 20), n o p r e c i p i t a t e ; mercur ic chlor ide 
(1 : 20) , a w h i t e p r ec ip i t a t e ; me rcu r i c c y a n i d e , n o p r e c i p i t a t e ; p o t a s s i u m iodo-
m e r c u r a t e , a w h i t e p r e c i p i t a t e ; p o t a s s i u m fe r rocyan ide (1 : 20), n o p r e c i p i t a t e ; 
p o t a s s i u m fe r r icyanide (1 : 20), a pa le yel low p r e c i p i t a t e af ter 12 h r s . ; gold chlor ide , 
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a g a r n e t - r e d p r e c i p i t a t e ; i r id ium t r ichlor ide , a brownish-ye l low p r e c i p i t a t e ; p o t a s ­
s i u m ch lo ro i r ida te , a choco la t e -b rown p rec ip i t a t e ; p l a t in i c chlor ide , a n o r ange -
yel low p r e c i p i t a t e ; p la t in ic chlor ide a n d dil . su lphur i c ac id , a n orange-ye l low 
p r e c i p i t a t e ; a n d s u l p h u r o u s acid h a d n o pe rcep t ib le a c t i o n on cold or h o t soln. 
M. Skoblikoff p r e p a r e d i r id ic d ic ldorotetramminochlor ide , [ I r (NHg) 4Cl 2 ]Cl 2 , b y 
a d d i n g an excess of cone , hydroch lo r i c acid t o a soln. of t h e d i c h l o r o t e t r a m m i n o -
n i t r a t e . I t crysta l l izes f rom boil ing aq . soln. in v iole t o c t a h e d r a . Si lver n i t r a t e 
p rec ip i t a t e s f rom t h e a q . soln. on ly half t h e c o m b i n e d chlor ine . 

A c c o r d i n g t o M. DekJpino, w h e n p o t a s s i u m t e t r a c M o r o b i s p y r i d i n o p e r i r i d i t e is t r e a t e d 
•with ch lo r ine , o r n i t r i c ac id , t h e r e a r e fo rmed c r y s t a l s of iridium tetrachloroblspyridlne, 
[Trpy 2Cl 4] ; a n d A . G u t b i e r a n d D . H o y e r m a n n f o u n d t h a t p y r i d i n e a lcohol ic so ln . r e a c t s 
•with i r i d i u m %chloride, f o r m i n g i r i d i u m foispyridinotetrachloride, b u t i n h y d r o c h l o r i c ac id 
so ln . , p y r i d i n i u m c h l o r o i r i d a t e is f o r m e d . A c c o r d i n g t o JM. D e l e p i n e , if t h e o r a n g e - c o l o u r e d 
s a l t b e o r ig ina l ly e m p l o y e d , t h e c r y s t a l s s h o w a g r e e n a n d r edd i sh -v io l e t d i c h r o i s m in 
p o l a r i z e d l igh t , a n d r e p r e s e n t t h e c?#-form i s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g p l a t i n i c 
s a l t . T h e t e t r a c h l o r o b i s p y r i d i n e r e a c t s w i t h p o t a s s i u m iod ide t o fo rm iod ine a n d p o t a s s i u m 
t e t r a c h l o r o b i s p y r i d i n o p e r i r i d i t e . M. D e l e p i n e a n d J . P i n e a u o b t a i n e d c o m p l e x e s of t h i s 
s a l t w i t h [ I r ( N H a ) 3 ( H 2 O ) P y 8 ] . 6 H 2 O , a n d w i t h [ I r ( K H 3 ) 4 pyCl] . M . Gu i l l o t p r e p a r e d 
iridium tetrachlorobispicoline, [ I r ( C 6 H 7 N ) 2 C l 4 ] . B". E . D i x o n o b t a i n e d iridic chloro-
pentamminohydroxide, [ I r ( N H 3 ) 4 C l J ( O H ) 2 . H a O , b y t h e a c t i o n of s i lver o x i d e o n 
t h e c o r r e s p o n d i n g ch lo r ide ; h o a l so p r e p a r e d iridic hydroxypentamminochloride, 
[ I r ( N H j ) 4 ( O H ) ] C l 2 . H 2 O . If p o t a s s i u m p e n t a c h l o r o p y r i d i n o p e r i r i d i t e is t r e a t e d w i t h 
ch lo r ine , t h e r e a r e f o r m e d c r y s t a l s of pentachloropyridlnolridic acid, H [ I r p y C l 8 ] , w h i c h 
g ives a v io le t soln . in a m y l a l coho l . M. D e l e p i n e a n d J". P i n e a u o b t a i n e d a c o m p l e x of 
t h i s a c id w i t h I r ( N H 3 ) 4pyCl. D e e p r e d c r y s t a l s of potassium pentachloropyridinoiridate, 
K f l r p y C l g ] ; rubidium pentachloropyridinoiridate, R b [ I r p y C l 5 ] ; caesium pentachloro­
pyridinoiridate, Cs [ I rpyCl 6 ] ; ammonium pentachloropyridinoiridate, N H 4 [ I r p y C l 6 ] ; a n d 
sodium pentachloropyridinoiridate, N a [ I r p y C l B ] . « H 2 0 . T h e a lka l i a n d a m m o n i u m s a l t s 
g ive p r e c i p i t a t e s w i t h a q . so ln . of s i lver , m e r c u r o u s , m e r c u r i c , a n d t h a l l o u s s a l t s , b u t n o t 
so with lead s a l t s ; there are thus formed silver pentachloropyridinoiridate, Ag|IrpyCl4) , 
crystallizing in slender violet needles ; mercurous pentachloropyridinoiridate, Hg | I rpyCl R | ; 
mercuric pentachloropyridinoiridate, Hg[ IrpyCl6]2 ; and thallous pentachloropyridinoiridate, 
TI |TrpyCl 5 ] . All t h e s e s a l t s a r e v e r y s t a b l e t o w a r d s ac id s , b u t lose p y r i d i n e w h e n h e a t e d 
w i t h h y d r o c h l o r i c ac id in sea led t u b e s a t 150° t o 100°, a n d t h e c o r r e s p o n d i n g h e x a -
ch lo r ides a r e f o r m e d . A . O u t b i e r a n d D . H o y e r m a n n p r e p a r e d iridium bisqulnollnotetra-
chloride, {C5H4(C4H4JN)2IrCl4 ; and iridium bis-a~picolinotetrachloride, {C6H5(CHa)N}Jr()]4 . 
M. Cuillot prepared picollnium pentachloropicolinolridate, (C f iH8N2)2[Ir(C6H7N)Cl5) ; silver 
pentachloropicolinoiridate, Ag2[Ir(C0H7N)Cl6] ; and thallous pentachloropicnoiridate, 
Tl2[Ir(C6H7N)Cl6]. 

S . N a g a m i r e p o r t e d h y d r o c h l o r o i r i d i c ac id , H 2 I r C l 6 , ana logous t o h y d r o c h l o r o -
p la t in ic acid, t o be fo rmed b y dissolving i r i d i u m d iox ide—from 50 g r m s . of p o t a s ­
s i um ch lo ro i r ida te—in hydroch lo r i c acid, a n d c o n c e n t r a t i n g t h e soln. in a c u r r e n t 
of chlor ine to p r e v e n t r e d u c t i o n . A b o u t 40 g r m s . of r edd i sh - b l ack c ry s t a l s of 
hydrochloro i r id ic acid were fo rmed . T h e de l iquescen t c r y s t a l s a re t r ic l in ic . T h e 
acid is of a b o u t t h e s a m e s t r e n g t h as h y d r o c h l o r i c ac id . M i g r a t i o n m e a s u r e m e n t s 
show t h a t I r C l 2 " a r e p r e sen t , a n d n o CT-ions. O b s e r v a t i o n on t h e h y d r o l y s i s 
of a c e t a t e s , a n d t h e eq. c o n d u c t i v i t y , t h e depress ion of t h e f.p., a n d t h e ionic 
mobi l i t ies show t h a t for soln. of c o n c e n t r a t i o n less t h a n 0-05JV-H2IrCl6 i on iza t ion 
p roceeds H 2 I r C l 6 ^ 2 H * - J - I r C l 6 " . T h e cq . conduc t iv i t i e s , A, for soln. w i th a n eq . 
of t h e acid in v l i t res , a t 25°, a re : 

v - • - 10 5O 1OO 1.0OO 10,(K)O 
A . . . 3 4 3 - 5 3 8 O l 3 8 6 - 9 4 0 5 - 1 4 1 7 

F . K o r t e n no ted t h a t ir idic ch lor ide h a s a sma l l e r t e n d e n c y t o fo rm c o m p l e x 
sa l t s t h a n is t h e case w i t h t h e co r r e spond ing p l a t i n i c ch lor ide . M. De l ep ine a n d 
P . Bouss i s tud ied t h e d e h y d r a t i o n of t h e ch lo ro i r ida t e s , b u t o b s e r v e d n o e v i d e n c e 
of t h e p resence of po lymer ized w a t e r molecu les . L . N . V a u q u e l i n o b t a i n e d p o t a s ­
s i u m chloroiridate, K 2 I r C l 6 , f rom a m i x e d soln . of i r id ic a n d p o t a s s i u m ch lor ides ; 
a n d J . J . Berzel ius , b y pass ing chlor ine ove r a g e n t l y h e a t e d m i x t u r e of p o t a s s i u m 
ch lo r ide a n d f inely-divided i r i d ium ; d issolving t h e d a r k b r o w n m a s s in h o t w a t e r , 
a d d i n g a q u a regia t o oxidize a n y i r i d ium t r i ch lo r ide , e v a p o r a t i n g t o d r y n e s s , 
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e x t r a c t i n g p o t a s s i u m ch lor ide b y sma l l q u a n t i t i e s of cold w a t e r , e x t r a c t i n g t h e 
res idue w i t h boi l ing w a t e r , a d d i n g a l i t t l e a q u a regia , a n d e v a p o r a t i n g for c r y s t a l ­
l i za t ion . T h e e x t r a c t i o n w i t h cold w a t e r , e tc . , m a y be r e p e a t e d . F . K o r t e n , 
a n d E . R i m b a c h a n d F . K o r t e n , a lso o b t a i n e d t h e sa l t b y boi l ing t h e a m m o n i u m 
sa l t w i t h p o t a s h lye ; a n d M. De lep ine , b y d o u b l e d e c o m p o s i t i o n of t h e s o d i u m sa l t 
a n d p o t a s s i u m ch lor ide . T h e r edd i sh - b l ack o c t a h e d r a l c rys t a l s a r e i s o m o r p h o u s 
w i t h t h o s e of t h e c o r r e s p o n d i n g sa l t s of p l a t i n u m , p a l l a d i u m , a n d o s m i u m . 
L.. N . V a u q u e l i n o b s e r v e d t h a t t h e sa l t d e c r e p i t a t e s w h e n h e a t e d ; a n d 
J . J . Berze l ius sa id t h a t a t a h ighe r t e m p , p o t a s s i u m ch lo roper i r id i t e is fo rmed , a n d 
a t a sti l l h ighe r t e m p . , L . N . V a u q u e l i n o b t a i n e d a m i x t u r e of i r i d ium a n d p o t a s ­
s i u m ch lo r ide . A c c o r d i n g t o G. Gi re , t h e p o t a s s i u m sa l t , K 2 I r C l 6 , beg ins t o d i s ­
soc ia te a t 575° , a n d t h e h e a t of t h e r e a c t i o n be low 774°, t h e m . p . of p o t a s s i u m 
ch lo r ide , is 36*1 CaIs. , a n d a b o v e t h a t t e m p . , 41-2 CaIs. T h e v a p . press . , p, in m m . 
of m e r c u r y , is : 

674° 600° 651° 7O0° 751° 80S0 844" 
1> . . 9-2 14-6 30-7 83-O 189 541 933 

a n d t h e press , in t h e s y s t e m : 2 K 2 I r C l 6 - f - 2 K C U ^ 2 K 3 I r C l 6 + Cl2 a re : 
4 8 0 ° 5 0 3 ° 5 5 2 ° 6 0 3 ° 6 5 0 ° 7 0 5 ° 7 3 6 ° 7 9 5 ° 

7> - - 3-8 8-3 2 4 - 3 6 7 - 9 1 6 3 4 3 7 8 2 8 161O 

F . W o h l e r h e a t e d it t o vola t i l i ze t h e a lka l i ch lo r ide , a n d o b t a i n e d a sca ly " ske l e ton " 
of i r i d i u m . J . J . Berze l ius a lso n o t e d t h a t a m i x t u r e of i r i d i u m a n d a lka l i ch lo r ide 
is f o rmed b y h e a t i n g t h e s a l t in h y d r o g e n . S. N a g a m i found t h e eq. e lec t r i ca l 
c o n d u c t i v i t i e s , A, of a soln. of a n eq . of t h e sa l t in v l i t res , a t 25°, a r e : 

v . . . 1OO 25O 50O IOOO 

A 125-74 131-75 135-65 138-75 

I . V. lpateefF a n d c o - w o r k e r s o b s e r v e d t h a t a t 100° t o 103°, wi th h y d r o g e n 
u n d e r p ress . , i r i d i u m is m o r e c o m p l e t e l y d e p o s i t e d t h a n is t h e case w i t h t h e p l a t i n u m 
sa l t (q.v.) ; a n d in cases of i n c o m p l e t e p r e c i p i t a t i o n , a b lue , colloidal soln. of i r i d ium 
is p r o d u c e d . L . N . V a u q u e l i n o b s e r v e d t h a t t h e sa l t d issolves spa r ing ly in cold 
w a t e r , a n d t h a t 100 p a r t s of boi l ing w a t e r d issolve 6-7 p a r t s of t h e sa l t . T h e cone , 
soln. in boi l ing w a t e r is d e e p red , b u t in t h i n l a y e r s i t is yel low. J . J . Berze l ius 
o b s e r v e d t h a t t h e sa l t is inso luble i n w a t e r s a t u r a t e d w i t h c a l c i u m chlor ide , a n d in 
a lcohol . Alcohol , or a lcohol w i th p o t a s s i u m ch lor ide in soln. , p r e c i p i t a t e s t h e sa l t 
a s a d a r k r ed p o w d e r f rom i t s aq . soln. T h e sa l t is less soluble in w a t e r c o n t a i n i n g 
h y d r o c h l o r i c ac id t h a n i t is in w a t e r a lone . C. Claus obse rved t h a t t h e aq . soln. 
d e c o m p o s e s p a r t i a l l y w h e n boi led , fo rming p o t a s s i u m ch loroper i r id i t e . E . Le id ie 
o b s e r v e d t h a t w h e n t h e soln. is h e a t e d t o 440° in a c u r r e n t of h y d r o g e n ch lor ide , 
inso lub le i r i d i u m t r i ch lo r ide , a n d soluble ch lo roper i r id i t e a r e fo rmed. Gr. Gore 
sa id t h a t t h e sal t is inso luble in l iqu id a m m o n i a . S. P . S a d t l e r o b t a i n e d a c o m p l e x 
w i t h e t h y l e n e . L . N". V a u q u e l i n obse rved t h a t w h e n t r e a t e d w i t h a n a q . soln. of 
p o t a s s i u m h y d r o x i d e , t h e ye l low soln. becomes colourless in l ight , b u t a f t e r w a r d s 
t u r n s p u r p l e , v io le t , a n d finally b lue . F . K o r t e n , a n d E . R i m b a c h a n d F . K o r t e n 
p r e p a r e d rub id ium chloroir idate , R b 2 I r C l 6 , b y m i x i n g soln. of i r id ium t e t r a c h l o r i d e 
a n d r u b i d i u m ch lo r ide . T h e d e e p red c rys t a l s wh ich a r e p r e c i p i t a t e d dissolve 
s p a r i n g l y in h o t w a t e r t o f o r m a d e e p r e d l iquid . M. De lep ine o b t a i n e d t h e sal t b y 
d o u b l e d e c o m p o s i t i o n of r u b i d i u m ch lo r ide a n d s o d i u m ch lo ro i r ida te , a n d he said 
t h a t t h e colour of t h e c r y s t a l s va r i e s f rom browrsish-red t o b r i ck - red accord ing t o 
t h e size of t h e c ry s t a l s . B y a s imi la r p rocess , M. De lep ine p r e p a r e d caesium 
Chloroiridate* Cs 2 I rCl 6 , in r e d c ry s t a l s , s p a r i n g l y so luble in w a t e r . H . Te r r ey 
a n d H . C. B a k e r m e a s u r e d t h e p o t e n t i a l of t h e i r idi - i r idochlor ide e lec t rode , a n d 
o b t a i n e d for t h e h e a t of o x i d a t i o n of s o d i u m chloroir idate , N a 2 I r C l 6 , 5-6 CaIs. 

Xi. N . V a u q u e l i n o b t a i n e d a m m o n i u m chloroir idate , (NH 4 ) 2 I rC l 6 , b y a d d i n g 
a m m o n i u m chlor ide t o a so ln . of i r i d i u m t e t r a c h l o r i d e , or of sod ium ch lo ro i r ida te ; 
M. D e l e p i n e a lso o b t a i n e d i t b y d o u b l e d e c o m p o s i t i o n w i t h s o d i u m ch loro i r ida te , 

V O L . X V . 3 ^ 
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a n d a m m o n i u m chlor ide. L . N . V a u q u e l i n sa id t h a t t h e r edd i sh -b lack , o c t a h e d r a l 
c r y s t a l s a r e i somorphous w i t h t hose of t h e co r re spond ing p l a t i n u m sa l t ; a n d 
M. De lep ine a d d e d t h a t large c rys ta l s a r e b lack a n d t h a t sma l l ones a r e r ed . 
P . Vinassa s t u d i e d t h e mol . vol . S. N a g a m i found t h e e lect r ica l c o n d u c t i v i t i e s of 
soln. w i t h a n eq. of t h e sa l t in v l i t res , a t 25°, t o be : 

v 1OO 2 5 0 50O IOOO 
A 1 2 5 - 8 1 1 3 1 - 4 9 1 3 7 - 1 6 1 4 1 - 7 2 

Accord ing t o L . N . Vauque l in , 100 p a r t s of cold w a t e r d issolve a b o u t 5 p a r t s of t h e 
sa l t , fo rming a r edd i sh -b rown soln. ; w a t e r c o n t a i n i n g 1 p a r t of t h e sa l t i n 40,000 
p a r t s is pe rcep t ib ly yel low. C. Claus n o t e d a n increased so lubi l i ty i n h o t w a t e r . 
F . K o r t e n , a n d E . R i m b a c h a n d F . K o r t e n found t h e so lubi l i ty , S g r m s . of 
( N H J 2 I r C l 6 pe r 1OO g r m s . of soln. , a t 0°, t o be : 

0 . . . 1 4 - 4 ° 2 6 - 8 ° 3 9 - 4 ° 5 2 - 2 ° 6 1 - 2 ° 6 9 - 3 ° 
iS' . . . 0 - 6 9 3 6 0 - 8 9 8 8 1 1 2 4 1-583 2 ( ) 6 8 2 - 7 4 6 

or p e r 1OO grms . of w a t e r £ = 0 - 7 1 3 8 — O-OO4970+0-00040602. K. S a m u e l a n d 
co-workers s t ud i ed t h e a b s o r p t i o n spec t r a of some c o m p l e x i r i d i u m ch lo r ides . 
E . H . Arch iba ld a n d J . W . K e r n g a v e for t h e solubi l i ty , S g r m s . of ( N H 4 ) 2 I r C l 6 in 
100 g r m s . of w a t e r : 

0-2° 100° 25-0° 3 0 0 ° 40-0° 60-0° 60° SO° 
S . . 0 - 5 6 6 1 0 - 7 0 5 5 1 0 9 1 0 1 -2066 1 - 5 6 6 5 1 -9664 2 - 4 5 6 7 4 - 3 8 1 5 

a n d for soln. w i t h C mol . of N H 4 C l p e r l i t re a t 20° : 

a 2-0OO 1-0OO 0-2OO O-1OO 
S 0 0 0 2 7 0 0 6 4 0 0 - 0 7 8 0 O-1793 

M. Skoblikoff sa id t h a t t h e sa l t is soluble in di l . hyd roch lo r i c acid ; C. Claus, t h a t 
i t is insoluble in a cold soln. of a m m o n i u m chlor ide ; a n d J . J . Berze l ius , t h a t i t is 
insoluble in a lcohol . H . V. Col le t -Descot i ls obse rved t h a t w h e n t h e sa l t is sus ­
p e n d e d in w a t e r , w i th chlor ine , i t is d e c o m p o s e d w i t h t h e evo lu t ion of n i t r o g e n 
a n d t h e fo rma t ion of ir idic chlor ide . E . Le id ie obse rved t h a t w h e n t h e c r y s t a l s 
a r e h e a t e d t o 440°, in chlor ine , i r i d ium t e t r a c h l o r i d e is first fo rmed , a n d t h a t t h i s 
t h e n passes i n to t h e t r i ch lor ide . L*. N . V a u q u e l i n obse rved t h a t w h e n t h e a q . 
soln. is sa t . w i th a q . a m m o n i a , t h e yel low soln. becomes colour less w h e n e x p o s e d 
t o l ight , a n d i t t h e n becomes success ively p u r p l e , violet , a n d b lue . 

A . G u t b i e r a n d c o - w o r k e r s p r e p a r e d a. n u m b e r of a n a l o g o u s o r g a n i c c h l o r o i r i d a t e s . 
F1. K o r t e n , a n d E . R i m b a c h a n d F*. K o r t e n a l s o p r e p a r e d t h e p y r i d i n i u x n a n d a n i l i n i u m 
s a l t s ; a n d C . V i n c e n t , t h e m e t h y l - , d i m e t h y l - , a n d t r i m e t h y l - a m m o n i u m c h l o r o i r i d a t e s : 
methylammonium chloroiridate, (CH3.NH3)aIrCl6, in brownish-red needles ; dimethyl-
ammonium chloroiridate, {( CH3 )2NH J)8IrCl6, in reddish-brown, rhombic crystals ; 
trimethylammonlum chloroiridate, {(CH8)3NH)aIrCl6, in small needles ; tetramethyl-
ammonium chloroiridate, ((CHa)4N)2IrCl-, in dark red crystals ; benzalmethylammonliiin 
Chloroiridate, (CH3.NH : CH-C-Hs)8IrCl11, in dark reddish-brown needles ; benzy!methyl-
ammonium chloroiridate, (CH8.NH,.CH8.C6H6)2IrCl„, in dark reddish-brown needles ; 
ethylammonium chloroiridate, (C2H6.NH3)aIrCl6, in brownish-red plates ; diet hy lam-
monium chloroiridate, {(C2H6)2NHa)alrCla, in brownish-red needles ; triethylammonlum 
chloroiridate, {(C2H6)3NH)2IrCl6, in small needles ; tetraethylammonlum chloroiridate, 
{(CaH^)4N)2IrCl6, in dark brownish-red crystals ; benzylammonium chloroiridate, 
(C7H7.NH3)lrCle ; dlbenzylammonium chloroiridate, {(C7Ha)aNHa)aIrCl6; benzalethyl-
ammonium chloroiridate, (C8H8-NH : CH.C2H5)8IrCla, in dark brown needles ; benzylethyl-
ammonium chloroiridate, (CaH,.NHa.CHa.CaHa)aIrCla, in black needles ; n-propyl-
ammonium chloroiridate, (C8H7.NH8)8IrCla, in brownish-red needles; lso-propyl-
ammonium chloroiridate, in brownish-red needles ; dlpropylammonium chloroiridate, 
{(C3H7)2NHa)aIrCl6 ; tiipropylammonium ehlorolrldate, {(C3H7)8NH)aIrCl6, i n d a r k b r o w n 
crystals ; n-butylammonlum chloroiridate, <C,Ha.NH8)aIrCl6, in reddish-brown plates; 
iso-butylammonium chloroiridate, in brownish-red needles ; trt-lso-butylammonlum 
chloroiridate, {(C4Hg)8NH)2IrCl6, in ruby-red crystals ; allylammonium ehlorolrldate, 
(C8H6.NH3)JjTrCl-, in dark reddish-brown needles ; dl-Uo-amylammonlum ehlorolrldate, 
((C6H1J)2NH2)JjIrCl8, in dark brown needles and plates; tri-lso-amylammonlum chloro­
iridate, ((C6H11)JjNH)2IrCl6, in dark brown crystals; benzylammonium ehlorolrldate, 
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(C7H7 .NHg)2IrCl6 , in dark brownish-red plates ; ethylenedlammonium chloroiridate, 
(C2H4 .N2H f c)IrCle , in brownish-red needles ; propylenediammonlum chloroiridate, 
(C3H6 .N2H8)IrCl6 , in reddish-brown crystals ; pyridinium chloroiridate, (C6H6N)2IrCl6 , 
in reddish-brown need les ; E . Rimbach and F . Kor ten prepared pyridinium chloroiridate, 
(C5H6N)2IrCIe ; and anilinium chloroiridate, (C6H8N)2IrCl6 . A. Qutbier and co-workers 
obtained guanidinium chloroiridate, {C.NH(NH2)2H}2IrCl f l. in dark brown plates ; tri-
phenylguanidlnlum chloroiridate, {(C«H6),C.N(NH2)2H}2IrCl6, in brown needles ; benzal-
anUinium chloroiridate, (C4H61CH : NH.C6H6)2IrCl6 , in dark reddish-brown crystals ; 
p-chloroanllinlum chloroiridate, (C6H4 .CLNH2)2IrCl6 , in dark brown needles ; m-chloro-
anilinium chloroiridate and p-chloroanllinium chloriridate were obtained in an impure 
form ; tribenzylammonium chloroiridate, {(C sH5 .CH2)3NH}2IrCle , in dark red needles ; 
dlmethyl-o-toluidlnium chloroiridate, ((C6H4 .CH3 .NH(CH3)a}2IrCl6 , in dark red crystals ; 
0 cumldlnium chloroiridate, {C6H2(CH3)3NH3}aIrCl6, in dark brown needles ; a-picolinium 
chloroiridate, (C5H4 .CH2 .NH)2IrCl6 , in brownish-red needles ; £-picolinium chloroiridate, 
in black needles. M. Gnillot also prepared the picolinrurri salt . A. Gutbier and co-workers 
reported lutidinium chloroiridate, (C5H3(CH3 J2NH)2IrCl6 , in dark red needles ; collidinium 
chloroiridate, {C5H2(CH3)3NH)2IrCl6 , in black crystals ; piperidinium chloroiridate, 
(C 6 H 1 0 .NH 2 J2IrCl6, in reddish-brown c rys t a l s ; quinollnium chloroiridate, (C9H7-NH)2IrCl6 , 
in black, monoclinic prisms, or brownish-red needles ; and iso-quinolinium chloroiridate, 
in bronze needles. A. Benra th prepared quinine chloroiridate, (C2 0H2 4O2N4)n .H2IrOl6 , 
where w is 1 or 2 ; cinchonine chloroiridate, (C1 6H2 2ON2)„H2TrCl6 ; cinchonidine chloro­
iridate, (C19H32ON2)OTHaIrCl6 ; strychnine chloroiridate, (C2 1H2 2O2N2J2IrCl6 ; and brucine 
chloroiridate, (C2 3H2 6O4N2 J2H2IrCl6 . 

IT. A n t o n y p r e p a r e d l i t h i u m c h l o r i r i d a t e , L i 2 I r C l 6 . 6 H 2 0 , b y pass ing d r y ch lor ine 
o v e r a m i x t u r e of finely-divided i r i d i u m a n d d e h y d r a t e d l i t h i u m chlor ide a t 300° , 
t h e sa l t is t h e n e x t r a c t e d w i t h w a t e r a n d c rys ta l l i zed ; M. Delep ine o b t a i n e d i t b y 
e v a p o r a t i n g t o d r y n e s s o v e r su lphu r i c ac id a cold soln. of t heo re t i ca l p r o p o r t i o n s 
of l i t h i u m c a r b o n a t e a n d hydroch lo ro i r i d i c ac id , a n d recrys ta l l i z ing t h e p r o d u c t 
from ch lo r ine w a t e r . T h e l a rge c r y s t a l s of t h e hexahydrate o b t a i n e d b y M. De lep ine 
were b l a c k , a n d t h e sma l l c r y s t a l s b y TJ. A n t o n y were g a r n e t red . W h e n d r i ed a t 
100°, in d r y a i r , t h e dihydrate is fo rmed . T h e de l iquescen t c rys t a l s of t h e h e x a -
h y d r a t e a r e freely so luble in w a t e r , a n d in a lcohol ; a n d w h e n t h e aq . soln. is boi led 
w i th a l i t t l e a lcohol , t h e ch lo rope r i r i d i t e is fo rmed . J . J . Berzel ius , a n d 
K. l l r i c o e c h e a o b t a i n e d s o d i u m c h l o r i r i d a t e , N a 2 I r C l 6 . 6 H 2 O , by h e a t i n g a m i x t u r e 
of f inely-divided i r i d i u m a n d s o d i u m ch lor ide t o r ednes s in a c u r r e n t of chlor ine , as 
in t h e case of t h e p o t a s s i u m sa l t ; a n d i t is f o r m e d w h e n a m i x t u r e of iridic a n d 
s o d i u m chlor ides is e v a p o r a t e d t o d r y n e s s . T h e b l ack p l a t e s a n d 4-sided p r i sms 
a re , a c c o r d i n g t o H . D u f e t , t r ie l in ie , a n d t h e y a re i s o m o r p b o u s wi th t h e co r respond ing 
p l a t i n i c sa l t . A c c o r d i n g t o L . W o h l e r a n d P . BaIz , t h e c o m p l e x sa l t forms a b o v e 
r>70°, b u t over 800° , o n l y b i v a l e n t i r i d i u m ex i s t s . Accord ing t o E . Ogawa , t h e v a p . 
p ress . , p m m . , of a s a t . soln. of t h e hexahydratet a r e : 

26° 30° 40° 60° 60° 71-68° 79-13° 
p . . 75-32 21-23 36-53 60-34 96-80 161-92 21904 

or log p = 8 - 6 2 2 5 0 — 2 2 1 0 - 7 I T w i t h i n t h i s r a n g e of t e m p . N o i somer was obse rved . 
W h e n a i r d r i ed a t 100° is pas sed ove r t h e h e x a h y d r a t e , t h e a n h y d r o u s sal t , m e l t i n g 
a t 122*5°, is f o rmed . S. N a g a m i found t h e electr ical conduc t iv i t i e s of soln. w i t h a n 
eq . of N a H I r C l 6 in 20O, 500 , a n d 1000 l i t res , a t 25°, t o be respec t ive ly , 488 , 503 , 
a n d 512 . L . W o h l e r a n d P . BaIz s t u d i e d t h e t h e r m a l decompos i t i on of t h e sod ium 
sa l t , a n d obse rved n o ev idence of t h e f o r m a t i o n of a c o m p l e x of u n i v a l e n t i r i d ium ; 
t h e s a l t is s t ab l e be low 570°, a n d c o m p l e t e l y d e c o m p o s e d a t 800° . Accord ing t o 
Gr. Gi re , s o d i u m ch lo ro i r i da t e beg ins t o d issoc ia te a t 600°, a n d below 764°, t h e h e a t 
of t h e r e a c t i o n is 35*3 CaIs. , a n d a b o v e t h a t t e m p . , 46*0 CaIs. Accord ing t o 
J . J . Berze l ius , w h e n s o d i u m ch lo ro i r i da t e is h e a t e d , a b rownish-grey res idue 
a p p e a r s . T h e s a l t is freely so luble i n w a t e r , a n d s o m e w h a t soluble in a lcohol . 
A m m o n i u m ch lor ide p r e c i p i t a t e s a m m o n i u m ch lo ro i r ida t e f rom t h e a q . soln. 

A c c o r d i n g t o M. De lep ine , t h e fugi t ive b lue p r e c i p i t a t e fo rmed w h e n p o t a s s i u m 
ch lo ro i r i da t e is a d d e d t o a soln. of s i lver n i t r a t e , is s i lver c h l o r o i r i d a t e , A g 2 I r C l 6 , 
a n d w h e n k e p t e i t he r a lone , or i n t h e p resence of a n excess of si lver n i t r a t e , i t passes 
i n t o ye l low ch lo rope r i r id i t e . J . L a n g o b t a i n e d b a r i u m c h l o r o i r i d a t e , p r e s u m a b l y 
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B a I r C l 6 , b y pass ing chlor ine over a m i x t u r e of f inely-divided i r i d i u m a n d b a r i u m 
chlor ide a t a r ed -hea t . F . K o r t e n , a n d E . R i m b a c h a n d F . K o r t e n o b t a i n e d t h i s 
sa l t f rom a m i x e d soln. of t h e c o m p o n e n t chlor ides ; a n d s imi lar ly w i t h s t ront ium 
chloroiridate, p r e s u m a b l y Sr I rCl 6 , a n d w i t h c a l c i u m c h l o r o i r i d a t e , p r e s u m a b l y 
CaI rCl 6 . T h e y also o b t a i n e d c a d m i u m chloroiridate, p r e s u m a b l y CdI rCl 6 , i n b l a c k 
o c t a h e d r a , f rom a soln. of t h e c o m p o n e n t sa l t s . E . Ur icoechea also p r e p a r e d 
m a g n e s i u m chloroiridate, in r ed p r i sms , soluble in w a t e r . M. De l^p ine p r e p a r e d 
t h a l l o u s c h l o r o i r i d a t e , T l 2 I rCl 6 , in smal l , o p a q u e , g reen ish-b lue cubes . I t is m o r e 
s t ab l e t h a n t h e co r respond ing si lver sa l t . W h e n t r e a t e d w i t h hydroch lo r i c ac id , 
i t fo rms t h e ch loroper i r id i te . 

A . B e n r a t h a n d co-workers p r e p a r e d c h r o m i c h e x a m TTI i n o c h l o r o -
iridate, [Cr(NH3)6]2(IrCl6)3 ; chromic hexainminohydroxychloroiridate, 
[Cr(NHs)6](OH)(IrCl6) ; chromic cWoropentamminochloroiridate, [Cr(NH3I5Cl]-
IrCl6 ; chromic hydroxy a quote tram m in ochloroiridate, [Cr(NHs)4(H2O)(OH)]IrCl6 ; 
chromic dichloroaquotriamminochloroiridate, [Cr(NHa)3(H2O)Cl2J2IrCl6 ; and a 
c o m p l e x w i t h n i t r o n , ( C 2 0 H 1 6 N 4 ) 2 . H 2 I r C l 6 . O. W . Gibbs o b t a i n e d i m p u r e cobal t ie 
hexaniminochloro ir idate , [Co(NH 3 ) 6 ] 2 ( I rCl 6 ) 3 , b y t h e ac t i on of coba l t i e h e x a m m i n o -
chlor ide on ir idic chlor ide . A. B e n r a t h a n d co-workers p r e p a r e d t h i s sa l t a n d also 
cobaltie chlor open tarn minochloroirid ate, [Co(NH3)5Cl]IrCl6 ; cobaltie aquopent-
amminochloriridate, [Co(NH3)5(H20)]2(IrCl6)3 ; cobaltie trisethylenediammino-
chloroiridate, [Coen3]2(IrCl6)3 ; cobaltie cis- and trans-hydroxyaquobisethylene-
diamminochloroiridate, [Coen2(H20(OH)]IrCl6, and showed that the alleged water 
of h y d r a t i o n of t h e s e s a l t s i s r e a l l y d u e t o o c c l u d e d o r a d s o r b e d w a t e r . T h e y a l s o 
prepared trihydrated cobaltie cis- and trans-dinitritotetrarn m in ochloroiridate, 
[Co(NH3)4(N02)2]2IrCl6.3H20 ; cobaltie cis-dichlorobisethylenediamTTiinochloro-
iridate, [Coen2Cl2]2IrCl6.4H20, and also cobaltie traus-dichlorobisethylenediam-
minocnloroiridate, [Coen2Cl2]2IrCl6.H20. They also prepared cobaltie hexam-
minohydroxychloroiridate, [Co(NH3)6](OH)IrCl6; cobaltiecis-dichlorotetrammino-
chloroiridate, [Co(NH3)4Cl2 J2IrCl0 ; and cobaltie nitritoaquotetramminochloro-
iridate, [ C o ( N H 3 ) 4 ( H 2 0 ) ( N 0 2 ) ] I r C l 6 . J . J . Berze l ius n o t e d t h e t e n d e n c y of 
o s m i u m a n d i r i d ium c o m p o u n d s t o un i t e ; a n d R . H e r m a n n o b t a i n e d d a r k b r o w n , 
o c t a h e d r a l c rys ta l s w i t h t h e compos i t i on p o t a s s i u m c h l o r o i r i d i o s m a t e , 
2 K 2 I r C l 6 . K 2 O s C l 6 , which a re p r o b a b l y i s o m o r p h o u s m i x t u r e s . 
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§ 10. The Iridium Bromides 
F . Krauss and H . Gerlach * obtained iridium dibromide, IrBr2 , by heating the 

tr ibromide a t 440°, and iridium monobromide, I rBr , by heating the tribromide a t 
485°. The tribromide is reproduced by heating the dibromide in a sealed tube 
with bromine. . 

According to E . Uricoechea, and C Birnbaum, bromine does not a t tack ind ium 
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a t 100° i n a sealed t u b e , or a t a r e d - h e a t . I f b r o m i n e is pa s sed over a m i x t u r e of 
finely-divided i r i d ium a n d s o d i u m b r o m i d e , a r e ac t i on se t s in a t a r e d - h e a t , a n d 
af ter t h e cold p r o d u c t is t r e a t e d w i t h wa t e r , on ly a sma l l p r o p o r t i o n of t h e i r i d i u m 
dissolves , forming a b lue soln. I r i d i u m is n o t a t t a c k e d b y a m i x t u r e of h y d r o b r o m i c 
a n d n i t r i c ac ids . T h e h y d r a t e d d iox ide dissolves i n cone , h y d r o b r o m i c ac id , a n d 
w h e n t h e soln. is e v a p o r a t e d b y h e a t , or over su lphu r i c ac id i n v a c u o , b r o m i n e is 
g iven off, a n d d a r k g reen i sh-brown, or o l ive-green s ix-s ided c r y s t a l s of i r id ium 
tribromide, I r B r 3 . 4 H 2 O , a r e fo rmed a long w i t h some b lue needles of t h e t e t r a -
b romide . T h e e v a p o r a t i o n of t h e soln. t o d r y n e s s decomposes t h e b r o m i d e , a n d 
w h e n t h e m a s s is e x t r a c t e d w i t h wa te r , a n d s u b s e q u e n t l y c rys ta l l i zed , t h e tetra-
hydrate of t h e t r i b r o m i d e a p p e a r s in ol ive-green p r i sms , wh ich lose al l t h e i r w a t e r , 
a n d becomes d a r k b r o w n a t 100° t o 120°, a n d a t a du l l r e d - h e a t , b r o m i n e is g iven 
off. T h e sa l t is freely soluble in w a t e r , b u t n o t so in a lcohol , o r e the r . T h e a q . 
soln. is g reen , a n d i t becomes b lue w h e n t r e a t e d w i t h chlor ine or n i t r i c acid owing 
t o t h e fo rma t ion of t h e t e t r a b r o m i d e ; a n d w h e n h e a t e d w i t h chlor ine , t h e b r o m i n e 
is d r i v e n off, a n d t h e ch lor ide is fo rmed . I f t h e m o t h e r - l i q u o r f rom wh ich ol ive-
green c rys t a l s of t h e t r i b r o m i d e h a v e s e p a r a t e d , be e v a p o r a t e d , i t furn ishes s tee l -
b lue , ac icu la r de l iquescen t c rys ta l s of tr ibromoperiridious ac id , H 3 I r B r 6 - S H 2 O , or 
iridium hydrotribromide. T h e b lue c rys t a l s a p p e a r b rown i sh - r ed b y t r a n s m i t t e d 
l ight . T h e y lose w a t e r a t 100°, a n d become o p a q u e a n d b rown i sh - r ed ; t h e y also 
m e l t w i t h o u t losing b r o m i n e . A t a h ighe r t e m p , h y d r o g e n b r o m i d e a n d b r o m i n e 
a re g iven off, a n d finally t h e m e t a l r e m a i n s . T h e c rys t a l s a r e easi ly soluble in 
wa te r , a lcohol , a n d e t h e r ; t h e y d e c o m p o s e in a i r r a p i d l y t o a b r o w n l iqu id wh ich 
r eac t s acid, a n d expels c a r b o n d iox ide f rom c a r b o n a t e s t o fo rm ol ive-green per -
i r id i tes . G. Geisenhe imer p r e p a r e d some i r id ium phosphobromides , I r JBr 3 .3PBr 3 , 
p a r t i a l l y d e c o m p o s e d b y w a t e r , a n d I r B r 3 . 2 P B r 3 , n o t easi ly a t t a c k e d by w a t e r . 
T h e complex was s tud ied b y M. !F. Schur igen , a n d W . S t r ecke r a n d M. F . Schur igen . 

W . P a l m a e r p r e p a r e d i r id ium h e x a m m i n o b r o m i d e , [ I r ( N H 3 ) 6 ] B r 3 , b y c r y s t a l ­
l iza t ion f rom a soln. of t h e c o r r e s p o n d i n g n i t r a t e . T h e s ix-s ided p r i sms r e semb le 
t h e ch lor ide . T h e sp . gr . of t h e sa l t is 2-942 a t 15-5° ; a n d t h e mol . vol . is 181-9. 
S imi la r ch romic , cobal t ic , a n d r h o d i u m sa l t s a r e k n o w n . O n e p a r t of t h e sa l t 
d issolves in 28 t o 30 p a r t s of w a t e r a t r o o m t e m p . A. W e r n e r a n d A. P . Smirnoff 
prepared the laevo-form of iridium bisethylenedianmiobromide, [ I ren 3 )Br 3 .3H 2 0, 
wi th a sp . r o t a t i o n of —50° for Na- l igh t . W . P a l m a e r p r e p a r e d i r id ium a q u o -
h e x a m m i n o b r o m i d e , [ I r ( H 2 O ) ( N H g ) 5 ] B r 3 , b y a m e t h o d a n a l o g o u s t o t h a t u sed 
for t h e chlor ide . S imi l a r coba l t i c , r h o m b i c , a n d r h o d i u m sa l t s a r e k n o w n . T h e 
sp . gr. of t h e sa l t is 3-022 a t 20°/4° ; a n d t h e mo l . vo l . , 177-4. O n e p a r t of t h e sa l t 
dissolves in 4 p a r t s of w a t e r a t r o o m t e m p . I f t h e c h l o r o p e n t a m m i n o s u l p h a t e is 
t r e a t e d w i t h t h e p r o p o r t i o n of b a r i u m b r o m i d e , i r id ium c h l o r o p e n t a m m i n o b r o m i d e , 
[ I r (NH 3 ) 6 ClJBr 2 , is fo rmed i n pa l e ye l low c rys t a l s ; t h e r h o m b i c c ry s t a l s h a v e t h e 
axia l r a t i o s a : b : c = 0 - 9 8 7 6 5 : 1 : 1-5296 ; W . B i l t z g a v e for t h e sp . gr . , 3-007 a t 
16°/4° ; a n d mol . vol . , 157-5. S imi la r c h r o m i c a n d coba l t i c sa l t s a r e k n o w n . T h e 
sa l t is soluble in w a t e r — 1 p a r t of t h e sa l t d issolves in 214 p a r t s of w a t e r a t 15°. 
If t h e c h l o r o p e n t a m m i n o c h l o r i d e is boi led w i t h p o t a s s i u m h y d r o x i d e for a b o u t 
5 h r s . , a n d t h e n t r e a t e d w i t h a n excess of 5O p e r c e n t , h y d r o b r o m i c ac id , a w h i t e 
crys ta l l ine p rec ip i t a t e of t h e a q u o p e n t a m m i n o b r o m i d e is f o rmed , a n d w h e n a so ln . 
of this salt is heated, it forms iridium bromopentamminobromide, [Ir(NH3)5Br]Br2 , 
in yellow, r h o m b i c p r i s m s w i t h t h e ax i a l r a t i o s a : b : c = 0 - 9 7 5 2 : 1 : 1-5687 ; 
W . Bi l t z g a v e for t h e sp . gr . , 3-245 a t 16-5° ; a n d m o l . vo l . , 159-7. S imi la r c h r o m i c , 
coba l t i c , a n d r h o d i u m sa l t s a r e k n o w n . T h e sa l t i s so luble i n w a t e r — 1 p a r t of 
t h e sa l t dissolves in 352 p a r t s of w a t e r a t 12-5°. A . B . L a m b a n d L.. T . F a i r h a l l 
obse rved t h a t t h e speed of t h e t r a n s f o r m a t i o n of t h e b r o m o - s a l t t o t h e a q u o - s a l t , 
a t 95°, is in accord w i th va lues for u n i m o l e c u l a r r e a c t i o n s ; a n d w i t h so ln . h a v i n g 
0-00093, 0-0038, a n d 0*0157 m o l p e r l i t r e , t h e p e r c e n t a g e s of a q u o - s a l t p r e s e n t 
w i t h equ i l ib r ium a re , r e spec t ive ly , 30-8, 9-6, a n d 6-3 ; a n d a t 80° , for 0-00386ilf-
soln. , 12-6 per c en t . Accord ing t o W . P a l m a e r , t h e bromopentammines g ive a 
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p r e c i p i t a t e of t h e b r o m o p e n t a m m i n o b r o m i d e s w i t h t h e h y d r o b r o m i c ac id ; a p rec i ­
p i t a t e w i t h b a r i u m d i t h i o n a t e ; n o p r e c i p i t a t e w i t h s o d i u m p y r o p h o s p h a t e or w i t h 
p o t a s s i u m fe r r i cyan ide ; a n d a b rownish-ye l low c rys ta l l ine p r e c i p i t a t e w i t h 
i r i d i u m t r i ch lo r ide . W h e n cone , h y d r o b r o m i c ac id is a d d e d t o a w a r m soln. of t h e 
d i c h l o r o t e t r a m m i n o c h l o r i d e , c ry s t a l s of i r id ium d icmorote traminmobromide , 
[ I r ( N H 3 ) 4 C l 2 ] B r . H 2 0 , s e p a r a t e o u t , a n d w h e n t h e y a r e rec rys ta l l i zed f rom h o t 
w a t e r , t h e y f o r m ye l low needles o r p r i s m s . T h e monohydrate loses i t s w a t e r a t 
80° . A . W e r n e r a n d O. d e Vries p r e p a r e d i r id ium d i i i i t r i t o t e t r a m m m o b r o i n i d e , 
[ I r ( N H 3 ) 4 ( N 0 2 ) 2 ] B r . H 2 0 , i n colour less flat p r i s m s ; a n d t h e r acemic fo rm of i r id ium 
dini tr i tobisethylenedia ininobroiuide , [ I r e n 2 ( N 0 2 ) 2 ] B r , i n colourless need l e s—th i s 
w a s r e so lved i n t o t h e dextro-salt, w i t h a s p . r o t a t i o n of 26° , a n d t h e IcBvo-salt w i t h a 
s p . r o t a t i o n of —26° for N a - l i g h t . M. De lep ine a n d J . P i n e a u p r e p a r e d i r id ium 
cmorobigpyr idjnotr iamminobromide , [ I r ( N H 3 ) 3 p y 2 C l ] B r 2 . H 2 0 ; a n d M. De lep ine , 
iridium dicmorobispyridmodiammiuobromide, [Ir(NH3)2py2Cl2 JBr-H2O. 

A c c o r d i n g t o C. B i r n b a u m , p o t a s s i u m bromoperiridite , K 3 I r B r 6 . 3 H 2 0 , is p ro ­
d u c e d w h e n finely-divided p o t a s s i u m b r o m o i r i d a t e is t r i t u r a t e d w i t h s u l p h u r o u s 
ac id u n t i l t h e l iqu id is s a t u r a t e d w i t h sa l t , w a r m e d on a w a t e r - b a t h un t i l t h e 
smel l of s u l p h u r d iox ide h a s d i s a p p e a r e d , n e u t r a l i z e d w i t h p o t a s s i u m c a r b o n a t e , 
m i x e d w i t h p o t a s s i u m b r o m i d e , a n d e v a p o r a t e d for c rys ta l l i za t ion . I t is also 
o b t a i n e d b y r e d u c i n g i r i d i u m t e t r a c h l o r i d e t o t h e t r i ch lo r ide w i th h y d r o g e n su lph ide , 
a n d t h e filtered l iqu id n e u t r a l i z e d w i t h p o t a s s i u m c a r b o n a t e , t h e n m i x e d w i t h a n 
excess of p o t a s s i u m b r o m i d e , a n d e v a p o r a t e d for c rys ta l l i za t ion . T h e ol ive-green, 
4-s ided need les of t h e trihydrate effloresce in a i r ; a n d a t 100° t o 120°, lose all t h e i r 
"water a n d b e c o m e p a l e b r o w n . I r i d i u m a n d p o t a s s i u m b r o m i d e r e m a i n w h e n t h e 
sa l t is i gn i t ed . Alka l i lye p r e c i p i t a t e s g reen h y d r a t e d hemi t r i ox ide f rom a n a q . 
so ln . of t h e sa l t ; ch lo r ine , a n d n i t r i c ac id co lour t h e a q . soln. b lue owing t o t h e 
f o r m a t i o n of t h e b r o m o i r i d a t e . C. B i r n b a u m p r e p a r e d qraTnoniTiTTi bromoperiridite, 
( N H ^ ) 3 I r B r 6 . ^ H 2 O , b y a m e t h o d a n a l o g o u s t o t h a t e m p l o y e d for t h e p o t a s s i u m 
s a l t . T h e o l ive -b rown need le s of t h e hemihydrate lose w a t e r a t 100°, a n d b e c o m e 
b r o w n , a n d w h e n ca lc ined i r i d i u m r e m a i n s . T h e sa l t is spar ing ly soluble in cold 
w a t e r , a n d r e a d i l y so luble in h o t w a t e r . A m i x e d soln. of s o d i u m b r o m i d e a n d 
i r i d i u m t r i b r o m i d e furn i shes d a r k o l ive-green r h o m b o h e d r a of s o d i u m b r o m o ­
periridite, N a 3 I r B r 6 . 1 2 H 2 O , w h i c h effloresce in air . T h e d o d e c a h y d r a t e m e l t s a t 
100°, loses al l i t s w a t e r a t 150°, a n d b e c o m e s b rownish-ye l low ; a n d w h e n igni ted , 
f o r m s i r i d i u m a n d s o d i u m b r o m i d e . Chlor ine , a n d n i t r i c ac id t u r n t h e greenish-
ye l low a q . soln. b l u e . T h e a d d i t i o n of s i lver n i t r a t e t o a soln. of p o t a s s i u m b r o m o ­
p e r i r i d i t e p r e c i p i t a t e s s i lver b r o m o p e r i r i d i t e , A g 3 I r B r 6 , a s a d i r ty -g reen , a m o r p h o u s 
m a s s inso lub le in w a t e r a n d ac ids . T h e f r e sh ly -p repa red sa l t is soluble in a q . 
a m m o n i a ; t h e d r i e d sa l t is o n l y p a r t i a l l y soluble . E . Ur icoechea m a d e some 
o b s e r v a t i o n s on t h i s s a l t . 

A c c o r d i n g t o C. B i r n b a u m , i r i d i u m tetrabromide or iridic bromide, I r B r 4 , 
i s o b t a i n e d b y d isso lv ing h y d r a t e d i r i d i u m d iox ide in cold h y d r o b r o m i c acid ; a n d 
b y t r e a t i n g p o t a s s i u m b r o m o i r i d a t e w i t h hydrofluosil icic ac id , a n d af te r t h e 
m i x t u r e h a s s t o o d for 24 h r s . , filtering off t h e p o t a s s i u m fluosilicate. T h e aq . soln. 
d e c o m p o s e s w h e n e v a p o r a t e d , fo rming t h e t r i b r o m i d e a n d h y d r o t r i b r o m i d e ; if 
e v a p o r a t e d w i t h cone , n i t r i c ac id , t o p r e v e n t r educ t i on , a b lue c rys ta l l ine m a s s 
is f o rmed w h i c h is freely soluble i n w a t e r a n d a lcohol ; a n d which furnishes 
i r i d i u m w h e n i gn i t ed . I f h y d r a t e d i r i d i u m d iox ide is h e a t e d t o 300° in a sealed 
t u b e w i t h b r o m i n e , G. Ge i senhe imer obse rved t h a t b l a c k needles of ir idium 
d ioxyoctobromide , 2 l r B r 4 . I r 0 2 , a r e fo rmed . G. Ge i senhe imer p r e p a r e d a complex 
iridic phosphochlorobromide, IrBr4.2PCl3. 

F . K r a u s s a n d H . G e r l a c h obse rved t h a t i r i d i u m t e t r a h y d r o x i d e r eac t s w i t h 
h y d r o g e n b r o m i d e a t o r d i n a r y t e m p . , f o rming i r id ium aquonydroxydibromide, 
[ I r ( H 2 O ) ( O H ) B r 2 ] . 2 H 2 0 ; a n d w h e n t h e dihydrate is h e a t e d , i t forms t h e a n h y d r o u s 
s a l t w h i c h , w h e n d i sso lved i n w a t e r , fo rms d ibromodihydroxyir idic ac id , 
H [ I r ( O H ) 2 B r 2 ] . W h e n t h e a q u o h y d r o x y d i c h l o r i d e is t r e a t e d w i t h h y d r o g e n 



776 I N O R G A N I C A N D T H E O R E T I C A L C H E M I S T R Y 

b r o m i d e , i t y ie lds i r id ium aquotr ibromide, [ I r ( H 2 O ) B r 3 ] , wh ich c a n n o t b e 
d e h y d r a t e d w i t h o u t decompos i t ion ; i t y ie lds t h e d i b r o m i d e a t 440° , a n d t h e 
m o n o b r o m i d e , a t 485°. J . P . M a t h i e u s tud i ed t h e a b s o r p t i o n s p e c t r u m of i r id ium 
tr i se thy lenediaminobromide , [ I r e n 3 ] B r 3 . 2 H 2 0 . 

C. B i r n b a u m p r e p a r e d potass ium bromoir idate , K 2 I r B r 6 , b y m i x i n g cone , 
soln. of p o t a s s i u m b r o m i d e a n d i r i d ium t e t r a b r o m i d e , a n d e v a p o r a t i n g o v e r su l ­
p h u r i c acid in v a c u o ; b y t r i t u r a t i n g a m i x t u r e a cone . soln. of p o t a s s i u m b r o m i d e , 
a n d a m m o n i u m b r o m o i r i d a t e on a w a t e r - b a t h a n d t h e n cool ing t h e soln. ; a n d 
b y a d d i n g a cone . soln. of p o t a s s i u m b r o m i d e t o a w a r m , cone . soln. of s o d i u m 
ch loro i r ida te , a n d recrys ta l l iz ing t h e sa l t b y cooling a h o t a q . soln. A . G u t b i e r a n d 
M. R ies s p r e p a r e d t h e a lkal i sa l t s i n b lue o c t a h e d r a b y a d d i n g t h e a lka l i b r o m i d e s 
t o a soln. of i r i d ium h y d r o x i d e in h y d r o b r o m i c ac id . Accord ing t o C. B i r n b a u m , 
t h e sa l t fo rms b lack o c t a h e d r a be long ing t o t h e cub ic s y s t e m ; t h e sa l t is s t a b l e 
in air , a n d a t dul l r edness i t fo rms i r i d i u m a n d p o t a s s i u m b r o m i d e . I t is spa r ing ly 
soluble in cold w a t e r , a n d freely soluble in h o t w a t e r ; i t is n o t soluble i n a lcohol 
a n d e t h e r ; ch lor ine w a t e r s lowly c o n v e r t s i t i n t o t h e co r r e spond ing ch lo ro i r i da t e ; 
a n a q . soln. of si lver n i t r a t e gives a d i r t y g reen p r e c i p i t a t e ; a q . soln. of s o d i u m 
chlor ide or s u l p h a t e , a n d of b a r i u m chlor ide give n o p r e c i p i t a t e s in t h e cold, b u t 
w h e n h e a t e d , some b r o m i n e is set free. A. G u t b i e r a n d M. Riess p r e p a r e d r u b i d i u m 
bromoiridate, Rb 2 I rBr 6 , and caesium bromoiridate, Cs2IrBr6 , in blue octahedra. 
I f a n a q . soln. of i r i d ium chlor ide be t r e a t e d w i t h s o d i u m b r o m i d e , a n d n i t r i c ac id , 
a n d t h e n e v a p o r a t e d , colourless p l a t e s of s o d i u m b r o m i d e , r h o m b o h e d r a of s o d i u m 
n i t r a t e , a n d black needles of s o d i u m bromoir idate , N a 2 I r B r 6 . n H 2 0 , a r e fo rmed . 
T h e l a t t e r become pa le b lue w h e n d r i ed ; a n d on ign i t ion y ie ld a m i x t u r e of s o d i u m 
b r o m i d e , a n d i r id ium. T h e sa l t d issolves in -water, a n d in a lcohol , a n d is r e d u c e d 
on e v a p o r a t i n g t h e soln. A. G u t b i e r a n d M. R ies s p r e p a r e d t h i s sa l t . E . I J r i coecha 
m a d e some o b s e r v a t i o n s on t h i s sa l t . B y t r i t u r a t i n g p o w d e r e d a m m o n i u m ch lo ro­
i r i da t e w i t h a soln. of s o d i u m b r o m i d e , h e a t e d on a w a t e r - b a t h , a n d cool ing t h e 
l iquid , d a r k b lue , o c t a h e d r a l c r y s t a l s of a m m o n i u m bromoir idate , ( N H 4 ) 2 I r B r 6 , 
free f rom s o d i u m , a r e fo rmed . A m m o n i u m b r o m o i r i d a t e r e sembles t h e cor re ­
s p o n d i n g p o t a s s i u m sa l t , b u t i t is less soluble in cold w a t e r ; w i t h a l i t t le soda lye , 
some per i r id i t e is fo rmed , w i t h m u c h soda , h y d r a ted ox ide is fo rmed . A. G u t b i e r 
a n d M. R ie s s also p re p a r e d t h e a m m o n i u m sa l t . 

A. B e n r a t h p r e p a r e d a n u m b e r of c o m p l e x b romoi r ida t e s—e .g . c h r o m i c h e x a m -
minobromoiridate, [Cr(NH3)6]2(IrBr6)3 ; chromic hexamminonitratobromoiridate, 
[Cr(NH3)6](N03)IrBr6 ; chromic hexammmosulphatobromoiridate ; cobaltic 
hexamminobromoiridate, [Co(NH3)6 l2(IrBr6)3 ; chromic chloropentamminobromo-
iridate, [Cr(NHg)5Cl JIrBr6 ; cobaltic hexamminonitratobromoiridate; and cobaltic 
hexamminosulphatobromoiridate ; cobaltic aquopentamminobromoiridate, 
[Co(NH3)5(H20)l2(IrBr6)3 ; cobaltic aquopentamminoehlorobromoiridate, 
[Co(NHg) 5 (H 2 O)ICl ( I rBr 6 ) a n d [ C o ( N H 3 ) 5 ( H 2 0 ) ] 2 C l 4 ( I r B r 6 ) ; cobal t ic a q u o p e n t -
amminosulphatobromoiridate, [Co(NHg)5(H2O) ]4(S04)3(IrBr6)3 ; cobaltic diaquote-
tramminosnlphatobromoiridate, [Co(NH3)4(H20)2]2S04(IrBr6)2) ; cobaltic chloro-
pentamminobromoiridate, [Co(NHg)5Cl]IrBr6 ; cobaltic sulphatopentammino-
bromoiridate, [Co(NH3)6S04]2IrBr6 ; cobaltic sulphatopentamminosulpnatobro-
moiridate, [Co(NH3)SSO4J4(SO4)(IrBr6) ; cobaltic nitritoaquopentamniinobromo-
iridate, [Co(NH 3) 4(H 20)(N0 2)]IrBr 6 ; cobaltic hydroxyaquotetramminosulphato-
bromoiridate, [Co(NH3)4(H20)(0H)]2(SO4)IrBr6; cobaltic dmitritotetrammino-
bromoiridate, [Co(NH3)4(N02)2]2IrBr6 , in i ts cis- and trans-forms ; and cobaltic 
carbonatotetramminobromoiridate. 

A. Gutbier and M. Riess prepared some salts with organic bases. Thus , methyl-
ammonium bromoiridate, (CH,NH 3 ) 2 I rBr„ forms dark blue octahedra ; dimethylammonlum 
bromoiridate, {(CH3)2NH s}2IrBr„ in da rk blue needles ; trimethylammonium bromoiridate, 
{(CH3)3]SrH}2IrBr6, in dark blue needles ; ethylammonium bromoiridate, (C a H 5 .NH a ) a I rBr e , 
m dark blue plates ; diethylammonlum bromoiridate, ((C8H5J8NH8J8IrBr8 , in da rk blue, 
monochnic pr isms; triethylammonium bromoiridate, {(C aH6) aNH} aIrBr6 , in da rk blue plates ; 
n-propylammonlum bromoiridate, (C8H7.ISTH,)aIrBra, in dark blue, six-sided plates ,- l»o-
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propylammonium bromoiridate, in dark blue needles ; n-butylammonium bromoiridate, 
(C4H7-NHj)8IrBr, , in dark blue, six-sided plates ; iso-butylammonium bromoiridate, in dark 
blue plates ; ethylenediammonium bromoiridate, (C3H4.IST2H6)IrBr8, in dark blue, cubical 
crystals ; and propylenedlammonium bromoiridate, (C3H6 .N2He)IrBr«, in deep blue prisms ; 
A. Gtutbier and B . Ot tenste in obtained o-bromoanlllnium chloroiridate, (CMH4.Br.NH3)2IrCla ; 
m-bromoanilinium chloroiridate, in da rk brown needles ; and p-bromoanilinium chloroiridate, 
in dark reddish-brown needles. A. Grutbier and M. Iiiess obtained pyridinium bromoiridate, 
(C 6H 6-NH) 2IrBr 9 , in deep blue plates ; a-picolinium bromoiridate, {C6NH5(CH3)}2IrBr8, 
in dark blue, six-sided, monoclinic plates ; qulnolinium bromoiridate, (C 8H 7NH) 2IrBr 6 , in 
dark blue needles ; and benzylammonium bromoiridate, (C 7 H 7 .NH 3 ) J rBr 6 , in dark blue, 
six-sided plates . A. Benra th prepared quinine bromoiridate, (C2 0H2 4O2N2)^H2IrBr6 , where 
n is 1 or 2 ; cinchonine bromoiridate, (C 1 9H 2 2ON 2 )„H 2 I rBr 6 ; cinchonidine bromoiridate, 
(C 1 9 H 2 2 ONg) n H 2 I rBr 6 ; strychnine bromoiridate, (C 2 1 H 2 2 O 2 N 2 ) 2 H 2 I rBr e ; brucine bromoiridate, 
(C183H26O4Na)2H2IrBr0 ; a n d «« nitron *» bromoiridate, (C 2 0H 1 6N 4) 2H 2IrBr a . 

M. D. Ta rd prepared potassium hexabromoiridate, K3[IrBr6] .4H2O ; potassium aquopenta-
boroirldate, K 2 [ I r (H 2 O)Br 6 ]H 2 O; rubidium hexabromoiridate, Rb 3 [ I rBr 6 ] .H 2 O; rubidium 
aquopentabromolridate, Rb 2 [ I r (H 8 O)Br 6 ] ; caesium hexabromoiridate, Cs 3 [ I rBr 6 ]H 2 O; and 
the more complex salt Cs 6 I r 3 Br 1 4 . 2H 2 0 . 
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§ 11 . The Iridium Iodides 
F . K r a u s s a n d H . Ge r l ach 1 o b t a i n e d i r id ium m o n o i o d i d e , I r I , a n d p r o b a b l y 

s o m e d i iod ide b y h e a t i n g t h e t r i od ide . A c c o r d i n g t o F . K r a u s s a n d H . Ger lach , 
a n d T . Opple r , f ine ly-divided i r i d i u m does n o t u n i t e d i r ec t ly wi th iodine even in a 
sea led t u b e a t 80° t o 100° ; b u t if t h e i r i d i u m be m i x e d w i t h p o t a s s i u m iodide , 
u n i o n occurs a t 60°. I f s u l p h u r d iox ide be passed t h r o u g h t h e w a t e r ho ld ing t h e 
i r i d i u m t e t r a i o d i d e in suspens ion , T . Opp le r o b t a i n e d w h a t he considered to be ir idium 
di iodide , or ir idous iodide , I r I 2 , b u t t h i s resu l t h a s n o t been confirmed. I f finely-
d i v i d e d a m m o n i u m iodo i r i da t e be boiled w i t h a cone. soln. of p o t a s s i u m iodide , t h e 
d e e p p u r p l e - r e d l iqu id depos i t s a g rey i sh-b lack p o w d e r of a m m o n i u m iodoiridite, 
( N H 4 ^ 2 I r I 4 , wh ich does n o t d e c o m p o s e a t 200°. I t is insoluble in cold or h o t 
w a t e r , a n d in a lcohol ; w a r m dil . ac ids , a n d soln. of t h e a lka l i iodides dissolve t h e 
sa l t ; d i l . soln. of a lka l i c a r b o n a t e s co lour t h e sa l t g reen , a n d , as a m m o n i a is evolved , 
t h e co lour b e c o m e s ye l low. 

T . O p p l e r p r e p a r e d i r id ium tri iodide, I r I 3 , b y m i x i n g a n aq . soln. of p o t a s s i u m 
i o d o i r i d a t e a n d a m m o n i u m ch lor ide : 2 K 2 I r I 6 + 4 N H 4 C l = 4 K C l - J - I 2 + 4 N H 4 I 
+ 2 I r I 8 . W h e n t h e p r e c i p i t a t e is e x t r a c t e d w i t h a lcohol a n d w i t h wa te r , t h e t r i ­
iod ide r e m a i n s a s a g reen ish p o w d e r w h i c h is spa r ing ly soluble in wa t e r , a n d i n 
a lcohol , b u t m o r e soluble in h o t w a t e r . T h e ex i s tence of t h e t r i iod ide h a s n o t been 
conf i rmed. T h e e v a p o r a t i o n of t h e m o t h e r - l i q u o r o b t a i n e d in t h e p r e p a r a t i o n of 
t h e t r i i od ide , furn ishes c r y s t a l s of a m m o n i u m iodoperiridite, ( N H 4 ) 3 I r I 6 . | H 2 0 , in 
mic roscop ic needles , w h i c h w h e n ign i t ed leave a res idue of i r id ium. T h e sa l t is 
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n o t so luble in cold wa t e r , or a lcohol , b u t i t is so luble in h o t w a t e r . T . O p p l e r 
p r e p a r e d p o t a s s i u m i o d o p e r i o d i t e , K 3 I r I 6 , b y t r e a t i n g a soln. of i r i d i u m t r i ch lo r ide 
w i t h a cone . soln. of p o t a s s i u m iodide , a n d w a s h i n g t h e g reen , c rys t a l l ine p o w d e r . 
T h e sa l t furnishes a res idue of i r i d i u m a n d p o t a s s i u m iod ide w h e n i t is h e a t e d ; 
i t is n o t soluble in w a t e r , or a lcohol ; i t is d i sso lved s lowly b y ac ids ; a n d r e a d i l y 
d issolved b y w a r m a lka l i lye , t h e a lka l i lye does n o t a c t in t h e cold ; w i t h a g e n t l e 
h e a t , a b r o w n soln. is fo rmed , a n d w i t h s t r o n g e r h e a t i n g , t h e colourless soln . b e c o m e s 
v io le t . 

W . P a l m a e r p r e p a r e d i r i d i u m h e x a m m i n o i o d i d e , [ I r ( N H g ) 6 ] I 3 , b y t r e a t i n g t h e 
c o r r e s p o n d i n g h y d r o x i d e w i t h a n excess of h y d r i o d i c ac id . T h e yel low p y r a m i d s 
or p l a t e s lose iod ine w h e n h e a t e d . S imi l a r c h r o m i c a n d coba l t i c sa l t s a r e k n o w n . 
T h e sp . gr . of t h e sa l t is 3-291 a t 16-5°/4° ; a n d t h e mo l . vol . , 205-4. T h e sa l t is 
freely so luble in w a t e r — 1 p a r t of t h e sa l t d issolves i n 91 p a r t s of w a t e r a t 18° . 
B y t h e ac t ion of h y d r i o d i c ac id on t h e c o r r e s p o n d i n g n i t r a t e , i r i d i u m a c i u o p e n t -
a m m i n o i o d i d e , [ I r ( N H a ) 5 ( H a O ) ] I 3 , is fo rmed . T h e sp . gr . is 3-353 a t 14°/4° ; 
a n d t h e mo l . vol . , 201-9. S imi la r c h r o m i c a n d coba l t i c sa l t s a r e k n o w n . O n e p a r t of 
t h e sa l t d issolves in a b o u t 15 p a r t s of w a t e r a t r o o m t e m p . V. V. L e b e n d i n s k y , 
a n d A. W e r n e r a n d A. P . Smirnoff p r e p a r e d t h e d e x t r o - f o r m of i r i d i u m t r i s -
e t h y l e n e d i a m m i n o i o d i d e , [ I r e n 3 ] I 3 , w i t h a sp . r o t a t i o n of 42° in D- l igh t . A c c o r d i n g 
t o W . P a l m a e r , b y d e c o m p o s i n g a soln. of c h l o r o p e n t a m m i n o s u l p h a t e w i t h t h e 
t heo re t i c a l p r o p o r t i o n of b a r i u m iod ide , i r i d i u m c h l o r o p e n t a n u n i n o i o d i d e , 
[ I r ( N H 3 ) 5 C l ] I 2 , is fo rmed in ye l lowish-b rown, r h o m b i c p r i s m s , w i t h t h e a x i a l 
r a t i o s a : b : c=-0-94239 : 1 : 1-4220 ; W . Bi l t z g a v e for t h e sp . gr . , 3-118 a t 15-5°/4° ; 
a n d mol . vol . , 182-0. A s imi la r coba l t i c s a l t is k n o w n . T h e sa l t is so luble in 
w a t e r — 1 p a r t of sa l t d issolves in 104-5 p a r t s of w a t e r a t 15° ; a n d i r i d i u m i o d o -
p e n t a m m i n o i o d i d e , [ I r ( N H 3 ) 5 T ] I 2 , is f o rmed b y h e a t i n g t h e a q u o p e n t a m m i n o i o d i d e 
t o 100°. T h e s ix-s ided p r i s m s , a n d o c t a h e d r a be long t o t h e r h o m b i c s y s t e m , a n d 
h a v e t h e ax i a l r a t i o s a : b : c = 0 - 9 9 3 : 1 : 1 -552 ; W . Bi l tz g a v e for t h e sp . gr . 
3-586 a t 15-5°/4° ; a n d t h e mo l . vo l . , 183-8. S imi la r c h r o m i c a n d r h o d i u m sa l t s a r e 
k n o w n . O n e p a r t of sa l t d issolves in 345 p a r t s of w a t e r a t 14°, a n d in 50 p a r t s 
of boi l ing w a t e r . A . B . L a m b a n d L . T. F a i r h a l l o b s e r v e d t h a t t h e speed of 
convers ion t o t h e a q u o - s a l t is in acco rd w i t h t h e r e q u i r e m e n t s for a u n i m o l e c u l a r 
r eac t ion , a n d t h a t for e q u i l i b r i u m , a t 95° , w i t h soln. h a v i n g 0-00093 a n d 0-0038 
mol per l i t r e , t h e r e a r e p r e s e n t 47-5 a n d 13-1 p e r cen t , of t h e aquo - sa l t . A c c o r d i n g 
t o W . P a l m a e r , fuming hyd roch lo r i c ac id gives a sma l l c rys t a l l ine p r e c i p i t a t e , a n d 
t h e di l . ac id , n o p r e c i p i t a t e ; n i t r i c ac id g ives a ye l lowish-whi te , c rys t a l l ine p rec ip i ­
t a t e ; hydrofluosi l ic ic ac id , a p r e c i p i t a t e a f te r 24 h r s . ; n e u t r a l p o t a s s i u m c h r o m a t e , 
a p r e c i p i t a t e af ter 24 h r s . ; p o t a s s i u m d i c h r o m a t e , a n o range - r ed p r e c i p i t a t e ; 
b a r i u m d i t h i o n a t e , a p r e c i p i t a t e a f te r 24 h r s . ; s o d i u m p y r o p h o s p h a t e , n o p rec ip i ­
t a t e ; m e r c u r i c ch lo r ide , a w h i t e p r e c i p i t a t e ; p o t a s s i u m i o d o m e r c u r a t e , a p a l e 
yel low p r e c i p i t a t e ; p o t a s s i u m fe r rocyan ide o r f e r r i cyan ide , n o p r e c i p i t a t e ; gold 
ch lor ide , a yel lowish - b r o w n p r e c i p i t a t e ; a n d i r i d i u m t r i ch lo r ide , a b r o w n i s h -
yel low p r e c i p i t a t e . M. De lep ine a n d J . P i n e a u p r e p a r e d i r i d i u m c h l o r o b i s p y r i d i n o -
t r i a m m i n o i o d i d e , [ I r ( N H 3 ) 3 p y 2 C l ] I 2 . H 2 0 ; a n d M. De l ep ine , i r i d i u m d i c h l o r o -
b i s p y r i d i n o d i a m m in o iod ide , [ I r ( N H 3 ) 2 p y 2 C l 2 ] I 2 . Ye l lowish -b rown , ac i cu l a r c r y ­
s ta l s of i r i d i u m n i t r i t o p e n t a r n m i n o i o d i d e , [ I r ( N H g ) 5 ( N O 2 ) J l 2 , h a v e b e e n p r e ­
p a r e d , a n d l ikewise colourless leaflets o r p r i s m s of i r i d i u m d i j ^ t r i t o t e t r a i n i n i n o -
iod ide , [ I r ( N H 3 ) 4 ( N 0 2 ) 2 ] I . B y a d d i n g p o t a s s i u m iod ide t o a n a q . soln . of t h e 
co r r e spond ing chlor ide , ye l low need les of i r i d i u m dicMorotetraniXCLinoiodide, 
[ I r ( N H 3 )4C12] I , a re fo rmed . E . R o s e n b o h m s t u d i e d t h e m a g n e t i c su scep t i b i l i t y . 
A. W e r n e r a n d O. de Vries p r e p a r e d r a c e m i c i r i d i u m d i j l i t r i t o b i s e t h y l e n e d i a m i n o -
iod ide , [ I r e n 2 ( N 0 2 ) 2 ] I . 

J . L.. Lassa igne boi led a n a q . soln. of i r i d i u m t e t r a c h l o r i d e w i t h p o t a s s i u m iod ide , 
a n d hydroch lo r i c ac id , a n d o b t a i n e d a b l a c k p o w d e r w h i c h w a s s h o w n b y T . O p p l e r 
t o be i r i d i u m t e t r a i o d i d e , or i r i d i c i od ide , I r I 4 . T h i s s a l t g ives off iod ine a t a b o u t 
357° , b u t does n o t lose w e i g h t a t 100° ; i t is inso lub le i n w a t e r , b u t so luble in a s o l n . 
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of p o t a s s i u m iodide . T . O p p l e r obse rved t h a t p o t a s s i u m iodoiridate , K 2 I r I 6 , is 
fo rmed w h e n iod ine v a p o u r is pas sed ove r a m i x t u r e of finely-divided i r i d i u m a n d 
p o t a s s i u m iod ide a t 60° t o 70° ; w h e n a n aq . soln. of i r i d i u m t e t r a c h l o r i d e is 
p o u r e d i n t o a cone . soln. of p o t a s s i u m iodide , a n d t h e p r e c i p i t a t e w a s h e d w i t h 
cold w a t e r ; a n d w h e n a w a r m soln. of i r i d i u m t e t r a i o d i d e a n d p o t a s s i u m iodide is 
cooled. T h e d a r k g reen , o c t a h e d r a l c r y s t a l s c a n be d r i ed over ca l c ium ch lor ide ; 
t h e y d o n o t lose w e i g h t a t 100° ; a n d t h e y a r e soluble in w a t e r , b u t n o t in a lcohol . 
T h e r u b y - r e d aq . soln. is n o t r e d u c e d b y h y d r o g e n su lph ide in t h e cold, b u t w h e n 
w a r m , a t u r b i d i t y s lowly a p p e a r s , a n d a f te r some h o u r s , t h e i r i d i u m is p r e c i p i t a t e d 
a s su lph ide ; a m m o n i u m s u l p h i d e decolor izes t h e l iqu id p r o d u c i n g a d a r k r ed , 
flocculent p r e c i p i t a t e ; a n d t h e soln. is r e d u c e d b y s u l p h u r d iox ide . A q . a m m o n i a 
g ives a pa le ye l lowish-green or ye l l owi sh -b rown p r e c i p i t a t e wh ich forms w i t h a n 
excess of a m m o n i a a l emon-ye l low soln. , a n d if t h e a m m o n i a is expel led b y boi l ing , 
t h e l iquid becomes colour less w i t h o u t p r e c i p i t a t i o n . P o t a s s i u m fe r rocyan ide 
p r o d u c e s n o c h a n g e w i t h cold soln. , b u t a w a r m soln. becomes t u r b i d . S o d a lye 
a c t s on a soln. of t h e iod ide a s in t h e case of t h e ch lo r ide ; c o p p e r s u l p h a t e co lours 
t h e soln. c h e s t n u t - b r o w n , a n d w h e n i t is bo i led t h e co lour is green a n d a b lack c rys t a l ­
l ine p r e c i p i t a t e is f o r m e d ; a n d s i lver n i t r a t e g ives a d a r k green , a l m o s t b l ack , 
p r e c i p i t a t e . 

A c c o r d i n g t o F . K r a u s s a n d H . G-erlach, i r i d i u m t e t r a h y d r o x i d e is n o t a c t e d 
o n b y iod ine , b u t h y d r o g e n iod ide fo rms i r id ium aquotr i iodide , [ I r ( H 2 O ) I 3 ] . 2 H 2 O ; 
a n d w h e n t h e dihydrate is h e a t e d i t loses t w o mo l s . of w a t e r , a n d w h e n f u r t h e r 
h e a t e d i t fo rms t h e d i iod ide a n d m o n o i o d i d e . W h e n t h e a q u o t r i i o d i d e is d i sso lved 
i n w a t e r , i t p r o b a b l y fo rms tr i iodohydroxyir idic ac id , [ H [ I r ( O H ) I 3 ] . 

T . Opp le r p r e p a r e d s o d i u m iodoir idate , N a 2 I r I 6 , b y t h e m e t h o d s e m p l o y e d for 
t h e p o t a s s i u m sa l t , b u t be s t , b y t r e a t i n g a soln. of i r i d i u m t e t r a c h l o r i d e w i t h a n 
excess of a cone . soln. of s o d i u m iod ide , a d a r k r e d d i s h - b r o w n p r e c i p i t a t e of i r i d i u m 
a n d s o d i u m iod ide is f o r m e d w h i c h b e c o m e s d a r k b rown i sh -g reen w h e n t h e sa l t 
is i gn i t ed . I t is n o t so luble in cold w a t e r , b u t i t is spa r ing ly soluble in h o t 
w a t e r , a n d insoluble in a lcohol . T . O p p l e r o b t a i n e d a m m o n i u m iodoir idate , 
p r o b a b l y ( N H 4 ) 2 I r I 6 , b y a l lowing a soln. of finely-divided a m m o n i u m ch lo ro i r i da t e 
in a cold, cone . soln. of p o t a s s i u m iod ide , t o s t a n d for some weeks . T h e d a r k 
b r o w n c rys t a l s d e c o m p o s e w h e n i gn i t ed , f o r m i n g i r i d i u m . T h e sa l t is freely 
soluble in w a t e r , a n d i t d e c o m p o s e s in a q . soln. , a n d w h e n h e a t e d , a m m o n i u m 
iodo i r id i t e a n d i r i d i u m t e t r i o d i d e a r e fo rmed . T h e sa l t is so luble in ac ids , a n d in 
a lka l i lye . Alka l i lye s i m u l t a n e o u s l y r e d u c e s t h e sa l t a s in t h e case of t h e p o t a s ­
s i u m sa l t . A m m o n i u m iodo i r i da t e is n o t so luble in a lcohol . 
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lach , Ze.it. a?iorg. Chem., 147. 265 , 1925 ; A. B . L a m b a n d L. T. Fa i rha l l , Journ. Amer. Chem. 
Soc., 45. 378, 1923 ; J . L. Lassa igne , Journ. Chim. Med., (2), 1. 57, 1835 ; V. V. Lebend insky , 
Ann. Inst. JPlatine, 4. 235, 1926 ; T. Oppler , Ueber die Iodverbindun>ge.n des Iridiums, Go t t ingen , 
1857 ; W. Pa lmae r , Om Iridiums ammoniakaliska Fbreninger, Upsa la , 1895 ; Ber., 23 . 3810, 
189O ; 24. 2090, 1 8 9 1 ; Zeit. anorg. Chem., 10. 326, 1 8 9 5 ; 13. 211 , 1 8 9 6 ; E . Rosonbohm, 
Zeit. phys. Chem., 9 3 . 693, 1919 ; A. W e r n e r a n d A. P . Smirnoff, Helvetica Chim. Acta, 3 . 472, 
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§ 12. The Iridium Ammines 
I n 1828, J . J . Berze l ius * o b t a i n e d s o m e i m p u r e , indef ini te i r i d i u m ch lo ro -

a m m i n e s ; i n 1853 , M. Skoblikofr p r e p a r e d a few defini te a m m i n e s ; i n 1854, 
C. Claus r e p o r t e d s o m e m o r e ; a n d W . P a l m a e r , b e t w e e n 1889 a n d 1896, p r e p a r e d 
a n u m b e r of t h e c o m p l e x sa l t s a n d s t u d i e d t h e m in t h e l i g h t of t h e c o - o r d i n a t i o n 
t h e o r y . 

Ze.it
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A.—Derivat ives of bivalent iridium, with a co-ordination number 4 . 

I .—The t e t r a m m i n e fami ly , o r c o m p o u n d s of t h e b i v a l e n t , bas ic g r o u p [ I r A 4 ] " . 
Tetrammines, [ I r ( N H 8 ) 4 ] X 2 , r e p r e s e n t e d b y (1) ch lor ide ; (2) s u l p h a t e ; 

a n d (3) n i t r a t e . 
II.—The triammine family. 
I I I . — T h e d i a m m i n e fami ly , or c o m p o u n d s of t h e n u l l - v a l e n t g r o u p [ I r A 2 X 2 ] . 

Diammines, [ I r ( N H g ) 2 X 2 ] , r e p r e s e n t e d b y (1) t h e ch lo ro-sa l t ; a n d (2) 
t h e su lpha to - sa l t . 

B .—Deriva t ives of tervalent iridium with a co-ordination number 6. 

I . — T h e h e x a m m i n e fami ly , or c o m p o u n d s of t h e t e r v a l e n t bas ic g r o u p : [ I r A 6 ] " ' . 
(i) Hexammines, [ I r ( N H 3 ) 6 ] X 3 , r e p r e s e n t e d b y (1) h y d r o x i d e ; (2) ch lo r ide ; 

(3) b r o m i d e ; (4) iod ide ; (5) c a r b o n a t e ; a n d (6) n i t r a t e . 
(ii) Aquopentammines, [ I r ( N H s ) 5 ( H 2 O ) ] X 3 , r e p r e s e n t e d b y (1) ch lo r ide , a n d 

a c h l o r o p l a t i n a t e ; (2) b r o m i d e ; (3) n i t r a t e ; a n d (4) f e r rocyan ide . 
(iii) Bispyridinotetrammine, [ I r ( N H 3 ) 4 p y 2 ] X 3 , r e p r e s e n t e d b y t h e ch lo r ide , 
(iv) Trisethylenediammines, [ I r e n 3 ] X 3 , r e p r e s e n t e d b y r acemic , a n d d e x t r o -

a n d lsBvo-forms : (1) b r o m i d e ; (2) iod ide ; a n d (3) c a m p h o r n i t r o n a t e . 
(v) Aquobispyridinotriamminochloride, [ I r ( N H 3 ) 3 p y 2 ( H 2 0 ) ] X 3 , r e p r e s e n t e d 

b y t h e ch lor ide , a n d b y a c o m p l e x w i t h [ I r p y 2 C l 4 ] . 
I I . — T h e p e n t a m m i n e fami ly , o r c o m p o u n d s of t h e b i v a l e n t bas ic g r o u p : [ I r A 5 X ] " . 

(i) Hydroxypentamvnines, [ I r ( N H 3 ) 5 ( O H ) ] X 2 , r e p r e s e n t e d b y (1) t h e 
h y d r o x i d e ; (2) ch lo r ide ; a n d (3) n i t r a t e , 

(ii) Chloropentammines, [ I r ( N H 3 ) 5 C l ] X 2 , r e p r e s e n t e d b y (1) h y d r o x i d e ; 
(2) ch lor ide , a n d ch lo ropc r i r id i t e ; (3) b r o m i d e ; (4) iod ide ; (5) sul­
p h a t e ; (6) h y d r o s u l p h a t e ; (7) d i t h i o n a t e ; (8) ch lo ron i t r i t e ; (9) 
n i t r a t e ; a n d (10) o x a l a t e , 

(iii) Chloropyridinotetrammines, [ I r ( N H 3 ) 4 p y C l ] X 2 , r e p r e s e n t e d b y (1) t h e 
ch lor ide ; (2) c h l o r o m e r c u r a t e ; (3) s u l p h a t e : (4) d i c h r o m a t e ; a n d 
(5) p i c r a t e ; as "well as complexes w i t h [ I r p y 2 C l 4 ] , a n d w i t h [ I rpyCI 5 J . 

(iv) Chloroaquobispyridinodiammine, [ I r ( N H 3 ) 2 p y 2 ( H 2 0 ) C l ] X 2 , r e p r e s e n t e d 
b y t h e c a r b o n a t e , 

(v) Chlorotriamminobispyridines, [ I r ( N H 3 ) 3 p y 2 C l ] X 2 , r e p r e s e n t e d b y ( I ) t h e 
c o m p l e x w i t h t h e base [ I r p y 2 C l 4 ] " ; (2) ch lo r ide ; (3) b r o m i d e ; 
(4) iod ide ; a n d (5) s u l p h a t e . 

(vi) Bromopentammines, [ I r ( N H 3 ) 5 B r ] X 2 , r e p r e s e n t e d b y (1) b r o m i d e ; 
(2) s u l p h a t e ; a n d (3) n i t r a t e , 

(vii) Iodopentammines, [ I r ( N H 3 ) 5 I ] X 2 , r e p r e s e n t e d b y t h e iod ide , 
(viii) Nitritopentammines, [ I r ( N H 3 ) 5 ( N 0 2 ) ] X 2 , r e p r e s e n t e d b y (1) ch lo r ide ; 

(2) iod ide ; (3) s u l p h a t e ; a n d (4) n i t r i t e , 
(ix) Nitralopentammines, [ I r ( N H 3 ) 5 ( N 0 3 ) ] X 2 , r e p r e s e n t e d b y (1) n i t r a t e ; 

a n d (2) c h l o r o n i t r a t e . 
H I . — T h e t e t r a m m i n e f a m i l y , o r c o m p o u n d s of t h e u n i v a l e n t bas ic g r o u p : [ I r A 4 X 2 ] . 

(i) Dichlorotetrammines, [ I r ( N H 3 ) 4 C l 2 ] X , r e p r e s e n t e d b y (1) ch lo r ide , a n d 
t h e ch lo rope r i r i d i t e ; (2) b r o m i d e ; (3) i od ide ; a n d (4) s u l p h a t e , 

(ii) Dichlorobispyridinodiammines, [ I r ( N H 3 ) 2 p y 2 C l 2 ] R , r e p r e s e n t e d b y (1) 
chlor ide ; (2) b r o m i d e ; (3) iod ide ; (4) s u l p h a t e ; (5) h y d r o s u l p h a t e ; 
a n d (6) t h e c o m p l e x w i t h t h e b a s e [ I r p y 2 C l 4 ] ' \ 

(iii) Dinitritotetrammines, [ I r ( N H 3 ) 4 ( N 0 2 ) 2 ] X , r e p r e s e n t e d b y (1) ch lo r i de ; 
(2) b r o m i d e ; (3) i od ide ; (4) s u l p h a t e ; a n d (5) n i t r i t e , 

(iv) Dinitritobisethyelenediamminesy [ I r e n 2 ( N 0 2 ) 2 ] X , r e p r e s e n t e d b y r a c e m i c , 
a n d d e x t r o - a n d leevo-forms ; (1) b r o m i d e ; (2) iod ide ; (3) pe r -
ch lo ra te ; (4) n i t r a t e ; (5) b r o m o c a m p h o r s u l p h o n a t e ; a n d (6) 
c a m p h o r s u l p h o n a t e . 
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I V . — T h e t r i a m m i n e f a m i l y , or c o m p o u n d s of t h e n u l i - v a l e n t g r o u p : [ I r A 3 X 3 ] . 
(i) Triammines, [ I r ( N H 3 ) 3 X 3 ] , r e p r e s e n t e d b y (1) t h e chloro-sa l t , a n d (2) t h e 

n i t r i t o - sa l t . 
(ii) Trispyridines, [ I r p y 3 X 8 ] , r e p r e s e n t e d b y t h e cis- a n d t r ans - t r i ch lo ro - sa l t s . 

(iii) Trispicolines, [ I r ( C 6 H 7 N ) 3 X 3 ] , r e p r e s e n t e d b y t h e t r i ch loro-sa l t . 
(iv) Diaquopicolines, [ I r ( C 6 H 7 N ) H 2 O ) 2 X 3 ] , r e p r e s e n t e d b y t h e t r i ch loro-sa l t . 
(v) Aquobispyridines, [ I r p y 2 ( H 2 0 ) X 3 ] , r e p r e s e n t e d b y (1) h y d r o x y d i c h l o r o -

sa l t ; a n d (2) t h e ch lo roxa la to - sa l t . 
V . — T h e d i a m m i n e f a m i l y , o r c o m p o u n d s of t h e u n i v a l e n t bas ic g r o u p : [ I r A 2 X 4 ] " . 

(i) Tetrachlorobispyridinoperiridites, [ I r p y 2 C l 4 ] R , r ep re sen t ed b y (1) t h e 
p o t a s s i u m , a n d (2) a m m o n i u m sa l t s ; a n d complexes w i t h 
(3) [ I r ( N H 3 ) 2 p y 2 C l 2 ] , a n d (4) [ I r p y 2 C l 4 ] . 

(ii) Dioxalatobispyridinoperiridites, [ I r p y 2 ( C 2 0 4 ) 2 ] R , r e p r e s e n t e d b y t h e 
p o t a s s i u m sa l t . 

V I . — T h e m o n a m m i n e fami ly , o r c o m p o u n d s of t h e b iva l en t bas ic g r o u p : 
[ I r A . X 5 ] - . 

Penlachloropyridines, [ I r p y C l 5 ] R 2 , r e p r e s e n t e d b y t h e acid a n d t h e 
p o t a s s i u m sa l t . 

V l T . — T h e h e x a - a c i d f a m i l y , or t h e c o m p o u n d s of t h e t e r v a l e n t ac id ic g r o u p : 
[ I r X 6 ] ' " , r e p r e s e n t e d b y t h e chloro- , b r o m o - , iodo- , su lph i to - , s u l p h a t o - , 
n i t r i t o - , n i t r a t o - , a n d o t h e r pe r i r id i t e s . 

C.—Derivat ives of quadrivalent iridium, with a, co-ordination number 6. 
I.—The hexammine family. 
II.—The pentammine family. 
I I I . — T h e te tram m i n e f a m i l y , o r c o m p o u n d s of t h e b i v a l e n t acidic g r o u p : 

[ I r A 4 X 2 ] " . 
JDichlorofetrammines, [ I r ( N H 3 ) 4 C ] 2 | X 2 , r ep re sen ted b y (1) c h l o r i d e ; and 

(2) s u l p h a t e . 
IV.—The triammine family. 
V . — T h e d i a m m i n e f a m i l y , o r c o m p o u n d s of t h e nu l l -va l en t g r o u p : [TrA 2X 4I-

(i) Tetrachlorohispyridxne, [ I r p y 2 C l 4 ] . 
(ii) Tetrachlorobispicoline, [ I r ( C 6 H 7 N ) 2 C l 4 ] . 

V I . — T h e m o n a m m i n e f a m i l y , or c o m p o u n d s of t h e u n i v a l e n t bas ic g r o u p : [ I r A X 5 ]". 
Pentachloropyridines, [ I r p y C l 5 ] R , r e p r e s e n t e d b y t h e acid w h e n R rej>re­

s e n t s H*. 
V I I . — T h e h e x a - a c i d f a m i l y , o r c o m p o u n d s of t h e b i v a l e n t ac id ic g r o u p : [ I r X 6 ] " , 

r e p r e s e n t e d b y t h e ch lo ro- , b r o m o - , iodo- a n d o t h e r i r ida te s . 
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§ 13. The Iridium Sulphides and Sulphates 
Accord ing t o J . J . Berze l ius , 1 w h e n i r i d i u m is h e a t e d in s u l p h u r v a p o u r , i t 

t a k e s u p s u l p h u r w i t h a s l ight i ncandescence , b u t p a r t of t h e m e t a l r e m a i n s u n -
c o m b i n e d . R . B o t t g e r , a n d U . A n t o n y sa id t h a t i r id ium monosu lph ide , I r S , is 
f o rmed w h e n one of t h e h ighe r su lph ides is h e a t e d o u t of c o n t a c t w i t h a i r ; a n d 
J . J . Berze l ius q b t a i n e d i t b y t h e a c t i o n of h y d r o g e n su lph ide on a n i r idous sa l t , 
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a n d -washing t h e p r e c i p i t a t e w i t h a soln. of a m m o n i u m ch lor ide o r a n a c i d t o p r e v e n t 
i t pas s ing t h r o u g h t h e filter-paper—as a colloid. H . Gr. K r a l l , a n d L . W o h l e r a n d 
co-workers obse rved t h a t a t 600°, i n n i t r o g e n , t h e h i g h e r su lph ides f o r m t h e m o n o -
su lph ide . Accord ing t o J . J . Berze l ius , w h e n t h e s u l p h i d e is p r e p a r e d in t h e dry-
w a y , i t is d a r k grey , or b lu i sh -b lack ; a n d w h e n p r e p a r e d in t h e w e t w a y , d a r k 
ye l lowish-brown. J . J . Berze l ius o b s e r v e d t h a t t h e s u l p h i d e is n o t d e c o m p o s e d b y 
ign i t ion in a closed vessel , b u t w h e n r o a s t e d i n a i r , i t g ives off s u l p h u r d i o x i d e , a n d 
leaves a res idue of bas ic s u l p h a t e . T h e su lph ide p r e p a r e d in t h e d r y w a y is inso lub le 
in n i t r i c ac id , a n d insoluble or spa r ing ly soluble in a q u a reg ia ; t h a t p r e p a r e d b y t h e 
w e t process r ead i ly dissolves , e v e n in cold n i t r i c ac id , f o rming a b r o w n s u l p h a t e i n 
t h e cold a n d n o t i n excess , a n d a n orange-ye l low s u l p h a t e if t h e ac id b e h o t a n d 
in excess . T h e p r e c i p i t a t e d su lph ide dissolves in a soln. of p o t a s s i u m su lph ide 
m o r e r ead i ly t h a n is t h e case w i t h t h e p r e c i p i t a t e d p l a t i n u m su lph ide . T h e a l leged 
f o r m a t i o n of a r e d d i s h - b r o w n soln. w i t h w a t e r is d u e t o t h e f o r m a t i o n of a d i spe r sed 
colloid-—vide supra. V. N . Ivanoff o b t a i n e d complexes w i t h t h i s c a r b a m i d e of 
va r i ab l e compos i t ion . 

Accord ing t o J . J . Berze l ius , a n d A. Bet tendorfT, i r id ium sesqi i i sulphide , or 
ir idium hemitr isulphide , I r 2 S 3 , is fo rmed w h e n a sa l t of t e r v a l e n t i r i d i u m is t r e a t e d 
w i th h y d r o g e n su lph ide . T h e p r e c i p i t a t e is d a r k b r o w n , or o range-ye l low. I t does 
n o t become acidic w h e n dr ied , a n d if h e a t e d , i t first g ives off w a t e r a n d s u l p h u r 
d ioxide , a n d a f t e rwards s u l p h u r is g iven off u n t i l t h e m o n o s u l p h i d e is f o r m e d . 
I t b e h a v e s t o w a r d s n i t r i c ac id , a n d p o t a s s i u m s u l p h i d e l ike t h e p r e c i p i t a t e d m o n o -
su lph ide . I t s a l leged s p a r i n g so lub i l i t y i n w a t e r t o fo rm a ye l low soln. is p r o b a b l y 
d u e t o t h e d i spers ion of t h e colloid, b e c a u s e t h e d i spe r s ion does n o t occu r in t h e 
p resence of e l ec t ro ly tes . 

L.. N . V a u q u e l i n r e p o r t e d i r id ium disulphide , or ir idic su lphide , I r S 2 , t o b e 
fo rmed b y h e a t i n g a m m o n i u m ch lo ro i r i da t e w i t h a n e q u a l we igh t of s u l p h u r ; 
L . R . v o n F e l l e n b e r g , b y h e a t i n g a m i x t u r e of finely-divided i r i d ium, s u l p h u r , a n d 
a lka l i c a r b o n a t e a n d l each ing o u t t h e soluble m a t t e r s w i t h w a t e r . R . B o t t g e r 
o b t a i n e d i t b y a l lowing a soln. of d r y i r i d i u m t e t r a c h l o r i d e , a b s o l u t e a lcohol , a n d 
c a r b o n d i su lph ide t o s t a n d in a b o t t l e , w i t h f r e q u e n t a g i t a t i o n , for a b o u t a week ; 
t h e b lack , ge l a t inous m a s s is tw ice w a s h e d w i t h a lcohol t o r e m o v e t h e c a r b o n 
d i su lph ide , boi led w i t h a l a rge p r o p o r t i o n of w a t e r , w a s h e d un t i l free f rom ch lo r ides , 
p ressed b e t w e e n b i b u l o u s p a p e r , a n d d r i ed in v a c u o be low 125°, o v e r s u l p h u r i c 
ac id . J . J . Berze l ius r e p o r t e d t h e d i su lph ide t o be f o r m e d b y p a s s i n g h y d r o g e n 
su lph ide i n t o a n aq . soln. of i r i d i u m t e t r a c h l o r i d e , or p o t a s s i u m ch lo ro i r i da t e , a n d , 
acco rd ing t o L . R . v o n Fe l l enbe rg , w a s h i n g t h e p r e c i p i t a t e w i t h bo i l ing w a t e r , 
d r y i n g i t in v a c u o , a n d t h e n h e a t i n g i t i n a n a t m . of c a r b o n d iox ide . H . G. K r a l l , 
a n d L . W o h l e r a n d co-workers found t h a t i r i d i u m t r i c h l o r i d e a n d d r y h y d r o g e n 
su lph ide , a t 600°, fo rm t h e d i su lph ide . XJ. A n t o n y r e c o m m e n d e d p r e p a r i n g t h e 
d i su lph ide b y pass ing h y d r o g e n su lph ide ove r l i t h i u m ch lo ro i r i da t e a t 4° t o 7°-—no 
ac t i on occurs be low 0° , a n d a b o v e 10°, t h e a t t a c k is v e r y r a p i d a n d free s u l p h u r is 
f o rmed ; t h e p r o d u c t is r e p e a t e d l y e x t r a c t e d w i t h a b s o l u t e a lcohol , a n d d r i e d a t 
90° t o 100° i n a c u r r e n t of c a r b o n d iox ide . 

C. Claus den i ed t h e s t a t e m e n t t h a t t h e d i su lph ide is f o r m e d b y pa s s ing h y d r o g e n 
su lph ide t h r o u g h a soln. of a sa l t of q u a d r i v a l e n t i r i d i u m . T h e i r id ic s a l t is r e d u c e d 
whol ly or p a r t i a l l y t o s u l p h u r a n d a sa l t of t e r v a l e n t i r i d i u m b y t h e h y d r o g e n sul ­
p h i d e , so t h a t , as p r o v e d by U. A n t o n y , t h e p r e c i p i t a t e is a m i x t u r e of t h e h e m i t r i -
su lph ide a n d t h e d i su lph ide . U . A n t o n y pas sed h y d r o g e n s u l p h i d e t h r o u g h a 2 
p e r cen t . a q . soln. of p o t a s s i u m ch lo ro i r ida te a t 90° t o 100°, a n d o b s e r v e d t h a t a 
b r o w n p r e c i p i t a t e w a s formed, a n d t h e soln. g r a d u a l l y los t i t s d a r k co lour , b u t , 
e v e n a f te r a p ro longed exposure t o t h e gas , i t st i l l r e m a i n e d r edd i sh -ye l l ow ; t h e 
p r e c i p i t a t e was washed w i t h a soln. of h y d r o g e n s u l p h i d e o u t of c o n t a c t w i t h a i r , 
a n d d r i ed a t 90° in a c u r r e n t of c a r b o n d iox ide . T h e p o w d e r d i d n o t c h a n g e i n 
a i r , i t c o n t a i n e d no free su lphu r , a n d i t s c o m p o s i t i o n a p p r o x i m a t e d t o t h a t of t h e 
m i x t u r e 2 I r S 2 . I r 2 S 3 . I f t h e t r e a t m e n t w i t h h y d r o g e n s u l p h i d e t a k e s p l a c e a t 20° 
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t o 30° , a smal le r p r o p o r t i o n of se squ i su lph ide is fo rmed, a n d t h e m i x t u r e a p p r o x i ­
m a t e s 6 I r S 2 - I r 2 S 3 ; a n d a t 0° , a st i l l l a rge r p r o p o r t i o n of d i su lph ide is p r e s e n t in 
t h e m i x t u r e . H e n c e i t is imposs ib le b y t h e w e t m e t h o d t o p r e p a r e t h e d i su lph ide 
w i t h o u t a d m i x e d se squ i su lph ide . 

I r i d i u m d i su lph ide is v a r i o u s l y desc r ibed a s a b lack , b r o w n , or ye l lowish-brown 
p o w d e r . U . A n t o n y sa id t h a t m o i s t a i r h a s n o ac t ion on t h e p r o d u c t p r e p a r e d 
i n t h e d r y w a y . L . N . V a u q u e l i n obse rved t h a t w h e n t h e d i su lph ide is r o a s t e d in 
a i r , i r i d i u m is f o r m e d ; U . A n t o n y sa id t h a t t h i s r e ac t i on occurs in a i r a t 300° ; 
a n d t h a t t h e p r o d u c t is r e d u c e d t o a lower s u l p h i d e w h e n h e a t e d in c a r b o n d iox ide . 
Lt. R . v o n F e l l e n b e r g o b s e r v e d t h a t a t o r d i n a r y t e m p , ch lor ine does n o t decompose 
t h e p r o d u c t o b t a i n e d i n t h e d r y w a y , b u t a t a h ighe r t e m p . , s u l p h u r ch lor ide , and 
i r i d i u m ch lo r ide a r e fo rmed . T h e s u l p h i d e res is ts a t t a c k b y hydroch lo r i c and 
n i t r i c a c id s ; i t i s d e c o m p o s e d b y f u m i n g n i t r i c ac id , a n d b y a q u a regia ; i t is 
n o t d e c o m p o s e d b y bo i l ing a q . a m m o n i a , o r b y soln. of p o t a s s i u m h y d r o x i d e or 
s o d i u m c a r b o n a t e . H . G. K r a l l , a n d L . W o h l e r a n d co-workers found t h a t a t 
600°, i r i d i u m t r i ch lo r ide a n d s u l p h u r a t 600° fo rm i r i d i u m t r i s u l p h i d e , I r S 3 , wh ich 
a t 700° , in n i t r o g e n , pas ses i n t o t h e m o n o s u l p h i d e . 

J . J . Berze l ius , a n d L . R . v o n F e l l e n b e r g o b s e r v e d t h a t w h e n a m i x t u r e of finely-
d i v i d e d i r i d i u m , p o t a s s i u m h y d r o x i d e , a n d s u l p h u r is fused for some t i m e , a n d t h e 
cold p r o d u c t e x t r a c t e d w i t h w a t e r , a p o t a s s i u m i r i d i u m s u l p h i d e r e m a i n s . Accord­
i n g t o F . H o c h t l e n , a n d K . A. H o f m a n n a n d "F. H d c h t l e n , w h e n a m i x t u r e of i r i d ium 
t r i ch lo r ide a n d a m m o n i u m p o l y s u l p h i d e is k e p t for a few m o n t h s , b r o w n , t e t r a g o n a l 
o c t a h e d r a of a m m o n i u m i r i d i u m s u l p h i d e , ( N H 4 ) 3 I r S 1 5 , o r I r ( N H 4 S 5 ) 3 , a re formed. 
T h e ax i a l r a t i o is a : c=l : 1-093. 

J . J . Berze l ius , 2 a n d E . Ur i coechea , t h o u g h t t h a t t h e y h a d p r e p a r e d i r i d o u s 
s u l p h a t e * p r e s u m a b l y I rSO 4 .WH 2 O, b y e v a p o r a t i n g a soln. r e m a i n i n g af ter prec ip i ­
t a t i n g s u l p h i d e f rom a soln. of p o t a s s i u m ch lo ro i r i da t e . T h e b rownish-g reen 
a m o r p h o u s m a s s is so luble in w a t e r . T h e ex i s t ence of t h i s sa l t h a s n o t been con­
f i rmed. J . J . Berze l ius , a n d E . U r i c o e c h e a also sa id t h a t w h e n recen t ly prec ip i ­
t a t e d i r i d i u m d i s u l p h i d e is d i g e s t e d i n cold n i t r i c ac id , n o t sufficient t o dissolve i t 
c o m p l e t e l y , a g reen i sh- or r e d d i s h - b r o w n soln. of i r i d i u m h e m i t r i s u l p h a t e , or i r i d i u m 
s e s q u i s u l p h a t e , p r e s u m a b l y I r 2 ( S 0 4 ) 3 . n H 2 0 , is fo rmed . Iv. Mar ino o b t a i n e d th i s 
sa l t b y c ry s t a l l i z a t i on f rom a soln. of t h e h y d r a t e d sesqu iox ide in di l . su lphur i c 
ac id , a n d in a b s e n c e of a i r . 

M. Skoblikoff, a n d W . P a l m a e r p r e p a r e d i r i d o u s s u l p h a t o d i a m m i n e , 
[ I r ( N H 3 ) 2 ( S 0 4 ) J , b y t h e a c t i o n of s u l p h u r i c ac id on t h e ch lor ide . T h e o range -
yel low c r y s t a l s a r e so luble i n w a t e r ; t h e c o r r e s p o n d i n g i r i d o u s t e t r a m m i n o -
su lphate , [ I r ( N H 3 ) 4 ] S 0 4 , c rys ta l l i zes in r h o m b i c p r i s m s wh ich d e c o m p o s e on 
h e a t i n g , a n d a re eas i ly soluble in w a t e r . W . P a l m a e r p r e p a r e d i r i d i u m c h l o r o -
p e n t a x n i n i n o s u l p h a t e , [ I r ( N H 3 ) 4 C l ] S 0 4 . 2 H 2 0 , b y t h e ac t i on of cone, su lphur i c ac id 
o n t h e c h l o r o p e n t a m m i n o c h l o r i d e ; i t f o rms pa l e yel low, monocl in ic c rys t a l s , 
w i t h t h e a x i a l r a t i o s a : b : c = 1-1984 : 0-74831, a n d yS=84° 4 8 | ' ; t h e sp . gr . is 
2-691 a t 15° ; a n d t h e mo l . vol . , 152-3. S imi l a r ch romic , coba l t ic , a n d r h o d i u m 
sa l t s a r e k n o w n . O n e p a r t of t h e a n h y d r o u s sa l t a t 15° dissolves in 134-5 p a r t s of 
w a t e r . E . R o s e n b o h m s t u d i e d t h e m a g n e t i c suscep t ib i l i t y . H e also p r e p a r e d 
iridium cUoropentamminohydrosulphate, 4[Ir(NH3)5Cl]S04 .3H2SO4 .3H2O, in pale 
yel low p r i s m s . S imi l a r c h r o m i c , coba l t i c , a n d r h o d i u m sa l t s a r e k n o w n . 
W. Palmaer obtained iridium bromopentamminosulphate, [ I r (NH 3 ) 5 Br]S0 4 .H 2 0 , 
i n ye l low p l a t e s , b y t r i t u r a t i n g t h e n i t r a t e w i t h a n excess of su lphu r i c ac id . 
M. D e l e p i n e a n d J . P i n e a u p r e p a r e d i r i d i u m c h l o r o p y r i d i n o t e t r a m m i n o s u l -
phate , [ I r ( N H 3 ) 4 p y C l ] S 0 4 ; a n d i r id ium c h l o r o b i s p y r i d i n o t r i a m m i n o s u l p h a t e , 
[ I r ( N H 3 ) 3 p y 2 C l ] S 0 4 . 3 H 2 0 ; a n d M. De lep ine , i r i d i u m d i c h l o r o b i s p y r i d i n o d i a m -
minosulphate, [ I r (NH 3 )2py2Cl2]2S04 , and iridium dichlorobispyridinodiammino-
hydrosu lphate , [ I r ( N H s ) 2 p y 2 C l 2 ] H S 0 4 . A s imi la r coba l t i c sa l t is k n o w n . C. Claus 
prepared iridium sulphatopentamniinosulphate, [ I r(NH 3) 5S0 4](S0 4) 2 : iridium 
nitritopentaroniinOSUlphate, [ I r ( N H 3 ) 5 ( N 0 2 ) ] S 0 4 , is o b t a i n e d b y t r e a t i n g t h e 
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c o r r e s p o n d i n g chlor ide of t h e series w i t h s o d i u m s u l p h a t e ; i r id ium dini tr i to-
t e t ramminosu lphate , [ I r ( N H 3 ) 4 ( N 0 2 ) 2 ] 2 S 0 4 . £ H 2 0 , i n ac icu la r c rys t a l s , b y d e c o m ­
pos ing t h e ch lor ide w i t h potassium, s u l p h a t e or su lphu r i c ac id ; a n d i r id ium 
dicMorotetra inminosulphate , [ I r ( N H 3 ) 4 C l 2 ] 2 S 0 4 . H 2 0 , i n yel low leaflets, b y t r i ­
t u r a t i n g t h e cor respond ing chlor ide w i t h cone , s u l p h u r i c ac id . A. W e r n e r a n d 
O. d e Vries , a n d M. Skoblikoff also p r e p a r e d t h i s sa l t . 

I J . d e B o i s b a u d r a n obse rved t h a t w h e n a n i r i d i u m sa l t is fused a t a du l l r e d - h e a t 
w i t h p o t a s s i u m h y d r o s u l p h a t e in a gold cruc ib le for s o m e m i n u t e s , e i t h e r d i r e c t l y 
or a f te r i t h a s been e v a p o r a t e d w i t h excess of su lphu r i c ac id , u n t i l w h i t e fumes a r e 
g iven off, a n d , w h e n t h e p r o p o r t i o n of i r i d i u m is n o t t o o g rea t , t h e r e s idue d isso lves 
comple t e ly in h o t wa t e r , fo rming a so lu t ion wh ich is u sua l l y green , b u t is s o m e t i m e s 
b lue or v io le t . Cone. soln. o n cooling depos i t potass ium sulphatoperir idite , 
K 3 I r ( S 0 4 ) 3 , a s a g reen , c rys ta l l ine p o w d e r . W h e n depos i t ed s lowly f rom cone, soln . , 
i t fo rms smal l t r a n s p a r e n t c rys t a l s , w h i c h h a v e n o a c t i o n on po la r i zed l igh t , a n d 
a r e a p p a r e n t l y o c t a h e d r a , f l a t t ened para l l e l w i t h one of t h e faces. I t d issolves in 
w a t e r or di l . su lphur i c ac id , b u t is inso luble in a s a t . soln. of p o t a s s i u m s u l p h a t e , 
a n d i n di l . a lcohol . A n ac id ic soln. of t h e sa l t is n o t a l t e r e d b y boi l ing ; b u t if 
t h e soln. is n e a r l y n e u t r a l , a n d especia l ly if i t c o n t a i n s a c e r t a i n p r o p o r t i o n of 
p o t a s s i u m s u l p h a t e , t h e g reen colour r a p i d l y c h a n g e s t o a v e r y p a l e rose t i n t , a n d 
p o t a s s i u m h y d r o x i d e or a m m o n i a n o w p r e c i p i t a t e s t h e i r i d i u m i n t h e fo rm of a n 
ox ide , w h i c h dissolves in di l . s u l p h u r i c ac id , fo rming a d e e p v io le t soln. W i t h 
a m m o n i a , t h e p r e c i p i t a t i o n is i n c o m p l e t e . A n excess of p o t a s s i u m h y d r o x i d e 
a d d e d t o t h e g reen soln. in t h e cold c h a n g e s t h e co lour t o p a l e b lue , w i t h o u t a n y 
i m m e d i a t e p r e c i p i t a t i o n ; b u t on h e a t i n g i t , a r i ch v io le t co lour is qu i ck ly d e v e l o p e d , 
a n d t h e i r i d i u m r a p i d l y s e p a r a t e s o u t a s a b lue-v io le t ox ide , soluble in d i l . s u l p h u r i c 
ac id ; s o m e t i m e s t h e co lour p r o d u c e d b y p o t a s s i u m h y d r o x i d e is v io le t -g rey , a n d 
t h e p r e c i p i t a t e is also v io le t -g rey , b u t i t y ie lds t h e s a m e r i ch v io le t soln . w i t h di l . 
s u lphu r i c ac id . T h e g reen sa l t is n o t a l t e r e d b y di l . h y d r o c h l o r i c ac id , n o r b y 
hyd roch lo r i c ac id a n d iod ine , b u t h o t di l . n i t r i c ac id c h a n g e s t h e co lour t o a some­
w h a t feeble b lue-vio le t . A q u a regia decomposes t h e sa l t c o m p l e t e l y w i t h f o r m a t i o n 
of i r i d i u m t e t r a c h l o r i d e , a n d t h e s u l p h u r i c ac id c a n be p r e c i p i t a t e d b y b a r i u m 
chlor ide . If b a r i u m chlor ide is a d d e d t o a soln. of t h e or ig ina l s a l t , t h e p r e c i p i t a t e d 
b a r i u m s u l p h a t e h a s a deep g reen colour , a n d r e t a i n s a cons ide rab le q u a n t i t y of 
i r i d ium, wh ich is n o t r e m o v e d e v e n b y a q u a reg ia . A soln. of t h e g reen sa l t i n 
di l . su lphu r i c ac id acqu i r e s a p a l e b lue-v io le t colour , w h e n h e a t e d w i t h p o t a s s i u m 
p e r m a n g a n a t e . I f hyd roch lo r i c ac id is p r e v i o u s l y a d d e d , t h e co lour p r o d u c e d is 
v e r y d e e p green . A h y d r o c h l o r i c ac id soln . of t h e sa l t a lso acqu i r e s a d e e p g r e e n 
colour w h e n h e a t e d w i t h p o t a s s i u m c h l o r a t e . S u l p h u r d i o x i d e h a s n o a c t i o n o n a 
h o t ac id soln. of t h e sa l t . 

M. De l ep ine o b t a i n e d t h e hydrate, K 3 I r S O 4 . H 2 O , i n r e c t a n g u l a r or h e x a g o n a l 
c rys t a l s , b y bo i l ing p o t a s s i u m o r a m m o n i u m ch lo rope r i r i d i t e for seve ra l h o u r s 
w i t h cone , s u l p h u r i c ac id , a n d , a f t e r a d d i n g p o t a s s i u m s u l p h a t e , g r a d u a l l y r a i s ing 
t h e t e m p , t o 520° t o 530° ; t r e a t i n g t h e sol id p r o d u c t w i t h cold w a t e r ; d i s so lv ing 
t h e g reen i sh -b lue p o w d e r w h i c h r e m a i n s i n boi l ing w a t e r ; a n d cool ing t h e soln . 
Th i s sa l t loses i t s w a t e r a t 110°. A n a q . soln. of t h e sa l t is c o m p l e t e l y o r p a r t i a l l y 
p r e c i p i t a t e d b y a d d i n g v a r i o u s s a l t soln . , a n d t h u s a r e f o r m e d t h e c o r r e s p o n d i n g 
rub id ium sulphatoperir idi te , R b 3 I r ( S 0 4 ) 3 ; s i lver sulphatoper ir id i te , Ag 3 I r (SO 4 J 3 ; 
s t ront ium sulphatoperir idi te , S r 3 { I r ( S 0 4 ) 3 } 2 ; m e r c u r o u s sulphatoperir idi te , 
H g 3 I r ( S 0 4 ) 3 ; mercur ic sulphatoperir id i te , H g 3 { I r ( S 0 4 ) 3 } 2 ; t h a l l o u s s u l p h a t o p e r ­
iridite, T l 3 I r (SO 4 J 3 ; t h o r i u m sulphatoperir idi te , T h I r ( S 0 4 ) 3 ; b i s m u t h s u l p h a t o ­
periridite, B i I r ( S 0 4 ) 3 ; q u i n i n e sulphatoperir idite , a s wel l a s s t rychn ine s u l p h a t o ­
periridite. T h e formulae d o n o t e x p l a i n a l l t h e r e a c t i o n s of t h e sa l t s . T h e p r ec ip i ­
t a t e d sa l t s h a v e a b lu i sh -g reen co lour , a n d , a s i n t h e case of t h e p o t a s s i u m sa l t , t h e 
c o n t a i n e d su lphur i c ac id is n o t p r e c i p i t a t e d b y b a r i u m soln. ; t h e b a r i u m sa l t , i n 
f ac t , dissolves in ac ids w i t h o u t p r e c i p i t a t i o n of a n y b a r i u m s u l p h a t e . A m m o n i a , 
a n d t h e a lka l i h y d r o x i d e s a n d c a r b o n a t e s d e c o m p o s e t h e s e c o m p l e x sa l t s , a n d t h e 
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i r i d i u m is p r e c i p i t a t e d in t h e fo rm of a v io le t -co loured oxide . T h e greenish-b lue 
co lour of soln. of t h e p o t a s s i u m sa l t is c h a n g e d b y r educ ing t o a l igh t yellow, b u t 
t h e a d d i t i o n of ox id iz ing a g e n t s c o n v e r t s t h e yel low i n t o b lue aga in . B a r i u m 
s u l p h a t e is n o t p r e c i p i t a t e d f rom e i t h e r t h e yel low or b lue soln. on t h e a d d i t i o n of a 
so luble b a r i u m sa l t . A . B e n r a t h a n d co-workers o b t a i n e d chromic h e x a m m i n o -
sulphatochloroiridate, [Cr(NH3)6]2(S04)2(IrCl6). 

1«. M a r i n o obse rved t h a t t e r v a l e n t i r i d i u m s u l p h a t e , l ike t h e t e r v a l e n t s u l p h a t e s 
of r h o d i u m , a n d coba l t , f o rms 'with t h e a lka l i s u l p h a t e s a series of well-defined 
i r id ium a l l ims wh ich a r e i s o m o r p h o u s w i t h t h e co r r e spond ing a l u m s of a l u m i n i u m , 
c h r o m i u m , m a n g a n e s e , a n d i ron . B y c o n c e n t r a t i n g in v a c u o over su lphur ic ac id , 
a m i x t u r e of t h e t heo re t i c a l p r o p o r t i o n s of soln. of a m m o n i u m su lpha t e , a n d 
i r i d i u m h e m i t r i s u l p h a t e , ye l lowish-green o c t a h e d r a of a m m o n i u m ir id ium disu l ­
p n a t e , N H 4 I r ( S 0 4 ) 2 . 1 2 H 2 0 , were o b t a i n e d . T h e c rys ta l s me l t a t 105° t o 106°, 
a n d a t a h ighe r t e m p , t h e c o m b i n e d w a t e r is expel led , a n d a t a r ed -hea t , i r i d ium 
r e m a i n s . F . K o r t e n , a n d E . R i m b a c h a n d F . K o r t e n , also p r e p a r e d t h i s a l u m . 
L . M a r i n o s imi la r ly p r e p a r e d p o t a s s i u m ir id ium disulpnate , K I r ( S 0 4 ) 2 . 1 2 H 2 0 , in 
ye l low o c t a h e d r a w h i c h beg in t o m e l t a t a b o u t 96° , a n d a re comple t e ly fused a t 
102° t o 103°. T h e c r y s t a l s a r e d e h y d r a t e d in h o t a i r , a n d t h e green or v io le t 
a n h y d r o u s sa l t r e m a i n s soluble in w a t e r un less t h e t e m p , of d e h y d r a t i o n exceeded 
400° . A t a r e d - h e a t , a bas ic s u l p h a t e a n d i r i d i u m a re fo rmed . L . Mar ino t h u s 
p r e p a r e d rub id ium ir id ium disu lpnate , R b I r ( S 0 4 ) 2 . 1 2 H 2 0 : 

A c o n e . so ln . of i r i d i u m t e t r a c h l o r i d e -was r e d u c e d b y t h e e lec t r i c c u r r e n t y i e ld ing t h e 
t r i c h l o r i d e w h i c h , on p r e c i p i t a t i o n w i t h x>otassium h y d r o x i d e free f rom a l u m , g a v e t h e 
h y d r a t e d h e m i t r i o x i d e . T h e l a t t e r w a s t h o r o u g h l y w a s h e d o u t of c o n t a c t w i t h t h e a i r 
a n d d i s so lved in t h e m i n i m u m q u a n t i t y of d i l . s u l p h u r i c a c i d . T h e c a l c u l a t e d a m o u n t of 
r u b i d i u m s u l p h a t e w a s t h e n a d d e d a n d t h e l i qu id e v a p o r a t e d in v a c u o o v e r s u l p h u r i c 
a c id t o f u r n i s h p a l e ye l low o c t a h e d r a . 

T h e a l u m r e m a i n s u n a l t e r e d in a i r w h e t h e r i t be solid or i n a q . soln. I t m e l t s a t 
108° t o 109°. F . K o r t e n , a n d E . R i m b a c h a n d F . K o r t e n a lso p r e p a r e d t h i s a l u m . 
Li. M a r i n o also p r e p a r e d c ee s ium i r id ium d i su lpnate , C s I r ( S 0 4 ) 2 . 1 2 H 2 0 , in a s imi l a r 
m a n n e r . T h e o c t a h e d r a l c r y s t a l s m e l t a t 109° t o 110° . T h e aq . soln. is ye l low 
a t o r d i n a r y t e m p . , b u t i t b ecomes p i n k w h e n w a r m e d a b o v e 43°. F . K o r t e n , 
a n d E . R i m b a c h a n d F . K o r t e n also p r e p a r e d t h i s a l u m . L . M a r i n o s imi la r ly 
p r e p a r e d tha l lous i r id ium disu lpnate , T l I r ( S 0 4 ) 2 . 1 2 H 2 0 , w h i c h fo rms go lden-
yel low o c t a h e d r a . 

Accord ing t o J . J . Berze l ius , a soln. of i r i d i u m d i su lph ide in a n excess of w a r m 
n i t r i c ac id y ie lds a b rownish-ye l low soln. I f cone , n i t r i c ac id be e m p l o y e d , t h e 
r e su l t i ng iridic su lphate , o r i r id ium disulpnate , I r ( S 0 4 ) 2 , r e m a i n s und i s so lved a s 
a b r o w n , a m o r p h o u s m a s s , soluble in w a t e r , a n d in a lcohol . T h e a q . soln. does 
n o t g ive a p r e c i p i t a t e w i t h a lka l i lye . W h e n s t r o n g l y h e a t e d i t forms i r id ium 
o x y s u l p n a t e , ana logous t o t h a t o b t a i n e d b y r o a s t i n g i r i d i u m su lph ide . F . K o r t e n , 
a n d E . R i m b a c h a n d F . K o r t e n also p r e p a r e d t h e d i s u l p h a t e as a ye l lowish-brown, 
a m o r p h o u s m a s s , wh ich , on h e a t i n g w i t h cone, su lphur ic ac id , becomes g reen h e m i ­
t r i s u l p h a t e . A c c o r d i n g t o M. De lep ine , i r idic s u l p h a t e forms t w o series of sa l t s 
w h i c h c a n u s u a l l y b e c o n v e r t e d one i n t o t h e o t h e r b y t h e a d d i t i o n of a n excess of 
ac id t o t h e bas ic sa l t s , a n d of base t o t h e ac id ic sa l t s . 

(1) Acidic green salts of the type : R 2 [ I r ( S 0 4 ) 2 ( H 2 0 ) 0 H ) ].—These sa l t s a re al l 
so luble i n w a t e r , b u t less soluble in a lcohol , e the r , or a soln. of a n o t h e r sa l t of t h e 
s a m e m e t a l . W h e n a m m o n i u m ch lo rope r i r id i t e is boi led w i t h m o d e r a t e l y cone, 
s u l p h u r i c ac id , a ye l low p o w d e r is o b t a i n e d , which dissolves slowly in t h e acid , 
g iv ing a g reen soln. I f t h e soln. is m i x e d w i t h a n e q u a l we igh t of w a t e r a n d left 
i n t h e cold for s o m e d a y s , a m i x t u r e of s t a r - s h a p e d c rys t a l s a n d of r e c t angu l a r 
need les s e p a r a t e s o u t . T h e d a r k g reen , s t a r - s h a p e d c rys t a l s cor respond w i t h 
a m m o n i u m ir id ium disu lphate , ( !N"H 4 )H 3 [ I r (S04) 2 (H 2 0) (OH)] 2 ; a n d i n aq . soln. , 
t h i s sa l t is t r a n s f o r m e d i n t o ( N H 4 ) 3 I I [ I r ( S 0 4 ) 2 ( I I 2 0 ) ( O H ) ] 2 , wh ich crys ta l l izes in 
d a r k g reen needles , soluble in 210 p a r t s of w a t e r a t 16°. Th i s sa l t is also o b t a i n e d 
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by adding a soln. of the more acid salt to a soln. of ammonium chloride or sulphate. 
The following salts were also obtained from the ammonium salts : potassium 
ammonium iridium disulphate, K 8 (NH 4 )H 3 [ I r (S04) 2 (H 20)(OH)] 6 .3H 20, in green to 
black needles ; potassium iridium disulphate, K 4 H 2 [ I r (S0 4 ) 2 (H 2 0)(OH)]3 .1£H 2 0, 
in needles ; K 6 H[Ir (S0 4 ) 2 (H 2 0)(OH)] 3 .3H 2 0, in hexagonal or octahedral crystals ; 
K 2 [ I r (S0 4 ) 2 (H 2 0) (OH)] .H 2 0 , in dark green, opaque, square crystals ; 
K 2 H 4 [ I r (S0 4 ) 2 (H 2 0) (0H) ] .6H 2 0 , tetrahedral crystals, stable only in the presence 
of strong ac ids ; sodium ammonium iridium disulphate, Na 8 (NH 4 )H 8 -
[ I r (S0 4 ) 2 (H 2 0) (0H)] 6 . 18H 2 0 , very soluble black crystals, almost rectangular ; 
thallous ammonium iridium disulphate, Tl 7 (NH 4 ) 2H 3 [Ir(S0 4 ) 2 (H 20)(0H)] 6 ; 
thallous iridium disulphate, Tl 7 H 5 [ I r (S0 4 ) 2 (H 2 0)(OH)] 6 .6H 2 0, green needles, 
slightly soluble in water ; barium iridium disulphate, Ba 2 H 2 [ I r (S0 4 ) 2 (H 2 0)(OH)] . 
12H 2 O; and barium ammonium iridium disulphate, Ba(NH 4 ) [ I r (S0 4 ) 2 (H 20)(OH)] . 
2H 2O, in opaque, black octahedra. 

(2) Basic reddish-brown salts of the type : R3[Ir(S04)2(OH)2] .—If an excess of 
ammonia be added to a soln. of the green ammonium salt, the colour changes to 
reddish-brown, and on adding alcohol, an olive-brown salt, (NH4)7H2[Ir(S04)2(OH)2]2 , 
is precipitated. An aq. soln. of this substance, when acidified, exhibits a green 
colour, and gives no precipitate -with barium chloride. When heated a t 100°, the 
substance loses one-seventh of its ammonia, and the colour changes from olive-
brown to grass-green. The potassium salt, K 7 H 2 (A / , / ) 3 , 6H 2 0 , crystallizes in 
needles varying in colour from old rose to blackish-brown, according to thickness. 
This salt is prepared by pouring a cold solution of the ammonium salt NH 4 H 3 (A" )2 
into excess of potassium carbonate solution. The sodium salt, Na 7 H 2 (A" ' ) 3 ,6H 2 O 
and 9H 2O, in reddish-brown clusters of needles or rectangular plates, is obtained 
by precipitation with alcohol. The thallium ammonium hydroxy disulphate, 
T121(NH4)7H8(A''')12, and the thallous hydroxy disulphate, T l 7 H 2 ( A ' " ) 3 , 4 p i 2 0 , in 
dark brown crystals, are very slightly soluble. The barium hydroxydisulphate, 
Ba7H4(A'")6 ,Aq. , is a greenish-brown, amorphous precipitate, turning pure green on 
exposure to air and slowly depositing barium sulphate. A. Benrath also obtained 
a complex bromosulphate. 
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§ 14. The Carbonates, Nitrates, and Phosphates of Iridium 
N o i r id ium carbonate h a s b e e n p r e p a r e d , b u t W . P a l m a e r i obse rved t h a t 

w h e n a soln. of i r i d i u m h e x a m m i n o h y d r o x i d e is exposed t o t h e air , a c rus t of 
iridium hexamminocarbonate, [Ir(NH3)6]2(C03)3 , in microscopic, six-sided plates, 
is formed. O. Glaus also obtained iridium carbonatopentamminocarbonate, 
[{I r (NH 3 )2}2C03](C03)2-3H 2 0, b y t h e ac t ion of c a r b o n d ioxide on t h e cor responding 
h y d r o x i d e . M. De lep ine p r e p a r e d i r id ium cMoroaquobispyridinodiamniinocar-
bonate , [ I r ( N H 3 ) 2 p y 2 ( H 2 0 ) C l ] C 0 3 . 6 H 2 0 . A. B e n r a t h also ob t a ined a complex 
c a r b o n a t e . 

N o i r id ium nitrate h a s been r e p o r t e d , b u t M. Skoblikoff p r e p a r e d ir idous 
tetramminonitrate, [ I r(NH3)4](N03)2 . W. Palmaer obtained iridium hexammino-
nitrate , [ I r ( N H 3 ) f l ] ( N 0 3 ) 3 , b y t h e a c t i o n of cone, n i t r i c acid on t h e chlor ide . I t is 
s o m o r p h o u s w i t h t h e c o r r e s p o n d i n g coba l t i c , ch romic , a n d r h o d i u m sa l t s . T h e 

t e t r a g o n a l c rys t a l s h a v e t h e ax i a l r a t i o a : c = l : 1*042 ; t h e sp . gr. is 2-395 a t 15°, 
a n d t h e mol . vol . , 201-0. A t 14°, 1OO c.c. of a sa t . soln. con t a in 1-65 
g r m s . of the sa l t . W . P a l m a e r p r e p a r e d i r id ium aquopentamrmnonitrate , 
[ I r ( N H 3 ) 5 ( H 2 0 ) ] ( N 0 3 ) 3 , b y t h e a c t i o n of n i t r i c ac id on t h e cor responding h y d r o x i d e . 
S imi la r ch romic , coba l t i c , a n d i r i d i u m sa l t s a r e k n o w n . T h e whi te , microscopic 
p l a t e s h a v e a sp . gr . 2-476 a t 17°, a n d mol . vol . , 195-9. W h e n h e a t e d t o 100°, i t 
fo rms t h e n i t r a t o p e n t a m m i n o n i t r a t e ; a n d d e t o n a t e a t a r ed -hea t . A t 17°, one 
p a r t of t h e sa l t r equ i r e s 10 p a r t s of w a t e r for d issolu t ion . T h e reac t ion : 
[ I r ( N H a ) 5 ( H 2 O ) l ( N 0 3 ) 3 ^ [ I r ( ] S r H 3 ) 5 ( N 0 3 ) ] ( N 0 3 ) 2 - h H 2 O , is revers ible in aq . soln. 
A. W e r n e r a n d A. P . Smirnoff p r e p a r e d t h e d e x t r o - a n d lsovo-forms of i r idium 
trisethylenediamminonitrate, [Iren3](N03)3 , the former with a sp. rotation of 42°, 
a n d t h e l a t t e r , —57-5°, for N a - l i g h t . 

W . P a l m a e r obse rved t h a t w h e n t h e c h l o r o p e n t a m m i n o s u l p h a t e is t r e a t e d wi th 
t h e t h e o r e t i c a l q u a n t i t y of b a r i u m n i t r a t e , i r id ium ch loropentamminoni trate , 
[ I r ( N H 3 ) 5 C l ] ( N 0 3 ) 2 , is fo rmed i n agg rega t e s of yel low c rys ta l s . T h e sp . gr. is 
2-404 a t 15*5° ; a n d t h e mo l . vo l . is 182*1. S imi la r ch r omic , cobal t ic , a n d r h o d i u m 
sa l t s a r e k n o w n . T h e sa l t does n o t lose we igh t a t 100°, b u t i t d e t o n a t e s a t a red-
h e a t . A t 15°, 1 p a r t of t h e sa l t d issolves in 51-5 p a r t s of w a t e r . As j u s t i nd ica ted , 
w h e n i r i d i u m a q u o p e n t a m m i n o n i t r a t e is h e a t e d t o 100° i t fo rms microscopic t e t r a ­
gona l p l a t e s of i r id ium n i t ra topentamminon i t ra te , [ I r (NHg) 5 (NO 3 ) J ( N 0 3 ) 2 . C. Glaus 
a lso p r e p a r e d t h i s sa l t . Acco rd ing t o W . P a l m a e r , t h e sp . gr . is 2-510 a t 18*5° ; 
a n d t h e mol . vol . is 185-0. A s imi la r coba l t i c sa l t is k n o w n . 13. E . D i x o n p r e p a r e d 
iridium hydroxypentamminonitrate, [ I r (NH 3 ) 5 (0H)](N0 3 ) 2 . At 16 0 , 100 c.c. of 
soln. c o n t a i n 0-286 g r m . of sa l t ; a n d he also o b t a i n e d i r id ium c h l o r o p e n t a m -
minohydrox ide , [ I r ( N H 3 ) 5 C l ] ( O H ) 2 . H 2 0 . A. B . L a m b a n d L . T . F a i r h a l l 
obse rved t h a t t h e speed of convers ion t o t h e aquo- sa l t is in accord w i th a un i -
molecu la r r eac t ion . Chlor ine w a t e r colours t h e aq . soln. v i o l e t ; cone, hydroch lo r i c 
ac id p r e c i p i t a t e s t e t r a g o n a l p l a t e s of i r id ium ni tratopentamminochloroni trate ; 
n i t r i c ac id p r e c i p i t a t e s t h e u n c h a n g e d n i t r a t o - n i t r a t e ; a m m o n i u m o x a l a t e g ives a 
w h i t e p r e c i p i t a t e ; b a r i u m d i t h i o n a t e , a whi t e c rys ta l l ine p r ec ip i t a t e ; s o d i u m 
p y r o p h o s p h a t e , m e r c u r i c ch lor ide , mercu r i c cyan ide , a n d p o t a s s i u m fe r rocyan ide 
a n d fe r r icyan ide g ive no p r ec ip i t a t e ; gold chlor ide p r ec ip i t a t e s p r i s m a t i c c rys ta l s ; 

, a n d p l a t i n i c ch lor ide p r e c i p i t a t e s pa le yel low, s ix-sided p l a t e s . A. B e n r a t h a n d 
' co-workers prepared chromic hexamminoriitratochloroperiridite, [Cr(NHg)6](NO3)-

(IrCl6); and cobaltic hexammmonitratochloroperiridite, LCO(NH3)G](NO3)(IrCl6). 
A . W e r n e r a n d O. de Vries p r e p a r e d t h e racemic form of ir idium dinitritobis-

e thy lenediaminoni trate , [ I r e n 2 ( N 0 2 ) 2 ] ( N 0 3 ) ; t h e d e x t r o - f o r m wi th a sp . r o t a t i o n 
of 24-8°, a n d t h e lsevo-form wi th a sp . r o t a t i o n of —26-8° for Na- l igh t . 

M. Skoblikoff p r e p a r e d a n i m p u r e iridic dichlorotetrarnmin onitrate , 
[ I r (NHa) 4 Ca 2 ] (NOs) 2 . 

J . J . Berzel ius 2 h e a t e d i r i d ium in p h o s p h o r u s v a p o u r , a n d roas t ed t h e resul t ­
ing p h o s p h i d e , a n d o b t a i n e d a n i r id ium phosphate . Accord ing t o E . Ur icoechea , 
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molten phosphoric acid dissolves a little finely-divided iridium, fo rming a pale 
green mass. I t is uncertain whether the colour was not due to the presence of some 
osmium. All this is vague and indefinite. W. Crookes observed t h a t fused 
phosphates had no effect on iridium. 
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• c h l o r o p e r r u t h e n i t e , 5 3 2 
c h l o r o r h o d a t e , 5 7 9 

. c h l o r o r u t h e n a t e , 5 3 4 
.— e h l o r o s m a t e , 7 1 9 

t r i ch loropa l lad i f ce , 67O 
t « o - b u t y l a m m o n i u m b r o m o i r i d a t e , 7 7 7 

— — . b r o m o p e r r u t h e n i t e , 5 3 8 
_ _ b r o m o s r n a t e , 7 2 3 

c h l o r o i r i d a t e , 7 7 0 
—___ c h l o r o p a l l a d a t e , 6 7 3 

c h l o r o p e r r u t h e n i t e , 5 3 2 
„ c h l o r o r h o d a t e , 5 7 9 

e h l o r o s m a t e , 7 1 9 
_ h e p t a c h l o r o p e r r u t h e n i t e , 5 3 3 

« - b u t y l a m m o n i u m b r o m o i r i d a t e , 7 7 7 
b r o m o p a l l a d a t e , 6 7 6 

— b r o m o p a l l a d i t e , 6 7 7 

n - b u t y l a m m o n i u m b r o m o p e r r u t h e n i t e , 5 3 8 
b r o m o s r n a t e , 7 2 3 

—_ c h l o r o i r i d a t e , 77O 
c h l o r o p a l l a d a t e , 6 7 3 
c h l o r o p a l l a d i t e , 6 7 0 
c h l o r o p e r r u t h e n i t e , 5 3 2 
c h l o r o r h o d a t e , 5 7 9 
e h l o r o s m a t e , 7 1 9 
h e p t a c h l o r o p e r r u t h e n i t e , 5 3 3 

< n " - i s o - b u t y l a m m o n i u m b r o m o p a l l a d a t e , 6 7 8 
b r o m o p a l l a d i t e , 6 7 7 
b r o m o s r n a t e , 7 2 3 

. c h l o r o i r i d a t e , 77O 
c h l o r o p a l l a d a t e , 6 7 3 

— — c h l o r o p a l l a d i t e , 67O 
c h l o r o p e r r u t h e n i t e , 5 3 3 

— c h l o r o r u t h e n a t e , 5 3 4 
- — e h l o r o s m a t e , 7 1 9 

C 

C a b r e r i t e , 5 
C a d m i u m a m m i n o c h l o r o s m a t e , 72O 

b r o m o p a l l a d i t e , 6 7 7 
c h l o r o i r i d a t e , 7 7 2 
c h l o r o p a l l a d a t e , 6 7 3 
c h l o r o p a l l a d i t e , 67() 
d i n i c k e l h e x a c h l o r i d e , 4 2 0 
- n i c k e l a l l o y s , 2 2 2 

c o p p e r a l l o y , 2 2 2 
l o a d a l l o y s , 2 3 7 

t r i s o t h y l e n e d i a m i n o b r o m i d e , 4 2 9 
t r i s e t h y l e n e d i a m i n o c h l o r i d e , 4 1 7 
t r i s e t h y l e n e d i a m i n o i o d i d e , 4 3 3 

n i c k e l o u s s u l p h a t e , 4 7 6 
p a l l a d i u m a l l o y , 6 4 8 

C s e s i u m a q u o c h l o r o p o r i r i d i t e , 7 6 5 
b r o m o i r i d a t e , 7 7 6 
b r o m o p a l l a d a t e , 6 7 8 

- — b r o m o p a l l a d i t e , 6 7 7 
b r o m o p e r r u t h e n i t e , 5 3 8 
b r o m o s r n a t e , 7 2 4 
c h l o r o a q u o p o r r u t h e n i t e , 5 3 2 
c h l o r o i r i d a t e , 7 6 9 
c h l o r o p a l l a d a t e , 6 7 2 
c h l o r o p a l l a d i t e , 6 6 9 
c h l o r o p e r i r i d i t e , 7 6 4 
c h l o r o p e r p a l l a d i t o , 6 7 1 
c h l o r o p e r r u t h e n i t e , 5 3 1 
c h l o r o r u t h e n a t e , 5 3 5 
c h l o r o r u t h e n i t e , 5 2 5 
e h l o r o s m a t e , 7 1 9 
d i f l u o p e r o s m a t e , 7 1 3 
e n n e a b r o m o d i p e r r h o d a t e , 5 8 1 
h e x a b v o m o i r i d a t e , 7 7 7 
h y d r o x y p e n t a e h l o r o s m a t e , 72O 
h y d r o x y p o r o s m a t e , 7 1 3 

- —— i r i d i u m d i s u l p h a t e , 7 8 5 
n i c k e l a m m i n o t r i c h l o r i d e , 4 1 9 

i o d i d e , 4 3 3 
. t r i b r o m i d e , 4 2 9 

t r i c h l o r i d e , 4 1 9 
n i c k e l o u s d i s u l p h a t e , 4 7 2 

. _ _ h e x a h y d r a t e , 4 7 2 
• n i t r o s y l c h l o r o p e r r u t h e n i t e , 5 3 2 

d i h y d r a t e , 5 3 2 
n i t r o s y l c h l o r o r u t h e n a t e , 5 3 7 

_ d i h y d r a t e , 5 3 7 
— — o s m i a m a t e , 7 2 8 
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C a e s i u m p e n t a b r o m o p e r r h o d i t e , 5 8 1 
p e n t a c h l o r o a q u o p e r r h o d i t e , 5 7 8 
p e n t a c h l o r o h y d r a z i n o i r i d a t e , 7 6 3 
p e n t a c h l o r o p e r r h o d i t e , 5 7 8 

— — p e n t a c h l o r o p y r i d i n o i r i d a t e , 7 6 8 
— — r h o d i u m a l u m , 5 8 8 

. d i s u l p h i d e , 5 8 8 
d i h y d r a t e , 5 8 8 

-—— d o d e c a h y d r a t e , 5 8 8 
h e x a h y d r a t e , 5 8 8 
t e t r a h y d r a t e , 5 8 8 

r u t h e n a t e , 5 1 8 
m o n o h y d r a t e , 5 1 8 

t e t r a c h l o r o d i o x y r u t h e n a t e , 5 3 5 
C a l c i u m c h l o r o i r i d a t e , 7 7 2 
— — c h l o r o p a l l a d a t e , 6 7 3 
— — c h l o r o p a l l a d i t e , 67O 
—-— n i c k e l a l l o y s , 2 0 5 

• s u l p h a t e , 4 7 5 
n i c k e l a t e , 4 0 1 
n i t r i t o p e r o s m i t e , 7 2 8 

— o s m a t e , 7 0 6 
p e r i r i d i t e , 7 5 4 

- p e m i c k e l i t e , 40O 
—-— p o t a s s i u m n i c k e l s u l p h a t e . 4 7 5 

r u t h e n a t e , 5 1 8 
C a l o r i t e , 2 4 5 
C a p i l l o s e , 4 3 5 
C a r b o n a t e s i l v e r , 2 l O 
C a r b o n y l r u t h e n i u m b r o m i d e , 5 3 7 
C a r r o l l i t e , 9 
C a t a r i n i t e , 5 
C a t h a r i n i t e , 4 , 5 , 2 5 6 
C e r i c n i c k e l n i t r a t e , 4 9 2 

n i c k e l o u s d e c a f l u o r i d e , 4 0 5 
C e r i u m - n i c k e l a l l o y s , 2 3 2 
C e r o u s n i c k e l n i t r a t e , 4 9 2 
C h a t h a m i t e , 5 , 9 
C h e l e u t i t e , 5 , 9 
C h i n a s i l v e r , 2 0 9 , 21O 
C h l o a n t h i t e , 5 , 9 
m - c h l o r o a n i l i n i u m b r o m o p a l l a d i t e , 6 7 8 

b r o m o s m a t e , 7 2 3 
- c h l o r o i r i d a t e , 7 7 1 

c h l o r o p a l l a d i t e , 67O 
c h l o r o s m a t e , 7 1 9 

o - c h l o r o a n i l i n i u m c h l o r o p a l l a d i t e , 67O 
p - c h l o r o a n i l i n i u m b r o m o s m a t e , 7 2 3 

c h l o r o i r i d a t e , 7 7 1 
——— c h l o r o p a l l a d i t e , 6 7 0 
C h l o r o p e r o s m i t e s , 7 1 7 
C h l o r o p e r r u t h e n i t e s , 5 2 9 

a-, 53O 
/S-, 5 3 O 
y- , 53O 

C h l o r o p o r r u t h e n o u s a c i d , 5 2 6 
C h l o r o r u t h e n a t e s , 5 3 3 
C h l o r o r u t h e n i t e s , 5 2 9 
C h l o r o s m a t e s , 7 1 8 
C h l o r o s m i t e s , 7 1 7 
C h l o r o s m o u s a c i d , 7 1 6 
C h r i s t o f i e , 2 0 9 
C h r i s t o p h l e m e t a l , 2 0 9 
C h r o m a n , 2 4 5 
C h r o m a x , 2 4 5 
C h r o m i c c h l o r o p e n t a m m i n o b r o m o i r i d a t e , 

7 7 6 
c h l o r o p e n t a m i n i n o c h l o r o i r i d a t e , 77 2 
d i c h l o r o a q u o t r i a m r n i n o c h l o r o i r i d a t©*> 

7 7 2 

C h r o m i c h e x a m m i n o b r o m o i r i d a t e , 7 7 6 
— — - h e x a m m i n o c h l o r o i r i d a t e , 7 7 2 
— h e x a m m i n o h y d r o x y c h l o r o i r i d a t e , 7 7 2 
—___„ h e x a m m i n o n i t r a t o b r o m o i r i d a t e , 7 7 6 

h e x a m m i n o n i t r a t o c h l o r o p e r i r i d i t e , 7 8 7 
h e x a m r n i n o s u l p h a t o b r o m o i r i d a t e , 7 7 6 
h e x a m m i n o s u l p h a t o c h l o r o i r i d a t e , 7 8 5 

7 7 2 
r i i c k e l o u s h y d r o s u l p h a t e , 4 7 7 

— p e n t a n u o r i d e , 4 0 5 
C h r o m i t e , 9 
C h r o m i u m - c o b a l t - n i c k e l a l l o y s , 3 3 8 

- c o p p e r - n i c k e l - a l u m i n i u m a l l o y s , 2 4 5 
— i r o n a l l o y , 3 2 7 , 3 3 7 

i r i d i u m a l l o y , 7 5 0 
- m a n g a n e s e - n i c k e l - i r o n a l l o y s , 3 3 0 
m o l y b d e n u m - n i c k e l a l l o y s , 2 4 8 

- n i c k e l - s t e e l s , 33O 
— n i c k e l a l l o y s , 2 3 8 

— -—— - a l u m i n i u m a l l o y s , 2 4 5 
— . i r o n a l l o y s , 3 2 8 

s t e e l , 3 2 9 
- b e r y l l i u m - i r o n a l l o y s , 3 2 7 

_ s t e e l s , 3 2 7 
- c o l u m b i u m s t e e l s , 3 2 9 
c o p p e r a l l o y s , 2 4 5 

t i n a l l o y s , 2 4 5 
-~- - i r o n a l l o y s , 3 1 6 

m a n g a n e s e a l l o y s , 3 3 8 
— - t i t a n i u m a l l o y s , 3 2 8 

- m o l y b d e n u m - i r o n - c o p p e r a l l o y s , 
33O 

s t e e l s , 3 2 9 
s i l i c o n a l l o y s , 2 4 5 

. - i r o n a l l o y s , 3 2 8 
— s t e e l s , 3 2 9 
. - t u n g s t e n a l l o y s , 2 5 1 

—- s t e e l s , 3 3 0 
- v a n a d i u m a l l o y s , 2 4 5 

i r o n a l l o y s , 3 2 8 
p a l l a d i u m a l l o y s , 6 5 0 

C h r o m o p o c o t i t e , 9 
C h r y s o l i t e , 9 
C i n c h o n i d i n e b r o m o i r i d a t e , 7 7 7 

c h l o r o i r i d a t e , 7 7 1 
C i n c h o n i n e b r o m o i r i d a t e , 7 7 7 

c h l o r o i r i d a t e , 7 7 1 
C l a u s ' b l u e s o l u t i o n , 5 7 1 
C l a u s t h a l i t e , 5 9 2 
C l a y s , 9 
C l i m a x , 2 5 7 
C o b a l t a m m i n o c h l o r o s m a t e , 72O 

- c h r o m i u m - n i c k e l a l l o y s , 3 3 8 
c o p p e r - n i c k e l - i r o n - m a g n e s i u m a l l o y s , 

3 3 7 
- l e a d a l l o y s , 3 3 7 
- z i n c a l l o y s , 3 3 7 

i r i d i u m a l l o y , 75O 
- i r o n a l l o y s , 5 6 5 
- l e a d - n i c k e l a l l o y s , 3 3 8 
m o l y b d e n u m - n i c k e l a l l o y s , 3 3 8 

- - n i c k e l a l l o y s , 3 3 2 
- c o p p e r a l l o y s , 3 3 6 
i r o n a l l o y s , 3 3 8 

- m a n g a n e s e a l l o y s , 3 3 8 
. . t i t a n i u m a l l o y s , 3 3 9 

m a n g a n e s e a l l o y , 3 3 8 
n i t r a t e s , 4 9 3 
p y r i t e , 5 
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C o b a l t - n i c k e l s u l p h i d e , 4 4 8 
- o s m i u m a l l o y s , 6 9 7 

— — - p a l l a d i u m a l l o y s , 6 5 1 
- r u t h e n i u m a l l o y s , 5 I O 

— - t i t a n i u m - n i e k e l a l l o y s , 3 3 8 
C o b a l t i c a q u o p e n t a m m i n o b r o m o i r i d a t e , 7 7 6 

a q u o p e n t a m m i n o c h l o r o b r o m o i r i d a t e , 
7 7 6 

a q u o p e n t a m m i n o c h l o r o i r i d a t e , 7 7 2 
a q u o p e n t a m m i n o s u l p h a t o b r o m o i r i -

d a t e , 7 7 6 
-—-—- c a r b o n a t o t e t r a r a m i n o b r o m o i r i d a t e , 

7 7 6 
c h l o r o p e n t a m m i n o b r o m o i r i d a t e , 7 7 6 
o h l o r o p e n t a r n r n i n o o h l o r o i r i d a t e , 7 7 2 

• c i s - d i c h l o r o b i s e t h y l e n e d i a m i n o -
e h l o r o i r i d a t e , 7 7 2 

. - d i c h l o r o t e t r a m m i n o c h l o r o i r i -
d a t e , 7 7 2 

d i n i t r i t o t e t r a r u m i n o c h l o r o i r i d a t e , 
7 7 2 

h y d r o x y a q u o b i s e t h y l e n e d i a m i-
n o c h l o r o i r i d a t e , 7 7 2 

d i a q u o t e t r a m m i n o s u l p h a t o b r o m o i r i -
d a t e , 7 7 6 

.... d i n i t r i t o t e t r a m m i n o b r o m o i r i t l a t e , 
7 7 6 

J i e x a m m i n o b r o m o i r i d a t e , 7 7 6 
l i e x a r u t n i r i o c h l o r o i r i d a t e , 7 7 2 

—- — h e x a m m i n o e h l o r o p e r i r i d i t e , 76O 
h e x a m m i n o c h l o r o p e r r h o d a t e , 5 7 9 
h e x a m m i n o e h l o r o r u t h e n a t e , 5 3 5 
h e x a : m r n i n o h y d r o x y c h l o r o i r i d a t e , 7 7 2 
h e x a m m i n o n i t r a t o b r o m o i r i d a t e , 7 7 6 
h e x a m m i n o n i t r a t o c h l o r o p e r i r i d i t e , 7 8 7 
h e x a m m i n o 8 u l p h a t o b r o m o i r i d a t e , 7 7 6 
h y d r o x y a q u o t o t r a m m i n o s u l p h a t o -

b r o m o i r i d a t e , 7 7 6 
n i c k e l e t h y l e n e d i a m i n o c h l o r i d e , 4 2 2 

— n i t r i t o a q u o p e n t a m m i n o b r o m o i r i d a t e , 
7 7 6 

, t ; t r i t o a q u o t e t r a m m i n o c b l o r o i r i d a t e , 
7 7 2 

- r h o d i u m t r i s e t h y l e n e d i a m i n o b r o m i d e , 
58O 

— t r i s e t h y l e n e d i a m i n o c h l o r i d e , 5 7 6 
t r i s e t h y l e n e d i a m m i n o i o d i d o , 5 8 2 

— —• H u l p h a t o p o i i t a m m i . n o b r o m o i r i d a t e , 
7 7 6 

H u l p h a t o p e r i t a m m i n o s u l p h a t o b r o m o-
i r i d a t e , 7 7 6 

— t r a n s - d i c h l o r o b i s e t h y l e n e d i a m i n o -
c h l o r o i r i d a t e , 7 7 2 

- d i n i t r i t o t e t r a r n m i n o e h l o r o i r i -
d a t e , 7 7 2 

- -—•-•— - h y d r o x y a q n o b i s e t h y l e n e d i a m i-
n o c h l o r o i r i d a t e , 7 7 2 

t r i s e t h y l e n e d i a m i n o c l i l o r o i r i d a t e , 
7 7 2 " 

C o b a l t i f e r o u s m a n g a n e s e o r e , 9 
C o l b a l t o u s a m m o n i u m n i c k e l o u s s u l p h a t e , 

4 7 8 
n i c k e l o u s s u l p h a t e , 4 7 7 

— - p o t a s s i u m n i c k e l o u s s u l p h a t e , 4 7 8 
C o b o l d s ' o r e , 1 
C o l l i d i n i u m b r o m o p a l l a d a t e , 6 7 8 

b r o m o p a l l a d i t e , 6 7 8 
b r o m o s m a t e , 7 2 3 
c h l o r o i r i d a t e , 7 7 1 
c h l o r o p a l l a d a t e , 6 7 3 

C o l l i d i n i u m c l i l o r o p a l l a d i t e , 67O 
c h l o r o r h o d a t e , 58O 

—-— c h l o r o s m a t e , 7 1 9 
C o l o r a d o s i l v e r , 2 I O 
C o l u m b i u m - n i c k e l a l l o y s , 2 3 8 
—___ . c h r o m i u m s t e e l s , 3 2 9 

— fluoride, 4 0 5 
z i r c o n i u m a l l o y s , 2 3 8 

C o m e t a l l o y , 3 2 1 
C o n n a r i t e , 5 
C o n s t a n t a n , 179 
C o n t r a c i d , 2 4 5 
C o p p e r - a l u m i m u m - i n a g n c s i u m - n i c k e l a l i o v s . 

2 3 1 
n i c k e l a l l o y s , 2 3 1 

a m m i n o c h l o r o s m a t e , 7 2 0 
a m m o n i u m n i c k e l s u l p h a t e , 4 7 4 
c h r o m i u m - n i c k e l a l l o y s , 2 4 5 

i r o n a l l o y s , 3 2 7 , 3 3 7 
c o b a l t - n i c k e l a l l o y s , 3 3 7 
i r i d i u m a l l o y , 75O 

—— i r o n - n i c k e l - a l u m i n i u r n alloys-*, 3 1 4 
t i n a l l o y s , 3 1 4 

l e a d - n i c k e l a l l o y s , 2 3 6 
- n i c k e l , 5 

a l l o y s , 1 7 8 
- a l u m i n i u m a l l o y s , 225 

——— - b e r y l l i u m , a l l o y s , 2 0 6 
b i s m u t h a l l o y s , 2 0 2 

- c a d m i u m a l l o y , 2 2 2 
— - c h r o m i u m - a l u m i n i u m a l l o y s , 2 4 5 

- m o l y b d e n u m - i r o n a l l o v s , 
33O 

— - t i n a l l o y s , 2 4 5 
- c o b a l t a l l o y s , 3 3 6 

- i r o n - m a g n e s i u m a l l o y s , 3 3 7 
l e a d a l l o y s , 3 3 7 

- z i n c a l l o y s , 3 3 7 
— d i o x y c h l o r i d o , 4 1 9 
— - g o l d a l l o y s , 2 0 5 

i r o n a l l o y , 3 1 2 
a l u m i n i u m a l l o y s , 3 1 3 

- m a n g a n e s e a l l o y s , 3 13 , 3 3 0 
- z i n c a l l o y s , 3 1 3 

— - l e a d - t i n - z i n c a l l o y s , 2 3 7 
m a g n e s i u m a l l o y s , 2 0 7 

— __—_. - a l u m i n i u m a l l o y s , 2 3 1 
— - m a n g a n e s e a l l o y s , 2 5 2 , 25i> 

- a l u m i n i u m a l l o y s , 255 
_. m o l y b d e n u m a l l o y s , 2 4 7 

: t a n t a l u m a l l o y s , 2 4 7 
- - s i l i c o n a l l o y s , 2 0 2 , 2 3 1 

s i l v e r a l l o y s , 2 0 3 
— . s u l p h i d e , 4 4 3 

— - t a n t a l u m a l l o y s , 2 3 8 
t i n a l l o y s , 2 3 4 

— - s i l i c o n a l l o y s , 2 3 5 
t i t a n i u m a l l o y s , 2 3 2 

— t r i o x y b r o m i d e , 4 2 9 
t r i o x y c h l o r i d e , 4 1 9 
t r i o x y n i t r a t e , 4 9 2 

— - - t u n g s t e n a l l o y s , 2 5 0 
v a n a d i u m a l l o y s , 2 3 8 
z i n c - t u n g s t e n a l l o y s , 2 5 1 

n i c k e l i d o , 18O 
n i c k e l o u s d i h y d r o p e n t a s n l p h a t e , 4 7 4 

d i o x y s u l p h a t e , 4 7 4 
— — t r i o x y d i s u l p h a t e , 4 7 4 

d o d e c a h y d r a t e , 4 7 4 
t r i s u l p h a t e , 4 7 3 
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C o p p e r n i c k e l o u s t r i s u l p h a t e d i h y d r a t e , 4 7 3 

h e n i e o s i h y d r a t e , 4 7 3 
h e p t a h y d r a t e , 4 7 3 
t r i h y d r a t e , 4 7 3 

, O l d N i c k ' s , 1 
o r e s , 9 

. . o s m i u m a l l o y , 6 9 7 
— p a l l a d i u m a l l o y s , 6 4 2 

— . g o l d a l l o y s , 6 4 8 
- s i l ver a l l o y s , 6 4 6 

_ p o t a s s i u m n i c k e l s u l p h a t e , 4 7 4 
p y r i t e s , 9 
- r h o d i u m a l l o y , 5 6 4 
r u t h e n i u m a l l o y , 5 1 0 

s i l v e r - g o l d - n i c k e l a l l o y s , 2 0 5 
t e t r a m m i n o c h l o r o p a l l a d i t e , 67O 
t u n g s t e n - i r o n - n i c k e l a l l o y s , 33O 

n i c k e l - t a n t a l u m a l l o y s , 2 5 1 
- w h i t e , 2 0 8 

- z i n c - n i c k e l a l l o y s , 2 0 8 
C o r y n i t c , 5 
Cra ig g o l d , 2IO 
i /»-cumidinium b r o m o s n m t o , 7 2 3 

c h l o r o i r i d a t e , 7 7 1 
— c h l o r o a m a t e , 7 1 9 

C u p r o n i c k e l , 179 
C u p r u m n i c o l a i , 2 

D a n a i t c , 9 
!Desau le s i t e , 5 
D i a q u o c h l o r o p e r r u t h e n o u s a c i d , 5 2 7 
I K a q u o t e t r a p y r i d i n e n i c k e l o u s fluoride, 4 0 4 
D i b e n z y l a m m o n i u m c h l o r o i r i d a t e , 77O 
D i b r o m o d i h y d r o x y i r i d i e a c i d , 7 7 5 
D i e a d m i u m n i c k e l h e x a c h l o r i d e , 4 2 0 
D i c a r b o n y l r u t h e n i u m d i i o d i d e , 5 3 9 
D i c h l o r o a n i l i n i i i m b r o m o s m a t e , 7 2 3 
D i c h l o r o b i s d i a m i n o d i e t h y l a m i n o h y d r o -

c h l o r i d e r h o d i u m r h o d i o c h l o r i d e , 5 7 7 
D i c h l o r o b i s d i m e t h y l y g l y o x i m o r h o d o u s 

a c i d , 5 7 7 
I M c h l o r o b i s p h e n y l s e l e n i n e , 6 6 6 
D i c h l o r o d i h y d r o x y i r i d i c a c i d , 7 6 0 
D i d y m i u m , 4 9 2 

n i c k e l b r o m i d e , 4 2 9 
D i e t h y l a m m o m u m b r o m o i r i d a t e , 7 7 6 

b r o m o p a l l a d a t e , 6 7 8 
b r o m o p e r r u t h e n i t e , 5 3 8 
b r o m o r u t h e n a t e , 5 3 8 
b r o m o s m a t e , 7 2 2 
c h l o r o i r i d a t e , 7 7 0 
c h l o r o p a l l a d a t e , 6 7 3 

-—— c h l o r o p e r r u t h e n i t e , 5 3 2 
— c h l o r o r h o d a t e , 5 7 9 

c h l o r o r u t h e n a t e , 5 3 4 
c h l o r o s m a t e , 7 1 9 

D i e t h y l a n i l i n i u m b r o r n o p a l l a d i t e , 6 7 7 
b r o m o s m a t e , 7 2 3 
c h l o r o p a l l a d i t e , 67O 

D i h y d r o x y d i c h l o r o p a l l a d i c a c i d , 6 7 0 
I D i l i t h i u m s o d i u m c h l o r o p e r i r i d i t e , 7 6 5 
1 3 i m e t h y l - o - t o l u i d i n i u m b r o m o p a l l a d i t e , 6 7 7 

_—_ b r o m o s m a t e , 7 2 3 
— c h l o r o i r i d a t e , 7 7 1 

c h l o r o p a l l a d i t e , 6 7 0 
p - t o l u i d i n i u m b r o m o s m a t e , 7 2 3 

D i m e t h y l a m m o n i u m b r o m o i r i d a t e , 7 7 6 

D i m e t h y l a m m o n i u m b r o m o p a l l a d a t e , 6 7 8 
b r o m o p e r r u t h e n i t e , 5 3 8 

—.—_ b r o m o r u t h e n a t e , 5 3 8 
b r o m o s m a t e , 7 2 2 
c h l o r o i r i d a t e , 77O 
c h l o r o p a l l a d a t e , 6 7 3 

-—-— c h l o r o p e r r u t h e n i t e , 5 3 2 
c h l o r o r h o d a t e , 5 7 9 
c h l o r o r u t h e n a t e , 5 3 4 

— — c h l o r o s m a t e , 7 1 9 
h e x a c h l o r o p e r r h o d i t e , 5 7 9 

D i m e t h y l a n i l i n i u m b r o m o s m a t e , 7 2 3 
D i n i c k e l c a d m i u m h e x a c h l o r i d e , 42O 
D i p r o p y l a m m o n i u m b r o m o p a l l a d a t e , 6 7 8 

b r o m o p e r r u t h e n i t e , 5 3 8 
b r o m o r u t h e n a t e , 5 3 8 
b r o m o s m a t e , 7 2 3 
c h l o r o i r i d a t e , 77O 
c h l o r o p a l l a d a t e , 6 7 3 

- — c h l o r o p e r r u t h e n i t e , 5 3 2 
c h l o r o r h o d a t e , 5 7 9 
c h l o r o r u t h e n a t e , 5 3 4 
c h l o r o s m a t e , 7 1 9 

l > i s o d i u m l i t h i u m c h l o r o p e r i r i d i t e , 7 6 5 
D o m e y k i t o , 9 

E 

E a r t h a l k a l i n e c h l o r o s m a t e s , 7 2 0 
E l e c t r o p l a t e , 2 0 9 
E l e c t r u m , 2 0 8 , 2 1 0 
E l i n v a r , 2 5 7 
E m e r a l d n i c k e l , 5 
E n n e a b r o m o d i p e r r h o d i t e p y r i d i n i u m a c i d , 

5 8 0 
E p i b o u l a n g e r i t e , 9 
E p s o r n i t e , 9 
E r y t h r i t e , 9 
E t h y l s u l p h i d e , 7 6 2 
E t h y l a m i n e , 7 6 2 
E t h y l a m m o n i u m b r o m o i r i d a t e , 7 7 6 

b r o m o p a l l a d a t e , 6 7 8 
b r o m o p e r r u t h e n i t e , 5 3 8 
b r o m o r u t h e n a t e , 5 3 8 
b r o m o s m a t e , 7 2 2 
c h l o r o i r i d a t e , 77O 

— — c h l o r o p a l l a d a t e , 6 7 3 
— c h l o r o p a l l a d i t e , 67O 

c h l o r o p e r r u t h e n i t e , 5 3 2 
c h l o r o r h o d a t e , 5 7 9 
c h l o r o r u t h e n a t e , 5 3 4 

_ c h l o r o s m a t e , 7 1 9 
— h e p t a c h l o r o p e r r u t h e n i t e , 5 3 3 

E t h y l a n i l i n i u m b r o m o p a l l a d i t e , 6 7 7 
b r o m o s m a t e , 7 2 3 
c h l o r o p a l l a d i t e , 67O 

E t h y l b e n z y l a n i l i n i u m b r o m o s m a t e , 7 2 3 
E t h y l e n e d i a m i n e a q u o h e p t a c h l o r o j > e r -

r u t h e n i t e , 5 3 3 
c h l o r o p a l l a d i t e , 6 7 0 

— - h y d r o x y h e p t a e h l o r o p e r r u t h e n i t o , 5 3 3 
n i c k e l d i s u l p h a t e , 4 6 9 

E t h y l e n e d i a m m o n i u m b r o m o i r i d a t e , 7 7 7 
b r o m o p e r r u t h e n i t e , 5 3 8 
b r o m o r u t h e n a t e , 5 3 9 

— b r o m o s m a t e , 7 2 3 
— c h l o r o i r i d a t e , 7 7 1 

c h l o r o p e r r u t h e n . i t © , 5 3 3 
c h l o r o r u t h e n a t e , 5 3 4 
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E t h y l e n e d i a n a r n o n i u r n c h l o r o s m a t e , 7 1 9 

h e p t a e h l o r o p e r r h o d i t e , 5 7 8 
h e p t a c h l o r o p e r r u t h o n i t e , 5 3 3 

E u g e n e s i t e , 5 9 2 

F 

O 
G a b b r o , 9 
G a d o l i n i u m n i c k e l n i t r a t e , 4 9 2 
G a l l i u m - n i c k e l a l l o y s , 2 3 1 
C S a r k u p f o r , 19 
G a r n i e r i t e , 5 
G e n t h i t o , 5 
G e r m a n s i I v o r , 2 0 8 

^ g r a d e s of b e s t s , 2 0 9 
b e s t - b e s t , 2 0 9 

— - e x t r a w h i t e m e t a l . 2 0 9 
fifths, 2 0 9 

- — f i r s t s , 2 0 9 
f o u r t h s , 2 0 9 

-- — s e c o n d s , 2 0 9 
- s p e c i a l f i r s t , 2 0 9 

_. — s p e c i a l t h i r d s , 2 0 9 
_ w h i t e m e t a l , 2 0 9 

G e r s d o r f f i t o , 5 
G l a u c o d o t e , 9 
G n e i s s , 9 
G o l d - a l u m i n i u m - n i c k e l a l l o y s , 2 3 1 

c o p p e r - s i l v e r - n i c k e l a l l o y s , 2 0 5 
- i r i d i u m a l l o y , 75O 
n i c k e l a l l o y s , 2 0 3 

- c o p p e r a l l o y s , 2 0 5 
p a l l a d i u m a l l o y s , 6 5 2 

- s i l i c o n a l l o y s , 2 3 1 
- s i l v e r a l l o y s , 2 0 5 

- - o s m i u m a l l o y , 6 9 7 
p a l l a d i u m a l l o y s , 6 4 6 

-— — — c o p p e r a l l o y s , 6 4 8 
- n i c k e l a l l o y s , 6 4 8 

_ __ s i l v e r a l l o y , 6 4 8 
z i n c a l l o y s , 6 4 8 

„ . r h o d i u m a l l o y s , 5 6 5 
r u t h e n i u m a l l o y , 5 I O 

w h i t e a l l o y s , 6 5 1 
O o s l a r i t e , 9 

G u a n i d i n i u m b r o m o p a l l a d a t e , 6 7 7 
b r o m o s m a t e , 7 2 3 
c h l o r o i r i d a t e , 7 7 1 

— — c h l o r o p a l l a d i t e , 6 7 0 
c h l o r o p e r r u t h e n i t e , 5 3 3 
c h l o r o r h o d a t e , 58O 
c h l o r o s m a t e , 7 1 9 
d i c h l o r o b i s d i m e t h y l i d y o x i i n o r h o d i t e , 

5 7 7 
t r i c h l o r o p a l l a d i t e , 6 7 1 

G u n n a r i t e , 5 , 4 4 5 

H 
H a a r k i e s , 4 3 5 
H a r k i s e , 4 3 5 
H a u c h e e o r n i t e , 5 
H e a z l e w o o d i t e , 5 , 4 4 5 
H e n g l e i n i t e , 5 , 4 4 9 
H e r c u l e s m e t a l , 2 2 5 
H e u b a e h i t o , 5 
H e x a c h l o r o p e r r h o d i t . e s , 5 7 7 
H o r b a e h i t e , 5 
H y d r a z i n e n i c k e l d i s u l p h a t e , 4 6 9 

t e t r a c h l o r i d e ^ 19 
r i i c k e l o u s t o t r a b r o m i d e , 4 2 8 

H y d r o e h l o r o i r i d i e a c i d , 7 6 8 
H y d r o c h l o r o p a l l a d i c a c i d , 6 7 2 
H y d r o c h l o r o p a l l a d o u s a c i d , 6 6 8 
H y d r o c h l o r o p e r i r i d o u s a c i d , 7 6 5 
H y d r o c h l o r o p e r r u t h e n o u s a c i d , 5 2 6 
H y d r o g e n - p a l l a d i u m a l l o y s , 6 1 6 
H y d r o i o d o s r n o u s a c i d , 7 2 4 
H y p o r u t h e n i t e s , 5 1 7 

I 

I l l i u m , 2 4 5 , 2 5 1 
l n d i l a t i o n , 2 5 7 
I n v a r s t e e l s , 2 5 7 
I n v o r a r i t e , 4 4 5 
I r i d i c b r o m i d e , 7 7 5 
- - c h l o r i d e , 7 6 6 

u h l o r o p e n t a m m i i i o h y d r o x i d e , 7 6 8 
d i c h l o r o t e t r a r a m i n o e h l o r i d e , 7 6 8 
d i c l i l o r o t e t r a m m i n o i x i t r a t e , 7 8 7 
h v d r o x v p e n t a m m i n o c h l o r i d e , 7 6 8 
i o d i d e , 7 7 8 
s u l p h a t e , 7 8 5 
s u l p h i d e , 7 8 2 

I r i d i o s m i u r n , 6 8 6 
I r i d i u m , 7 3 0 

a l u m s , 7 8 5 
a m a l g a m , 7 5 0 

- a m m i n e s , 7 7 9 
a m m o n i u m d i s u l p h a t e , 7 8 5 

— — s u l p h i d e , 7 8 3 
a n a l y t i c a l r e a c t i o n s , 7 4 7 
a q u o b i s p y r i d i n o t r i a m m i n o c h l o r i d c , 

7 6 3 
a q u o h e x a m r a i n o b r o r n i d e , 7 7 4 
a q u o h y d r o x y d i b r o i n i d e , 7 7 5 

d i h y d r a t e , 7 7 5 
a q u o h y d r o x y d i c h l o r i d e , 76O 

— — d i h y d r a t e , 76O 
a q u o p e n t a m m i n o c h l o r i d e , 7 6 1 
a q u o p e n t a m m i n o c h l o r o p l a t i n a t e , 7 6 1 
a q u o p e n t a m m i n o i o d i d e , 7 7 8 

F a h l o r z , 9 
F e r r i c n i c k e l c h l o r i d e , 4 2 1 

n i c k e l o u s fluoride, 4 0 6 
h y d r o s u l p h a t e , 4 7 7 

F e r r o - n i c k e l , 2 5 7 
F e r r o s o l , 2 6 2 

„ t s e n i t e , 2 6 2 
F e r r o u s a m m o n i u m n i c k e l o u s s x i l p h a t e , 4 7 7 

n i c k e l c h l o r i d e , 4 2 1 
p e n t a s u l p h i d e , 4 4 6 

— — — — s u l p h i d e , 4 4 4 
t e t r a s u l p h i d e , 4 4 5 

_— t r i s u l p h i d e , 4 4 6 
— -— n i c k e l o u s h y d r o s u l p h a t e , 4 7 7 

s u l p h a t e , 4 7 7 
— p o t a s s i u m n i c k e l o u s s u l p h a t e , 4 7 7 

F e r r u m c a n d i d u m , 1 7 8 
F o l g e r i t e , 5 , 4 4 5 
F o r b e s i t e , 5 
F r i g i d i t e , 9 
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I r i d i u m a q u o p e n t a m m i n o n i t r a t e , 7 8 7 

a q u o p e n t a m m i n o t r i h y d r o x i d e , 7 5 4 
-——— a q u o t r i b r o m i d e , 7 7 6 

a q u o t r i c h l o r i d e , 76O 
a q u o t r i i o d i d e , 7 7 9 

d i h y d r a t e , 7 7 9 
— a t o m i c d i s r u p t i o n , 7 4 9 

n u m b e r , 7 4 9 
— w e i g h t , 7 4 9 

-- — b a r i u m a m m o n i u m d i s u l p h a t e , 7 8 6 
d i s u l p h a t e , 7 8 6 

b i s - a - p i c o l i n o t e t r a c h l o r i d e , 7 6 8 
_.. b i s e t h y l e n e d i a r n i n o b r o r n i d e , 7 7 4 

b i s q u i n o l i n o t e t r a c h l o r i d e , 7 6 8 
b l a c k , 7 3 4 
b r o m i d e s , 7 7 3 
b r o m o p e n t a m m i n o b r o m i d e , 7 7 4 
b r o m o p e n t a m m i n o s u l p h a t e , 7 8 3 
caes ium d i s u l p h a t e , 7 8 5 
c a r b o n a t e , 7 8 7 

—— c a r b o n a t o p e n t a m m i n o c a r b o n a t e , 7 8 7 
- — c h l o r i d e s , 7 5 7 

c h l o r o a q u o b i s p y r i d i n o d i a m m i n o e a r-
b o n a t e , 7 8 7 

c h l o r o b i s p y r i d i n o t r i a n u n i n o - s a l t , 7 6 3 
^ h l o r o b i s p y r i d i r i o t r i a m m i n o b r o m i d e , 

7 7 5 
- — c h l o r o b i s p y r i d i n o t r i a i n m i n o c h l o r i d e , 

7 6 3 
— c h l o r o b i s p y r i d i n o t r i a m m i n o i o d i d e , 7 7 8 

- — c h l o r o b i s p y r i d m o t r i a r n m i n o s u l p h a t e , 
7 8 3 

c h l o r o p e n t a m m i n o b r o m i d e , 7 7 4 
— c h l o r o p e n t a r n m i n o c h l o r i d e , 7 6 3 

c h l o r o p e n t a m m i n o c h l o r o p e r i r i d i t e , 7 6 2 
c h l o r o p e n t a m m i n o c h l o r o p l a t i n a t e , 7 6 2 
c h l o r o p e n t a m m i n o h y d r o s u l p h a t e , 7 8 3 
c h l o r o p e n t a m m i i i o h y d r o x i d e , 7 6 2 , 7 8 7 

—— c h l o r o p e n t a m m i n o i o d i d e , 7 7 8 
c h l o r o p e n t a m m i n o n i t r a t e , 7 8 7 

—_— c h l o r o p e n t a m i n i n o s u J p h a t e , 7 8 3 
c h l o r o p y r i d i n o t e t r a i n r n i n o c h l o r i d e , 7 6 3 
c h l o r o p y r i d i n o t e t r a m m i n o s u l p h a t e , 

7 8 3 
c h r o m i u m a l l o y , 75O 
c o b a l t a l l o y , 75O 

_ c o l l o i d a l , 7 3 4 
- c o p p e r a l l o y , 75O 
c r y s t a l l i n e , 7 3 4 
d i a m m i n e s , 7 8 0 , 781 

— d i a q u o d i c h l o r o b i s p y r i d i n e , 7 6 2 
_ d i b r o m i d e , 7 7 3 

d i c h l o r i d e , 7 5 8 
d i c h l o r o - d i a q u o b i s p y r i d i n e - s a l t , 7 6 3 
d i c h l o r o b i s p y r i d i n o d i a m m i n o - s a l t , 7 6 3 
d i c h l o r o b i s p y r i d i n o d i a m m i n o b r o m i d e , 

7 7 5 
d i c h l o r o b i s p y r i d i n o d i a m m i r i o c h l o r i d e , 

7 6 3 
d i e h l o r o b i s p y r i d i n o d i a m m i n o h y d r o -

s u l p h a t e , 7 8 3 
— d i c h l o r o b i s p y r i d i n o d i a m m i n o i o d i d e , 

7 7 8 
—___ d i c h l o r o b i s p y r i d i n o d i a m m i n o s u l p h a t e , 
_ d i c h l o r o t e t r a m m i n o b r o m i d e , 7 7 5 

m o n o h y d r a t e , 7 7 5 
d i c h l o r o t e t r a m m i n o c h l o r i d e , 7 6 2 , 7 6 3 
d i c h l o r o t e t r a m m i n o c h l o r o p e r i r i d i t e . 

7 6 3 

I r i d i u m d i c h l o r o t e t r a u i r n i n o i o d i d e , 7 7 8 
d i c h l o r o t e t r a m n i i n o s u l p h a t e , 7 8 4 
d i i o d i d e , 7 7 7 
d i n i t r i t o b i s e t h y l e n e d i a m i n o b r o m i d e , 

7 7 5 
d e x t r o - , 7 7 5 
laevo- , 7 7 5 

d i n i t r i t o b i s e t h y l e n e d i a m i n o i o d i d e , 
7 7 8 

d i n i t r i t o b i s e t h y l e n e d i a m i n o n i t r a t e , 
7 8 7 

d i n i t r i t o t e t r a n a m i n o b r o m i d e , 7 7 5 
d i n i t r i t o t e t r a i n m i n o i o d i d e , 7 7 8 

— d i n i t r i t o t e t r a i n r n i n o s u l p h a t e , 7 8 4 
d i o x i d e , 7 5 4 

c o l l o i d a l , 7 5 5 
——- d i h y d r a t e , 7 5 5 

d i o x y o c t o b r o m i d e , 7 7 5 
-—-— d i s t a n n i d o , 75O 

d i s u l p h a t e , 7 8 5 
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Nickel extraction, smelting process, 16 
wet processes, 20 

— — - ferric chloride, 421 
ferrous chloride, 421 

- - pentasulphide, 446 
sulphide, 444 
tetrasulphide, 445 
trisulphide, 446 

films, 4O 
fluoberyllate, 405 
fluoride, 4G2 
gadolinium nitrate, 492 
-gallium alloys, 231 
glance, 6 
-gold alloys, 203 
— -aluminium alloys, 231 

— — -copper alloys, 205 
palladium alloys, 648, 652 

- -silicon alloys, 231 
-silver alloys, 205 

- — green, 6 
-gymnitc, 6 
homialuminide, 211 
hemianiminosulphate, 464 
horniferritie, 259 
hemirnagneside, 206 
hemioxide, 373 
hemipentoxide, 373, 401 
hemistannidc, 234 
hemisulphidc, 434 
hemitricobaltide, 333 
hemitrioxide, 373 
hoptaoadmido, 222 
hoxadecitatungstide, 248 
hexahydroxylaminosulpliate, 464 
hexaluminide, 223 
hexametaphosphate, 497 
hexammirioi-hlorido, 414 

hemihydrate, 415 
—— hexamminodecafluoride, 404 

hexaimninofluoborate, 418 
hexamminofluoride, 404 
hexamminofluosulphonate, 413 
lioxaiiuninonitralo, 49O 

- - hexiumninoHiilphatc, 463 
hexanilinosulphate, 460 
hexitapentasulphide, 435 
hexitatungstide, 248 
history. 1 
hydrazine disulphate, 469 

— — tetrachloride, 419 
hydrazinosulphate, 464 
hydroearbonate, 484 

- hydrochloride, 413 
hydrofluoride, 4()4 

- — hydrogol, 41 
— hydrogen occlusion, 14O 
— hydrosulphate, 463 

hydroxide, 383 
colloidal, 384 
properties, 385 
tetritahydrate, 385 

hydroxycarbonate hydroxylamine, 484 
hydroxyehloride, 412 
impurities in, 26 
intermetallic compounds, 178 
iodide, 43O 
iridium alloy, 750 
-iron alloys, 255, 565 

_ —. aluminium-copper alloys, 314 
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Nickel-iron-beryllium alloys, 313 
-boron alloys, 314 

- — — -chromium - manganese alloys, 
338 

.manganese alloys, 330 
copper alloys, 33O 

pyrites, 444 
— . — -silver alloys, 313 

-tantalum alloys, 315 
_ -tin-copper alloys, 314 

titanium alloys, 315 
-vanadium alloys, 315 

isotopes, 177 
lanthanum bromide, 429 
— nitrate, 492 

— - -lead alloys, 235 
-antimony alloys, 237 
-cadmium alloys, 237 
cobalt alloys.*338 

-copper alloys, 236 
clisulphide, 444 
hexaiodide, 433 
-tin-zinc-copper alloys, 237 
trisethylenediaminoiodidc, 433 

— lithium metaphosphato, 496 
trichloride, 419 

_ -magnesium alloys, 206 
— ••- orthophosphate, 495 

malleable, 27 
-manganese alloys, 251, 252 

-brasses, 211 
-chromium-iron alloys, 330 
-copper alloys, 252 

-aluminium alloys, 255 
nitrates, 493 

manganic pentafiuoride, 4OG 
-._. _... ixianganide, 251 

matte, 44ti 
mercuric amminoiodides. 433 

bromide, 429 
- hexaiodide, 433 

tetra iodide. 433 
— mercury alloy, 222 
. metallic precipitation, 163 
— mirrors, 4O 

molybdenodisilicide, 247 
-molybdenum alloys, 245 
— aluminium alloys. 247 

-chromium alloys, 248 
steels, 33O 

-cobalt alloys, 338 
dioxytetrafluoride, 406 
-manganese-iron alloys, 33O 
-silicon alloys, 247 

.. _.. steels, 328 
-tantalum alloys, 248 
tin alloys, 248 

-vanadium alloys, 248 
—• — monamminos\ilphate, 464 

monoxide, 373, 374 
~ - - — preparation, 374 

properties chemical, 378 
— physical, 375 

— native, 435 
neodymiuna nitrate, 492 
nitrates, 487 

• - occurrence, 3 
ochre, 6 
octitaluminide, 223 
octoehloroiodide, 432 
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t r i h y d r a z i n o n i t r a t e , 4 9 1 

- t r i o x i d e , 3 7 3 , 4 0 1 
t r i s - a a ' - d i p y r i d y l i o d i d e , 4 3 3 

— t r i s - a a ' - d i p y r i d y l n i t r a t e , 4 9 2 
t r i s b u t y l e n e d i a m i n o b r o m i d e , 4 2 9 
t r i s b u t y l e n e d i a m i n o i o d i d e , 4 3 3 
t r i s b u t y l e n e d i a m i n o B u l p h a t e , 4 6 6 
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N i c k e l t r i s e t h y l e n e d i a r n i n o b r o r n i d e , 4 2 9 
t r i s e t h y l e n e d i a m i n . o i o d . i d e , 4 3 3 
t r i s e t h y l e n e d i a m i n o n i t r a t e , 4 9 1 

— t r i s e t h y l e n e d i a m i n o s u l p h a t e , 4 6 5 
t r i s p r o p y l e n e d i a r n i n o b r o r n i d e , 4 2 9 
t r i s p r o p y l e n e d i a m i n o i o d i d e , 4 3 3 

—-— t r i s p r o p y l e n e d i a m i n o s u l p h a t e , 4 6 6 
t r i s p y r i d i n o s u l p h a t e , 4 6 5 
t r i t a d i o x i d e , 3 7 4 

—-— t r i t a d i s u l p h i d e , 4 3 5 
t r i t a m a n g a n i d e , 2 5 2 
t r i t a o x i d e , 3 7 9 
t r i t a s t a n n i d e , 2 3 2 
t r i t a t e t r o x i d e , 3 9 1 

_ t r i z i n c i d e , 2 0 7 
- t u n g s t e n a l l o y s , 2 4 8 

- c h r o m i u m a l l o y s , 251 
d i o x y t e t r a f l u o r i d e , 4C)6 
s t e e l s , 33O 

-—— t r i t o c a r b i d e , 2 4 9 
u r a n i u m a l l o y s , 2 5 1 
u r a r i y l n i t r a t e , 4 9 2 

• u s e s , 1 6 5 
v a l e n c y , 175 
v a n a d i u m a l l o y s , 2 3 8 

. __ p e n t a f l u o r i d e , 4 0 5 
v a n d y l t e t r a f h i o r i d e , 4 0 5 
v i k t r i l , 4 5 4 
v i t r i o l , 4 5 4 
x a n t h o g e n o n i t r a t e , 4 9 2 

_. - z i n c a l l o y , 2 0 7 
- - c o p p e r a l l o y s , 2 0 8 

h y d r o s u l p h a t e , 4 7 6 
... n i t r a t e s , 4 9 2 

o r t h o p h o s p h a t e . 4 9 5 
- - z i r c o n i u m a l l o y s , 2 3 2 

... h e x a f l u o r i d o , 4 0 5 
o e t o f i u o r i d o , 4 0 5 

N i c k e l a t e s , 4 O l 
!Nicke l i c c h l o r i d e , 4 2 2 

••— fluoride, 4 9 6 
- o x i d e . 3 7 3 , 3 9 2 

h e x a h y d r a t e , 3 9 3 
h y d r a t e s , 3 9 2 
p r e p a r a t i o n , 3 9 2 

—- ---— p r o p e r t i e s , 3 9 3 
t e t r a h y d r a t e , 3 9 3 

— s u l p h a t e , 4 7 8 
N i c k e l i n , 2 0 8 , 2 1 0 
N i c k e l i n e , 6 
N i e k e l k i o s , 4 3 5 
N i c k e l o s i c o x i d e , 3 7 3 , 3 9 1 

s u l p h i d e , 4 4 2 , 4 4 7 
N i c k o l o u s a l u m i n i u m h y d r o s u l p h a t e , 4 7 6 
- — a m m i n o b r o m i d e , 4 2 8 

a m m o n i u m b e r y l l i u m f l u o s u l p h a t e , 4 7 5 
__ c o b a l t o u s s u l p h a t e , 4 7 8 

f e r r o u s s u l p h a t e , 4 7 7 
m a g n e s i u m s u l p h a t e , 4 7 5 

__ m a n g a n o u s s u l p h a t e , 4 7 7 
— —- p e n t a s u l p h a t e , 4 6 8 

z i n c s u l p h a t e , 4 7 6 
b e r y l l i u m s u l p h a t e , 4 7 5 

. _ h e p t a h y d r a t e , 4 7 5 
_ _ h e x a h y d r a t e , 4 7 5 

. „ t e t r a h y d r a t e , 4 7 5 
b i s e t h y l e n e d i a m i n o e h l o r i d e , 4 1 7 

_ b r o m i d e , 4 2 5 
d i h y d r a t e , 4 2 6 
e n n e a h y d r a t e , 4 2 6 

N i c k e l o u s b r o m i d e h e x a h y d r a t e , 4 2 6 
c a d m i u m s u l p h a t e , 4 7 6 
c s e s i u m d i s u l p h a t e , 4 7 2 

h e x a h y d r a t e , 4 7 2 
e e r i e d e c a f l u o r i d e , 4 0 5 
c h r o m i c h y d r o s u l p h a t e , 4 7 7 

— p e n t a f l u o r i d e , 4 0 5 
c o b a l t o u s s u l p h a t e , 4 7 7 

- - c o p p e r d i h y d r o p e n t a s u l p h a t o , 4 7 4 
— d i o x y s u l p h a t e , 4 7 4 

t r i o x y d i s u l p h a t e , 4 7 4 
- - d o d e c a h y d r a t e , 4 7 4 

t r i s u l p h a t e , 4 7 3 
d i h y d r a t e , 4 7 3 
h o n i c o s i h y d r a t e , 4 7 3 
h e p t a h y d r a t e , 4 7 3 

— t r i h y d r a t e , 4 7 3 
d i a m m i n o b r o m i d e , 4 2 8 
d i a m m i n o i o d i d e , 4 3 2 
d i a q u o t e t r a p y r i d i n e f l u o r i d e , 4 0 4 
d i h y d r a z i n o b r o m i d e , 4 2 8 
e n n e a o x y d i i o d i d e , 4 3 1 

- - f e r r i c f l u o r i d e , 4 0 6 
h y d r o s u l p h a t e , 4 7 7 

- f e r r o u s h y d r o s u l p h a t e , 4 7 7 
s u l p h a t e , 4 7 7 

f l u o r i d e , 4 0 4 
c o m p l e x s a l t s of, 4 0 4 

h e x a m m i n o b r o m i d e , 4 2 7 
h o x a m m i n o i o d i d e , 4 3 2 
h y d r a z i n e t c t r a b r o m i d e , 4 2 8 
h y d r o x i d e , 3 8 3 

c o l l o i d a l , 3 8 4 
i o d i d e , 43O 
l i t h i u m s u l p h a t e , 4 7 2 
m a g n e s i u m s u l p h a t e , 4 7 5 
n i t r a t e , 4 8 7 

d e h y d r a t e , 4 8 7 
e n n e a h y d r a t e , 4 8 7 
h e x a h y d r a t e , 4 8 7 
t e t r a h y d r a t e , 4 8 7 

o x i d e , 3 7 3 , 3 7 4 
p e r n i e k e l i t e , 3 9 6 . 4 O l 

p o t a s s i u m , 3 9 6 . 4OO 
s o d i u m , 3 9 6 , 4OO 

p h e n y l e n e d i a m i n o c h l o r i d e , 4 1 7 
p o t a s s i u m b e r y l l i u m fluosulphate, 4 7 5 

c o b a l t o u s s u l p h a t e , 4 7 8 
f e r r o u s s u l p h a t e , 4 7 7 
m a g n e s i u m s u l p h a t e , 4 7 5 

- m a n g a n o u s s u l p h a t e , 4 7 7 
z i n c s u l p h a t e , 4 7 6 

q u a t e r - o - p h e n y l e r i e d i a m i u o c h l o r i d e , 
417 

_ q u a t e r p y r i d i n o c h l o r i d o . 4 1 7 
s o d i u m d i s u l p h a t e , 4 7 2 

.....— s u l p h a t e , 4 5 3 
h e p t a h y d r a t e , 4 5 3 
h e x a h y d r a t e , 4 5 5 

a, 4 5 5 
___ P, 4 5 5 

i n o n o h y d r a t e , 4 5 4 
s u l p h i d e , 4 3 6 
t h a l l o u s d i s u l p h a t e , 4 7 6 

— t r i h y d r a z i n o b r o m i d e , 4 2 8 
t r i s - a a ' - d i p y r i d y l c a r b o n a t e , 4 8 4 
t r i s b u t y l e n e d i a m i n o c h l o r i d e , 4 1 7 
t r i s e t h y l e n e d i a m i n o c h l o r i d e , 4 1 7 
t r i s p r o p y l e r i e d i a m i n o c h l o r i d e , 4 1 7 
z i n c s u l p h a t e , 4 7 6 

trisethylenediamin.oiod.ide
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N i c k e l w i s m u t h g l a n z , 4 4 7 
N i c o m e l a n e , 6 
N i e o p y r i t e , 6 , 4 4 4 
N i t r i t o p e r o s m o u s acid. , 7 2 8 
: m - n i t r o a n i l i n i u r n e h l o r o p a l l a d i t e , 67O 
o - n i t r o a n i l i n i u r n c h l o r o p a l l a c i i t e , 67O 
p - n i t r o a n i l i n i u r n e h l o r o p a l l a d i t e , 6 7 0 
N i t r o g e n , 1 5 1 
" N i t r o n " h r o m o i r i d a t e , 7 7 7 
N i t r o s o d i e t h y l a m m o n i u m b r o m o s m a t e , 7 2 3 
N i x e s ' o r e , 1 
N o u m e a i t e , 6 
N o u m e i t e , 6 
N u m i t e , 6 

O 

O c t i b b e h i t o , 4 , 6 , 2 5 6 
O l d N i c k ' s C o p p e r , 1 
O l i v i n e , 9 
O s m a n , 7 2 7 
O s m a n - o s m i c a c i d , 7 2 7 
O s m i a m i c a c i d , 7 2 7 
O s m i c a c i d , 7 0 5 , 7 0 7 
— h e x a t h i o e a r b a m i d o h y d r o x y t r i c h l o r i d e , 

7 1 8 
O s m i c h l o r i d e s , 7 1 8 
O s m i r i d i u m , 6 8 6 , 7 5 1 
O s m i u m , 6 8 6 

a m a l g a m , 6 9 7 
a m m o n i u m d o d e c a c h l o r i d e , 72O 

— a n a l y t i c a l r e a c t i o n s , 6 9 7 
a t o m i c d i s r u p t i o n , 7 0 2 

n u m b e r , 7 0 2 
w e i g h t , 70O 

b l a c k , 69O 
b l u e o x i d e , 7 0 3 
b r o m i d e s , 7 2 2 
c h l o r i d e s , 7 1 6 
- c o b a l t a l l o y s , 6 9 7 

— c o l l o i d a l , 69O 
— - c o p p e r a l l o y , 6 9 7 

c r y s t a l l i n e , 69O 
— d i a m r n i n o d i h y d r o x i d e , 7 0 3 

d i c h l o r i d e , 7 1 6 
— d i h y d r o x i d o , 7 0 2 

d i i o d i d e , 7 2 4 
d i o x i d e , 7 0 3 

c o l l o i d a l , 7 0 4 , 7 0 5 
d i h y d r a t e , 7 0 4 
m o n o h y d r a t e , 7 0 4 

—— p e n t a h y d r a t e , 7 0 4 
di s u l p h a t e , 7 2 6 
d i s u l p h i d e , 7 2 5 

— e l e c t r o n i c s t r u c t u r e , 7 0 2 
e x p l o s i v e , 69O 

• e x t r a c t i o n , 6 8 7 
f i l m s , 6 9 0 
f l u o r i d e s , 7 1 4 
g o l d a l l o y , 6 9 7 
h e m i p e n t a s u l p h i d e , 7 2 6 
h e m i t r i o x i d e , 7 0 3 

— h y d r a t e d , 7 0 3 
h e x a c h l o r i d e , 72O 
h e x a f l u o r i d e , 7 1 5 
h e x a t h i o c a r b a m i d o t r i c h l o r i d e , 7 1 7 
h y d r o s o l , 69O 

-— h y d r o x y t r i e h l o r i d e , 72O 
i o d i d e s , 7 2 4 

O s m i u m i r i d i u m a l l o y s , 7 4 7 , 751. 
- i ron a l l o y s , 6 9 7 

— — i s o t o p e s , 7 0 2 
- l i t h i u m a l l o y , 6 9 7 
m e r c u r y a l l o y , 6 9 7 

m o n o x i d e , 7 0 3 
h y d r a t e d , 7 0 2 

- n i c k e l a l l o y s , 6 9 7 
n i t r a t e , 7 2 7 
n i t r i t e , 7 2 8 
n i t r o g e n c o m p o u n d s , 7 2 7 

— o c c u r r e n c e , 6 8 6 
o c t o c h l o r i d e , 7 2 1 
o c t o f l u o r i d e , 7 1 4 
o x i d e s , 7 0 2 

- o x y c h l o r i d e , 7 1 8 
- o x y d i a m m i n o e h l o r i d e , 72O 

o x y d i a m m i n o d i h y d r o x i d e , 7 0 4 
o x y d i a n i r n i n o n i t r a t e , 7 2 7 
o x y d i a m m i n o s u l p h a t e , 7 2 6 
o x y d i h y d r o s u l p h i d e , 7 2 6 
o x y f i u o r i d e , 7 1 5 , 7 2 2 

- — o x y i o d i d e , 7 2 5 
o x y s u l p h i d e , 7 2 6 
- p a l l a d i u m a l l o y s , 6 9 7 
p h y s i o l o g i c a l a c t i o n , 6 9 8 

— p o t a s s i u m d o d e c a c h l o r i d e , 7 2 0 
p r e p a r a t i o n , 6 8 7 
p r o p e r t i e s c h e m i c a l , 6 9 5 

p h y s i c a l , 6 9 1 
r h o d i u m a l l o y s , 6 9 7 

- r u t h e n i u m a l l o y s , 6 9 7 
—— - s e s q u i o x i d e , 7 0 2 

s i l v e r a l l o y , 6 9 7 
s o d i u m d o d e c a c h l o r i d e , 72O 
s u l p h a t e s , 7 2 5 
s u l p h i d e , 7 2 5 
s u l p h i d e s , 7 2 5 
t e t r a b r o m i d e , 7 2 2 
t e t r a c h l o r i d e , 7 1 7 
t e t r a f l u o r i d e , 7 1 5 

_ ._— t e t r a h y d r o x i d e , 7 0 4 
t o t r a i o d i d e , 7 2 4 

— t e t r a s u l p h i d e , 7 2 5 
t e t r o x i d e , 7 0 7 
t r i b r o m i d e , 7 2 2 
t r i c a r b o n y l d i c h l o r i d e , 7 1 6 , 7 1 7 
t r i c h l o r i d e , 7 1 6 

.—, t r i o x i d e , 7 0 5 
v i ses , 6 9 9 
v a l e n c y , 7 0 0 

— - z i n c a l l o y , 6 9 7 
O s m o c h l o r i d o s , 7 1 7 
O s m o u s s u l p h a t e , 7 2 6 

s u l p h i t e , 7 2 6 
O s m y l , 7 0 5 

~- a m m o n i u m b r o m i d e , 7 2 4 
c h l o r i d e , 7 2 1 
n i t r i t e , 7 2 9 
o x y b r o m i d e , 7 2 4 
o x y d i c h l o r i d e , 7 2 1 

b a r i u m o x y n i t r i t e , 7 2 9 
——— h y d r o x i d e , 7 0 5 
— — o x y s a l t s , 7 0 5 
- — — p o t a s s i u m b r o m i d e , 7 2 4 

__—_ c h l o r i d e , 7 2 1 
— d i h y d r a t e , 7 2 J 
— n i t r i t e , 7 2 9 

o x y d i c h l o r i d e , 7 2 1 
o x y n i t r i t e , 7 2 9 
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O s m y l s i l v e r o x y n i t r i t e , 7 2 9 
• s o d i u m o x y n i t r i t e , 7 2 9 
- s t r o n t i u m o x y n i t r i t e , 7 2 9 

t e t r a m r a i n o c h l o r i d e , 7 2 1 
t e t r a m m i n o c h i o r o p l a t i n a t e , 7 2 1 
t e t r a m r a i n o h y d r o x i d e , 7 0 6 
t e t r a m m i n o n i t r a t e , 7 2 7 
t e t r a r n r n i n o n i t r i t e , 7 2 9 
t e t r a m m i n o s u l p h a t e , 7 2 6 

P 

P a a k t o n g , 2 0 9 
P a c k f o n g , 2 , 2 0 9 
P a c k t o n g , 2 0 9 
P a i - 1 ' u n g , 2 0 9 
P a k f o n d , 2 0 9 
P a k - t o n g , 2 0 9 
P a l a u , 6 4 7 
P a l l a d i c b i s p y r i d i n o c h l o r i d e , 6 7 1 

b i s p y r i d i n o c h l o r o b r o m i d e , 6 7 8 
b i s p y r i d i n o d i i o d o d i c h l o r i d e , 6 8 1 
b r o m i d e , 6 7 6 
c h l o r i d e , 6 7 1 
d i a m m i n o c h l o r i d e , 6 7 1 
e t h y l e n e d i a m i n o c h l o r i d e , 6 7 1 
s u l p h i d e , 6 8 2 

P a l l a d i u m , 5 9 2 
a l l o y s , 6 4 2 
a l u m i n a t e s , 6 5 6 
a l u m i n i u m a l l o y s , 6 4 9 

- a m a l g a m , 6 4 9 
h y d r o s o l , 6 4 9 

a m m o n i u m p o j y s u l p h i d o , 6 8 2 
- — a n a l y t i c a l r e a c t i o n s , 6 3 3 

a n t i m o n i d o , 6 2 9 
—- - a s b e s t o s , 5 9 7 

a t o m i c d i s r u p t i o n , 6 4 1 
__ n u m b e r , 6 4 1 

_ w e i g h t , 64O 
- b a r i u m a l l o y , 6 4 8 
b l a c k , 5 9 7 

— b r o m i d e s , 6 7 5 
- c a d m i u m a l l o y , 6 4 8 

- c a r b o n a t e , 6 8 4 
—- c a r b o n a t e s , 6 8 4 

c a r b o n a t o d i a m m i n e , 6 8 4 
c h l o r i d e s , 66O 
. c h r o m i u m a l l o y s , 65O 

__,. - c o b a l t a l l o y s , 6 5 1 
c o l l o i d a l , 5 9 8 

- — - c o p p e r a l l o y s , 6 4 2 
- —- c r y s t a l l i n e , 5 9 7 

c u p r i d e , 6 4 3 
d i a m m i n o t r i e h l o r i d e , 6 7 1 
d i a n t i m o n i d e , 6 2 9 
d i b r o m i d e , 6 7 5 
d i c h l o r i d e , 66O 

— d i c h l o r o d i a m m i n o c h l o r o m e r c u r i a t e , 
6 6 8 

d i c h l o r o d i a m m i n o e h l o r o s m a t e , 6 6 8 , 
7 1 9 

„__— d i c h l o r o d i a m m i n o p i c r a t e , 6 6 8 
d i f l u o r i d e , 6 5 8 
d i i o d i d e , 6 7 9 

m o n o h y d r a t e , 6 7 9 
d i o x i d e , 6 5 7 

— — d i p l u m b i d e , 6 4 9 
d i s u l p h i d e , 6 8 2 

I P a l l a d i u m d i t h i o c a r b a m i d o s u l p h i d e , 6 8 2 
e l e c t r o d e p o s i t i o n , 5 9 6 

——— e l e c t r o n i c s t r u c t u r e , 6 4 1 
e x p l o s i v e , 5 9 8 

—- — e x t r a c t i o n , 5 9 4 
- f i l m s , 5 9 8 
-— - f l u o r i d e s , 6 5 8 

g o l d , 5 9 2 
a l l o y s , 6 4 6 
c o p p e r a l l o y s , 6 4 8 
n i c k e l a l l o y s , 6 4 8 6 5 2 
s i l v e r a l l o y , 6 4 8 
z i n c a l l o y s , 6 4 8 

h e m i o x i d e , 6 5 4 
h e m i p l u m b i d e , 6 5 0 
h e m i s u l p h i d e , 6 8 1 
h e m i t r i o x i d o , 6 5 7 
h y d r i d e , 6 1 8 
h y d r o g e l , 5 9 8 
- h y d r o g e n a l l o y s , 6 1 6 

I h y d r o s o l , 5 9 8 
- i n t o r m e t a l l i c c o m p o u n d s , 6 4 2 

i o d i d e s , 6 7 9 
i r i d i u m a l l o y s , 7 5 1 
- i r o n a l l o y s , 6 5 0 
i s o t o p e s , 6 4 1 
l e a d a l l o y s , 6 6 9 
l i t h i u m a l l o y s , 6 4 2 
m a g n e s i u m a l l o y , 64 8 

j —-— - m a n g a n e s e a l l o y s , 65O 
m a n g a n i d e , 65O 
m o l y b d e n u m a l l o y s , 6 5 0 

— m o n o c h l o r i d e , 66O 
m o n o s u l p h i d e , 6 8 1 

• ._ m o n o x i d e , 6 5 5 
- - n i c k e l a l l o y , 6 5 7 

j n i t r a t e s , 6 8 4 
o c c u r r e n c e , 5 9 2 
o r g a n o s o l , 5 9 8 
o s m i u m aJloyK, 6 9 7 

o x i d e s , 6 5 4 
... p e n t i t a h e x o x i d e , 6 5 4 

p h o s p h a t e s , 6 8 4 
p h y s i o l o g i c a l a c t i o n , 6 3 5 
p l u m b i d e , 65O 
p r e p a r a t i o n , 5 9 4 
p r o p e r t i e s c h e m i c a l , 6 1 6 
— p h y s i c a l , 5 9 9 

— - r h o d i u m a l l o y s , 6 5 2 
- r u t h e n i u m a l l o y s , 6 5 2 
s e s q u i o x i d o , 6 5 7 
- s i l i c a , 5 9 7 

- — - s i l v e r a l l o y s , 6 4 4 
• - c o p p e r a l l o y s , 6 4 6 

— s i n g l e c r y s t a l s , 5 9 7 
- - s o d i u m a l l o y s , 6 4 2 

s p l u t t e r i n g , 5 9 8 
s p o n g y , 5 9 7 
s t a n n i c o x i d e p u r p l e s , 5 9 8 

— s u b c h l o r i d e , 6 6 0 
s u b o x i d e , 6 5 4 
s u b s u l p h i d e , 6 8 1 

. s u l p h a t e s , 6 8 1 
s u l p h i d e s , 6 8 1 
t a n t a l u m a l l o y s , 65O « 

t e t r a b r o m i d e , 6 7 8 
t e t r a c h l o r i d e , 6 7 1 
t i n a l l o y , 6 4 9 

t r i a n t i m o n i d e , 6 2 9 
t r i c h l o r i d e , 6 7 1 
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P a l l a d i u m t r i c h l o r o d i a m m i n e , 6 7 1 
t r i f i u o r i d e , 6 5 9 
t r i t a f e r r i d e , 6 5 0 
t r i t a p l u m b i d e , 65O 
- t u n g s t e n a l l o y , 6 5 0 
u s e s , 6 3 5 

— - — v a l e n c y , 6 4 0 
— —- - z i n c a l l o y s , 64-8 
_ , — - _____ c o u p l e , 5 9 7 
P a l l a d o x i s b i s d i b e n z y l a m i n o d i b r o m i d o , 6 7 7 

b i s d i b e n z y l a m i n o d i c h l o r i d e , 6 6 8 
- b i s e t h y l e n e d i a m i n o h r o m i d o , 6 7 6 

b i s e t b y l e n e d i a m i n o e h l o r i d e , 6 6 8 
•—— b i s o t h y l o n o d i a i n i n o o h l o r o p a l l a d a t e , 

6 7 2 
b i s e t h y l e n e d i a m i n o e h l o r o p a l l a d i t e , 

6 6 8 
b i B e t h y l e n e d i a m i n o h y d r o x i d e , 6 5 7 
b i s e t h y l e n e d i a m i n o i o d i d e , 6 8 1 
b i s p r o p y l e n e d i a r n i n o b r o m i d e , 6 7 7 
b i s p r o p y l e n e d i a m i n o e h l o r i d e , 6 6 8 

--• b i s p r o p y l o n e d i a m i n o h y d r o x i d o , 6 5 7 
b i s p r o p y l e n e d i a m i n o i o d i d e , 6 8 1 

• b i s p y r i d i n o d i a m m i n o o h l o r i d e , 6 6 8 
— m o n o h y d r a t o , 6 6 8 

b i s p y r i d i n o d i a m m i n o c h l o r o p a l l a d i t o , 
6 6 8 

b i s t r i a r n i n o p r o p a n o i o d i d e , 68O 
b r o m i d e , 6 7 5 
c h l o r i d e , 6 6 0 
c h t o r o a m i d o b i s o t h y l p h o s p h i t o , 6 6 6 

— c h l o r o p o n t a m m i n e c h . l o r o m o r c u r . i t e , 
6 6 8 

d i a m r n i r i o d i i o d i d e , 6 7 9 
d i a m m i n o t r i o x y d i o h l o r i d a , 6 6 1 
d i a r s i n o d i c h l o r i d o , 6 6 6 
d i b r o m o - 1 . 3 . 4 - t o l u y l e n e d i a m i n e , 6 7 6 

- o - p h e n y l e n e d i a m i n e , 6 7 6 
d i b r o m o b i s - t » o - a m y l a m i n e , 6 7 6 

- / j - a n i s i d y l a m i n o , 6 7 6 
-_V*o-butylamirie , 6 7 6 

- n - b u t y l a m i n o , 6 7 6 
- 2 - m e t h y l p y r i d i n e , 6 7 6 
a - n a p h t h y l a m i n e , 6 7 6 

-j3 n a p h t h y l a m i n o , 6 7 6 
- a - p i o o l i n e , 6 7 6 
0 - p i c o l i n e , 6 7 6 

— n ' a o - p r o p y l a m i n e , 6 7 6 
. - q u m o l i n e , 6 7 6 

1 . 2 . 4 - x y l i d i n o , 6 7 6 
1 . 3 . 4 - x y l i d i n e , 6 7 6 

- 1 . 4 . 5 - x y l i d i n e , 6 7 6 
d i b r o m o b i s b e n z i d y l a i n i n e , 6 7 6 
d i b r o r r i o b i s b e n z y l a m i n e , 6 7 6 

— d i b r o m o b i s b o n z y l b r o m o a m i n e , 6 7 6 
d i b r o m o b i s b u t y l s e l e n i n o , 6 7 6 
d i b r o m o b i s c o l h d i n e , 6 7 6 
d i b r o m o b i s d i - i s o - a m y l a m i n o , 6 7 6 
d i b r o m o b i s d i b e n z y l b r o m o a m i n e , 6 7 6 

- — d i b r o r n o b i s d i e t h y l s u l p h i n e , 6 7 6 
d i b r o m o b i s d i p r o p y l a m i n e , 6 7 6 
d i b r o m o b i s e t h y l p h e n y l a m i n e , 6 7 6 
d i b r o m o b i s e t h y l s e l e n i n e , 6 7 6 

— d i b r o m o b i s l u t i d i n e , 6 7 6 
d i b r o ^ m o b i s m e t h y l e t h y l s u l p h i n e , 6 7 6 
d i b r o m o b i s m e t h y l p h e n y l a m i n e , 6 7 6 
d i b r o m o b i s m o t h y l s e l e n i n e , 6 7 6 

— d i b r o m o b i s p e n t y l s e l e n i n e , 6 7 6 
— d i b r o m o b i s p h e n y l a m i n e , 6 7 6 

d i b r o m o b i s i j h o n y l s e l e n i n e , 6 7 6 

P a l l a d o u s d i b r o m o b i s p i p e r i d i n e , 6 7 6 
— d i b r o m o b i s p r o p y l s e l e n i n e , 6 7 6 

d i b r o m o b i s p y r i d i n e , 6 7 6 
d i b r o m o b i s q u i n o l i n e , 6 7 6 
d i b r o m o b i s t o l y l a m i n e , 6 7 6 
d i b r o m o b i s x y l y l a m i n e , 6 7 6 

___ d i b r o m o d i a m m i n e , 6 7 5 
— d i b r o m o d i e t h y l t r i m e t h y l e n o s e 1 e n i d e , 

6 7 6 
d i b r o m o e t h y l e n e b i s d i e t h y l s u 1 p h i n e , 

6 7 6 
d i o a r b o n y l c h l o r i d e , 6 6 2 

— d i c h l o r o - 1 . 3 . 4 - b i s t o l u y l e n o d i a m i n e , 
6 6 6 

b i s - m e t h y l e t b . y l s u l p h i n . e s 6 6 6 
— d i c h l o r o a r n i d o b i s r n e t h y l p h o s p h i t o , 6 6 6 

d i c h l o r o b e n z y l a m i n e , 6 6 6 
d i c h l o r o b e n z y l c h l o r o a m i n e , 6 6 6 
d i c h l o r o b i s - i « o - a m y l a m i n o , 6 6 6 

- - - p - a n i s y l a m i n e , 6 6 6 
- r « o - b u t y l e n e d i a m i n o , 6 6 6 
- n - b u t y i a m i n e , 6 6 6 
- 2 - m e t h y l p y r i d i n e , 6 6 6 
- a - n a p t h y l a m i n e , 6 6 6 
/ 3 - n a p h t h y l a m i n e , 6 6 6 

—-— - m - n i t r a n i l i n o , 6 6 6 
- o - n i t r a n i l i n e , 6 6 6 
- p - i i i t r n n i l i n e , 6 6 6 
- p - p h e n e t i d i n e , 6 6 6 
- o - p h e n y l e n e d i a i r i i n e , 6 6 6 
iso- p r o p y l a m i n o , 6 6 6 

— —-— - q u m o l i n e , 6 6 6 
1 . 2 . 3 - x y l i d i n o , Gd 

„ 1 . 3 . 4 - x y l i d i n e , 6 6 6 
- —- - 1 . 4 . 5 - x y l i d i n e . 6 6 6 

d i c h l o r o b i s b e n z a l a n i l i n e , 6 6 6 
d i e h l o r o b i s b o n z i d y l a m i n o . 6 6 6 
d i c h l o r o b i s b e n z y l a m i n e , 6 6 5 
d i o h l o r o b i s b u t y l s e l e n i n e , 66(> 
d i c h l o r o b i s c a r b a m i d e , 6 6 6 
c H c ' l d o r o b i s e o l l i d i n o , 6 6 6 
d i c h l o r o b i s d i - i s o - a m y l a m i n o , 6 6 6 

- b u t y l a m i n o , 6 6 6 
— d i c h l o r o b i s d i e t h y l s u l p h i n o , 6 6 6 

d i c h l o r o b i s d i p r o p y l a T n i r i o , 6 6 6 
d i c h l o r o b i H o t h y l o n e d i a r n i n e , 6 6 6 
d i c h l o r o b i s e t h y l p h e n y l a m i n o , 6 6 6 

--• - d i c h l o r o b i s e t h y l p h o s p h i t c , 6 6 6 
d i c h l o r o b i s e t h y l s e l o n i n e , 6 6 6 
d i c h l o r o b i s l u t i d i n e , 6 6 6 
d i c h l o r o b i s m e t h y l p h e n y l a m i n e , 6 6 6 

—- - < l i c h l o r o b i s m o t l i y l p h o s p h i t c s 6 6 6 
d i c h l o f o b i s m o t h y l s e l e n i n t > . 6 6 6 
d i c h l o r o b i s o x y l y l a m i n e , 6 6 6 
d i c h l o r o b i s p e n t y l s e l e n i n e , 6 6 6 

— — d i o h l o r o b i s p h e n y l a r n i r i e , 6 6 6 
d i c h l o r o b i s p i c o l i n e , 6 6 6 

— d i c h l o r o b i s p i p o r i d i n e , 6 6 6 
d i c h l o r o b i s p x ' o p y l s e l e n i n o , 6 6 6 
d i c h l o r o b i s p y r i d i n e , 6 6 5 
d i c h l o r o b i s q u i n o l i n e , 6 6 5 , 6 6 6 

- — d i c h l o r o b i s t o l y l a m i n e , 6 6 6 
— — d i c h l o r o d i a n a n ^ i n e , 6 6 3 

— d i c h l o r o d i a m m i n o e t h y l p h o e p h i t e , 6 6 6 
d i c h l o r o d i a m m i n o n n e t h y l p h o s p h i t e , 

6 6 6 
_ _ — d i c h l o r o d i b e n z y l c h l o r o a m i n e , 6 6 6 

d i c h l o r o d i e t h y l t r i m e t h y l e n e s e l e n i d e , 
6 6 6 

—-— d i c h l o r o d i h y d r o x y l a n a i n e , 6 6 5 
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F a l l a c i o u s d i c h l o r o e t h y l e n e b i s d i e t h y 1-
s u l p h i n e , 6 6 6 

d i c h l o r o e t h y l e n e d i a m i n e , 6 6 6 
• • • • d i c h l o r o h y d r a z i n e , 6 6 5 

d i c h l o r o p y r i d i n o e t h y l p h o s p h i t e , 6 6 6 
d i c h l o r o p y r i d i n o r n e t h y l p h o s p h i t e , 6 6 6 
d i c h l o r o t o l u i d i n o e t h y l p h o s p h i t e , 6 6 6 
d i c h l o r o t o l u i d i n o m e t h y l p h o s p h i t e , 6 6 6 

— d i c h . l o r o t o K x y l d i a . m i n e , 6 6 6 
d i f l u o r o d i a m m i n e , 6 5 8 

— d i h y d r o x y b i s p y r i d i n e , 6 5 6 
d i h y d r o x y d i a m m i n e , 6 5 6 
d i i o d o - a - p i c o l i n e , 6 8 0 

jS -p i co l i ne , 68O 
• — - / 3 j 9 ' / 3 " - t r i a m i n o t r i e t h y l a m i n e , 

68O 
e t h y l e n e b i s d i e t h y l s u l p h i n e , 68O 

— — d i i o d o b i s - i s o - a m y l a m i n e , 68O 
- — - n . - b u t y l a m i n e . 68O 

-iso-propylamine, 68O 
d i i o d o b i s b u t y l s e l e n i n o , 68O 

- d i i o d o b i s d i e t h y l s u l p h i n e , 68O 
— — d i i o d o b i s e t h y l s e l e n i n o , 68O 

d i i o d o b i s m o t h y l e t h y l s u l p h i n e , 6 8 0 
— — d i i o d o b i s m o t h y l s a l e n i n c , 68O 

d i i o d o b i s p e n t y l s e l o n i n e , 68O 
d i i o d o b i s p r o p y l s e l e n i n e , 6 8 0 

— d i i o d o b i s p y r i d i n e , 68O 
d i i o d o e o l l i d i n o , 68O 

— d i i o d o l u t i d i n e , 6 8 0 
-— d i i o d o p i p e r i d i n e , 68O 

d i n i t r a t o b i s p i c ; o l i n e , 6 8 4 
— --— d i n i t r a t o b i s p y r i d i n e , 6 8 4 

d i n i t r a t o d i a r n m i n e , 6 8 4 
d i n it r o s y ! s u l p h a t e , 6 8 3 

- d i n i t r o x y l c h l o r i d e , 6 2 8 
— - d i p h o s p h i n o d i c h l o r i d o , 6 6 6 

— d i s a l i e y l a l d o x i r n i n o e h l o r i d e , 6 6 6 
- d i s u l p h i n o d i c h l o r i d e , 6 6 6 

.... e t h v J e n e d i a r n i n o b i s p v r i d i n o o h 1 o r i ci e , 
6 6 8 

— .._ o t h v l e n e d i a m i n o d i a i n m i n o o h l o r i d e , 
6 6 8 

— e t h y l e n e d i a m i n o d i a r n m i n o e h l o r o p a l l a -
d i t e , 6 6 8 

h e r n i t r i e a r b o n y l e h l o r i d e , 6 6 2 
h e x a m m i n o x y c h l o r i d e , 6 6 1 
h y d r o x i d e , 6 5 6 
i o d i d e , 6 7 9 

— - m o n o h y d r a t e , 6 7 9 
ct-y3-isobnt y l e n e d i a m i i i o c * h l o r o p a l l a-

d i t e , 6 6 8 
- - - n i o n o a r s i n o d i c h l o r i d e , 6 6 7 

— m o n o p h o s p h i n o d i e h l o r i d e , 6 6 7 
— n i t r a t e , 6 8 4 

o x i d e , 6 5 5 
— p h o s p h o r u s o e t o c h l o r i d e , 6 6 2 

p e n t a c h l o r i d e , 6 6 2 , 6 7 5 
q i m t e r - i s o - a m y l a m i n o b r o m o p a l l a d i t e , 

6 7 6 
. a m y l a m i n o e h l o r o p a l l a d i t e , 

6 6 8 
- p r o p y l a m i n o b r o m o p a l l a -

d i t e , 6 7 6 
— „ _ p r o p y l a m i n o c h l o r o p a l l a -

d i t e , 6 6 8 
. n - b u t y l a m i n o b r o m o p a 11 a d i t e , 

7 6 7 
b u t y l a m i n o c h l o r o p a l l a d i t e , 

6*68 

P a l l a d o u s q u a t e r p y r i d i n o c h l o r i d e , 6 6 8 
q u a t e r p y r i d i n o c h l o r o p a l l a d i t e , 6 6 8 
q u a t e r p y r i d i n o h y d r o x i d e , 6 5 7 
q u a t e r t h i o c a r b a m i d o c h l o r i d e , 6 6 8 
s u l p h a t e , 6 8 3 
s u l p h a t o d i a m m i n e , 6 8 3 

— — s u l p h i d e , 6 8 1 
s u l p h o d i a m m i n e , 6 8 2 
t e t r a h y d r o x y l a m i n e h y d r o x i d e , 6 5 6 
t e t r a h y d r o x y l a m i n o c h l o r i d e , 6 6 8 
t e t r a m m i n o b r o m i d e , 6 7 6 
t e t r a m m i n o b r o m o p a l l a d i t e , 6 7 6 
t e t r a m m i n o e a r b o n a t e , 6 8 4 
t e t r a m i n i n o c h l o r i d o , 6 6 7 

m o n o h y d r a t e , 6 6 7 
t e t r a r n i n i n o e h l o r o p a l l a d a t e , 6 6 8 , 6 9 2 
t e t r a m m i n o e h l o r o p a l l a d i t e , 6 6 7 

— t e t r a m m i n o f l u o r i d e , 6 5 8 
- t e t r a m m i n o h y d r o x i d e , 6 5 6 

t e t r a m m i n o i o d i d o , 6 8 0 
t e t r a m m i n o i o d o p a l l a d i t e , 6 8 1 
t e t r a m m i n o n i t r a t e , 6 8 4 
t e t r a m m i n o s u l p h a t e , 6 8 3 
t h i o c a r b a z i d o c h l o r i d e , 6 6 8 

- t h i o c a r b a z i d o s u l p h a t e , 6 8 3 
/9yS' / 3 " t r i a m i n o t r i e t h y l a r n i n c < - h l o r o -

p a l l a d a t e , 6 6 6 
t r i m e t h y l e t h y l e n e o e h l o r i d e , 6 6 6 
t r i m e t h y l s t i b i n o e h l o r i d e , 6 6 6 
t r i x o y d i e h l o r i d e , 6 6 1 

P a l l a s i t e , 9 
P a l o r i u m , 6 6 7 
P a r k e r ' s a l l o y , 2 1 0 
P a t e n t n i c k e l , 179 
P o h t u n g , 2 0 9 
P e n n i t e , 9 
P o n t a c h l o r o h y d r a z i n o i r i d i e a c i d , 7 6 3 
1 ' e n t a c h l o r o p e r r h o d i t e s , 5 7 7 
P e n t a e h l o r o p y r i d i n o i r i d i c , a c i d , 7 6 8 
P e n t l a n d i t e , 6 , 4 4 4 
P e r i d o t © , 9 
P e r m a l l o y , 2 5 8 
P e r m i n v a r , 3 4 1 
P e r n i e k e l a t e s , 4Ol 
P e r n i c k o l i t c s , 4OO 
P e r o s m i t ; a c i d , 7 0 7 , 7 0 9 

— a n h y d r i d e , 7 0 7 
P e r r u t h o n i e a n h y < l r i d e , 5 1 8 
P e r r u t h e n i t e s , 5 1 6 
P e r u s i l v e r , 2()9 
P e k i n g , 2 0 9 
o - p h e n e t i d i x i i u m b r o m o s m u t e , 7 2 3 
- — e h l o r o p a l l a d i t e , 67O 
p - p h e n i t i d i n i u m b r o m o s m a t e , 7 2 3 
- — e h l o r o p a l l a d i t e , 67O 
P h e n y l a m m o n h i m c h l o r o s m a t e , 7 1 9 
m - p h e n y l o n e d i a m i n e b r o m o p a l l a d i t e , 6 7 7 

e h l o r o p a l l a d i t e , 6 7 0 
r n - p h e n y l e n e d i a m m o n i u m b r o m o s m a t e , 7 2 3 
P h e n y l m e t h y l a m m o n i u m c h l o r o s m a t e , 7 1 9 
P h o s p h o r s a l u m i n a r h o d i u m , 56-^ 
P i c o l i n i u m c h l o r o p a l l a d a t e , 6 7 3 

e h l o r o p a l l a d i t e , 67O 
p e n t a c h l o r o p i c o l i n o i r i d a t e , 7 6 8 

a - p i c o l i n i u m b r o m o i r i d a t e , 777 
b r o m o p a l l a d a t e , 6 7 8 

—.—. b r o m o r u t h e n a t e , 5 3 9 
— b r o m o s m a t e , 7 2 3 
— - e h l o r o i r i d a t e , 7 7 1 

c h l o r o s m a t e , 7 1 9 
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£ - p i c o l i n i u m b r o m o p a l l a d a t e , 6 7 8 
b r o m o p a i l a d i t o , 6 7 7 

——- b r o r n o p e r r u t h e n i t e , 5 3 8 
b r o m o s m a t e , 7 2 3 
c h l o r o i r i d a t e , 7 7 1 
e h l o r o p e r r u t h e n i t e , 5 3 3 
e h l o r o h o d a t e , 5 8 0 

— o h l o r o r u t h e n a t e , 5 3 4 
c h l o r o s m a t o , 7 1 9 

P i c i ' o l i t o , 9 
P i m e l i t e , 6 
P i p e r i d i n i u m b r o m o p a i l a d i t o , 6 7 7 

- b r o m o s m a t e , 7 2 3 
c h l o r o i r i d a t e , 7 7 1 
c h l o r o p a l l a d i t e , 67O 

— — e h l o r o p e r r u t h e n i t e , 5 3 3 
— o h l o r o r u t h e n a t e , 534—5 

o h l o r o a m a t e , 72O 
P l a c o d i t e , 6 
P l a k o d i n e , 6 
P l a t i n i t e , 2 5 8 
P l a t i n o i d , 2 1 0 , 2 1 1 
P l a t i n u m , 9 
P l a t i n u m t e t r a m m i n e j j c n t a o h l o r o h y d r a z i n o -

i r i d a t e , 7 6 3 
P l e s s i t o , 26O 
P o l y d y m i t o , 6, 4 4 7 
P o r p o z i t o , 5 9 3 
P o r p i z i t e , 6 4 8 
P o t a r i t e , 5 9 2 
P o t a s s i u m a m i d o c h l o r o s m a l t i , 7 1 8 

a m i d o h y d r o e h l o r o s m a t o , 7 1 8 
a m m o n i u m i r i d i u m d i s u l p h a t e , 7 8 6 

s u l p h i t o e h l o r o i r i d i t o , 7 5 8 
a q u o e h l o r o p e r i r i d i t e , 7 6 5 
a q u o c h l o r o p o r r u t h e n i t o , 5 3 1 

—- a q u o p e n t a b o r o i r i d a t e , 7 7 7 
b e r y l l i u m n i c k e l o u s f l u o s u l p h a t e , 4 7 5 
b r o m o a q u o p e r r u t h e n i t e , 5 3 8 
b r o m o i r i d a t e , 7 7 6 

—_— b r o m o p a l l a d a t e , 6 7 8 
b r o m o p a l l a d i t e , 6 7 7 

d i h y d r a t o , 6 7 7 
— b r o m o p e r i r i d i t e , 7 7 5 

t r i h y d r a t e . 7 7 5 
• b r o r n o p e r r u t h e n i t e , 5 3 8 

b r o m o r u t h e n a t . e , 5 3 8 
b r o m o s m a t e , 7 2 3 

- c a l c i u m n i c k e l s u l p h a t e , 4 7 5 
c h l o r o a q u o p o r r u t h o n i t e , 5 3 2 
c h l o r o i r i d a t e , 7 6 8 
e h l o r o i r i d i o s m a t e , 7 7 2 

- e h l o r o p a l l a d a t e , 6 7 2 
e h l o r o p a l l a d i t e , 6 6 8 
e h l o r o p e r i r i d i t o , 7 6 3 

m o n o h y d r a t e , 7 6 4 
t r i h y d r a t e , 7 6 4 

—- o h l o r o p e r o s m i t e , 7 1 7 
c h l o r o p e r p a l l a d i t e , 6 7 1 
e h l o r o p e r r u t h e n i t e , 5 2 9 

m o n o h y d r a t o , 53O 
— a.t 53o* 

£- , 53O 
y-, 5 3 0 

o h l o r o r u t h e n a t e , 5 3 3 
— p e n t a h y d r a t e , 5 3 4 

— c h l o r o s m a t o , 7 1 8 
c h l o r o s m i t e , 7 1 6 
c o b a l t o u s n i c k e l o u s s u l p h a t e , 4 7 8 

— c o p p e r n i c k e l s u l p h a t e , 4 7 4 

P o t a s s i u m d i i o d o d i n i t r i t o p a l l a d i t e , 6 8 1 
— — d i p a l l a d i t e , 6 5 7 

e n n o a b r o m o d i p e r r h o d i t e , 5 8 1 
— f e r r o u s n i c k e l o u s s u l p h a t e , 4 7 7 

f l u o i r i d a t e , 7 5 7 
f l u o p a l l a d i t e , 6 5 8 

— h e x a h r o m o i r i d a t e , 7 7 7 
h e x a c h l o r o p a l l a d i t e , 6 6 9 
h e x a c h l o r o p e r r h o d i t e , 5 7 8 

h e x a h y d r a t e , 5 1 8 
t r i h y d r a t e , 5 7 8 

h o x a c h l o r o p e r r u t h e n i t e , 5 3 1 
h e x a r h o d i t e , 5 7 1 
h y d r o c h l o r o s u l p h i t o s m a t e , 7 2 6 
h y d r o s u l p h i t o c h l o r o s m a t o , 7 1 9 
h y d r o x y c h l o r o r u t h o n a t e , 5 3 1 
h y d r o x y p e n t a b r o m o r u t h e n a t e , 5 3 8 
h y d r o x y p e n t a e h l o r o r u t h o n a t e , 5 3 6 

— h y d r o x y p e n t a c h l o r o a m a t e , 72O 
h y d r o x y p o r o s m a t e , 7 1 3 
h y p e r i r i d i t e , 7 5 6 
h y p o r u t h e n i t e , 5 1 7 
h y p o s m a t e , 7 2 8 
i o d o i r i d a t e , 7 7 9 
i o d o p a l l a d i t e , 6 8 1 
i o d o p e r i r i d i t e , 7 7 8 
i o d o s m a t e , 7 2 5 
i o d o s m i t e , 7 2 4 
i r i d a t e , 7 5 6 
i r i d i t e , 7 5 3 
i r i d i u m d i s u l p h a t e , 7 8 5 , 7 8 6 

s u l p h i d e , 7 8 3 
m a g n e s i u m n i c k e l o u s s u l p l i a t e , 4 7 5 
i n a n g a n o u s n i c k e l o u s s u l p h a t e , 4 7 7 
n i c k e l a q u o q u i n q u i e s p y r i d i n o s u 1-

p h a t e , 4 6 5 
— c a r b o n a t e . 4 8 6 

— d o e a s u l p h i d o , 4 4 3 
d i m e t a p h o s p h a t e , 4 9 6 
d i s u l p h a t e , 4 6 9 

•- h y d r o c a r b o n a t o , 4 8 6 
— o r t h o p h o s p h a t o , 4 9 5 

s u l p h a t o f l u o s b e r y l l a t e , 4 7 8 
t o t r a f l u o r i d e , 4 0 5 
t e t r a s u l p h i d e , 4 4 3 
t r i c h l o r i d e , 4 1 9 
t r i l l u o r i d e , 4 0 5 

- - t r i s u l p b a t e , 47O 
n i c k e l a t e , 4 0 1 
n i c k e l o u s p e r n i c k e l i t e , 3 9 6 
n i t r i t o p e r o s m i t e , 7 2 8 
n i t r o s y l b r o r n o p e r r u t h e n i t e , 537—8 
n i t r o s y l b r o m o r u t h e n a t e , 5 3 7 
n i t r o s y l b r o m o s m a t e , 7 2 3 
n i t r o s y l o l i l o r o p o r r u f c h e n i t e , 5 3 2 

d i h y d r a t o , 5 3 2 
n i t r o s y l c h l o r o r u t h e i i a t o , 5 3 6 

d i h y d r a t o , 5 3 7 
n i t r o s y l i o d o r u t h e n a t e , 5 3 9 
n i t r o s y l i o d o s r n a f c e , 7 2 5 
o s m a t o , 7 0 6 

— - o s m i a m a t e , 7 2 7 
o s m i u m d o d o e a c h l o r i d e , 7 2 0 

- o s r n y l b r o m i d e , 7 2 4 
c h l o r i d e , 7 2 1 
—— d i h y d r a t e . 7 2 1 

— o x y d i c h l o r i d e , 721 
n i t r i t e , 7 2 9 
o x y n i t r i t e , 7 2 9 

— o x y e h l o r o p e r r u t h e m t e , 5 2 4 
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P o t a s s i u m p e n t a b r o m o p e r r h o d i t e , 5 8 1 

— p e n t a c h l o r o a q u o p e r r h o d i t e , 5 7 8 
p e n t a c h l o r o p e r r h o d i t e , 5 7 8 

d i h y d r a t e , 5 7 8 
m o n o h y d r a t e , 5 7 8 

p e n t a c h l o r o p y r i d i n o i r i d a t e , 7 6 8 
— p e n t a c h l o r o p y r i d i n o p e r i r i d i t e , 7 6 5 
•— p e r i r i d i t e , 7 5 3 

— p e r n i c k e l a t e , 4 O l 
p e r o s m i t o , 7 0 5 
p e r r h o d i t e , 5 7 1 

——— p e m i t h e n a t e , 5 1 8 
- p e r s u l p h a t e , 151 

r h o d i t e , 5 7 1 
— r h o d i u m a l u m , 5 8 8 

—___ d i s u l p h a t e , 5 8 8 
r u t h e n a t e , 5 1 7 
s u l p h a t o p e r i r i d i t e , 7 8 4 

h y d r a t e , 7 8 4 
s u l p h i t o c h l o r o p e r i r i d i t e s , 7 6 4 

— s u l p h i t o s r n a t e , 7 2 6 
s u l p h o p a l l a d a t e , 6 8 3 
s u l ] > h o p a l l a d i t e , 6 8 2 

_— s u l p h o p e r r h o d i t o , 5 8 6 
t o t r a c h l o r o b i s p y r i d i n o p e r i r i d a t e , 7 6 6 
z i n c n i c k e l o u s s u l p h a t e , 4 7 6 

— — z i r c o n i u m n i c k e l d o d e c a f l u o r i d c , 4()5 
P o t o r i t e . 6 4 9 
PotOHi s i l v e r , 2(>8 
I ' r a w o d y m i u r n n i c k e l n i t r a t e , 4 9 2 
P r o p l a t i n u m , 2 6 5 
P r o p y l a m m o n i u m h r o m o r u t h e n a t e , 5 3 8 
-- ---• ( t h l o r o n i t h o n a t p , 5 3 4 
i w - p r o j t y l a m m o n i u m b r o r n o i r i d a t o , 7 7 7 

~ b r o m o p a l l a d a t e , 6 7 8 
— h r o m o p a l l u d i t ' O , 6 7 7 

„ b r o r n o p e r r u t h e n i t e , 5 3 8 
- b r o m o s m a t e , 7 2 3 

- e h l o r o i r i d a t e , 77O 
e h l o r o p a l l a d a t e , 6 7 3 

— — e h l o r o p a l l a d i t e , 67O 
„_,. _____— c h l o r o p e r r u t h e n i t e , 5 3 2 , 5 3 3 

c h l o r o r h o d a t e . 5 7 9 
— - <. h I o r o s m a t e , 7 1 9 
•n-propylammonium b r o m o i r i d a t e , 7 7 6 

- - b r o r n o p e r r u t h e n i t e , 5 3 8 
b r o m o s m a t e , 7 2 3 
e h l o r o i r i d a t e , 77O 
c h l o r o r h o d a t e , 5 7 9 

__ _._ e h l o r o s m a t e , 7 1 9 
h e p t a c h l o r o p e r r u t h e n i t e , 5 3 3 

P r o p y l e n e d i a m r n o n i u m b r o r n o i r i d a t o , 77 7 
— - b r o r n o p e r r u t h e n i t e , 5 3 8 

b r o m o r u t h e n a t e , 5 3 9 
- b r o m o s m a t e , 7 2 3 

e h l o r o i r i d a t e , 771 
- c h l o r o r h o d a t e , 5 8 0 

— - r h l o r o n i t h e n a t e , 5 3 4 
._. e h l o r o s m a t e , 7 1 9 

,_ h e p t a c h l o r o p e r r u t h e n i t e , 5 3 3 
P a e u d o c u m i d i n i u m b r o m o p a l l a d i t e , 6 7 7 

—— e h l o r o p a l l a d i t e , 6 7 0 
P y r i d i n i u m b r o r n o i r i d a t o . 7 7 7 
—1 b r o m o p a l l a d a t e , 6 7 8 

b r o r n o p e r r u t h e n i t e , 5 3 8 
b r o r n o r u t h e n a t e , 5 3 9 

• b r o m o s m a t e , 7 2 3 
— — e h l o r o i r i d a t e - 7 7 1 

e h l o r o p a l l a d a t e , 6 7 3 
,_ e h l o r o p a l l a d i t e , 6 7 0 

P y r i d i n i u m o h l o r o p e r r u t h e n i t o , 5 3 3 
c h l o r o r h o d a t e , 5 8 0 
c h l o r o r u t h e n a t e , 5 3 4 
e h l o r o s m a t e , 7 1 9 
e n n e a b r o m o d i p e r r h o d i t e a c i d , 5 8 0 
h e p t a c h l o r o p e r r u t h e n i t e , 5 3 3 

—-—- h e x a c h l o r o p e r r u t h e n i t e , 5 3 1 , 5 3 3 
— p e n t a c h l o r o p y r i d i n o p e r i r i d i t e , 7 6 3 

p o n t a e h l o r o p y r i d i n o p e r r u t h e n i t e , 5 3 3 
t e t r a b r o m o b i s p y r i d i n o p e r r b o d i t e , 58O 
t e t r a c h l o r o b i s p y r i d i n o p o r i r i d i t e , 7 6 3 , 

7 6 6 
- — t e t r a c h l o r o b i s p y r i d i . n o p o r r u t h e n i t e , 

5 3 3 
t r i o x v d i e h l o r o s m o n a t e , 721 

P y r i t e s , 9 
c a p i l l a r y , 4 3 5 
n i c k e l , 4 3 5 

.._.._. r e d , 4 3 5 
y e l l o w , 4 3 5 

P y r o l u s i t o , 9 
P y r o m e l a n e , 6 
P y r r h o t i t e , 9 

Q 

Q u i n i n e b r o m o i r i d a t e , 7 7 7 
e h l o r o i r i d a t e , 77 1 
s u l p h a t o p e r i r i d i t e , 784 

Q u i n o l i n i u m b r o m o i r i d a t e , 777 
b r o m o p a l l a d a t e , 6 7 8 
b r o r n o p e r r u t h e n i t e , 5 3 8 
b r o m o r u t h e n a t e , 5 3 9 
e h l o r o i r i d a t e , 771 
e h l o r o p e r r u t h e n i t e , 5 3 3 
c h l o r o r h o d a t e , 58O 
c h l o r o r u t h e n a t e . 5 3 5 
e h l o r o s m a t e , 72O 

/\«M>-ejuinolinium b r o m o p a l l a d a t e , 6 7 8 
b r o m o p a l l a d i t e , 67 7 

_ b r o m o s m a t e , 7 2 3 
. e h l o r o i r i d a t e , 771 

e h l o r o p a l l a d a t e , 6 7 3 
e h l o r o p a l l a d i t e , 67() 

—_— c h l o r o r h o d a t e , 58O 
e h l o r o s m a t e , 7 2 0 

R 

R a m m e l s b o r g i t e , 6 
R e v e r s i b l e s t e e l s , 2 6 4 
H e w d a n s k i t e , 6 
R h e n i u m - i r i d i u m a l l o y , 75O 

- r h o d i u m a l l o y s , 5 6 5 
K h e o t a n , 2 1 0 , 3 1 3 * 
R h o d i c h y d r o s u l p h a t e , ~>87 

s u l p h a t e , 5 8 7 
p e n t a h y d r a t e , 5 8 7 
t e t r a h y d r a t e , 5 8 7 

R h o d i o u s s u l p h a t e , 5 8 7 
R h o d i t e , 5 4 5 . 5 6 5 
R h o d i u m , 5 4 5 

a l u m s , 5 8 8 
a m m i n e s , 5 8 3 

—_—. a m m o n i u m a l u m , 5 8 8 
c h l o r o n i t r a t e , 5 9 0 
d i s u l p h a t e , 5 8 8 
m e r c u r y c h l o r o n i t r a t e . 5 9 i 
s i l v e r c h l o r o n i t r a t e , 5 9 0 

tetrachlorobispyridi.no
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P t h o d i u m a n a l y t i c a l r e a c t i o n s , 5 6 5 
——— a q u o p e n t a m m i n o b r o m i d e , 5 8 0 
——_ a q u o p e n t a m m i n o c h l o r i d e , 5 7 6 

a q u o p e n t a m m i n o h y d r o n i t r a t e , 59O 
a q u o p e n t a m m i n o h y d r o x i d e , 5 7 1 
a q u o p e n t a m m i n o n i t r a t e , 5 8 9 , 59O 
a q u o p e n t a m m i n o n i t r a t o c h l o r o p l a t i -

n a t e , 5 9 0 
a q u o p e n t a m m i n o p h o s p h a t e , 5 9 1 

— — a q u o p e n t a m m i n o s u l p h a t e , 5 8 7 
a q u o p e n t a m m i n o s u l p h a t o c h l o r o -

p l a t i n a t e , 5 8 7 
— — a t o m i c d i s r u p t i o n , 5 6 8 

— n u m b e r , 5 6 8 
w e i g h t , 5 6 7 

a u r i d e , 5 6 5 
— — b i s d i m e t h y l g l y o x i m e d i a m m i n o b r o-

m i d e , 581 I 
b i s d i m e t h y l g l y o x i r n e d i a m m i n o i o d i d o , 

5 8 2 
b i s d i m e t h y l g l y o x i m e d i a m m i n o -

n i t r a t e , 5 8 9 
— - b i s d i m e t h y l g l y o x i m o d i a m m i n o -

eh lo r ides" , 577* 
b i s d i r n e t h y l g l y o x i m o d i a m i n i i i o o h l o r o -

p l a t i n a t e , 5 7 7 
b l a c k , 5 5 1 

— - b r o m o p o n t a m m i n o b r o m i d o , 58O 
b r o m o p o n t a m m i n o c a r b o n a t e , 5 8 9 
b r o m o p e n t a m m i n o c h l o r i d e , 5 8 1 
b r o m o p e n t a m m i n o h y d r o x i d e , 5 8 1 
b r o m p e n t a m m i n o n i t r a t o , 59O 
e s e s i u m a l u m , 5 8 8 

d i s u l p h i d e , 5 8 8 
d i h y d r a t e , 5 5 8 

— — — d o d o c a h y d r a t o , 5 8 8 
— h e x a h y d r a t e , i>88 

— — - t o t r a h y d r a t o , 5 8 8 
— - c a r b o n a t e , 5 8 9 

c a r b o n a t e s , 5 8 9 
• ch loro- j8 /3 ' j8"- t r iamiTio t r io t h y 1 a i n i n o, 

5 7 7 
f h l o r o p e n t a m m i n o c a r b o n a t e , 5 8 9 
c h l o r o p o n t a m m i n o c h l o r i d e , 5 7 6 
c h l o r o p e n t a m m i n o c h l o r o p l a t i n a t e , 5 7 7 i 
c h l o r o p o n t a m m i n o h y d r o s u l p h a t o , 5 8 7 

. c h l o r o p e n t a m m i n o h y d r o x i d o , 5 7 7 
c h l o r o p o n t a m m i n o n i t r a t e , 59O 
c h l o r o p o n t a m r a i n o s u l p h a t o , 5 8 7 
c h l o r o p y r i d i n o p e r o s m a t o , 7 2 1 

• c o b a l t i c t r i s e t h y l o n o d i a m i r i o b r o m i d c , j 
5 8 0 

• •— t r i s e t h y l e n e d i a m i n o e h l o r i d e , 5 7 6 
— t r i s e t h y l e n o d i a m i n o i o d i d e , 5 8 2 

c o l l o i d a l , 5 5 1 
c o p p e r a l l o y , 5 6 4 

— — d i b r o m o q u a t e r p y r i d i n o b r o m i d o , 58O 
d i c h l o r i d o , 5 7 3 

— d i c h l o r o a q u o t r i s p y r i d i n e , 5 7 6 
— — d i e h l o r o b i s d i a m i n o d i e t h y l a m i n o b y d r o -

c h l o r i d e r h o d i o c h l o r i d e , 5 7 7 
d i c h l o r o q u a t e r p y r i d i n e , 5 7 6 
d i c h l o r o q u a t e r p y r i d i n o b r o r n i d e , 5 8 1 

— — d i c h l o r o q u a t e r p y r i d i n e c h l o r i d e , 5 7 7 
d i c h l o r o q u a t e r p y r i d i n e c h l o r o p l a t i n a t e , 

5 7 7 
d i c h l o r o q u a t e r p y r i d i n e h y d r o x i d e , 5 7 7 

• d i c h l o r o q u a t e r p y r i d i n o h y d r o p e r o s -
m a t e , 7 1 3 

— d i c h l o r o q u a t e r p y r i d i n o n i t r a t e , 5 9 0 • 

R h o d i u m d i c h l o r o t e t r a m m i n o n i t r a t e , 5 9 O 
d i c h l o r o t e t r a p y r i d i n o s u l p h a t e , 5 8 7 
d i h y d r o x y b r o m i d e , 58O 
d i o x i d e , 5 7 1 

d i h y d r a t e , 5 7 1 
d i p l u m b i d e , 5 6 5 
2 : 2 ' - d i p y r i d y l c h l o r i d e s , 5 7 7 

_._ d i s u l p h i d e , 5 8 6 
.— d i z i n c i d e , 5 6 5 

e l e c t r o d e p o s i t i o n , 5 5 8 
.— e l e c t r o n i c s t r u c t u r e , 5 6 8 

e x p l o s i v e , 55O 
— — e x t r a c t i o n , 5 4 6 

f i l m s , 5 5 1 
— — g o l d , 5 4 5 

1 a l l o y s , 5 6 5 
h e m i o x i d e , 5 6 9 
h e m i p e n t a s u l p h i d e , 5 8 6 
h o m i p e n t o x i d e , 5 7 1 
h e m i t r i o x i d e , 5 6 9 
h e m i t r i s u l p h i d e , 5 8 5 
h e x a b r o m o a q u o b i s p y r i d i n e , 58O 

.._ h o x a m m i n o b r o m i d e , 58O 
h p x a m m i n o c h l o r i d o , 5 7 5 

d i h y d r a t e , 5 7 5 
h o x a m m i n o c h l o r o p l a t i n a t e s , 5 7 6 
h e x a m m i n o h y d r o n i t r a t e , 5 8 9 
h o x a m m i n o l i y d i ' o x i d e , 5 7 1 
h o x a m m i n o n i t r a t e , 5 8 9 
h e x a m m i n o p h o s p h a t e , 5 9 1 
h o x a r n m i n o s u l p h a t o , 5 8 7 
b p x a t h i o o a r b a m i d o c h l o r o d i n i t r a t e , 59O 
h y d r i d e , 5 6 1 
h y d r o p h o s p h a t e , 5 9 1 

- h y d r o s u l p h i d e , 5 8 5 
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Rhodium phosphate, 591 

phosphates, 589 
physiological action, 566 

• potassium alum, 588 
disulphate, 588 

— preparation, 546 
• properties chemical, 561 

physical, 553 
-rhenium alloys, 565 
rubidium alum, 588 

disulphate, 588 
-ruthenium alloys, 565 
soquioxide, 569 
sosquisulphide, 585 

. .silver alloys, 564 
chloride, 579 

sodium aquopentamminopyrophos-
phate, 591 

disulphate, 587 
hoxamminopyrophosjihate, 591 
nitrate, 59O 

sponge, 551 
sulphate, 586 

—- sulphates, 5H6 
sulphides, 584 

- tetrabromide, 581 
tetrachlorobispyridines, 576 
tetrafiuoride, 572 

- - - - tetrahydroxide, 571 
thallous alum, 588 

disulphate, 588 
-tin alloy, 565 
triarninocyclopentanobromide, 58O 

- - triamminotrichloride, 576 
tribromide, 58(> 

dihydrate, 58O 
- tribromotriamminobroruido, 581 

tricarbonyloxydichloride, 575 
trichloride, 573 

— tetrachloride, 574 
trichloroaquobispyridinc, 5r7(> 
trichlorotrispyridine, 576 
trifluoride, 572 
trihydroxide, 570 
triiodide, 581 

- triiodotriarnmine, 582 
trinitrate, 589 

- • trinitrosyloxydichloride, 573 
trioxide, 571 
trisammoeyelopentanosulphate, 587 

- trisarninopentanoehloride, 576 
- trisdiaminoeyclopentanoehloride, 576 

- - trisdiaminopentanoiodide, 582 
..... trisdiaminopentanobromide, 580 

trisdiaminopentanonitrate, 589 
£-trisethylenediaminobromide, 580 

-— trisothylenediaminochloride, 576 
tri hydra ted, 576 

rf-trisethylenediaminochloride, 576 
J-trisethylenediaminoehloride. 576 
trisethylenediarninoiodide, 581 

— df-trisethylenediamminoiodide, 581 
Z-trisethylendiaminoiodide, 582 
trisethylenediaminonitrate, 589 
trispyridinotribromide, 580 
tristannide, 565 
tritatetrasulphide, 585 
tritatetroxide, 569 
uranyl nitrate, 590, 591 
uses, 566 

Rhodium valency, 567 
Rhodium gold, 565 
Rhotanium, 647 
Rottisite, 6 
Rosein, 235 
Rotgass, 235 
Rubidium aquoehloropeniridite, 765 

aquopentabromoiridate, 777 
— — bromoaquoperruthenite, 538 

bromoiridate, 776 
bromopalladato, 678 
bromopalladite, 677 
bromoporruthcnite, 538 
bromoruthenate, 538 
bromosmate, 724 

— chloroiridate, 769 
chloropalladate, 672 
chloropalladite, 669 
ehloroperiridite, 764 
chloroperpalladite, 671 
chloroperrhodite, 579 
chloroperruthenite, 531 

-— ehlororuthenato, 535 
chlororuthenifce, Ii2~> 
chlorosmatc, 719 
difluoperosmate, 713 
enneabromodiperrhodite, 581 
hcxabrornoiridate, 777 

-— hydroxypentachlorosmatc, 72O 
— hydroxyperosmate, 713 •»• 

iridium disulphate, 785 
nickel disulphate, 471 

tetrachloride, 419 
nitrosylchloroperruthenite, 532 
-•- dihydrate. 532 
osmiamate, 728 
pentabromoperrhodite, 581 

— pentachloroaquoporrhodite, 578 
pontachloroperrhodite, 578 
l>entachloropyridinoiridate, 768 
rhodium alum, 585 
— — disulphate, 588 
sulphatoporiridite, 784 
tetrachlorodioxyruthenate, 535 

Ruthenates, 517 
H ut heiiic, hvdroxide, 516 

colloidal, 516 
oxide, 515 

— ammines, 543 
analytical reactions. 5 IO 
atomic disruption, 513 

number, 512 
weight, 511 

- black, 502 
—— carbonyl bromide, 537 

dichloride, 524 
ehloro-£/3'/3"-tria m i n o t r i e thy lo n e-

arnine, 529 
ehlorobisethylenediaminochloride, 528 
chloronitratotetramminonitrate, 528, 

544 
-cobalt alloys, 510 

_ _ colloidal, 502 
_ -copper alloy, 510 
crystalline, 502 

— _ _ diaquotriamminodichloride, 523 
di bromide, 537 
dibromotetramminobromide, 528 
dicarbonyldibromide, 537 
dicarbonyldichloride, 528 
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p c r n i c k i l i t e , 3 9 6 
n i t r i t o p e r o s m i t e , 7 2 8 

. n i t r o s y l c h l o r o r u t h o n a t e , 5 3 7 
o c t o r h o d a t e , 5 7 1 
o s m a t o , 706 
o s m i a m a t e , 7 2 8 
o s m i u m d o d e c a c h l o r i d e , 7 2 0 

. o s m y l o x y n i t r i t e , 7 2 9 
- p a l l a d i x i m a l l o y s , 6 4 2 

— p e n t a b r o m o p e r r h o d i t e , 5 8 1 
p e n t a c h l o r o j j y r i d i n o i r i d a t e , 7 6 8 

— — p e m i e k e l a t e , 4Ol 
— p e r r h o d a t e , 5 7 1 

p e r r u t h e n a t e , 5 1 9 
r h o d i u m a q t i o p e n t a m m i n o p y r o p h o s -

p h a t e , 5 9 1 
d i s u l p h a t e , 5 8 7 
h e x a m m i n o p y r o p h o s p h a t e , 591 
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S o d i u m r h o d i u m n i t r a t e , 59O 
r u t h e n a t e , 5 1 8 

. d i h y d r a t e , 5 1 8 
s u l p h i t o s m a t e , 7 2 6 
s u l p h o p a l l a d a t e , 6 8 3 
s u l p h o p e r r h o d i t e , 5 8 6 
t h i o s u l p h a t e , 1 5 1 

S o u e s i t e , 4 , 6 , 256 
S p a t h i o p y r i t e , 6 
S k e i s s ( n i c k e l ) , 19 
S t a l a c t i t i e l i m e s t o n e , 9 
S t a n n i c n i c k e l b r o m i d e , 4 2 9 

h e x a c h l o r i d e , 42O 
. h e x a f l u o r i d e , 4C)5 
o x i d e - p a l l a d i u m p u r p l e s , 5 9 8 

S t a n n o u s n i c k e l t e t r a c h l o r i d e , 42(> 
S t e e l s i r r e v e r s i b l e , 2 6 4 

r e v e r s i b l e , 2 6 4 
S t o r i i n e , 2 1 0 
S t i b i o p a l l a d i n i t e , 5 9 2 
S t r o n t i u m b r o m o p a l l a d i t e . 6 7 7 

b r o m o s m a t e , 7 2 4 
c h l o r o i r i d a t e , 7 7 2 
n i c k e l a t e , 4Ol 
n i t r i t o p e r o s r n i t e , 7 2 8 
o s m a t o , 7 0 6 

.— o s i n y l o x y n i t r i t e , 7 2 9 
2->erriickelite, 4OO 
r u t h e n a t e , 5 1 8 

— s u l p h a t o p e r i r i d i t e , 7 8 4 
S t r y c h n i n e b r o m o i r i d a t o , 7 7 7 

c h l o r o i r i d a t e , 7 7 1 
._....— s u l p h a t o p e r i r i d i t e , 7 8 4 
S u h l e r W e i s s k u p f e r , 2 3 4 
S y c h n o d y m i t e , 4 4 8 
S y s e r s k i t e , 6 8 6 
S y s s o r e k i t e , 7 5 1 

T 
T s e n i t e , 2 6 0 

f e r r o s o l , 2 6 2 
T a l c , 9 
T a n t a l u m - c o p p e r - t u n g s t e n - n i c k e l a l l o y s , 

2Bl 
- m o l y b d e n u m - n i c k e l a l l o y s , 2 4 8 
- n i c k e l a l l o y s , 2 3 7 

- c o p p e r a l l o y s , 2 3 8 
... . m o l y b d e n u m a l l o y s 2 4 7 

- i r o n a l l o y s , 3 1 5 
z i r c o n i u m a l l o y s , 2 3 8 

- p a l l a d i u m a l l o y s , 65O 
T e c t i t e s , 9 
T e l l u r i c a c i d , 151 
T e l l u r i u m , 151 

- d i o x i d e , 151 
T e m i s k a m i t e , 6 
T e s s e r e l p y r i t e s , 9 
T e t r a c h l o r o d i o x y r u t h e n i c a c i d , 5 3 5 
T e t r a e t h y l a n i m o n i u m b r o r n o p e r r u t h e n i t e , 

5 3 8 
b r o m o s m a t e , 7 2 3 

- c h l o r o i r i d a t e , 77O 
— e h l o r o p a l l a d a t e , 6 7 3 

c h l o r o p e r o - u t h e n i t e , 5 3 2 
c h l o r o r u t h e n a t e , 5 3 4 
c h l o r o s m a t e , 7 1 9 

— — e n n e a c h l o r o d i r h o d a t e , 58O 
p a l l a d a t e , 6 7 8 

T e t r a e t h y l a m m o n i u m t r i b r o m o p a l l a d i t © , 
6 7 8 

T e t r a h e d r i t e , 9 
T e t r a m e t h y l a m m o n i u m b r o m o p a l l a d a t e , 

6 7 8 
b r o m o p a l l a d i t e , 6 7 7 

—.—. b r o m o p e r r u t h e n i t e , 5 3 8 
b r o m o s m a t e , 7 2 2 

— _ _ c h l o r o i r i d a t e , 7 7 0 
e h l o r o p a l l a d a t e , 6 7 3 
c h l o r o p a l l a d i t e , 67O 
c h l o r o p e r r u t h e n i t e , 5 3 2 
c h l o r o r u t h e n a t e , 5 3 4 

__._— c h l o r o s m a t e , 7 1 9 
——- e n n e a c h l o r o d i r h o d a t e , 5 8 0 
T e x a s i t e , 6 
T h a l l i c n i c k e l o c t o c h l o r i d e , 4 2 0 
T h a l l i u m a m m o n i u m h y d r o x y d i s u l i > h a t e , 

7 8 6 
- - n i c k e l a l l o y s , 2 3 1 
T h a l l o u s a m m o n i u m i r i d i u m d i s u l p h a t e , 7 8 6 
... — c h l o r o i r i d a t e , 7 7 2 

c h l o r o p a l l a d i t e , 6 7 0 
c h l o r o p e r i r i d i t o , 7 6 5 

... d i h y d r o x y d i c h l o r o p a l l a d a t e , 6 7 3 
h y d r o x y d i s u l p h a t e , 7 8 6 
i r i d i u m d i s u l p h a t e , 7 8 5 , 7 8 6 

-~ — n i c k e l o u s d i s u l p h a t e , 4 7 6 
o s m i a m a t e , 7 2 8 
p e n t a c h l o r o p i c r o i r i d a t e , 7 6 8 
p e n t a c h l o r o p y r i d i n o i r i d a t e , 7 6 8 
p e n t a c h l o r o p y r i d i n o p e r i r i d i t e , 7 6 6 
r h o d i u m a l u m , 5 8 8 

_ . d i s u l p h a t e , 5 8 8 
• s u l p h a t o p e r i r i d i t e , 7 8 4 

. t e t r a e h l o r o b i s p y r i d i n o p e r i r i d i t o , 7 6 6 
T h e o p h r a s t i t e , 4 4 7 
T l i i o c a r b a m i c l e , 5 7 6 
T h o r i u m - n i c k e l a l l o y , 2 3 2 

— — n i t r a t e , 4 9 2 
s u l p h a t o p e r i r i d i t e , 7 8 4 

T i c o , 2 5 7 
T i n - c o p p o r - n i c k e l a l l o y s , 2 3 4 

. - s i l i c o n a l l o y s , 2 3 5 
i r i d i u m a l l o y , 75O 
- i r o n - n i c k e l - c o p p e r a l l o y s , 3 1 4 
- m o l y b d e n u m - n i c k e l a l l o y s , 2 4 8 
- n i c k e l a l l o y s , 2 3 2 

— - - a l u m i n i u m a l l o y s , 2 3 5 
- c h r o m i u m - c o p p e r a l l o y s . 24i> 

___ - l e a d - z i n c - c o p p e r a l l o y s , 2 3 7 
- p a l l a d i u m a l l o y , 6 4 9 

— — - r h o d i u m a l l o y , 5 6 5 
r u t h e n i u m a l l o y s , 5 I O 

T i t a n i u m - c h r o m i u m - n i c k e l - i r o n a l l o y s . 3 2 8 
n i c k e l a l l o y s , 2 3 2 

- c o b a l t a l l o y s , 3 3 8 
— — i r o n a l l o y s , 3 3 9 
— — - c o p p e r a l l o y s , 2 3 2 

.— h e x a f l u o r i d e , 4 0 5 
— — i r o n a l l o y s , 3 1 5 

T o l u i d i n i u m b r o m o p a l l a d i t e , 6 7 7 
• c h l o r o p a l l a d i t e , 6 7 0 
m - t o l u i d i n i u m b r o m o s m a t e , 7 2 3 
o- t o l u i d i n i u m b r o m o s m a t e , 7 2 3 
p - t o l u i d i n i u m b r o m o s m a t e , 7 2 3 
1, 2 , 4 - t o l u y l e n e d i a m m o n i u m b r o m o s m a t e , 

7 2 3 
1, 3 , 4 - t o l u y l e n e d i a m m o n r u m b r o m o s m a t e , 

7 2 3 
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m - t o l y l a m m o n i u m c h l o r o s m a t e , 7 1 9 
o - t o l y l a m m o n i u m c h l o r o s m a t e , 7 1 9 
p - t o l y l a m m o n i u m c h l o r o s m a t e , 7 1 9 
T o l y l e n e d i a m m o n i u m - 1 . 2 . 4 - c h l o r o p a l l a d i t e , 

6 7 0 
T o m b a r , 2 0 9 
T o n g - p a c k , 2 0 9 
T o u c a s ' s a l l o y , 2 1 0 
T r a n s v a a l i t e , 6 
T r e v o r i t e , 6 
T r i b e n z y l a m m o n i u m b r o m o p a l l a d i t o , 6 7 8 

b r o m o s m a t e , 7 2 3 
— c h l o r o i r i d a t e , 7 7 1 

— e h l o r o p a l l a d i t e , 6 7 0 
c h l o r o s m a t e , 7 1 9 

T r i b r o m o p o r i r i d i o u s a c i d , 7 7 4 
T r i c h l o r o - 1 , 2 , 6 - t r i s p y r i d i n e , 7 6 2 
T r i c h o p y r i t e , 4 3 5 
T r i e t h y l a m m o n i u m b r o m o i r i d a t o , 7 7 6 

b r o m o p a l l a d a t e , 6 7 8 
b r o r n o p e r r u t h e n i t e , 5 3 8 
b r o r n o r u t h e n a t o , 5 3 8 

—-— b r o m o s m a t e , 7 2 3 
— — c h l o r o i r i d a t e , 77O 
- — c h l o r o p a l l a d a t e , 6 7 3 

c h l o r o p e r r u t h e n i t e , 5 3 2 
c h l o r o r h o d a t e , 5 7 9 
c h l o r o r u t h e n a t e , 5 3 4 

——— c h l o r o s m a t e , 7 1 9 
T r i i o d o h y d r o x y i r i d i c a c i d , 7 7 9 
T r i i n e t h y l a m m o n i u m b r o m o i r i d a t o , 7 7 6 
..... ...__ b r o m o p a l l a d a t e , 6 7 8 

b r o m o p e r r u t h o n i t e , 5 3 8 
b r o r n o r u t h e n a t o , 5 3 8 
b r o m o s m a t e , 7 2 2 
c h l o r o i r i d a t e , 77O 
c h l o r o p a l l a d a t e , 6 7 3 
c h l o r o p e r r u t h e n i t e , 5 3 2 

-••- — c h l o r o r h o d a t e , 5 7 9 
— c h l o r o r u t h e n a t e , 5 3 4 

. c h l o r o s m a t e , 7 1 9 
_ — h o x a c h l o r o p o r r h o d i t e , 5 7 9 
— .—. r u t h e n a t e , 5 1 8 
T r i p h e n y l g u a n i d i n i u m b r o m o s m a t e . 7 2 3 

c h l o r o i r i d a t e , 7 7 1 
c h l o r o s m a t e , 7 1 9 

T r i p r o p y l a m m o n i u m b r o m o p a l l a d a t e , 
6 7 8 

b r o m o s m a t e , 7 2 3 
c h l o r o i r i d a t e , 77O 

— — c h l o r o p a l l a d a t e , 6 7 3 
— — c h l o r o p e r r u t h e n i t e , 5 3 2 
— - c h l o r o r h o d a t e , 5 7 9 
— — c h l o r o r u t h e n a t e , 5 3 4 
_ „ . — c h l o r o s m a t e , 7 1 9 
...... t r i b r o m o p a l l a d i t e , 6 7 8 

t r i c h l o r o p a l l a d i t e , 67O 
T u m e a i l l a n t ' s m e t a l , 2 1 0 
T u n g s t e n - c o p p e r - i r o n - n i c k e l a l l o y s , 3 3 0 

n i c k e l a l l o y s , 25O 
t a n t a l u m a l l o y s , 2 5 1 

. . . z i n c a l l o y s , 2 5 1 
n i c k e l a l l o y s , 2 4 8 

c h r o m i u m a l l o y s , 2 5 1 
s t e e l s , 3 3 0 

__ d i o x y t e t r a f l u o r i d e , 4 0 6 
s t e e l s , 3 3 0 
t r i t a c a r b i d e , 2 4 9 

- p a l l a d i u m a l l o y , 65O 
T u t o n a y , 2 1 0 

U 
" U l l m a n n i t e , 6 
U r a n i u m n i c k e l a l l o y s , 2 5 1 
U r a n o c h a l c i t e , 9 
U r a n y l n i c k e l n i t r a t e , 4 9 2 

r h o d i u m n i t r a t e , 59O, 5 9 1 

V 

V a n a d i u m - m o l y b d e n u m - n i c k e l a l l o y s , 2 4 8 
- n i c k e l a l l o y s , 2 3 8 

- c h r o m i u m a l l o y s , 2 4 5 
— _ — i r o i l a , l loy«, 3 2 8 

— - c o p p e r a l l o y s , 2 3 8 
- i r o n a l l o y s , 3 1 5 
p e n t a f l u o r i d e , 4 0 5 

V a n d y l n i c k e l t o t r a f l u o r i d e , 4 0 5 
V a u q u e l i n ' s r e d s a l t , 6 6 7 
V i c t o r m e t a l , 21O 
V i l l a m a n i n i t e , 6 
V i l l a m a n i t o , 4 4 9 
V i o l a r i s , 4 4 8 
V i o l a r i t e , 6, 4 4 8 
V i r g i n i a s i l v e r , 2 0 8 
V o l l i g e r g e b n i s l o s , 4 7 8 

W 
W a d , 9 
W a t t e v i l l i t e . 9 
W a v o l l i t o , 9 
W T e isscs s p e i s k o b a l t , 4 4 7 
W e i s s k u p f e r , 179 
W e s s o n ' s s i l v e r , 21O 
W h a r t o n i t e , 6 , 4 4 5 
W h i t e c o p p e r , 2()8 

g o l d a l l o y s , 6 4 7 , 6 5 1 
n i c k e l , 6 
s i l v e r , 21 O 

W i l l i a m i t e , 6 
W i l l y a m i t e , 6 
W i n k l e r i t e , 6 
W o l f a e h i t e , 6 

X 

X y l i d i n i u m - 1 . 2 . 4 - b r o m o p a l l a d i t e , 6 7 7 
- 1 . 3 . 4 - b r o r n o p a I I a d i t e , 6 7 7 
- 1 . 4 . 5 - b r o m o p a l l a d i t e , 6 7 7 
- 1 . 2 . 4 - c h l o r o p a l l a d i t e , 67O 
- ] . 3 . 4 - c h l o r o p a l l a d i t e , 67O 
- 1 . 4 . 5 - c h l o r o p a l l a d i t e , 6 7 0 

1, 2 , 4 - x y l i d i n i u m b r o m o s m a t e , 7 2 3 
1, 3 , 4 - x y l i d i n i u m b r o m o s m a t e , 7 2 3 
1, 4 , 5 - x y l i d i n i u m b r o m o s m a t e , 7 2 3 
m - 4 - x y l y l a m m o n i u m c h l o r o s m a t e , 7 1 9 
o - 4 - x y l y l a m m o n i u m c h l o r o s m a t e , 7 1 9 
p - 5 - x y l y l a m m o n i u m c h l o r o s m a t e , 7 1 9 

Z 

Z a r a t i t e , 6 , 4 8 4 , 4 8 5 
Z i n c , 5 1 0 
— _ _ • - a l u m i n i u m - n i c k e l a l l o y s , 2 3 1 
— a m m i n o c h l o r o s m a t e , 7 2 0 

a m m o n i u m n i c k e l o u s s u l p h a t e , 4 7 6 
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Z i n c b r o m o p a l l a d i t e , 6 7 7 
c h l o r o p a l l a d a t e , 6 7 3 
c h l o r o p a l l a d i t e , 67O 
- c o p p e r - n i c k e l - c o b a l t a l l o y s , 3 3 7 

•— i r o n a l l o y s , 3 1 3 
- t u n g s t e n a l l o y s , 2 5 1 

- g o l d - p a l l a d i u m a l l o y s , 6 4 8 
i r i d i u m a l l o y , 7 5 0 
- n i c k e l a l l o y , 207 

c o p p e r a l l o y s , 2 0 8 
— — h y d r o s u l p h a t e , 4 7 6 
—-— - l e a d - t i n - c o p p e r a l l o y s , 

n i t r a t e s , 4 9 2 
o r t h o p h o a p h a t e , 4 9 5 
- s i l v e r a l l o y s , 2 2 2 

2 3 7 

Z i n c n i c k e l o u s s u l p h a t e , 4 7 6 
_ . . _ _ - n i t r i t o p e r o s m i t e , 7 2 9 

o s m i a m a t e , 7 2 8 
—_— - o s m i u m a l l o y , 6 9 7 

- p a l l a d i u m a l l o y s , 6 4 8 
. c o u p l e , 5 9 7 

- g o l d a l l o y s , 6 4 8 
p o t a s s i u m n i c k e l o u s s u l p h a t e , 4 7 6 
t e t r a m m i n o s m i a r n a t e , 7 2 8 

Z i r c o n i u m - n i c k e l a l l o y s , 2 3 2 
c o l u m b i u m a l l o y s , 2 3 8 

h e x a f i u o r i d e , 4 0 5 
_ o c t o f l u o r i d e , 4 0 5 

t a n t a l u m a l l o y s , 2 3 8 
p o t a s s i u m n i c k e l d o d e c a f l u o r i d e , 4 0 5 
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