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PREFACE

THE publication of this, the sixteenth volume, marks the completion
of the Comprehensive T'reatise on Inorganic Chemistry as planned. It
has been a heavy task to prepare a comprehensive review of so vast a
field, and it has inevitably taken a considerable time to complete. 'The
first volume was published in 1922, and succeeding volumes have appeared
at regular intervals, until with the publication of the present volume the
ordered treatment of the subject has reached its appointed goal. Every
attempt has been made to ensure that each volume embodies the informa-
tion available when sent to press and subsequent developments can
readily be traced in the Abstracts of the Chemical Societies. There have,
however, been great developments in recent years and many important
discoveries have been made, particularly in connection with the elements
which were treated in the early volumes. These developments have
rendered it advisable to prepare two Supplementary Volumes, which will
bring the subjects up to date and include the results of the most recent
research.

There is also an ill-defined borderland between Organic and Inorganic
Chemistry, particularly in connection with some of the Carbon C‘ompounds
of Hydrogen and Nitrogen. It has therefore been decided to plan and
prepare a special volume dealing with these borderland compounds. The
publishers are making the necessary arrangements for this work to be
done, and it is hoped that these three Supplementary Volumes will still
further increase the usefulness of the Comprehensive Treatise.

It is a very great pleasure to me to thank Messrs. L. S. Theobald, M.C'.,
AR.C.S., A. T. Green, F.Inst.P., A.I1.C., and F. H. Clews, M.Sc., A.I.C.,
for their great assistance in reading the proofs of the whole series of
volumes and for the many valuable suggestions which they put forward.
I would also thank the typists, and those who have checked the
references.
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ABBREVIATIONS

. agq. == agueous
atm. = atmospheric or atmosphere(s)
at. vol. = atomiec volume(s)
at. wt. = atomic weight(s)
T® or °K == absolute degrees of temperature
b.p. = boiling point(s)
6° = centigrade degrees of temperature
coeff. = coefficient
conc. = concentrated or concentration
dil. == dilute
eq. = equivalent(s)
f.p. == freezing point(s)
m.p. = melting point(s)

gram-molecule(s)
mol(s) = {gram- molecular

= f Olecule(s)
mol(s). {moleculax'

mol. ht. == molecular heat(s)
mol. vol. == molecular volume(s)
mol. wt. = molecular weight(s)
press. == pressure(s)

sat. = saturated

soln, = solution(s)

sp. gr. = specific gravity (gravities)
sp. ht. = specific heat(s)

sp. vol. == gpecific volume(s)
temp. = temperature(s)

vap. == vapour

In the cross references the first number in clarendon type is the number of the
volume ; the second number refers to the chapter; and the succeeding number refers to the
<< §,”" section. Thus 6. 88, 24 refers to § 24, chapter 88, volume 5.

The oxides, hydrides, halides, sulphides, sulphates, carbonates, nitrates, and phosphates
are considered with the basic elements; the other compounds are taken in connection with
the acidic element. The double or complex salts in connection with a given element include
those associated with elements previously discussed. The carbides, silicides, titanides,
phosphides, arsenides, etc., are considered in conneotion with carbon, silicon, titanium, ete.
The intermetallic compounds of a given element include those associated with elements
previously considered.

The use of triangular diagrams for representing the properties of three-component
systems was suggested by G. G. Stokes (Proc. Roy. Soc., 49. 174, 1891). The method was
immediately taken up in many directions and it has proved of great value. With practice it
becomes as useful for representing the properties of ternary mixtures as squared paper is for
binary mixtures. The principle of triangular diagrams is based on the fact that in an equi-
lateral triangle the sum of the perpendicular distances of any point from the three sides is
8 constant. QGiven any three substances 4, B, and C, the composition of any possible
combination of these can be represented by a point in or on the triangle. The apices of the
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x ABBREVIATIONS

triangle represent the single components 4, B, and C, the sides of the triangle represent binary
mixtures of 4 and B, B and C, or C and 4 ; and points within the triangle, ternary mixtures.
The compositions of the mixtures can be represented in percentages, or referred to unity, 10,
etc. In Fig. 1, pure 4 will be represented by a point at the apex marked 4. If 100 be the

(/4

o 2 <+ 6 &8 ¢ B8 6 <+ Z o
Fia. 1. Fia. 2. Fia. 8.

standard of reference, the point 4 represents 100 per cent. of 4 and nothing else; mixtures
containing 80 per cent. of 4 are represented by a point on the line 88, 60 per cent. of 4 by a
point on the line 66, etc. Similarly with I3 and C—Figs. 3 and 2 respect.ively.. chmbine
Figs. 1, 2, and 3 into one diagram by superposition, and Fig 4 results. Any point in this

<=
=
— =/
0%,
B C v C
o 20 +0 60 80 1002% o0r C
w00 80 60 20 20 o%or B

Fi1G. 4.—Standard Reference. Triangle.

diagram, Fig. 4, thus represepts a ternary mixture. Yor instance, the point M represents a
mixture containing 20 per cent. of 4, 20 per cent. of B, and 60 per cent. of C.




CHAPTER LXXIV
PLATINUM

§ 1. The History of the Platinum Metals

PrLATINUM is one member of a family of six elements called the platinum metals.
They usually occur together so that before the discovery of the companion elements,
the term platinum was applied to an alloy with platinum as the dominant metal.
The same thing is often done to-day. The platinum metals, with their sp. gr.,
are as follow :

PLATINUM (21-45)

Heavy § IRIDIUM (22-38)
. OsMiuM (22-47)
Platinum metals . . . . Parcapium  (11-90)

Light RuOoDIUM (12-10)
RUTHENIUM (12-26)

M. Berthelot ! reported that an Egyptian casket, found at Thebes, and dating
from the seventh century B.C., contained platinum, or rather an alloy of platinum,
iridium, and gold. There is, however, no evidence to show that the alloy was to
the Egyptians anything more than a metal. In 1790, A. M. Cortenvois tried to
prove that the electrum—38. 23, 1—of the ancients was platinum, and
J. 8. C. Schweigger, that the electrum mentioned by Pausanis, in his
ITepinynmors, written about the second century of our era, was also platinum.
The following passage from Pliny's Historie naturalis (34. 47), written in the first
century of our cra, has also been quoted in support of the assumption that cassiteros,
or plumbum candidum, was platinum. Pliny said :

Tt is now known that it (cassiteros) is a prodnction of Lusitama and Galliecia. It is a
sand found on the surface of the earth, and of a black colour, and can be detected ouly
by its weight. It is mingled with small pebbles, particularly in the dried beds of mvers
The miners wash this sand, and calcine the deposit in a furnace. It 1s also found in the
gold mines that aro known as alutice or talutiar, the stream of water which s passed through
them detaches cortain black pebbles mottled with small white spots and of tho same
weight as gold. Hence it is that they remain with gold in the baskets 1n which 1t 1s collocted ;
and being separated in the furnace, are then melted, and become converted mto album
plumbum.

F. Hoefer, and C. de Paravey suggested that the ‘‘ heavy black pebbles ™
contained platinum presumably because of their weight, but Pliny’s ideas of
specific gravity were very vague, and in one place he even said that lead is heavier
than gold. H. Kopp, and E. L. Schubarth very rightly considered that thesec
far-fetched allusions have no connection at all with platinum. 1In the sixteenth
century, J. C. Scaliger,2 writing against G. Cardanus’ dictum that all metals are
fusible, said that there 1s a metallic substance in the mines of Mexico and Darian
(Panama) which cannot be melted in the Spanish furnaces. It is considered that
this metallic substance was probably that which was afterwards called platinum
because platinum is now known to occur in these very districts. A. N. von Scherer
also said that from a reference in B. A. Balbin’s Epitome it appears as if platinum
was known to the Bohemian Jesuits at the end of the sixteenth century. Towards
the middle of the eighteenth century, A. de Ulloa accompanied the expedition sent
from France to measure the arc of the meridian at the equator, and in his account
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2 INORGANIC AND THEORETICAL CHEMISTRY

of the voyage, he mentioned that in the mines of El Chocd, Colombia, South
America, there is an unworkable, metallic stone called platina which makes even
gold ores useless if it is associated with them in large proportions. The South
American platinum mines were described by F. J. de Ca.l-da.s, G. Mollien, T. C. de
Mosquera, J. M. Restrepo, V. Restrepo, and A. M. del Rio. E. P. C. Meyer wrote
on the history of platinum. . ) .

About 1741, W. Brownrigg received a specimen of native platina from C. Wood,
a metallurgist in Jamaica, who said that he had obtained it from Carthagina,
Granada. The metal was examined by W. Watson, who regarded it as a semi-
metal. Other specimens from Spanish America found their way into Europe about
this time, and were examined notably by T. Scheffer, A. S. Marggraf, W. Lewis,
P. J. Macquer and A. Baumé, P. BergsGe, etc. Some of the early descriptions
were based on the properties of the crude mineral, and did not apply to platinum

per se.

Some of the early specimens of platina were contaminated with minute globules of
moercury because the mineoral had been previously ground with mercury in mills with theo
object of dissolving out the gold. Until assayers had learned to deal with the alloy of
platinum and gold i cupellation processes, gold could be adulterated with platina without
being detected by the sp. gr. tests, or by cupcllation processes then available. W. Lowis
reported that some bars of gold had boen reccived from some Spaniards in payment for
goods, and that the bars wore very brittle, and could not be refined so that they were
* quuto useless *’ ; and also, on this account, the Dutch refiners at Dort are said to have
called platina diabolus metallorum. 1t was also said that the King of Spain had ordercd
the minoes that afford the platina to be closed in order to prevent the fraudulent adulteration
of gold ; C. L. Berthollet and 13. Polletier saird that the Spanish Government, for a similar
reason, had ordered a consignment. of platinum or gold debased by platinum to be thrown
mto tho sea.

The term platina is the diminutive form of the Spanish plata, silver, and it was
applied in allusion to the silvery colour of the mectal. T. Scheffer called it aurum
album or white gold in allusion to its smaller value, or, as E. Uricoechea suggested,
to its silver-white colour, and to its close resemblance to gold in many of its
properties. It was also called the seventh metal, since, excluding alloys, six elemental
metals were then known—1. 1, 1. It was also called platina del Pinto, since some
specimens from South America came from the neighbourhood of the river—Rio
di Pinto. 1t was also called Juan blanco, which, according to W. Lewis, arose
from some frauds practised with it, from the difficulty in separating from it any
associated gold, from its refractoriness in the hands of workmen, just as black-jack
is applied to a mock ore which outwardly resembles the true metallic ore, but in
the usual way of trials does not yield any metal. Juan blanco would then be
equivalent to white-jack, white rogue, or white mock metal. More probably Juan
blanco refers to the Sun Juan in the El Chocd district, and it is probable that the
river Pinto was one of the tributaries of the San Juan. The term platinum
ultimately crystallized from all these appellations.

E. Milly said that platinum is not an element, but rather an alloy of gold,
iron, and mercury ; and G. G. L. de Buffon, that it is an alloy of gold and iron.
These hypotheses were not acceptable to M. Blondeau, and L. B. G. de Morveanu.
The observations of W. Lewis, T. Scheffer, A. Cronstedt, A. S. Marggraf,
P. J. Macquer and A. Baumé, T. Bergman, T. Willis, C. von Sickinger, L. Crell,
C. L. Berthollet and B. Pelletier, A. von Mussin-Puschkin, L.. B. G. de Morveau,
and J. L. Proust showed that platinum was entitled to rank as an elemental
metal, sui generis, even though investigators at a later period separated platinum
into a group of elements previously unknown.

There have been some erroneous, and some unverified reports of other elemoents in
platina. Thus, G. Osann said that platinum ore from the Urals contains three new metals :
ruthenium said to have a golden lustre ; this unverified ruthenium is not to be confounded
with the ruthenium discovered by C. Claus; polinium, later shown by G. Osann to be
impure iridium ; and pluranium, shown by G. Osann to be a mixture of silica, zirconia,
and titania. C. F. Chandler reported a white metal in native platinuin from Oregon which
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resembled the white metal found by ¥. A. Genth in some Californian gold ores. Thoe metal
was unnamed, and the reports unverified. 8. Kern reported the discovery of a new eloment
in some platinum residues, and he named it davyum, but J. W. Mallet showed that davyum
is a mixture of iridium, rhodium, and iron. T. Wil reported a new element in platinum
ores, but he did not assign to it a name, and A. Guyard reported an element ouraliumn in
Russian platinum, but both reports are unconfirmed. A. del Campo y Cerdan and 8. P. do
Rubies could detect no new element in the platiniferous minerals from the Urals.

In April, 1803, R. Chenevix 3 received an anonymous circular to the effect
that a new metal called palladium could be purchased at Forster’s of Gerrard
Street, Soho, London. The new metal had these properties, amongst others,
which showed it to be a noble element previously unknown :

1. It dissolves in pure gpirit of nitre, and makes a dark-red solution. 2. Green vitriol
throws it down in the state of a regulus from this solution, as 1t always does gold from
aqua regia. 3. If you evaporate tho solution you get a rod calx that dissolves in spirit
of salt or other acids. 4. It is thrown down by quicksilver, and by all the metals but gold,
platinum, and silver. 5. I1ts specific gravity by hammering was only 11:3; but by
flattening as much as 11-8. 6. 1n a cornmon fire the face of 1t tarnishes a hittle and turns
blue, but comes bright again, like othor noble metals, on being stronger heated. 7. The
greatest heat of a blacksmith’s fire would hardly mclt it. 8. But if you touch it while
hot with a small bit of sulphur, it runs as easily as zinc.

R. Chenevix believed this was a fraud ; he bought up the whole stock ; and,
after investigating the question, concluded that the substance was not a new
element, but rather a platinum-amalgam of peculiar properties. Following the
publication of R. Chenevix at the Royal Society, May 13, 1803, where
W. H. Wollaston was Secretary, there appeared an advertisement offering a reward
to any one who could prepare a grain of thix new substance either by R. Chenevix's
method, or by any other. No one succeeded in securing the reward, and in 1804,
W. H. Wollaston announced that he himself was the discoverer of the new clement
in platinum ore, and added that he selected the name palladium from the planet
Pallas discovered in 1802. It is now difficult to understand why the Secretary
allowed the communication of R. Chenevix to be recorded in the transactions of
the sociecty. The work of W. H. Wollaston was confirmed by V. Rose and
A. F. Gehlen, L. N. Vauquelin, J. B. Trommsdorfif, and J. J. Berzelius. The subject
was discussed by A. M. White and H. B. Friedman, N. I. Stepanoff, E. K. Fritzman,
and M. E. Weekas.

When W. H. Wollaston announced that he was the discoverer of palladium, he
also intimated that he had found another new element in platinum ore, and had
given it the name rhodium—from godov, a rose—in allusion to the fact that soln.
of the salts of the metal have a rose-red colour. The results were confirmed by
J. J. Berzelius, and C. Claus. 1In 1803, H. V. Collet-Descotils, and A. F. de Fourcroy
and L. N. Vauquelin announced the existence of two metals in that part of platinum
ore which isinsoluble in aqua regia ; and in 1804, S. Tennant showed that the residues
contained two distinct metals, one was named iridinm-—from 7rzs, the rainbow—on
account of the varying colours of its salts, and the other, osmium—from dou}, a
smell, or odour—on account of the peculiar, chlorine-like odour of its volatile oxide.
S. Tennant first thought of calling osmium ptenium—from mrevos, volatile, or
winged—in allusion to the volatility of some of its compounds. The chemical
relations of these two metals were examined by J. J. Berzelius. As indicated
above, G. Osann’s report of the discovery in 1828 of three new metals in the platinum
ores of the Ural was never confirmed, but C. Claus did find that a residue thought
to contain silica, zirconia, titania, and ferric oxide also contained a small pro-
portion of a new metal; he extracted the same metal from the Ural ore, and,
following G. Osann, he called the new element ruthenium-—from Ruthenia, Russia.
C. Claus also showed that many of the properties previously ascribed to iridium
really belong to a mixture of iridium and ruthenium. The discovery of these four
elements was discussed by M. E. Weeks.
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§ 2. The Occurrence of the Platinum Metals

The six platinum metals—platinum, iridium, osmium, ruthenium, rhodium,
and palladium—form a group which occur in nature associated together as indefinite
alloys, and generally uncombined. Estimates of the percentage eclementary
composition of the igneous rocks of the earth’s crust are considered by F. W. Clarke
and H. S. Washington 1 to include platinum »n x 10~9, where » is an undetermined
integer ; iridium and osmium, each 7x<10-19; and ruthenium, rhodium, and
palladium, each »x10-11, J. H. L. Vogt gave nx10-10 for platinum. 1. and
W. Noddack’s estimates are indicated below, and for a later estimate, they gave
5:0< 108, The subject was discussed by G. Berg, W. Vernadsky, F. Bernauer,
A. E. Fersmann, I. and W. Noddack and O. Berg, P. Niggli, E. Herlinger,
V. M. Goldschmidt and C. Peters, G. Tammann. O. E. Zvyagintzeff, and P. Vinassa.

Platinum has been reported from extra-terrestrial sources. Thus, J. M. Davison 2
observed platinum and iridium in the meteoric iron of Coahuila, and Toluca, Mexico ;
H. H. Niniger, in the meteoric iron of Ballinger, Texas ; A. Liversidge, in the meteoric
iron of Boogaldi, New South Wales; J. C. H. Mingaye also noted platinum in meteoric
iron. The subject was discussed by G. Osann, G. P. Merrill, and O. C. Farrington.
Later they gave for platinum in meteorites 7x1076. (. P. Merrill reported the
presence of platinum, palladium, iridium, and ruthenium in mmeteorites ;
J. C. H. Mingaye, of platinum, palladium, and iridium. Possibly if the platinum
metals had been sought in many other meteorites, they would have been found.
J. I.. Howe said that it is probable all meteorites contain platinum. 1. and
W. Noddack’s estimates for percentages are as follow, atomic distributions are

relative to oxygen unity.

Earth's 1gncous Meteoric Atom.

crust rocks 1ron Troilite distribution
Platinum . . 8-0 < 10-11 8-3<x10-8 1-77 < 10-8 3-0x10-¢ 2-3 < 10-8
Iridium . . 3-0 %X 10-12 - 2-3 <x10-3 H5-0x 10-¢ 3-2x 10-7
Osmium 6-0x 10-12 — 8-8 < 10-¢ 1-0x10-5 1-4 < 10-¢
Palladium . 8-5 w 10—-13 — 1-9 < 10-5 4-5x 10 ¢ 4-6 x 10-¢
Rhodium . . 90> 10-13 - - 5-0 < 10-¢ 1:0 x 10-¢ 1-3 x 10—¢
Ruthemum 2-3 x 1013 —_— 2-39 < 10-% 420 <z 108 6-1:<x10-¢

C. C. Hutchins and E. L. Holden 3 observed that 16 lnes of the platinum

spectrum coincide with lines in the solar spectrum. H. A. Rowland, and M. N. Saha
classed platinum, iridium, osmium, and ruthenium amongst those elements
whose presence in the solar spectrum is doubtful; and palladium and rhodium
amongst the elements present in the solar spectrumn. The subject was discussed
by H. M. Vernon, E. F. Baxandall, J. N. Lockyer, and H. N. Russell. H. von
Kliiber classes platinum amongst the elements of doubtful occurrence in the fixed
stars.
Platinum usually occurs in nature as a native metal alloyed with one or more
members of its family, and to a less extent with iron, nickel, chromium, ete.
O. E. Zvyagintzeff 4 studied the subject. Some of the native alloys have received
special names—e.g. native platinum, native iridium, native platiniridium, native
palladium, allopalladium, iridosmine—necoyanskite or osmiridium with over 40 per
cent. of iridium, and siserskite, or iridosmium, with 30, or less, per cent. of iridium
—palladium gold, rhodium gold, and ferroplatinum. Very few compounds of the
platinum metals occur as minerals. There are only cooperite, represented at first
by Pt(As,S),, and later by PtS; braggite, (Pt,Pd,Ni)S; laurite, RuS,, or (Ru,0s)S; ;
potarite, PdHg ; sperrylite, PtAs, ; and stibiopalladinite, Pd;Sb.

In addition to the six members of the platinum family, there may be present
iron, copper, gold, etc. Consequently native platinum may be host to a number
of guests or strangers, and the form of native platinum which is a,.tLra,cted by a
magnet, was named by J. F. L. Hausmann polyrenite—from moAds, many, and
£évos, a guest. A. Breithaupt called the latter sideroplatinum——f{rom ot&jpos, iron
—or simply ferroplatinum. A great number of analyses of native platinum have
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been reported-—by J. J. Berzelius, A. G. Betechtin, 8. Bleekrode, M. Bocking,
C. Claus, P. Coller, H. St. C. Deville and H. Debray, L. Duparc and co-workers,
R. A Farquharsen, A. Fienzel, F. A. Genth, A. Hadding, G. C. Hoffmann,
E Hussak, J. F. Kemp, S. Kern, I. Koifman, N. von Kokscharoff, M. M. Kositzky,

A. Kromeyer, P. Krusch, J J. Kyle, A. Leplay, W. J. Martin, G. Osann, S. P. de
A. Terreill, G. Tschermk,

Rubies, S. F. Shemtschushny, L. F. Svanberg, .
H. N. Warren, and F. Weill. The following 18 a selection :
Pt Prd Rh Ir (Ir,O8)

Coloma 76 82—-88 20 0 50-1-66 1.22— 3-46 0-85-2-52 0-95— 7-98
Calhiformia 76 50-90 24 0 10-1-95 0-65— 3-39 0-85—-4 29 0 68-22-55
Canada 68 19-78 43 0 09-0 26 1-70— 3-10 1-04-1 21 377 14-62
Urals 68 72 86 50 0-14—-1 87 030 11-07 083 532 0-57- 3-85
Australia 59 80 61 40 1-560-1-80 1-50- 1-85 110-2 20 25 0- 260

The iron ranged from 2-30 to 9-78 , the copper, from 0-21 to 5-20; the gold, from
0-30 to 3-15; and the osmium, from 0:-19 to 1:13. S. P. de Rubies observed 0-1
per cent. of nmickel and cobalt, i1n some platinum from Kithm, Urals, and
H. N. Warren found thallium in a number of platinum ores; and W. F. Seyer
found that som¢ concentrates are radioactive. The analyses of iridium, and
platiniridium by L. F. Svanberg were, respectively,

rt ir rda Rh ¥e Cu
Burma 19 64 76 85 0 89 _— —_ 178
Brazil 55 44 27 79 049 0 86 4-14 3 30

with traces of osmium Analyses of osmiridium or syserskite were made by
J. J. Berzellus, H 8t. C Deville and H. Debray, ¢ (laus, O E Swjaginzeff and
B. K. Brunovsky, P. Kovaloff, and P. A. Wagner. The following 1s a selection,
neglecting small proportions of rron and copper :

Pt Ir Pd Ru Os
Colombia — 57 80 0 63 6 37 35 10
Cahfornma —_— 53 50 2 60 0 50 43 40
Urals 062 43 28 573 8 49 40 11
Borneo 015 58 27 2 64 — 38-94
Austraha 58 13 3 04 b 22 33 46
South Africa 02 170 — 89 69 9

Analyses of iridiosmium or nevyanskite were made by H. St. C. Deville and
H. Debray, O. E. Swjaginzeff and B. K Brunovsky, P. Kovaloff, and P A. Wagner.
The following 14 a selection, neglecting small proportions of 1iron and copper .

Pt 1r ra Ru Os Rh
Colombia 010 70 40 12 30 — 17 20 —_
Urals 110 77 20 0 50 0 20 21-00
South Afriea o1 31 46 8 77 2 0to 086 21 0 49 3 0577

The South African iridosmium or nevyanskite contained, 1in addition to very
small proportions of 1ron, copper, and palladium,

Imndosmium Ir Os Rh Pt Ru
Ruthenic 35 5 57-8 335 54-4 0-5-7 006 4-7 85
Rhodic 700 70 4 172 17-3 113 17 2 —
Platinic 55 2 27-3 15 101 H9

According to P. Kovaloff and P. A. Wagner, the so-called ferroplatinum of
South Africa has 71 to 78 per cent. Pt ; 16 to 21, Fe; 10 to 4-5, Ir; and 0-2 to 0-8,
Pd; platinic iron, 91-85 per cent. Fe, and 815, platinum ; cuproplatinum, 8 to 13
percent. Cu; 70, Pt; 12t015, Fe; 1to 2, Ir, and 0-16 to 0-25, Pd. The palladio-
platinum has 73 to 84 per cent. Pt, 3:0 to 21-8, Pd; and O-1 to 3:6, Ir. The
rhodioplatinum has 4:6 per cent. Rh. They also described gold-platinum alloys
containing, 1n addition to very small proportions of iron and copper :

Gold Au Ag Pd Pt Ir Rh
Palladic 86 0-91-1 0 to 4-2 8-2-11-6 0-0-1 —_ -
Rhodic 57 0-88 4 — — —_ — 11-6-43 O
Indic 62-1 21 — 3-8 30-4 —
Platinic 846 2-9 —_— 10-0 _— —_—
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The platinum and iridosmine of commerce is mainly derived from detrital or
placer deposits. The colour of native platinum is pale steel-grey, or silver-white
(sp. gr. 16:8 to 17:6), or dark grey (sp. gr. 14-2 to 14-3), but sometimes the granules
are coated with a black layer of iron oxide, may be magnetic oxide, and in that
case, the character of the grains is not easily recognized. It occurs in the form
of very fine grains, more or less flattened to form scales, sometimes in the form of
irregular nuggets which, as shown by J. F. Kemp,5 may be or may not be water-
worn ; and occasionally, although rarely, small grains show distinct cubic crystalli-
zation. The grains of platinum in the Urals are frequently 5 mm. in diameter.
A. Inostranzeff, A. von Humboldt, W. Haidinger, A. F. Stahl, G. Rose, and N. von
Kokscharoff described larger nuggets—in one case A. A. Losch described a nugget
2 kgrms. in weight ; W. Haidinger, ore, 56 kgrms. in weight ; and three nuggets
have been reported from the Nizhni-Tagilsk distinct weighing respectively, 253 Ibs.,
21 1lbs.,, and 113 lbs. The structure of the grains has been discussed by
G. B. Sowerby,® P. V. Jeremejeff, F. A. Genth, S. Bleekrode, A. Inostranzefi,
S. Meunier, A. Liversidge, A. Daubrée, E. Hussak, R. J. Haiy, J. F. Kemp,
F. Mohs, B. von Cotta, and R. Beck—uwide infra, crystals of platinum. B. C. Karpoff
found more iron and copper in the outerlayer of native grains than were contained
in the nuclei. O. E. Zwjaginstzeff and co-workers discussed the oc¢currence of
rhenium in platinum ores.

Other mineral fragments accompany the platinum granules—e.g. chromite,
olivine, serpentine, native gold, etc. These minerals are similar to those commonly
found in the auriferous gravels and sands, and are doubtless fragments worn away
from the rock in which the metals were originally deposited. In the majority of
cases, the mother rock, the original home of the platinum, consists of basic or
ultra-basic igneous rocks including the peridotites, pyroxenites, and dunites.
The peridotites and pyroxenites are composed of iron magnesium silicates,

yroxenc, and augite, with hornblende, olivine, chromite, ilmenite, and magnetite ;
whilst the dunites consist principally of olivine with some chromite. These rocks
have been more or less altered to serpentine. KExamples have been quoted by
J. F. Kemp,? D. T. Day, D. T. Day and R. H. Richards, A. Saytzeff, R. Spring,
C. W. Purington, H. Bancroft, L. Duparc, S. Bleekrode, C. Lewis, K. Hussak,
F. W. Clarke, A. D. Lumb, P. A. Wagner, and O. E. Zvagintsefl and co-workers,
J. H. L. Vogt, and L. Leroux.

Throughout the Urals, the primary source of the platinum is the eruptive basic
rocks, and the principal outcrops are platiniferous dunite, olivine, gabbro, peridotite,
diorite, diabase, and gneiss. The whole of the platinum is derived from gravel
deposits which are usually auriferous, and associated with dunite. The subject
was discussed by A. Antipoff, R. Beck, A. Bergeat and A. W. Stelzner, F. Beyschlag
and co-workers, V. J. Bourdnakoff and J. M. Hendrikoff, . Bullman, A. des
Cloizeaux, A. Daubrée, L. Duparc and co-workers, M. von Engelhardt, J. F. von
Erdmann, A. von Ernst, J. Fedoroff, A. Frenzel, M. Gorbatschefl, E. de Hautpick,
G. von Helmersen, R. Helmhacker, A. von Huamboldt, A. Inostranzeff,
P. V. Jeremejeff, A. Katterfeld, J. F. Kemp, N. von Kokscharoff, A. Koltowsky,
A. Krassnopolsky, P. I. Krotoff, G. Kunz, A. T. Kupffer, A. Laurent, M. Leplay,
F. Loewinson-Lessing, A. A. Losch, H. Louis, M. Lubarsky, J. Menge, S. Meunier,
A. Minchin, R. Murchison, J. W. Muschketoff, C. W. Purington, G. Rose, S. P. de
Rubies, W. Sapelkin and M. Iwanoff, A. Saytzeff, M. Sivkoff, A. F. Stahl, J. N.
Fuchs, M. Teploff, A. Terreil, M. Tschupin, W. L. Uglow, W. Vernadsky,
N. K. Wyssotsky, A. Zawaritsky, and C. Zerrenner. . ) o

A. Daubrée pointed out the constant association of platinum with olivine rocks
and chromite, and emphasized the resemblance of these rocks to meteorites ; al_ld
S. Meunier argued that the platinum and iron of these rocks are nost magmatic,
but were introduced as chlorides and afterwards reduced by heated hydrogen.
E. Hussak thought that the platinum found its way into these rocks by the decom-
position of pyrites containing platinum—uvide infra. C. Bullman objected to
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hypotheses, like that of L. Hundeshagen, based on the precipitation of platinum
from soln. because of the insolubility of the metal. A. Inostranzeff inferred from
the occurrence of platinum in the serpentine, olivine, and chromite rocks that the
platinum metals crystallized first from the original molten magma ; and the
subject was discussed by F. Beyschlag and co-workers, and R. Beck.

When present in serpentine, platinum is commonly disseminated throughout the
rock in fine particles—seldom in bodies. Platinum occurs in sedimentary and
metamorphic rocks—e.g. sandstones. The platinum in sedimentary rocks is
usually associated with quartz, copper, nickel, silver, -and. palla:dlux.nz yvhllst in
alluvial deposits, it is associated with chromite, magnetite, ilmenite, 1r1dn}m, and
osmiridium. Examples of the occurrence of platinum in these rocks were discussed
by R. Beck, F. Beyschlag and co-workers, S. Bleekrode, J. B. J. D. Boussingault,
C. Bullman, L. Hundeshagen, E. Hussak, J. B. Jaquet, A. Karpinsky, J. F. Kemp,
A. Krassnopolsky, P. Krusch, J. C. H. Mingaye, J. S. Newberry, F. Sandberger,
R. Spring, and P. A. Wagner. There are a few occurrences of platinum in quartz
veins—e.g. the cases discussed by J. B. Bell, P. A. Wagner and T. G. Trevor, and
R. A. Farquharson. .

Platinum has been found in many sulphide ores and in metals derived from
those ores. O. E. Zvjaginsteff and A. N. Filippoff 8 studied the subject. E. Guey-
mard observed it to occur in tetrahedrite; H. Vogel, in the metal ores of Boitza,
Transylvania ; H. L. Wells, W. E. Hidden, W. E. Hidden and J. H. Pratt, in
the sulphide— nickeliferous pyrrhotite, and chalcopyrite—ores of Sudbury, Canada ;
J. H. L. Vogt, and G. Lunde and M. Johnson, in the nickeliferous pyrrhotites of
Norway ; W. N. Hartley and H. Ramage, in pyrites; W. Baragwanath, and
C. W. Dickson, in chalcopyrite; F. W. Clarke and C. Catlett, in polydymite ;
H. L. Wells and S. L. Penfield, W. C. Knight, J. F. Kemp, S. F. Emmmons, and
T. T. Read, in covellite; R. W. Brock, in the sulphide bearing quartz of British
Colombia ; J. Catharinet, in the pegmatite of Copper Mountain, British Colombia ;
J. C. H. Mingaye, in the sulphide ores of Broken Hill, New South Wales;
F. W. Clarke, A. Knopf, and L. A. Palmer, in plumbojarosite ; F. A. Genth, in
some copper-lead-iron sulphides of Lancaster Co., Pennsylvania; and M. d’Argy,
in galena.

P. Krusch ? reported platinum in graywacke; A. Orio, in mica schist;
J. B. Jaquet, in silurian shales ; F. Sandberger, in limonite ; A. Eilers, in blister
copper ; A. Cissarz, in Mansfeld copper shales ; J. F. Kemp, in stanniferous sands ;
J. L. Beeler, in silver ore ; G. C. Hofimann, in a silver amalgam from Vital Creak,
British Columbia ; M. Pettenkofer, and E. Priwoznik, in some gold coins ; H. Réssler,
in silver bullion ; F. Mylius and C. Hiuttner, C. Palmstedt, and H. 8. Schrewsbury,
in some coins; G. Lunge, in bessemerized nickel ; A. L. Day and R. B. Sosman, in
electrolytic nickel ; A. Daubrée, nickel in platinum; M. von Leuchtenberg, in
commercial copper sulphate; J. G. Rose, in commercial borax which had been
fused in platinum vessels ; G. Lunde, in basic rocks, and tantalite of Finland—
0-000006 per cent.; G. Lunde and M. Johnson, peridotite, 0-000074 per cent. ;
serpentine, 000003 per cent.; and chromite, 0-000128 to 0-0020 per cent.; and
V. M. Goldschmidt and C. Peters, and K. Hélouis, in coal. W. F. Seyer found the
platinum concentrates of British Columbia are radioactive.

The amount of platinum in country rock is generally so small that the com-
mercial extraction of the metal is out of question. Although native platinum has
been reported from many, widely-scattered localities, the districts which produce
the metal in commercial quantities are few in number, and limited in extent.10 The
geographical distribution of the metal is summarized in Fig. 1.

Europe.—There is no deposit of platinum of any commercial valuc in the British Isles.
R. P. Greg and W. G. Lettsom !! reported that the presence of platinum has been recognized
at Fort Regent, Jersey, and at Buittle, Kirkcudbrightshire ; L. de Launay, at Hormor Hill,
Shropshire ; K. H. Davison, in the Lizard district, Cornwall ; and J. W. Mallet, in the
auriferous sands of Wicklow, Ireland. Platinum is not worked in France, but there are a
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few places where its presence has been reported. G. A. Kenngott 12 announced its presence
at St. Arey, Dépt. Isére ; and E. Gueymard, at Chapeau in the Vallée du Drac, at Rousses
in Oisans; and near Presles in Savoy. J. J. Ebelmen, and E. Gueymard noted that
platinum is associated with many of the minerals in the Alps. P. Berthier and
A. C. Becquerel, M. Villain, and M. d’Argy mentioned the occurrence of platinum in the
galena of Confolens, Alloué, Kpénéde, Meller and Plauveille, although M. Dangez, and
H. F. Gaultier de Claubry expressed some doubts of the reports. J. ¥. Kemp mentioned
its occurrence in the stanniferous sands of Morbihan. In Germany,!?® the prescnce of
platinum has been reported in the auriferous sands of the Rhine by I.. Hopff, and
J. W. Dobereiner ; in the silver of Commern and Mechernich, by H. Rossler ; 1n the gold
of Wilhelmshiitte, by J. J. Berzelius ; and near Tilkerode, and Zorge in the Harz, by
F. Wrede, J. C. L. Zincken, and O. Luedecke. According to P. Krusch, platinum occurs
finely dissemninated in the slates and graywackes of Westphalia—¥reudenberg, Siegen,
Moeschode, Sauerland, and Westerwald. The guestion whether a profitable extraetion
can be made has beeon seriously considered. Tracos of platinum have been reported in
the auriferous sands of Olahpian, and at Boicza in the Siebenburgen, in Rumania, by
W. Haidinger,'* V. von Zepharovich, J. Molnar, C. Zerenner, P. Partach, A. Patera and
B. Kopetzky, and J. H. Vogel.

According to B. N. Menschutkin,!® indications of the existence of platinum in Russia
were firast obtained in the gold-placers of Ekaterinburg (since 1918, Sverdlovsk), Eastern
Siberia. Analyses showed it to be osmiridium ; and in 1824, it was found north of
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Ekaterinburg, and declared a state monopoly. About 1914, Russia was producing about
93 per cent. of tho world’s supply of platinum. The motal was derived from the
oxtensive deposits of alluvial sands in the Ural Mountains. According to C. Claus.
A. Koppen, A. Katterficld, N. Mamyacheff, and N. von Kokscharoff, small quantities of
a greyish-white, metallic substance was observed in the gold washings of Verk-Isetsk in
the Siberian Urals ; but the grains were not recognized as platinnm until 1822. The
development of the Nizhni-Tagilsk deposits began in 1824, and in 1825, the metal was
also found in Goroblagodat. 'The most prolific producing districts are south-west of
Nizhni-Tagilsk, north-west of Nizhni-Turinsk, and the Isoff district, near GGoroblagodat.
The whole of the platinum is derived from gravel deposits which are usually auriferous
and associated with dunite. According to N. K. Wyssotsky, and A. D. Lumb:

The platiniferous belt of the Urals consists of four parallel bands striking, roughly,
north and south ; the wosternmost of these, made up of crystalline schists, forms
the watershed between Kurope and Asia. The noxt band to the east comprises
olivine- and mica-gabbros, diallage-peridotites, diorites and altered syenites—all
of which have been erupted from a great depth. The third band is made up of Lower
Devonian sedimentary rocks, shattered and buried 1n plac.es by diabasic eruptive
rocks. The eastern portion of this band is formed of eruptive rocks of decp:seat.ed
origin which may be gneissose granites. The fourth, or most east?rly band, is com-
posed of ancient rocks, which have becn eroded by the advancing sea of quor
Teortiary age. The area emerged from the waves as early as the Carboniferous period ;
consequently the accumulation of platinum, and in some localities of gold, in the
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surface-deposits, were not swopt away. They were concentrated later on in the
alluvia—perhaps at the time of the most intense glaciation, probably in the Pleistocene.

The basic igneous rocks, from which the platinum is derived, arc exposed in the
form of discontinuous elliptical outcrops near the summits of the Urals, particularly
on the western side of the mountains. These outcrops attain larger dimensions in
the northern and central Urals than farther south. The process of concentration of
platimum in the gravels has clearly extended over a very long period of time, and
it is probable that tho richer gravels have been reconcentrated, perhaps several
times. .

According to L. Duparc and co-workers, the deposits are essentially of magmatic
origin. The structure of the rock is in the nature of concentric bandings ; the fels-
pathic rocks at the outer edge gradually grade into the.lntermedmbe stage of pyroxenes,
until tho central dunite is reached, composed of olivine and chromite. The richness
of the gravels is in proportion to the size of the dunite deposits, and to the extent of
erosion of these rocks. Platinum ore derived from a pyroxenite source usually
contains high percentages of platinum and palladium, but low percentages of osmium
and iron. The reserves in 1918 were sufficient for about twelve years, provided
that the samo methods of working and rate of extraction were employed during that
reriod.

AIr-(-ording to A. D. Lumb, platinum is concentrated in channels of the Rivors.l'ss, Veeyq,
and Tura ; north of these, the metal is obtained from beds of the Rivers Sognovki, Kythymi,
and Mala Kosva ; and, along with gold, in the systems comprised in the Rivers Vagran,
Lobva, Niasma, Liabia, Akta:, IZmeorlo, Talits, and Ivdevi. In the south, platinum 1s
worked on the tmbutaries of the Rivers Tagil, Salda, Imiaum, and Tura. In the Ni'fh_ni-
Tagilsk district, the richest placors are in the valloys of the Rivers Visim, Martian, Sisim,
Chaush, and Cherna. and farther south, along with gold, 1n the gravels of Nevian, Verkhne-
Isot, Bilenibacv, Alapacv, Sysert. Kyshtym, and Mias, and in the Rivers Tanalyk, Sakmar,
and Urtazym. There are smaller doposits in Nikolae-Pavdinsk, Rastes, and Systersk.
The placer deposits are denved from country rock made up of serpentine gabbro, diallage,
and olivenite and the associated minerals are chiefly quartz, zircon, ilmenite, chromite,
magnetite, spinel, and native gold and palladium. The crude platinumn usually includes
iridium, rhodium, ruthenium, and iron. A. A. Losch, A. Karpinsky, and A. Krassnopolsky
discussed the occurrence of platinumn in Bissersk, where a 2-kgrm. nugget of platinurn was
found. In addition to what has beon previously stated, the Ural deposits were discussed
by C. Blomecke, G. Rose, A. Inostranzoff, I. Koifman, A. G. Betechtin, V. P. Mishin,
. Padalka, K. I’. Moldavantzeff, P. P. Pihpenko, G. A. Dodonoff, A. Breithaupt,
A. N. Zavaritzky, J. J. Berzelius, C. Zerrcnner, A. von Lasaulx, P. V. Jeremojeff,
G. Schiuler, F. Beyschlag and co-workers, A. F. Stahl, M. von Engclhardt, J. Fodoroff.
D. Serdyuchenko, and C. Hintze—uvide supra. A. Solitander reported the presence of
platinum in the auriferous sands in the north of Finnland.

The occurrence of traces of platinum in the auriferous sands of the River lvalo, in
Lapland, was noted by A. K. Nordenskjold,'® and F. .J. Wiik, and at Vaske, and Tanna-Juk,
by J. H. Langcr. The ocenrrence of traces of platinumn in thoe nickeliferous pyrrhotite of
Smiiland in Sweden was discussed by J. H. I.. Vogt,1? L. de Launay, and IF'. M. Stapff.
J. H. L. Vogt.!* and G. Lunde and M. Johnson also described the prosence of traces of
platinum in the nickel ores of Norway ; and GG. vom Rath, in the silver of Konigsborg.
J. H. Vogel 1® roported traces of platinum in Portugal. According to L. N. Vauquehin,2®
platinum occurs in Spain in the silver mines of Guadalcanal. Estremadura, although
J. J. Berzelius had doubts on this subjoct. A. Orio roported traces of platinum to be
associated with the pyrites of Asturia. According to A. . Lumb, the metal has also beon
noted at Ronda, Malaga, in the alluvial deposits along the Rivers Verde and (Guadaiza.
The deposits are derived from serpentine and peridotite rocks. The pay gravels contain
8 grms. of platinurn per ton. The metal has also been reported in the other parts but
not in payable quantities. Tt occurs principally in the northern districts, and in the
Rivers Minho, Luna, 8il, Orbigo, Gallego, Cinca, Darro, and lower Jenil, where it occurs
in the concentrate sands accompanied by magnetite. ilmenite, zircon, and frequently gold.
S. P. de Rubies, .. Rubio, L. Duparc and A. Grosset, T. C. Earl, F. Gillman, and D. y Orueta
and 8. P. de Rubies discusased the occurrence of platinum in Spain.

Asia.—The Uralian deposits in Asia have been indicated in connection with the
Russian deposits. R. Helmhackor 2! reported the presence of platinum in the auriferous
sands of Altai; and it has also beon reported in Armenia—Batum and Sasun—by L. de
Launay,?2 but none was found by A. G. Betechtin in the peridotites of Gokoha. J. F. Kemp,
and N. Nakovnik reported it in Siberia—in Baikal, Balkash, and Jenissei. K. Jimbo, and
T. Wada obsorved that in Japan, the metal occurs in the auriferous sands of the province of
I_shaka.ri, and the Yubari River of Iburi; in the Rivers Yubari-garva, Pechau, and other
rivers in the province of Hokkaido where gold and iridosmium are associated with the
platinum. It is also found in the gold and iron sands of the Nishi-Mikawa, in the province
of Sado. E. de Hautpick mentioned the occurrence of platinum in the auriferous gravels
in the Uryanchai district of Mongolia, on the Russian border of China. L. de Launay
found that the metal also occurs in the auriferous sands of Rigal, in the Philippines. Traces
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of platinum have been noticed associated with the gold obtained from native workings at
Bonai, in India.2® Platinum, and iridioplatinum were discovered in Burma, in 1831,
in the auriferous sands of the Ava. The occurrence was described by J. Prinsep, A. Faber,
R. Romanis, and H. Burney ; and M. F. Heddle proposed to call the meotal from this
locality avaite. Platinum occurs associated with gold in the Irawaddy River, and 1t has
been obtained commercially at Myitkyina ; and it has been located in the ridosmium in
the auriferous gravels of the rivers draining the Patkoi Ranges on both the Assam and the
Burma sides. Platinum was also discovered in south-eastern Borneo in 1831, in the gravels
of Gunung Lawack ; and, according to T. Posewitz,2? it is now obtained as a by-product
of the gold-washing in the province of Tanah-Laut. The platinum is here associated with
osmiridium, and gold. The mineral laurite, (Ru,0s8)S,, occurs in these deposits. L. Hundes-
hagen also described the occurrence of platinum in the diamond placers, west and south-
east of Borneo. The Borneo platinum was exarmined by M. Bécking. According to
L. Hundeshagen, platinum occurs in Sumatra at Singenggnu, east of Sipongi, along with
gold, wollastonite, and grossularite in limestones and schists near intrusions of grano-diorite
and augite-diorite. K. Hourteau discussed the platinum occurrences in New Caledonia.
Africa.—G. Aimé 25 observed traces of platinum in the galena of Alglers ; E. Acker-
mann, in grains in a creek at (Gondoko, and at Missiva in the Sudan and Upper Senegal ;
L. Dupare, L. Duparc and E. Molly, and F. Hermann and O. Giinther, in Birnir, Abyssinia ;
N. R. Junner, in Sierra Leone ; R. P. Rothwell, in the bed of the River Uello, in the
Katanga district in the Congo Free State ; and A. Lacroix, as a by-product in the alluvial
gold mining on the Vatana River, near Ambia, in Madagasear. Traces of platinum have
been also reported in the auriferous gravels of Fenerive, Marolambo, and Vandrozo, in
Madagascar. The subjoct was discussed by L. Duparc, and L. Duparc and co-workers. The
gold-platinum deposits at Ruwe, in Katanga, were described by P. V. Brande.
A. E. V. Zealley 2?4 located platinum in the conglomerates and gravels of the Somabuba
"ields, near Gwelo, in Rhodesia. The country rock is serpentinized dunite. The deposit
is capped by a ferruginous, siliceous gossan. The orve yields 3 ozs. 12 cwts. of platinum
per ton, and 7 ozs. of osmiridium per ton. B. Lightfoot, and H. B. Maufe also noted gold
and platinum in a reef in the great dyke of norite at the head of the valley drained by the
River Umtebekwe. The platinum is found only in notable gquantities 1n those areas of
the dyke where felspar-rich norite 18 present. According to I’. A. Wagner, there are
large reserves of platinum in South Africa, principally 1in the Transvaal. The platinnm
metals occur in the rnost diverse circumstances, and in rocks ranging in geological age
from the most ancient to the most recent. W. Bettel noted the metal in tho black sands
from the battery ‘' clean-ups >’ on the Rand at Klerksdorp, and other gold-minmg districts,
and in the residual shmes at the Rietfontein mines. A. Hall and W. A. Humphrey observed
that sarnples of chromite from Kromdaal, near Rustenburg. and from the Secocoemland
deposits may contain 1 to 1} dwt. of platinum per ton. The platinum metals i the
Transvaal occurin the ultra-basic and basic rocks about Uitkomst. Preczburg, and Messina ;
in the auriferous conglomerates of Witwatersrand, and the Black Reef 1n Klerksdorp
district ; 1n the norite zone of the Bushveld; and m the igneous complex—a vast body of
plutonic and voleanic rocks in the central part of the Transvaal. Accordingto P. A, Wagner,
the platinum here occurs 1n N
1. Oreumotectic deposits forined by scgregation from the parent norite magma,
and occurring in the acid quartz-bearing differontiates of the norite magma.
I11.—Orthotectic deposits formed by direct segregation from the parent norite
magma. .
A.—Deposits in which platinum 1s associated with magmatic nickel-copper-iron
sulphides in norite, pyroxenite, and harzburgite. N
(a) Tn the upper part of the norite zone, ¢.g. (1) Deposits of the Blanuw-
bank type in which the oro-bearer 18 quartz-bearing anorthositic
norite. (ii) Deposits of the Stulpoort Park type in which tho
ore-bearer is a medinm grained, spotted norite rich in f(:lspar.
(iii) Deposits of the Minsk’s Claims type, Lydenb_urg Districet,
in which the ore-bearer is a rather coarsc-gramed diallage norite
rich in felspar. . .
(&) In the lower part of the norite zone, e.g. (iv) Deposits of t}_xe
Merensky Horizon type occurring above and below the main
horizon in the Lydenburg District. (v) Deposits of the
Merensky Horizon type as developed in the Rustenburg, Pretoria,
Lydenburg, Pietersburg, and Potgietersrust districts ; the ore
bearers are pseudo-porphyritic pyroxenitic diallage-norite,
felspathic, pyroxenite, fulspa.th.ic harzburgite and (-hronutttc.
(vi) Deposits of the Tweenfontain type, Potgieterscrust District
in which the ore-bearer is a fine-grained pyx:oxcnltw.d'lallage-
norite emerging into coarse-grained felspathic bronzitito and
bronzitite. (vii) Deposits of the Valk fontein type, Rustenburg
District, in which the ore-bearer is bronzitite.

B.—Chromitite deposits.




12 INORGANIC AND THEORETICAL CHEMISTRY

C.—Olivine-dunite deposits; iron-rich olivine-dunite deposits and hortonolite-

dunite deposits
III.—Contact metasomatic deposits in altered dolomite or sheared banded-
ironstone directly underlying platinum-bearing norite or pyroxenite.

P. A. Wagner and T. G. Trevor described the platinum deposits in the Waterberg
District ; F. Behrend, the Transvaal occurrences. J. G. Rose, A. L. du Togt., P. A. Wagner,
and W. H. Goodehild discussed the platinum in the tic copper-nickel deposits of
Insizwa, and Tabankulu in Griqualand, Cape Province. V. Hartog established the
presence of small amounts of platinum i1n the kimberhte of all the more important South
African diamond pipes at Kimberley, Blumfontein, Wesselton, Jagerfontein, Premuer,
De Beers, and Du Toits The South African deposits were discussed by L. Duparc and
M. Tikonowich, H. Merensky, H. R. Adam, A. Newberry, M. Lipovsky, E. Reumng,
J. H. L. Vogt, and P. Kukuk. .

North America.—In Canada,®? platinum and iridium was reported by T. S. Hunt in
the gold washigs of the River Loup 1n Quebec, and the occurrence in Quebec, and East
Canada was mentioned by J. ¥. Kernp, and J. ¥. Donald. E. R. Faribault discussed the
ocecurrences 1n Nova Scotra ; and G. P. Howley, in Newfoundland, where traces occur 1n
the sorpentinized area m the region of Mount Cormack. Platmum 18 associated with the
copper-nic kel ores at Sudbury 1n Onfario, and 1n the extraction of mickel, the platinum
accumulates 1n the matte from which 1t 18 commercially extracted. 1ID. E. Roberts and
R D Longyear found a moan content of 0-0068 oz of platinum, 0:022 oz. of gold, 0-223 oz.
of silver, por ton 1n addition to 1-95 per cent of mckel, and 1:11 per cent. of copper. The
subject was discussoed by F. W. Clarke and C. Catlett, A. P. Coleman, H. J. L. Vogt, and
J. W. Dickson. Platinumn has been also reported from the vieinity of Star Lake, and Le
Pas dastnict 1n Manetoba. G. C. Hoffmann reported platinum 1n the sands of the North
Saskatchewan Raver, near Edmonton, Alberta. 'The subject was discussed by C Camsell.
Several occurrences of platinum associated with gold have been reported i British ('olombea.
Thus, G C Hoffinann, J F. Donald, J. ¥. Kemp, and C. Camsell found 1t 1n the River
Tulamsen and 1ts tributares-- Slate, Cedar, Eagle, Bear, and Gramte Creeks. W. I.. Uglow
observed platmum at Franklhin Camp near Grand Forks, and 1t has also been reported on
the Mother Lode Claim, Burnt Basin ; and 1n the following localities—Kootenay, Tran-
quille, Frazer, North Thompson, and Clearwater Rivers ; Roek, and Siwash Creeks, and
Yale Istrict.

Many occurrences of platinum have been reported in the United States.?? According
to C. Bullman, 1t occurs 1n Alabama 1n small quantities ; and 1n Alaska platinum occurs
as a by-product 1n the treatment of copper ore at the Salt Chuck Mine, Ketchikan ; the
placer deposits of Dyme, Bear, Swecopstake, and Boob Creeks have furnmished some platinum.
The motal also oc curs near the Red Mountain, Kenai1 Peninsula ; and at the head of Kasaan
Bay, Prince of Wales Island. These deposits were discussed by G. C. Martin and co-
workers, and 12 G Campbell. W. P. Blake, and J. ¥. Kemp described occurrences in
Arizona  Tho occurience of the platinum metals 1in Californeta has been discussed by
B. Sillman, R M. Patterson, C. L. Henning, W. F. Clarke and C. Catlott, W. . Blake,
J. D Dana, H Dubos, C. Blomeke, J. K. Teschemacher, H. Ludwig, ¥ Weil, J ¥ Kemp,
and O Luthy 'The metals, associated with gold, as the dominant rnetal, occur over a
wide area 1n placer deposits. The platinum 18 found 1n auriferous sands from stroams rising
in the belt of serpontine rochs in the Siskyou, Butta, Calaveras, Stanislaus, T'rimty, Yuba,
Kern, Humboldt, Plumas, Sierra, Placer, Shasta, and 121 Dorado Countries The platinum
in the foothills of the Sierra Nevada was 1n old stream channels on the western slopes of tho
mountams Platinum oeccurs mn the beach deposits on the T’acific coast 1n the counties
of Coos, Curry, Josephine, Oregon, and Del Morte. There 18 someo alluvial platinum near
Placervilloe. The Californian platinum contains 25 to 45 per cent. of nidium, and 1t1s behieved
to originate 1n tho serpentime and ohivine rocks of Sierra Nevada, ete. J. D. Dana men-
tioned the occurrenco of platinum 1n the Klamath region; and F. A. Genth, at Capo
Blanco. Platinum was reported by J ¥. Kemp to occur in Colorado, 1in the black sands
of Clear Creek ; 1n the gold gravels of Como ; and 1n a vein near Villa Grove. J. F. Kemp
also reported platinum to ocecur 1n the Lumpkin county 1n Georgia ; and J. F. Kemp, and
T. H Hite, 1n the auriferous sands of Snake River from Baskerwville to Lewiston 1n Idaho.
In Montana, J. F. Kemp noted the occurrence of platinum at Miles City ; and W. Browne,
in the aunferous sands of Warm Springs near Helena. In Nevada, J. L. Beelor mentioned
tho occurrence of platinum in the silver ore at Austin; and W. W. Attwood in the gold
of the Comstock Lode. Platinum 1s associated with the copper-nickel- and cobalt-sulphide
ores from Key West, and the Great Eastern Mines near Bunkerville, Lincoln Co. According
to F. A. Hale,and A. Knopf, platinum 1s extracted with the copper and gold ores of the
Boss Gold Mine, and the Oro Amigo Mne, near Goodsprings, Clark Co. In New York
State, P. Collier noted that platinum occurs at St. Lawrence near Plattsburgh ; and
J. M. Clarke, 1n alluvial sands of the Adirondack region. In North Carolina, platinum
was reported by J. F. Kemp to occur m the sands of the Cowee Creek, Maron Co.; by
C. U. Shepard in the gold washings of Rutherford and Burke counties ; at Mason Mountain,
Mason Co. ; at Brown Mountain in Burke ; and at Burnsville, Yancey Co. W. E. Hadden,
F. A. Genth, and F. P. Venable also discussed the reports of these occurrences. In Oregon,
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platinum was reported by J. F. Kemp, C. Bullman, R. P. Rothwell, J. V. Thévenet,
A. E. Kellogg, C. L. Henning, W. P. Blake, and C. F. Chandler to occur in auriferous sands
of the Rogue River; in the auriferous sands of Port Orford and Ecklay, Curry Co.; at
Kirkby, Josephine Co.; in tho beach deposits near Bullards, and Marshfield ; in the placer
deposits of the Waldo district ; in streams from the Blue Mountains, eastern Oregon ; in
the Granite and Canyon districts ; and in the Spanish Gulch, Wheeler Co. Platinum has
been reported in Pennsylvania by G. A. Kenngott; by F. A. Genth, and J. F. Kemp,
associated with the sulphide ores in the mica-schist of Lancaster Co., and in the black
triassic shales of Boyertown. 1In Washington, J. M. Clarke, and J. T. Pardee noted the
extraction of small quantities of platinum from the beach deposits near Yacolt, and south
of the Straits of Juan de Fuca. It has boen also located in the Cascade Mountains in the
centre of the State. J. M. Hill reported platinum and gold in Uzah in the Green River
east of Vernal, and in the Colorado River, near Hite. According to T. T. Read, J. ¥. Kemp,
S. F. Emmons, C. L. Henning, and H. H. Taft, platinum and palladiurn (1 : 3) are obtained
in Wyoming from the Rarmnbler Mines in Albany Co. F. L. Hess discussed the occurrence
of platinum on the Centennial Ridge, Wyoming.

C. F. Landero,2® in his catalogue of the minerals of Mexico, did not mention the
occurrence of platinum in that country although H. J. Burkart, K. von Hautpick, i. von
Uslar, and J. J. Nicholl, reported its occurrence in the vicinity of Xacala in the state of
Hidalgo ; J. F. Kemp, in the Yedras Mine in Smalva ; and E. von Hautpick, 1n the state
of Guerrero. J. D. Dana reported theo occurrence in Choloteca and Gracias in Honduras ;
L. B. G. de Morveau, and L. N. Vauquehin discussed the occurrence of platinum in the auri-
ferous sands of the River Jaky of San Domingo ; and the subject was discussed by M. Perey,
A. ¥. Gehlen, and A. Vogel, L. N. Vauquelin, L. B. G. de Morveau, and A. von Humboldt.

South America.—Roports on South American platinum wore made at the end of the
seventeonth century, or tho beginning of the cighteenth contury, by T. Bergrmann,3°
M. R. de Celis, A. F. Gehlen, A. von Humboldt, W. A. Lampadius and G. P. Plattner,
A. Damour, and W. Thomson. Before 1914, Columbia was the soccond largeost producer
in the world. J. B. J. D. Boussingault mentioned theo occurrence of platinum at Santa
Rosa de Osos in Antioquia ; A. von Hurmnboldt said that the reports of 1ts occurrence at
Bolivar are not true ; L. de Launay reported platinum in Certegui. The principal source
of supply is the alluvial deposits at the head of the San Juan River, where it enters the
Pacific Ocean, north of Buenaventura, particularly tributaries of this river—the Condato,
Platina Cajon, Opagado, and Tamanal Rivers ; and the metal is also obtained in the
Upper Atrato River which flows into the Caribbean Sea. The arca including the watersheds
of the San Juan and Upper Atrat Rivers is known as the Choco district. The metal found
in the gravels of the S8an Juan River 1s associatod with about an equal proportion of gold,
but tho gravels of the Atrato River have about 135 of platinum to 85 of gold. Early in the
nineteenth century, the platinum had so low a commercial value that a great proportion
was rejected as waste in the operation of refining gold by the dry-blowing system. Later,
as platinum increased in value, much of the dumped motal was recovercd-- notably in
Quibdo, the capital of the Choco diwstrict. T. Ospina discussed the gold and platinum
deposits in the Mira River ; and deposits also oceur in the Micay River, in the Barbacoas
district. 1. Domeyko reports the occurrence of platinum in the departments of Novita
and Citara ; it occurs in the provinece of Lloro, and other places discussed by R. W. Whate,
H. Heuland, G. von Humboldt, G. J. Kc¢llner, and A. D. Lumb.

B. L. Millar and J. T. Singewald 3} reported that platinum occurs associated with gold
in Eecuador in the area covered by the Rivers Bogota, Cachabi, Uimbi, Santiago, and
Coyapas. The deposits are of no greoat occonomic importance, and operations are manly
confined to native washings. A. Damour, and E. D. Levat reported that platmum s
associated with auriferous sand in the River Aporuague, in French Guiana. IL...J. Spencer 32
described the platinum found in the diamond washings of British Guiana. C. Blomeke
reported that platinum occurs in Peru in the states of Rita, Lucia, Iro, and Aporto.
J. J. Kyle, and J. Corréa reported platinum to occur in the auriferous sands of Tierra del
Fuego, Patagonia. It occurs in the serpentine of Alta Gracia, Cordoba *3—Argentina.

In 1801, J. Vieira do Couta 3% reported that platinum occurs in Brazil in the sands of
the Lages River, near Concei¢ao, Minas Graes ; and E. Hussak observed that the platinum
is confined to the alluvium of the rivers having their rise on the castern slopo of the Serra
do Espinhaco—the Rio Tanque, Rio Itambe, Rio Peixe, Rio Antonio, and Rio Gyanhacs ;
and at Condalo, farther north, its occurrenco was described by W. H. Wollaston, J. Mawe,
and E. Hussak. A. von Humboldt, and E. Hussak reported that platinum also occurs
associated with gold and diamonds at Cornego, and in the Rio Abaeté, Minas Gracs.
E. Hussak described occurrences at Fazenda Condado in Corrego do Bom Suceesso; in
the State of Parnahyba do Norte in the gold yvashings of the Rio Bruscus; in the gold-
bearing jacutinga of the Gongo Socco mine ; in the south of the Serra,*lta(-olurn‘y; and
in the alluvial gravels of the Cuyaba and Coxim Rivers south of Matto-Grosso. (;.‘Leon-
hard, and I. Domeyko also noted platinum in the dla_.rnond_depoglps of Ma.tt.o-(ﬂ:osso.
L. F. Ferraz observed it in the gold-dredgings of the Rio Coxipo-Mirim. A. J. de Sousa
Carneiro reported platinum in the State of Bahia, in Ituassu, Feira de Saoc Anna, Serra
do Assurura, Sao Bartholomeu, and in the Serras do Pitango and Macahubes. Reports
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were made in the first half of the last century on the Brazilian platinum by A. F. Gehlen,
J. B. J. D. Boussingault, and 8. J. Denis.

Australasia.—In New South Wales,3® platinum is obtained at Platina in the TFifield
district, and the occurrence was described by J. B. Jaquet, B. Dunstan, J. Plummer, and
A. D. Lumb ; the metal also occurs in the beach sands on the coastal border of New South
Wales and Queensland near Ballina, at Evans Head, and at Currumbim. J. C. H. Mingaye,
and J. B. Jaquot described the ocenrrence in the Broken Hill district at Little Darling
and Mulga Springs Creck. Here the deposits resemnble those of Sudbury, Canada. B. Dun-
astan, and L. k. Ball described the occurrences of platinum in Queensland, where it occurs
in the beach deposits botween Southport and Currumbin ; in the Coopooroo and Wairmaba
Croeks, noar Imnisfail ; in the Lucknow and Alma reefs of the Gympie goldfield ; in the
aumnferous, alluvial deposits of Brickfield Gully ; and at the head of the Don River, Central
Queensland. A. D. Lumb, and A. M. Howitt described the occurrence of platinum in
Victoria. at the Walhalla Coppor Mine, and in the Thompson River Copper Mine. Accord-
ing to R. Beck, and A. . Lumb, platinum and iridosmium occur in 7Tasmania in the
Bald Hill district ncar Waratah ; in the placer deposits of the Nineteen Mile Creek and its
tributarics—Linger-and-Die, Mc(inty’s and Barren Creeks; in the rivers Heezleword,
Whyte. Castray. Huskisson, Wilson, Boyes, and Savage, and at the Badger gold diggings,
west of Savage River, and at the Salisbury goldfield, near Beaconsfield. Platinum has
been reported near Boolcoomatta in South Australia ; and also in Papua in the Lakockarmu
district, and in the Yodda Valley.

Platinum is obtained in New Zealand from the Orepuki district in Southland. The
subject has been discussed by R. A. Farquharson, J. A. Pond, L. de Launay, R. Beck, and
A. D. Lumb. The presence of platinum has also been roported in quartz bodies near tho
Thames Rivor, and in a pyritic body near the Taramekan River in Westland ; in the
Taraka and George Rivors flowing into Awarua Bay ; in tho beach sands of the east coast
of Otago ; in tho Clutha River ; in the Nelson gold district ; and in the Parapara district.

The world's production of platinum 36 is about 9 tons per annum, and when
averaged per annum for the six years ending December 31, 1914, and expressed

in troy ounces, it was as follows :

Borneo
Russin Colombia Australasia United States Sumatra Burma Canada
200,000 12,080 790 594 180 46 33

The Russian industry was so disorganized during the war and the revolution that
the output from the Urals dropped from 210,000 troy ozs. in 1912 to 5500 troy ozs.
in 1921. Colombia and Canada accordingly increased their outputs, and South
Africa started producing the metal. The Uralian output is recovering its place,
for it again leads, with Colombia, and South Africa respectively, in the second
and third ranks. The world’s production approximated :

1915 1019 1925 1926

Australia . . . . 43 162 436 -
Canacdla . . . . 475 690 8,698 9,521
Colombia . . . . 18,749 32,236 56,000 55,000
Russia . . . . 104,000 39,425 94,800 92,700
South Africa . . . _— —_— 4,951
United States . . . 1,190 10,460 4,325 4,923

Total . . . 219,933 72,513 164,259 167,500

The production of platinum in Russia was discussed by P. Krusch,
P. V. Shchuka, C. Bullman, A. de Keppen, L. de Launay, L. Duparc, and
C. Blémecke ; in Colombia, by C. Bullman, and L. de Launay ; in South America,
by C. Blomecke ; in Canada, by C. Bullman, J. F. Donald, and L. de Launay ;
in the United States, by P. Krusch, C. Bullman, and J. F. Kemp ; in Sumatra, by
P. Krusch ; and in Borneo, by L. de Launay, and P. Krusch.

According to J. L. Howe, no reliable data have ever been available for the
production of platinum because much of the Russian output has intentionally not
been reported in order to avoid taxes. However, with the available data he
estimated the upper and lower limits of the amounts of platinum produced in the
world up to January, 1917, in troy ounces, to be :
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Minimum Maximum

Russia. . . . . . . . 7,115,482 10,128,303
Colombia . . . . . . . 700,000 735,000
Borneo . . . . . . . 175,000 200,000
United States . . . . . . 10,000 12,000
Canada S . . . . . . 9,000 10,000
Other Countries . . . . . . 9,000 10,000

Total . . . . . . 8,018,482 11,095,303

A considerable amount of so-called scrap platinum, in the form of old and
worn platinum articles, is returned to the refineries, and subsequently sold as new
metal. Nearly 50,000 troy ozs. were so treated in the United States in 1927.
J. M. Hill estimated that the world’s production up to June, 1917, totalled about
5,000,000 troy ozs., and he supposed this to be distributed as follows :

Chemical and Physical apparatus . . . . 1,000,000
Electrical plant . . . . . . . 250,000
Catalyst . . . . . . . . . 500,000
Dontal work . . . . . . . . 1,000,000
Jewellery . . . . . . . . 1,000,000
Minor uscs and hoarded meotal . . . . . 1,250,000

The market value of platinum fluctuates from year to year, but there is a
general tendency for it to rise. An agreement amongst the dealers enables them
to control outputs, and to main-

tain prices without individual com- <70 : —_ 7_
petition. In 1880, the price of 200 RN l
platinum was between 12s. 6d. and 190 i

13s. per oz. troy; in 1890, it had
risen to about 25s.; and in 1900,
to about 63s.; in 1910, to about 70
180s. The fluctuations are illus- 160
trated graphically in Fig. 2. The
subsequent average prices, in shill-
ings per troy oz., were :
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140 —

1916 1018 1920 1922 130 S
Shillings . 200 400 561 410
1924 1926 1928 120 T T 1
PN . 538 487 335
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The highest price recorded in this 100 0 N %T
period was T70s. per oz. troy in

Shillings per troy ounce

January, 1920, and the lowest price 90 l ] 7

recorded was 270s. per oz. troy. 80 — —

The subject was discussed by 70 ]ﬂ(_ N ](__ | I I N

P. A. Wagner, H. B. Kosmann,

C. L. Henning, etc. 6o I \ ] R R
The price of palladium rose to 50 W - —t—] —

800s. per oz. troy in 1920, and it <0 /_ E [N F N SO IO T

then dropped to 350s. per oz. troy /\/

in 1923. Since then its price has 30 T 1T 11T -

ranged between 180s. and 200s. per L o

oz. troy. Up to 1914, iridium was § § g 8 % £ 88 38 8 = 3

sold at about 260s. per oz. troy, and Fia. 2.—-The Market Valucs of Platinum from
the price thereafter steadily rose 1880 to 1915,

until it attained 2000s. per oz. troy

in 1925. The price rapidly dropped to 640s. in 1916, and it attainod 1800s. per
oz. troy in 1928. Since then the price has ranged between 1140s. and 1200s. per oz.
troy. Osmium sells at about 240s. per oz. troy ; rhodium, 225s. per oz. troy ; and
ruthenium, 195s. per oz. troy. The price of these three metals is negotiable, being
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regulated by the quality and quantity required. According to F. E. Carter, the
prices per ounce troy in the United States in 1935 were ruthenium 39.50% ;
rhodium, 52.50$ ; palladium, 24.5$; osmium, 50$ ; iridium, 558 ; and platinum,
348.
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§ 3. The Extraction of Platinum

Platinous sands and gravels are washed in the same way as auriferous sands -
3. 23, 2—1n order to concentrate the metal. The gold is removed from the residue
by trecatment with mercury. Compact platinum does not amalgamate with
mercury in the cold. The residue contains the grains of platinum alloyed with
the other platinum metals, iron, copper, silver, ctc.——mixed with grains of
osmiridium, titanifcrous iron, chromite, spinel, zircon, quartz, and may be some
gold amalgam. The washing is sometimes done by hand, sometimes by machines.
The process of washing, flotation, and modifications which have been introduced
to suit particular cases were discussed by P. von Tunner,! C. Schnabel, C. Zerenner,
H. Louis, A. von Ernst, A. Laurent, R. P. Rothwell, F. W. Horton, D. T. Day and
R. H. Richards, J. Noad, L. Perret, ctc.

The extraction of platinum from sulphide ores.— According to P. Wagner,?2
the South African deposits in the Lydenburg, Potgietersrust, and Rustenburg
districts are mined by underground shafts. T. K. Prentice and R. Murdoch have
described the process used at Onverwacht. The platinum occurs in the metallic
state, but by simple gravity concentration the crushed dunite gave a very low grade
concentrate, but a satisfactory higher grade concentrate was obtained by the
extensive use of traps for metallics, and the treatment of gravity concentrates by
amalgamation using activating agents since, unlike gold, platinum does not amal-
gamate directly when in contact with mercury. The skeleton flow sheet for the
dunite ore from the mine, indicated in Fig. 3, will give an idea of the sequence of
operations. At the Maandagshoek plant, good results were obtained with the
dunite ores by repeating the concentration of the ore along with an acid treatment.
Part of the platinum is recovered by flotation. 8. C. Smith, T. L. Kapp, and
B. W. Holman discussed the subject.

The sulphide ores at Merensky cannot be satisfactorily concentrated by sp. gr.
concentration, or by ore flotation, but, by the flotation of the preliminary con-
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centrates, 90 per cent. of the platinum metals as well as the nickel and copper
can be collected in a concentrate containing 6 to 8 ozs. of platinum metals per ton.
With oxidized ores, there is only a 65 to 70 per cent. recovery of the platinum metals,
and nearly all the copper and nickel is lost. As recommended by P. Trotzig, the
concentrate is therefore smclted to a nickel-iron-copper matte, and this is re-smelted
to produce a higher grade matte containing approximately 65 ozs. of platinum
metals per ton, and 25-5 per cent. of nickel and 15-5 per cent. of copper. The
enriched matte is then roasted, and afterwards leached with sulphuric acid to
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dissolve the nickel, copper, and iron. These metals can be recovered by precipita-
tion from the soln. The sludge remaining after the leaching process is smeclted to
furnish a mass containing 60 per cent. of platinum metals. With about two-thirds
sulphide ore, and one-third oxidized ore, this process is said to recover 78 per cent.
of the platinum metals ; and with sulphide ore alone, 85 per cent. of platinum
metals, and 80 per cent. of the nickel and copper in the ore. At Sudbury, where
in the extraction of nickel by the Canadian Copper Co., the platinum metals follow
the nickel matte, it was found that 56,405 tons of matte produced in 1916
contained 0-10 troy oz. per ton of platinum and 0-15 troy oz. per ton of palladium.
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Actually the company recovered 1093 troy ozs. of palladium and platinum, and
257 troy ozs. of other platinum metals—mainly rhodium and iridium.

A. R. Powell and co-workers smelted the ores, concentrates, etc.,so as to form
a matte and arranged for the matte to contain a free metal of the iron group, to act
as collector for the platinum metal ; they also added a disintegrating z?.gent—su.ch
as sodium sulphate or hydroxide, the carbonatc or sulphide of an alkali or alkaline
earth. On cooling, the frec metal crystallized in coarse crystals from the matte ;
and on exposure to the air, the matte disintegrated. The product was then
crushed, and the free metal crystals separated by a mechanical process such as a
magnetic separator or a shaking table, and then treated for the recovery of the
plutinum metals. K. Wagenmann discussed the extraction of platinum from
sulphide ores.

The method employed in recovering platinum from the Sudbury copper-nickel
sulphide ores, described by D. McDonald, M. A. Mosher, R. I.. Peek, and C. Langer
and S. and C. Johnson, depends on whether the crude nickel is purified by clec-
trolysis or by the Mond process. In the former process, the copper-nickel matte
is smelted with nitre cake and coke, and after a repetition of the process, the hottom
matte, containing the platinum metals along with about 1-5 per cent. of copper
and 72 per cent., is broken up, washed with water to remove sodium sulphide, and
with dil. acid to remove iron. The washed sulphide is then treated by one of the
two following methods :

(i) Roasted with 15 per cent. of sodium chloride between 6007 and 12007 ;
the copper chlorides are leached out ; and the soln. led over scrap copper to cement
any platinum metals which may passinto soln. The insoluble ¢ green nickel oxide ™’
is then mixed with 20 per cent. of soda ash, and calcined over 1200° ; and washed
free from sodium salts when ‘¢ black nickel oxide > with 77-8 per cent. of nickel
remains. This is roasted to remove the last traces of sulphur; smelted with coal
in an open-hearth furnace, and cast into anodes—about 4 cwt. in weight. The
anodes are used for the electrolysis of a soln. of nickel sulphate which is circulated
at a greater rate than the migration velocities of the iron and copper, so as to hinder
the deposition of iron and copper on the cathode, where nickel 1s deposited. The
cathodes are protected by canvas bags. The anode slimes are dried, melted to
metal, cast into anodes which are bagged, and again used in the clectrolysis of
nickel sulphate in separate cells. The secondary anode slimes so obtained contain
about 2 per cent. of platinum metals, and they are concentrated to 40 to 60 per
cent. platinum metals by a chemical process.

(ii) Instecad of the chloridizing roust, the washed sulphide is finely-ground,
roasted, leached with dil. sulphuric acid, and the residual nickel oxide reduced by
water-gas to metallic nickel. This is treated with carbon monoxide in Mond’s
process. The platinum residues which remain after the volatilization of the
nickel were found by C. Langer and co-workers to contain Pt, 1:85 per cent. ; Pd,
1-91; Au, 0-56 ; Ir, Rh,and Ru,0-39; and Ag, 15-42. These residues are smeclted
with litharge and soda ash to form a lead bullion which is then cupelled, and
granulated. The granulations are boiled in conec. sulphuric acid, the palladiferous
silver sulphate diluted and precipitated as chloride which is then reduced to metal,
cast into anodes, and electrolyzed.

~ _The insoluble material from the sulphuric acid treatment is united with the

rich concentrate from the 40 to 60 per cent. concentrate from the electrolytic nickel
anode slimes, and digested with aqua regia. The gold is precipitated, cast into
anodes and eclectrolyzed ; the palladium is precipitated as palladous diammino-
chloride ; and the platinum as ammonium chloroplatinate.

The platinum concentrates obtained by the above methods require further
treatment to isolate the platinum. The diy processes furnish platinum alloyed
with more or less iridium, rhodium, etec. None of the dry processes has come
nto general use. The production of platinum of a high degree of purity from the
alloy of the companion metals requires a wet process. According to C. Schnabel,3
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the electric smelting of the concentrates has not proved satisfactory because
platinum absorbs carbon from the carbon electrodes of the furnace as thus loses
most of the properties that make platinum of value in the arts.

C. Claus reviewed the older work of F. C. Achard, C. L. Berthollet and
B. Pelletier, J. R. Bréant, W. Lewis, A. S. Marggraf, L. B. G. de Morveau,
A. Rochon, J. B. L. Romé de I’'Isle, T. Scheffer, P. Sobolevsky, 1.. N. Vauquelin,
and W. H. Wollaston. The two following methods illustrate the attempts made
near the beginning of the nineteenth century to obtain platinum free from its natural
impurities. M. Jeannety recommended repeatedly fusing the ore with a mixture
of six parts of arsenic trioxide and two parts of potassium carbonate. The iron
and copper arc oxidized, and the resulting platinum-arsenic alloy forms a fusible
regulus. 1In 1779, F. C. Achard made ° platinum *’ crucibles from what was
virtually a platinum-arsenic alloy. C. Ridolfi recommended melting the ore,
previously washed with hydrochloric acid, with 4 times its weight of lead ; again
heating the granulated mass with an equal weight of sulphur at a white-heat ;
there is formed under the slag a regulus of a platinum-lead alloy contaminated
with sulphur. The sulphur was removed by melting at a white-hcat a mixture of
the alloy with some more lead. The resulting alloy was said to be mallcable.

Dry processes for isolating the metal.—TI. St. C. Deville and H. Debray
obtained platinum by fusing a mixture of the concentrated ore and lime in the
lime-furnace heated by the oxyhydrogen flame, Fig. 6, 3. 22, 6; and then
repeatedly melting the product in a similar furnace, with an oxidizing atmo-
sphere so that the commoner metals are oxidized and absorbed by the lime.
The final product is an alloy of platinum, iridium, and rhodium from which
platinum can be separated only by the use of a wet process. H. St. C. Deville
and H. Debray employed a second process based on the fact that molten lead
readily forms an alloy with platinum, but not with osmiridium. Accordingly, a
mixture of equal parts of platinum and galena was heated in a small reverberatory
furnace provided with a hearth made of calcareous clay, or bone ash. The galena
is decomposed by the iron present in the ore, and the liberated lead alloys with the
platinum and a lead matte is produced. Litharge is then added, and the whole
covered with a fusible glass. The matte is reduced to lead by the litharge, and
more platinum-lead alloy is formed, and sulphur dioxide passcs off. The
osmiridium, which resists attack by the galena, and lead remain near the bhottom
of the furnace. The slag is skimmed off, and the alloy is removed by a cast-iron
ladle. The alloy in the lower part of the furnace is added to the working portion
of the next charge so that it is enriched with osmiridium. Finally, the lower
portion is poured on a gently sloping surface when the osmiridium remains whilst
the platinum-lead alloy runs away. The platinum-lead alloy is heated at a high
temp. in a blast, when a large proportion of the lead is oxidized and driven off.
The residue is melted as before in the lime furnace by means of the oxy-hydrogen
flame. Lead and other volatile clements are volatilized, or the oxides form a slag.
The lead-platinum alloy can also be cupelled at a high temp. J. L. Byers studied
the effect of platinum on ordinary gold-assay beads. Rhodium and iridium remain
with the platinum. G. Matthey, R. Gilchrist, S. F. Schemtschuschny, H. Rusden
and J. Henderson described modifications of the process. .

J. W. Mellor suggested extracting the platinum metals from dunite and norite
ores by blowing the dry, powdered ore through a decp bath of molten lead along
with the flue gases previously passed over heated coke. The platinum metals
are dissolved by the lead—any forms of platinum not attacked by the molten lem}
accumulate at the bottom of the bath. When the lead shows signs of ** stiffening’
by the dissolved metals, it is cupelled, or otherwise treated to recover the platinum.
L. D. Hooper, and W. Giinther proposed treating the platiniferous ore with carbon
monoxide so as to convert the platinum metals into carbonyls, as in the analogous
process for nickel. The carbonyls are separated from the ore by volatilization, or
by washing with a suitable solvent—like carbon tetrachloride. The carbonyls
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of the different platinum metals so produced can be separated by fractional dis-
tillation, or diﬁel;entia.l solubility. A.IE. van Arkel, and E. H. Reerink used the
carbonyl process for recovering pure platinum. . .

];). )I"]nr;:lin and J. A. Ekldgng pae};ed the powdered ore—dunite, sulphide, or
oxidized ore—or concentrate over zinc amalgam in the presence of an activator.
The activator is an aq. soln. containing mercuric .chlonde, zinc chlond.e, hydro-
chloric acid and chlorine, with or without the addition of sodium chloride. The
zinc amalgam is applied as a coating to an iron or nickel surface. The soln. is
mixed with the ore when it is powdered. The amalgam retains the precious
metals, and it is afterwards retorted in the usual way. The percentage extraction
under favourable conditions is said to approach 75. ) ) ) )

Wet processes for isolating the metal.—(1) Opening up native platinum with
aqua regia.—In most of the wet processes which have tried for isolating platinum,
the native metal is first opened up by dissolving it in warm, conc. aqua regia.
This was done by I.. N. Vauquelin,4 and W. H. Wollaston, who recommended.a.
preliminary treatment with a magnet to remove iron ore, and cold, dil. aqua regia
to extract gold, mercury, and iron. L. Gmelin also recommended a preliminary
treatment with cone. hydrochloric acid on a water-bath for several days.

L. N. Vauquelin introduced the dried ore into a retort fitted with a receiver,
and added 4 times ils weight of aqua regia made from a mixture of 2 parts of
hydrochloric acid, of sp. gr. 1-18 with 1 part of fuming nitric acid of sp. gr. 1-48.
Another more common mixture is made from 4 vols. of hydrochloric acid, sp. gr.
1-18; 1 vol. of nitric acid, sp. gr. 1-42; and 1 vol. of water. The object of the rctort
is to confine the poisonous fumes of osmic acid, but W. Lasch added that this
precaution is usually unnecessary, although A. Laugier observed that some osmic
acid may collect in the acid distillate. To avoid an undue loss of chlorine,
J. J. Berzelius recommended covering the platiniferous sand with hydrochloric
acid, and adding the nitric acid from time to time. The temp. of the mixture is
gradually raised. The process of dissolution is slow since 8 to 10 hrs.” heating in
open vesscls on a sand-bath with 10-15 times its weight of aqua regia are necessary.
K. Barruel recommended acting on the ore first with dil. and then with conc. aqua
regin. H. Dullo, and W. C. Heraeus observed that the process of dissolution is
hastened if the pressure of the air in the vessel is augmented. H. V. Collet-Descotils,
and H. Hess also found that the operation is hastened if the ore be previously fused
with 2 to 4 times its weight of zine. The soln. contains platinum, palladium, gold,
iridium, rhodium, ruthenium, base metals, and silver chloride dissolved in the
acid liquor ; the osmium which is present escapes as volatile tetroxide during
the dissolution of the ore. The residue not dissolved by the aqua regia contains
the osmiridium with osmium and iridium as the principal constituents with smaller
proportions of rhodium, ruthenium, platinum, iron, and copper; the residue also
contains sand, chromite, titanite, zircon, etec.

(i) The precipitation of the platinum by ammonium chloride—The platinum
metals have now to be recovered from the aqua regia soln. which contains platinum,
iridium, rhodium, palladium, iron, copper, and a small proportion of osmium
and ruthenium chlorides. H. St. C. Deville and H. Debray evaporated the liquid
to dryness, heated the product to redness, when the platinum salts are converted
to the metal and the salts of base metals are converted into oxides which can be
removed by levigation in water. The residual platinum metals are melted in
the oxy-hydrogen furnace. The usual process is to precipitate the platinum as
ammonium chloroplatinate, (NH,),;PtClg, from the soln. by the addition of
ammonium chloride. In the process devised by W. H. Wollaston, the precipitation
of iridium is hindered in the presence of an excess of acid. The ammonium chloro-
platinate so obtained was washed, dried, and strongly heated in order to convert
1t into platinum sponge, which was afterwards compressed and hammered whilst
red-hot into bars or rolled into shects. The first washings from the ammonium
chloroplatinate were evaporated to about one-twelfth the original volume to obtain a
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mixed iridium and platinum salt; and the second part of the wash-water was
evaporated to dryness, heated -to redness, and added to a fresh portion of ore.
Palladium, rhodium, ruthenium, osmium, and iridium are obtained from the
residues which do not dissolve in the aqua regia, and the mother-liquors after
precipitation.

C. Claus, W. von Schneider, H. Louis, W. C. Heraeus, and C. Bullman recom-
mend evaporating the aqua regia soln. to dryness, and heating it at say 140° to
150° in order to drive off the nitric acid, and to reduce the iridium tetrachloride
to the trichloride. When the residue is dissolved in water or dil. hydrochloric acid,
the lower chloride of iridium is not then precipitated with the platinum. An
analogous process was used by V. V. Lebedinsky and V. G. Chlopin. A similar
remark applies to the palladium and rhodium salts. The liquid is allowed to stand
to allow silver chloride and other insoluble matters to settle. Any gold present
can be precipitated by ferrous sulphate. If a relatively high proportion of palladium
is present, it is ad visable to add more ammonium chloride, and nitric acid amounting
to 20 to 30 per cent. of the soln. If the liquor is digested on the steam-
bath, ammonium chloropalladate may be precipitated along with much of the
platinum and iridium in the soln. The presence of nitric acid, however, greatly
retards the precipitation of the other precious metals. W. von Schneider tried to
prevent the precipitation of iridium and rhodium with the platinum by evaporating
the hydrochloric acid soln. nearly to dryness; diluting with water, and making
the soln. alkaline with sodium hydroxide free from potassium. The soln. was
then mixed with alcohol and boiled, the precipitate dissolved in hydrochloric acid,
and the soln. treated with ammonium chloride to furnish ammonium chloro-
platinate. The process was discussed by T. Wilm, E. H. Archibald, F. Schulz,
W. Halberstadt, K. Seubert, and C. Claus.

W. H. Wollaston sometimes precipitated the palladium as cyanide by adding
mercuric cyanide to the aqua regia soln. in which the excess of acid has been
neutralized ; platinum is precipitated by adding ammonium chloride to the filtrate,
whilst the rhodium and the greater part of the iridium remain in the filtrate. To
prevent the precipitation of iridium, J. J. Berzelius recommended adding some
nitric acid to the soln. H. V. Collet-Descotils, J. Cloud, L. N. Vauquelin, and
W. von Schneider discussed the process. F. Wyatt treated the aqua regia soln.
with ammonium chloride to precipitate the platinum ; then with sodium hydroxide
and mercuric cyanide to precipitate the palladium—the rhodium remains in soln.
The residue insoluble in aqua regia is heated in a current of air when osmium is
converted into volatile osmium tetroxide, and rhodium oxide is deposited in the
hotter parts of the tube. The residue is heated with salt in a current of
chlorine when sodium chloroiridate is formed which can be dissolved in boiling
water.

(ii) The precipitation of the platinum by other reagentis.—Instead of using
ammonium chloride as precipitant for the platinum, the precipitation by potassium
chloride was discussed by J. J. Berzelius, C. Bullman, a.nd. H. legmbcr.
V. A. Jacquelain tried a mixed soln. of ammonium and potassium chlorides as
precipitant. J. W. D&bereiner treated the aqua soln. with lime-water in darkness,
but the process does not give a satisfactory separation of iridium and platinum.
It was discussed by C. Claus, W. von Schneider, and H. 8t. C. Deville and H. Debray.
After removing most of the platinum as ammonium chloroplatinate, the metals
remaining in soln. can be precipitated by iron or zinc, although iridium is reduced
very slowly. The washed material is treated with aqua regia (HCl 4 vols., and
HNOg 1 vol) diluted with 4 vols. of water. Gold and palladium are _quickly
dissolved, the platinum is dissolved a little more slowly, but very little iridium,
rhodium, and ruthenium pass into soln. The platinum can be precipitated from
the soln. as ammonium chloroplatinate ; the gold, if present, by ferrous sulphate ;
and the palladium can then be precipitated, as indicated above. These precipitates
contain more or less iridium, rhodium, and ruthenium. The remaiming metals are
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recovered by precipitation with zinc in a soln. from which most of the nitric
acid has been removed by evaporation. .

L. Duparc said that the process employed in some references for the recovery
of all the precious metals in crude platinum involves the following operations :

(i) The treatment of the mineral with aqua regia with the separation of the insoluble

osmiridium and sand, etc. . .
(ii) The precipitation of the platinum as ammonium chloroplatinate and subsequent

calcination of the precipitate to produce platinum sponge. R
(iii) The separation of iridium as ammonium chloroiridate from the mother-liquor by
long standing and calcination of the precipitate to obtain metallic iridium. L
(iv) The treatment of the mother-liquors (after removal of the platinum and iridium
as stated) with iron, or with zinc, to separato in the met.alhc state othpr metals of the
platinum group (together with any small quantities of platinum not previously scparated)
which are deposited as a fine black precipitate called *‘ first blacks.” . .
Drying and roasting of the *“ blacks’> and treatment with dilute sulphuric acid to remove

copper and other basc metals. . N . . N
(v) Treatment of the cleaned *‘ blacks ’> with dilute aqua regia to obtain a solution
containing palladium (with traces of platimum, rhodium, and iridium) and an insoluble

residue containing rhodium. N L .

(vi) After separating the traces of platinum, rhodiumn, and iridium from the_ a(_)lutlon
from (v) with ammonium chloride, the palladium is separated by means of metallic iron as
a black mass which is purified and the metal sold as palladium sponge.

(vii) The insoluble residue from (v) is fused with barium dioxide, and the fused mass
treated with aqua regia to effect solution of the rhodium and iridium. These metals are
thon precipitated with ammonium chloride and finally converted into metallic sponge.

(viii) The insoluble residue of osmiridium remaining after the first treatment of the
ore with acid, is fused with zinc to effect its decomposition. The fused product is treated
with aqua regia, and the acid liquor so obtained is submitted to distillation.

(ix) The acid liquor is distilled in the presence of steam whereby osmium distills over
as osmic acid, and is collected in water, and the osmium subsequently separated as metal.

(x) The acid liquor retains the iridium and ruthenium which are separated with
ammonium chloride, and finally converted into sponge. When theo rnetals are required
in a very pure state the commeorcial metal obtained by processes such as that briefly
described above is further purified.

(iii) The separation of the platinum by electrolysis.—Platinum can be separated
from iridium and rhodium by the clectrolysis of an acidic soln. of platinum chloride
using a low current density. The Norddeutsche Affinerie 5 used anodes of impure
gold containing metals of the platinum group as well as silver, copper, etc. ; the
cathodes are gold foil ; and the electrolyte, a soln. of gold chloride in an excess of
hydrochloric acid, or of metallic chlorides which form double salts with gold chloride.
Only the gold is deposited at low current densities ; platinum is not soluble alone,
but it is so when alloyed with gold. The electrolyte is thus enriched in both
platinum and palladium. The other metals of the platinum group, along with a
little gold, collect as anode slimes ; silver forms chloride at the anode and also
collects in the anode slime. If the soln. of gold chloride is frece from acid, the
gascous chlorine evolved at the anode does not attack the metal, but if an acidic
soln. be employed as electrolyte, both gold and platinum are dissolved from the
anode. F. Wohlwill assumes that the gold dissolves at the anode only when
the electrolyte contains such chlorides as will furnish AuCly-ions. The platinum
is extracted from the electrolyte by precipitation. According to F. Ziirn, if the
concentrate is made one electrode in a bath of ammonium carbonate or carbamate,
and an alternating current is passed through the system, the platinum is converted
into carbonates partly soluble and partly insoluble. The carbonate can then be
further treated by known processes for the metal. Platinum is also recovered
from the anode slimes in the refining of gold by E. Wohlwill’s electrolytic process
—38. 23, 4—and in the refining of silver by B. Mobius’ electrolytic process—8. 22, 3.
A. I. Bochkoff discussed the subject.

(2) Opening up the native platinum with halogens.—H. Frasch 8 proposed to
extract platinum from sands with a very small proportion of platinum by treating
them with chlorine-water which dissolves the metal. K. L. Graham developed a
chlorination process for the extraction of platinum from flotation concentrates of
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sulphide ores. The dried ore is roasted for 6 hrs. at a dull red-heat to eliminate
sulphur, and oxidize thoroughly all the base metals. The product is then mixed
with salt and kept at 500° to 600° for about 5 hrs., and at the same time chlorine
is passed over the surface of the heated materials so as to convert the metals of the
platinum group, copper, and nickel into soluble chlorides. The product is treated
with acidified water. The soln. is agitated with powdered limestone to precipitate
the copper as carbonate. Only a small proportion of platinum is removed by this
process, and it can be recovered from the copper by subsequent smelting and
electrolysis. The platinum metals are precipitated as a black powder by agitation
with zinc dust. The dried powder is roasted at a red-heat for a few minutes and
contains over 70 per cent. of the metals of the platinum group. The residual soln.
is treated with sodium hydroxide or bleaching powder. The residue left after the
chlorination treatment is treated with cyanide to extract the gold since it is not
attacked by the chlorination process owing to the temp. exceeding the dissociation
temp. of gold chloride ; at the same time, 4 to 5 per cent. of platinum metals are
also recovered. About 90 per cent. of the platinum metals and gold are extracted
from the concentrate by this treatment. The subject was discussed by T. I.. Kapp,
and R. A. Cooper and F. W. Watson.

R. Wagner 7 treated the platinum concentrate with a mixture of bromine or
hydrobromic acid and nitric acid, and obtained a soln. of the platinum mectals
which can be treated as in the case of the soln. in aqua regia. K. Bohon treated
an amalgam of platinum with nitric acid, and found that silver, mercury, and
the base-metals are dissolved whilst platinum and gold are not dissolved. A. Seigle
subjected the fincly-powdered ore to the action of steam under pressure in the
presence of silicic or boric acid and a soln. of chloride of sodium, calcium, or
magnesium. If the ore is not sufficiently silicious, silica or boric acid is added
to 1t. For such platinum concentrates, sodium chloride and nitrate are employed,
and the nascent chlorine produced is particularly active in converting the mectals
into a soluble form. If the platinum ore is poor, it should be first treated with a
soln. of potassium ferrocyanide through which air is blown, and the product is
afterwards treated under pressure in an autoclave. W. Giinther exposed the ore to
carbonyl chloride under press. so as to convert the platinum into a carbonyl deriva-
tive of the chloride, and then leached the ore with a suitable solvent.

The extraction of platinum from residues insoluble in aqua regia.—H. St. C.
Deville and H. Debray 8 recommended fusing the residues rich in platinum with
enough lead oxide to make an alloy of lead with 25 per cent. of platinum, along
with sand, and carbon ; with residues with but a small proportion of platinum, in
addition to the lead oxide, some glass, lime, and fluorspar were also employed.
The resulting alloy was then fused with galena, sand, and an iron silicate sand to
isolate the platinum. W. Savelsberg discussed the subject. For F. Wyatt’s
observations, vide supra. R. Gilchrist melted the ore with lead ; B. G. Karpoff,
with bismuth ; and E. Leidié and L. Quennessen, with zinc. ) ) ]

A. Guyard fused the platiniferous residue, insoluble in aqua regia, with 3 times
its weight of a mixture of equal parts of sodium hydroxide and nitrate, at a bright
red-heat, in a thick wrought-iron crucible, for about an hour. The mixture should
be well stirred with an iron spoon during the last 20 minutes, and finally poured
into an ingot mould. The product is boiled with water, and the soln. contains sodium
osmate. The washed residue is treated with aqua regia, when osmiridium remains
undissolved. The soln. contains iron, copper, lead, iridium, rhodium, ruthenium,
and platinum. The excess of aqua regia is removed by evaporation, adding some
water and hydrochloric acid every now and again to remove the nitrogen oxides.
The soln. is then acidified with hydrochloric acid and treated with hydrogen sulphide,
at a temp. of 70°, for about 15 hrs. If the mother-liquor 1s coloured only a pale
yellow by the dissolved iridium sulphide, it is filtered, and the precipitate is treated
with conc. sulphuric acid which converts the sulphur, and the sulp'hldfas of copper
and lead into sulphur dioxide and soluble sulphates. The mixture is digested with
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water, filtered, and washed until the washings are free from copper and iron.
Nitric acid is first added to the precipitated sulphides of the platinum metals, and
then hydrochloric acid. The soln. is boiled, and the lead chloride filtered from the
cold liquid. The soln. is then treated with ammonium chloride in the usual way.

E. Wichers and co-workers observed that the residue contains mainly rhodium,
iridium, ruthenium, and osmiridium, and can be treated by one of the following
processes : (i) If rhodium is predominant, the dried residue can be intimately
mixed with 2-5 times its weight of sodium chloride, and heated to dull redness in
a current of chlorine. This converts rhodium into a soluble sodium rhodium
chloride, and some of the iridium is likewise converted into a soluble double chloride,
but iridium is less readily attacked than rhodium. (ii) If iridium is predominant,
the residue is fused at 600° to 700° with 38 parts of sodinum hydroxide and 1 part
of sodium dioxide in a silver, nickel, or iron dish. Some irtdium forms a basic
iridate, but most remains insoluble in water, but soluble in hot, conc. hydrochloric
acid. The ruthenium remains in the aq. soln. of the fused mass. Rhodium is
not rapidly attacked by the alkali fusion, and that treatment may be alternated
with the sodium chloride and chlorine method until all the insoluble material is
converted into a soluble form. The mixed soln. of iridium, ruthenium, and osmium
can be neutralized with hydrochloric or sulphuric acid and boiled with a little
alcohol, and the small amount of metal remaining in soln. can be recovered by the
hydrochloric acid-zinc reduction.

When the mixed iridium and rhodium chlorides contain more iridinm than
rhodium, the soln. is treated with chlorine to oxidize tervalent iridium to the
quadrivalent stage, and concentrated by evaporation until over 50 grms. of the
two metals are present per litre. Enough ammonium chloride is added to precipi-
tate ammonium chloroiridate, which may also contain rhodium. A large excess of
ammonium chloride subsequently interferes with the precipitation of rhodium.
The iridium still present in the mother-liquor can be recovered by evaporating the
soln. to dryness, to eliminate an excess of acid which would interfere with the
subsequent scparation of rhodium. The residue is extracted with water, and
filtered from the impure ammonium chloroiridate. The filtrate containing not
more than 50 grms. of rhodium per litre is boiled and treated with sodium nitrite.
This reagent first neutralizes the acid present and reacts with ammonium chloride
to form ammonium nitrite, which decomposes in the hot solution. Rhodium and
the other platinum metals, as well as certain base metals, are converted to soluble
double nitrites, while other base metals, notably iron and tin, are precipitated as
hydroxides. Heating is continued and more sodium nitrite added until the colour
of the solution becomes yellow or light brown. The precipitate is filtered off and
treated for the recovery of the small amounts of platinum metals which it may
contain. Ammonium chloride is added to the well-cooled filtrate to precipitate
ammonium rhodium nitrite. The granular, white or yellowish salt is separated
by filtration, washed with water and dried, or dissolved in hydrochloric acid for
further purification. It is mot suitable for direct ignition to sponge. Residual
metals are recovered from the filtrate by means of hydrogen sulphide.

The recovery of platinum from parted gold and silver.—M. Pettenkofer,?
L. Opificius, J. W. Klever, and T. Ulke discussed methods for recovering the
platinum from parted gold—3. 23, 4. M. Pettenkofer recommended the following
process for recovering the platinum from the slags produced by melting the parted
gold with nitre—or may be with potassium hydrosulphate. The platinum collects
in the slag as potassium platinate.

The slag (8 parts) is intimately mixed with galena (2 parts), sodium tartrate (1 part),
dry sodium carbonate (4 parts), and powdered glass (2 parts), and added in small portions
at a time to a red-hot crucible. The button of lead which is formed collects the platinum
metals and gold. The lead alloy is dissolved in hot aqua regia, and the soln. is heated on
a sand-bath to drive off the nitric acid. The cold soln. is filtered and the precipitated lead
and silver are washed with water. The gold is precipitated by ferrous chloride or sulphate ;




PLATINUM 31

and tho filtrate is treated with iron to precipitate the platinum. The precipitate is boiled
with nitric acid, dissolved in aque regia, and the platinum precipitated by ammonium
chloride in the usual way.

E. Priwoznik used zinc as a collector for the precious metals. Here the gold
containing platinum is melted with about 3 times its weight of zinc, and the
granulated alloy treated with sulphuric acid to dissolve out the zinc. The washed
product is then treated with nitric acid of sp. gr. 1:199 to extract the silver, and
again washed. The residual gold-platinum alloy is dissolved in aqua regia, first
at ordinary temp., and afterwards warmed. Platinum alone remains undissolved.
The soln. containing gold with a small proportion of platinum is mixed with
hydrochloric acid, and evaporated in a dish to drive off nitrous fumes. The
product is dissolved in water, and the platinum precipitated with ammonium
chloride ; and the filtrate is treated with ferrous sulphate to precipitate gold.

The separation of platinum and gold has been also discussed by J. P. J. d’Arcet,
N. Awerkejeff, W. Bettel, H, Carmichael, M. Chaudet, F. P. Dewcy, H. Freuden-
berg, P. Jannasch and O. von Mayr, H. von Jiuptner, G. Kemp, L. G. Kollock,
3. Kriiss and L. Hoffman, F. Mylius and C. Hiittner, H. Pirngruber, E. Priwoznik,
A. D. van Riemsdijk, E. F. Smith and F. Muhr, L. Vanino and L. Seemann,
R. Willsiittter, and E. Wohlwill.

The recovery of platinum from accumulations from alcoholic washings in potassium
determninations by the chloroplatinate process involves distilling off the alcohol, and
treating an aq. soln. with some reducing agont—sunlight, hydrogen, sodium formato,
sugar, glycerol, zinc, platinum-aluminium couple, ete. The subject was discussed by
A. Berthold,'* A. W. Blair, 1. Bottger, C. Brunner, J. Chambers and R. R. Tatlock,
W. Dittmar and J. McArthur, E. Duvillier, G. J. Hough, T. Knosecl, G. Krauso, 1.. Opificus,
L. V. Parisot, K. A. Smith, A. I. Smoll, H. Precht, J. PPost, H. C. Weber, H. W. Wiley,
I£. H. Reerink, J. O. Whiteley and C. Ietz, and W. C. Zcise. The rocovery of platinuin
from other residues was discussed by E. L. Baldeschwieler and I.. A. Mikeska, F. Bayer,
R. Bottger, A. Stiebol, W. Savelsberg, T'. Ulke, C. W. Davis, G. C. Wittstein, H. Wolfframn,
H. Schwitter, W. Stein, and F. W. Steinmetz.
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§ 4. The Purification of Platinum

Eine Trennung der Platinclemente zu den schwierigsten Aufgaben der Chemie gehort.—
H. KAYSER.

As indicated by E. Péchard,! the separation of the metals which accompany
platinum in platinum ores is une operation trés délicate. One difficulty is due to the
fact that the properties of some of the combinations are very different from those
of the individual metals. Thus, iridium and rhodium alone are not attacked by
cold, conc. aqua regia, but they dissolve when alloyed with certain proportions of
platinum. Conversely, an alloy of platinum and iridium is not attacked by aqua
regia when sufficient iridium is present. Again, platinum is not attacked by conc.
nitric acid, but it dissolves readily in this acid when it is alloyed with certain
proportions of silver (G. von Sickingen), zinc (H. V. Collet-Descotils), or lead (H. St.
C. Deville and H. Debray). Many schemes have been devised for the qualitative
recognition of the metals present in a given specimen of commercial platinum,
or in platinum ores. W. Gerlach, and H. E. Stauss discussed the most sensitive
lines for the spectroscopic detection of Si, Fe, Ir, Ni, Os, Pd, Pt, Rh, and Ru in
platinum metals. The ore or metal can be ‘‘ opened up ’’ by dissolution in aqua
regia, by dissolution in molten silver or lead and the alloy dissolved in acid ; or the
ore can be dissolved in molten sodium dioxide, in a nickel crucible, and the cold mass

dissolved in the acid.
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§ 5. Qualitative Recognition of the Platinum Metals

F. Mylius and R. Dietz gave a plan in which the mixed chlorides are boiled in a
distilling flask with dil. nitric acid and the distillate collected in a soln. of sodium
hydroxide. If osmium is present, the liquid becomes yellow since osmium tetroxide
distils over with the steam. The residual liquid is shaken with ether to extract
any gold chloride which collects in the ethereal layer. The liquid is then boiled
with ammonium acetate and formic acid for several hours in a flask fitted with a
reflux condenser, and the black precipitate is washed, dried, and heated to redness
in hydrogen. The residue is washed with hydrochloric acid, mixed with sodium
chloride, and ignited in chlorine. The product is dissolved in water and treated
with ammonium chloride, a precipitate contains the platinum, iridium, and
ruthenium, whilst palladium and rhodium remain in soln. (precipitates to left,
filtrates to right) :

Treat soln. with NH,C1
I

| I
Add hydroxylamine to the hot aq. soln. Evaporate to dryness with oxcess NH,CI ;

of precipitato and then NH,C1 extract with warm NH,C] and cool
- — - |
Platinum Evaporate ; reduce dr Rho$lum Palladium

residue in H, ; fuse wit
KOH+KNO;; extract
with water

!

- |
Mix with Jga.Cl ; heat Distil filtrate in Cl,;
in Cl,; add NH,Cl1; to volatilize RuO,
precipitate
Iridium Ruthenium

Plans were also given by N. A. Tananaeff and K. A. Dolgoff, S. F. Schem-
tschuschny and co-workers, I. Wada and co-workers, and W. Graulich. 8. C. Ogburg
gave the following gravimetric scheme for the separation of the six platinum metals
present as chlorides in dil. hydrochloric acid (7 to 8 c.c. HCl per 100 c.c. of soln.) :

Add 1 per cent. alcoholic soln. of dimethyl glyoxime
in cold ; filter
I

Palladltm, as Add excess 2 per cent. a.l'coholic soln. a-furil-
PA(C,H,O,N,), dioxime ; add alcohol 10 per cent. of total
volume ; boil ; and filter
¥ l .
Platinum, as Concentrate soln. by evaporation ; add HC1
Pt(C;0H,0N,)a and NaClO; to remove excess oximes ; add

alcoholic soln. KNO, untilliquid is alkaline ;
boil ; let stand over-nig|ht ; filter

+ l
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S |
Rhodltm, as Boil to remove nitrogen oxides and alcohol;
Ky;Rh(NO,), acidify with HCl; evaporate nearly to
dryness ; dilute; add alcoholic NaOH ;
boil ; filter
¢ . -
Ruthenium, as Evaporate to remove alcohol ; acidify with
Ru,04.3H, O HCl; add zilnc ; filter
TFreat residual Ir and Os metals Reject
with a fresh soln. of NaOC1l ; filter
\ e
Iridium Acidify with HCI ;
add zinc dust ; filter
_ T
Osmium Reject

For confirmatory tests of the different metals vide the analytical reactions of
the different metals, and Table I. In the older process for the recognition of the
platinum metals, hydrogen sulphide is passed into a hot, acidified soln. of the

TABLE I.—REACTIONS OF SALTS OF THE PLATINUM METALS

Ruthenium Rhodium Palladium Osmium Iridium Platinuin
Colour . . . | Dark brown Red Brownish- | Gold-yellow | Dark brown | Pale yellow
yellow
HyS at 18° (L min.) No pp. No pp. Brown pp. No pp. No. pp. No pp.
NgS at 80° (1 min.) Bluish-black | Dark brown | Dark brown Black Brown Dark brown
turbidity
Amm. salphide . . | Dark brown | Dark brown | Black pp.; { Dark brown | Brown pp. ; | Brown pp.;
Pp- 3 soluble | pp.; insoluble|{ 1nsoluble \n |pp.; inscluble| souluble in soluble in
N oxcess 1N excess excess in excess excess excess
tthyl mercaptan | Slow brown | Slow yellow | Yellow pp. No change Slow Pale yellow
(1: 100). pp. pp- decoloriza-
tion
Warm NH,OH . . | Green colour Slow Decoloriza- Yellowish- Slow
decoloriza- tion brown pp. decoloriza-
S In. NH (1 B Nﬁm-l T
Sat. soln. U . rown pp. o pp. No pp. Red pp. Black pp. Yellow pp.
Alkalh lye . . . Black pp.; | Yellow pp. ; Yellowish Brownish- | Green soln. ; | Dark brown
insoluble 1n soluble in brown ; red pp. brownish- PP
excess excess soluble in black pp.
R in excess
Sat. soln. KC1 . Violet ciyst. | Red cryst. Red cryst. Brown Brownish- Yellow pp.
pp- PP. PP. cryst. pp. red pp.
Soln. KI (1 : 1000) Nil Nul Dark pp. Nil Yalllt.);w Slow reddish-
colour brown .
Soln. HgCy, . . Nl Nil ‘White pp. Nil Nil Nl PP
Soln. KCyS (1 : 1000) Dark violet Yellow Nil Nil Decoloriza- Intense
. tion yellow
Soln. Nag('QOg . . | Dark brown Yellow Yellowish- Black Yellow Nil
brown
So(hl]. N ) NgH,.HCl Yellow Yellow Black pp. Nil Yellow Black pp.
Solu.'dimebhylglyoxime Nil Nil Yellow pp. Nil Nil Nl
HCl  soln. = ocobaltic Nil Reddish Nil Nil Brownish Nil
luteoochloride colour colour

chlorides until precipitation is complete. The precipitate is digested

soln. of yellow ammonium sulphide.

{ : with warm
Ruthenium, rhodium, platinum, and osmium

are not dissolved ; platinum, iridium, and gold mixed with arsenic, antimony and

tin pass into soln.

If these three elements are present, the filtrate is treated
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with hydrochloric acid to precipitate sulphides. The precipitate is fused with a
mixture of sodium carbonate and nitrate and washed with water to remove
sodium arsenate. Reduce with zinc and hydrochloric acid, and boil with hydro-
chloric acid to remove tin; boil the residue with nitric and tartaric acids to
remove antimony (filtered eolids to left, filtrates to right) :

Precipitate with H,S ; extract with
warm, yellow ammonium sulphide ; filter

| {
Fuse insoluble part with KOH + KCl1O, ; After the removal of Sb, As, and Sn heat the

extract with water ; filter residue to redness ; digest with dil. aqua regia

R N y
Ignite in H, ; wash Neutralize with NHO, ; Irildium Ivaporate to dryness
with HNO;; digest filter with excess NH,C1;

with aqua regia extract with aleohol

{ |
TTTTT T T Ruthenium Distil with HNO; ; ¥ ¥
yellow distillate Platinum Gold

Rhodium Evaporate to dry-
ness ; dissolve 1in Osmium

water ; mneutralize
with Nay,COy 3
add HgCy,; white
precipitate

Palladium

§ 6. Quantitative Determination of the Platinum Metals

The methods available for the determination of the platinum metals when
associated with one another in ore, or in alloy, are somewhat complicated. The
pioneer work was done by W. H. Wollaston, L. N. Vauquelin, A. Laugier, I.. R. von
Fellenberg, H. Hess, H. V. Collet-Descotils, F. Débereiner and F. Weiss, J. Persoz,
E. Frémy, C. Ridolfi, F. Woéhler, and J. J. Berzelius. Two general schemes are
indicated below. The procedure is necessarily modified according to the number
and nature of the metals which have to be isolated. Other schemes have been
discussed by H. Arnold, R. Bunsen, A. Classen, C. Claus, W. Crookes, H. St. C.
Deville and H. Debray, H. St. C. Deville and J. S. Stas, O. W. Gibbs, L. Wéhler
and L. Metz, H. C. Holtz, L. Dupare, V. Rekshinsky, R. Jagnaux, E. V. Koukline,
M. C. Lea, E. Leidié, E. Leidié and L. Quennessen, J. W. Mellor, F. Mylius and
R. Dietz, O. E. Swjaginzeff, F. Mylius and F. Forster, E. Péchard, L. Quennessen,
L. E. Rivot, T. Wilm, and M. Wunder and V. Thiiringer.

H. C. Holtz modified the scheme of H. St. C. Deville and co-workers ; and the
following outline scheme is M. Wunder and V. Thiiringer’s modification on ore
containing iron, copper, gold, rhodium, palladium, iridium, platinum, osmiridium,
and sand (solids to left, soln. to right) :

Digest with hot aqua rogia
|

l —_—— ~ _ -
Fuse residue with borax and silver; Boil to remove HN&)a ; add Cl,-water ;
digest button of metal with nitric evaporate at low temp. to dryness ;
acid. There remains undissolved digest with water; add oxcess NH,Cl
4 .
Osmiridium

I
Ignite and wéigh as Pt4-Ir; Boil with dimethylglyoxime
digeat witlh aqua regia

T T | + |
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{ - .
Irldiim Add NI—I.él ; ignite Gold Nearly neutralize with NHj;
add dimethylglyoxime
Platinum e |
|
Ignite precipitate Reduce with
Zn+HC1
Palladium
| o b
Digest with dil. HNOy(1: 1) Soln. ctinbams
I
- I Iron
Fuso with K}iSO, ;s extract Evaporate with HCI to remove
with conc. HC1 HNO,, and determine
|
. B T Copper
Residue contains traces Add Zn to precipitate
Ir and Pt, and these are
separated as above Rhodium

The osmiridium may be dissolved in molten sodium dioxide—as indicated in
connection with ruthenium (q.2.)—in a nickel crucible, and the cold mass dissolved
in hydrochloric acid, and the soln. treated as just indicated for the platinum metals.
The ore can be treated with hot aqua regia, and any insoluble residue fused with

Distil the soln. in a current of Cl,

Boil to remove chlorine ; Collect distillate in soda lye;
add NH,Cl, and two- pass H,S; wash and dry

thirds vol. of alcohol precipitate ; heatin oxygen
I

Ignite ; extract Nearly neutralize Reduce residue Collect vo]as:,ile part in

with aqua with NH,OH ; in hydrogen soda lyeo; reduce with Al
regia pass H,S v
] Ruthenium Osmium

| | |

l I I I
Insoluble contains Add NH,Cl to Digest pre- Evaporate soln. to dryness
Rh +Ir. Fuse with precipitate trace cipitate with with HNO,; ignite; wash
KHSO,; extract of Pd and Pt. HCQCI out iron and nickel with
with water and dil. Ignite | HCl; ignite residue for
H,S0, ¥ Au-+Rh

! Platinum - B |
Add KC1 and alcohol
| . | to the soln.
Insoluble contains Ir and Boil with Na,COy; |
trace Rh. Dissolve in aqua acidify with HCI ;

regia ; evaporate to dry- dry, and ignite J

ness at 120°; dissolve in + The precipitate The soln.

water ; precipitate with of K, PdCl, con- contains

Mg ; ignite ; extract with ! tains

dil. H,S0O,, then with dil. | 3 Copper
aqua regia, and residue | Palladium

— - — <- -

Iridium .
Digest all three residues in aqua

regia ; the gold dissolves

|
Inaoi’uble Filtrate lcont‘a,inls
Rhodium ’ Gold
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sodium dioxide ; the cold cake can be dissolved in hydrochloric acid, and the two
soln. mixed. The following metals may be present: ruthenium, rhodium,
palladium, osmium, iridium, and platinum, as well as gold, copper, and iron along
with nickel derived from the crucible. The scheme recommended by J. W. Mellor,
for an ore or alloy containing ruthenium, rhodium, palladium, osmium, iridium,
and platinum, as well as gold, iron, and nickel derived from the crucible, is as
shown at foot of preceding page (solids on left, soln. on right).

E. Leidié mixed the ore with sodium chloride, and heated the mixture to redness
in a current of chlorine :

Extract with water

| {
Residue : Ag and Bi Add excess NaNQ, ; boil;
treat with Na,CO,4
|

| |
Residue : Pb, Cu, Fe, Au Soln. has the six platinum
motals. Distil in chlorine

! |
Acidify soln. Add NaNO, Add HC1; the ruthenium forms RuCl,,.
and saturate with NH,Cl Alcoholic soda lye reduces the osmium
to form sodium osmate

| I ¥
Contains Ir, Rh. Contains Pt, Pd; evaporate to dry- Osmium Ruthenium
Transform ni- ness; transform nitrite to chloride;
trites to chlor- calcine; dissolve in aqua regia ;
ides; add NH,Cl reduce PdC]l, to PdCl,; saturate

with NH,Cl
| | ll 4
(NH,)IrCl, IEvaporate to dry- (NH,)PtClg Add Hg(CN),
ness and reduco for |
¥ {
Iridium Rhodium Platinum Palladfum

F. Mylius and A. Mazzucchelli obtained good results in test analyses with the
following scheme (precipitation to left, soln. to right) :

Saturate soln. with NH,C1

|
Precipitate of Evaporate with HNO; ;

Ir, Pt, Pd, Ru extract with dil. HNO,
Iridium - —_ -
Ignite rnixedlprvecipitates Treat filtrate with
with NaNO,; wash with H,S at 18°
water
[ ! ¥ T
Extract insoluble Ruthenium Ignite ; extract Treat with H,S in hot
with dil. aqua regia with formic acid soln. (80°)
4 B 1 | | { 4
Iridium Evaporate with NH,Cl Extract with ether Blue filtra.te Rhodium ;ll'on,
' ne,
§ | Gold Copper Nickel,
Platinum Add HgCy, for Cobalt

Palladlum
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In order to obtain platinum of a higher degree of purity, J. J. Berzelius 1
neutralized a soln. of platinum in aqua regia by means of lime, or ammonia,
saturated the liquid with hydrogen sulphide, and allowed it to stand for a few
days in a closed flask. The liquid was filtered from the osmium sulphide, and then
treated with potassium chloride. The precipitate was washed with a soln. of
potassium chloride until the washings were free from iron chloride. The dry
precipitate was heated with twice its weight of potassium carbonate until it began
to fuse. The cold product was washed with water, and then with dil. hydrochloric
acid. The mixture of platinum and iridium oxide was collected on a filter-paper,
washed, and dried. The greater part of the platinum was extracted from the
mixture by warm, dil. aqua regia, and the remainder of the platinum was taken
up with conc. aqua regia, containing a little sodium chloride to prevent the reduction
of the platinic chloride during the evaporation. The soln. was treated with
potassium chloride, and the dry precipitate so obtained was gently heated with
dry sodium carbonate until the mass blackened and began to fuse. The product
containing metallic platinum and the oxides of rhodium and iridium, was washed
first with water, and then with dil. hydrochloric acid. The platinum was extracted
from the product by aqua regia, and precipitated from the soln. by ammonium
chloride.

Following H. St. C. Deville and H. Debray, G. Matthey purified commercial
platinum by first melting the crude metal with 6 times its weight of lead, and
granulating the alloy. The alloy was then treated with dil. hydrochloric acid
which dissolved iron, lead, palladium, and rhodium, leaving behind platinum,
iridium, and small quantities of lead, rhodium, and other platinum metals. The
residue was boiled with aqua regia, when platinum and lead dissolved, whilst
iridium remained behind. The lead was precipitated by sulphuric acid. The
filtered liquid was treated with an excess of ammonium and sodium chlorides to
precipitate the platinum as ammonium chloroplatinate. When rhodium is present,
the precipitate is rose coloured instead of yellow. If rhodium be present, the
precipitate is heated with potassium hydrosulphate to form potassium rhodium
sulphate whilst the platinum remains as metal. The double salt can be washed
out with boiling water. Modifications of the method were employed by H. St. C.
Deville and J. S. Stas, E. H. Reerink, and O. J. Broch and co-workers.

E. Wichers and co-workers have pointed out that the repeated precipitation
of ammonium chloroplatinate is the most important method of purifying platinum.
The salt is relatively insoluble. It may be readily precipitated in a form that is
easily filtecred and washed, and it may be directly converted to metallic platinum
by ignition. Any desired degree of purity may be attained by a sufficient number
of reprecipitations. All the platinum metals except rhodium can exist in the
quadrivalent state and in this condition form relatively insoluble salts analogous
to ammonium chloroplatinate and isomorphous with it. However, because of the
usual course of previous separations, osmium and ruthenium are seldom present
with platinum except in very small amounts. Palladium is readily reduced from
the quadrivalent state to the bivalent state by heating the solution. It is probably
true that iridium also is reduced in part, at least, from the quadrivalent state to
the trivalent state by heating, especially if the temperature reached 140° to 150° C.
The double chlorides of bivalent palladium and trivalent iridium with ammonium
chloride are much more soluble than ammonium chloroplatinate and not isomor-
phous with it. Rhodium, iridium, and palladium display remarkable persistence
in contaminating the platinum salt. Platinum containing 0-7 per cent. of rhodium
was found to contain 0-2 per cent. after the first precipitation and 0-04 per cent.
after the third precipitation. After seven precipitations a minute amount of
rhodium could still be detected in the mother-liquor from ammonium chloro-
platinate corresponding to about 450 grms. of platinum. Iridium was not detected
after the fifth precipitation. This persistent contamination, presumably caused
by adsorption, was emphasized by H. 8t. C. Deville and J. S. Stas. Silver, if
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present, may persist for a few precipitations because of the solubility of silver
chloride in conec. soln. of chlorides. E. Wichers and co-workers recommend the
following procedure :

Crude spongy platinum contained in a porcelain dish with a cover glass to prevent
loss by the spray is dissolved in aqua regia-—300 to 35 vols. of hydrochloric acid of sp. gr.
118, 75 to 100 vols. of water, and 60 to 70 vols. of nitric acid of sp. gr. 1:42. The temp.
is raised rather slowly to avoid too vigorous a reaction. In some cases more aqua regia
is required for complete solution. The soln. is evaporated fairly rapidly without pre-
vious filtration until the temp. reaches 140° to 150° unless the residue becomes pasty
before this temp. is attained, in which case the evaporation must be stopped to avoid
local overheating. If no large amount of base metal or alkali impurities were prosent in
the sponge, the soln. will be fluid at 150°. A small amount of water is then added, which
causes a lively boiling and the evolution of nitrous fumes. In this process any nitrous
compounds of platinum are decomposed. L. Duparc and M. N. Tikonowitch state that
if the nitrous compounds formed during the treatment with aqua regia are not decomposed,
a considerable amount of platinum will escape precipitation with ammoniuin chloride.
More water is added to cool the solution below 100°. After digesting a fow minutes some
hydrochloric acid is added and~the ovaporation repeated. This whole process can be
repeated three or four times, insuring the elimination of nitrous compounds and pre-
sumably promoting the reduction of quadrivalent iridium to the trivalent stato. After
the last evaporation water only is added and the soln. diluted so as to contain not less than
50 grms. and not more than 100 grms. of platinum in 1 litre. It is set asido to allow settling
of insoluble matter and then decanted or filtered from any residue. The rosidue may
contain undissolved iridium or rhodium as well as silver chloride, silica, and other insoluble
matter. The soln. is heated nearly to boiling and treated with a 20 per cent. soln. of
ammonium chloride, using 55 to 60 grms. of the salt for each 100 grms. of platinum and
adding enough in excess so that the whole soln. will contain 3 to 5 per cont. of the salt.
A moderate excess of ammonium chloride is desirable to decrecase the solubility of the
platinum salt but a large excess increases the degroe of contamination too groatly. The
soln. is cooled rapidly and the salt immediately filtered off and drained by suction. 1f
the soln. is allowed to stand a small amount of salt of much lower purity will separate and
thus contaminate the main precipitate. The salt is well drained. returned to the dish and
thoroughly mixed with a soln. containing 20 per cent. of ammonium chloride. After
draining the salt, this whole process is repoated once more. The filtrates and washings
are evaporated to recover most of the residual platinum in a second crop of ammonium
chloroplatinate, less pure than the first, and for the recovery of other precious metals by
procipitation with zine. The salt is dried and ignited to sponge.

To avoid the long and tedious sequence of re-precipitations of ammonium
chloroplatinate, attempts have been made to abbreviate the process by the col-
lective precipitation of the base metals, and other platinum metals by alkaline
reagents. F. Doébereciner and F. Weiss recommended adding milk of lime, or lime
water to a soln. of the impure platinum ; and ¥. Mylius and A. Mazzucchelli, a
soln. of sodium hydrocarbonate in bromine water—i.c. sodium hypobromite.
E. Wichers and co-workers also found that good work can be done with alkaline
reagents. The reaction is slow in the cold, and to hasten the process, the soln.
should be boiled for a few minutes. A reaction between the chloroplatinate and
the alkaline soln. tends to make the soln. sufficiently acidic to hinder the complete
precipitation of impurities, or to redissolve some of the precipitate. They found
that the presence of a bromate retards the hydrolysis of the chloroplatinate. The
base metals are readily Precipitated in the alkaline soln. ; palladium, rhodium, and
iridium appear to precipitate very nearly completely ; osmium and ruthenium
probably precipitate, except for the portion of the ruthenium that is present as
nitrosochloride and the osmium and ruthenium that may be oxidized to the
tetroxides by the action of the bromate, if the soln. at any time becomes acidic
enough to hiberate bromine ; silver is likely to remain in the soln. as dissolved
silver chloride and gold is divided between the precipitate and the soln. However,
gold may be eliminated by adding sufficient ferrous sulphate to precipitate it as metal
before the addition of sodium hydrocarbonate. The iron from this reagent, of
course, is precipitated with the other impurities and may in fact be helpful in
collecting small amounts of other precipitated compounds. Some platinum—
rarely over 5 per cent.—will appear in the precipitate. E. Wichers and co-workers,
and R. Gilchrist and E. Wickers recommend the following procedure :
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um in aqua regie is evaporated once or twice to eliminate
hloride is added to form sodium chloroplatinate and similar
salts of the other motals. The soln. is evaporated and the residue thoroughly dried to
remove as much as possible of the hydrochloric acid. The residue is dissolved in water
and the soln. diluted so as to contain about 50 grms. of platinum per litre. If gold is thought
to be present, ferrous sulphate soln. is added in small portions until no further precipitation
of gold occurs. The soln. is decanted from the residue and heatet_:l nearly to boiling, _af.ter
which sodium hydrocarbonate is added in small portions to neutralize most of the remaining
hydrochloric acid. When the soln. is mearly neutral, as may be judged by diminishing
effervescence, 10 to 12 grms. of sodium bromate for each 100 grms. of platinum are added,
only a little being added at first to determine whether the soln. is nearly enough neutral
not to decompose the bromate. If bromine is evolved, more sodium hydrocarbonate is
added until the addition of a little sodium bromate causes no further evolution of bromine.
The remaining sodium bromate is then added and the addition of small portions of sodium
hydrocarbonatc continued until the soln. just turns sensitive litinus paper blue. The
soln. is now brought rapidly to boiling and again tested with litmus paper. If it is acid
a little more sodium hydrocarbonate is added and the soln. is then boiled for 3 to 5 minutes.
It is finally tested once more, and if not alkaline another small portion of sodium hy(_iro-
carbonato is added and the boiling continued for a minute. The soln. is then cooled rapidly
in running water. After the precipitate settles, the supernatant soln. is siphoned off
and passed through a filter to collect the susponded precipitate. If observations or tests
indicate that the reaction has not been successful, the soln. is acidified with hydrochloric
acid, evaporated down and the whole process repeated, after adding a little aluminium
chloride. The aluminium salt is added so as to produce a precipitate which will collect
smallor amounts of procipitated compounds. This is also done when practically pure
platinum is being treated. If the soparation of impurities appears to have been successful,
the soln. is digested with hydrochloric acid to decompose the bromate and the platinum
is precipitated with ammonium chloride. The ammonium chloroplatinate precipitated
from this soln. will carry down considerable sodium chloride, most of which may be
removed by leaching with water after the salt has been ignited to sponge.

The soln. of impure platin
nitric acid. Enough sodium c.

E. H. Archibald precipitated the metal from an acid soln. of the platinum as
ammonium chloroplatinate ; the precipitate was thoroughly washed, dried, and
reduced in hydrogen. After removing the ammonium chloride, the platinum-
black was boiled with successive portions of conc. hydrochloric acid to dissolve
out the iron; and the platinum-black was redissolved. These operations were
repeated several times. After three operations, all indications of iridium had
disappeared from the spectral lines of the metal. To avoid the difficulty of removing
the last traces of mnitric acid from a soln. prepared by dissolving the metal in aqua
regia, the metal was brought into soln. by making 1t the anode in an electrolytic
cell containing hydrochloric or hydrobromic acid.

B. G. Karpoff and A. N. Fedorova discussed the separation of platinum and
iridium ; and F. Mylius and F. Forster described the following method of preparing
platinum free from iridium. It is based on the conversion of the platinum
chloride into sodium chloroplatinate, and purifying this salt by re-crystallization.

. Commercially-purified platinum is dissolved in aqua regia, and tho soln., freed from
nitrogen oxides by repeated evaporation with hydrochloric acid, is mixed with the theo-
retical amount of purificd sodium chloride. The soln. is concentrated to a small bulk,
and allowed to cool whilst being continuously stirred ; the crystals which separatc are
freed from mother-liquor by suction, washed with a cone. soln. of sodium chloride, and
dissolved in a hot, 1 per cent. soln. of sodium carbonate. The soln. is allowed to cool,
when the salt again crystallizes out. It is then dried at 120°, reduced in hydrogen at a
low temp., and the resulting platinum sponge is washed for a long time with water, and
ﬁlnal.ly dried and weighed. It is estimated that the product contained 99-99 per cent. of
platinum.

P. Bergsoe based a process for preparing platinum free from iridium on the
conversion of the platinum in soln. into barium platinocyanide, and purifying the
salt by re-crystallization—100 parts of boiling water dissolve 25 to 33 parts of
the salt, and 100 parts of cold water, 3-33 parts of salt.

An aqua regia soln. of 40 grms. of platinum containing traces of iridium, mixed with
another 0-25 grm. of iridium, was treated with the theoretical proportion of barium
hydroxide, and with hydrogen cyanide. The warm mixture was treated with sulphurous
acid until it became colourless, and after removing the precipitated barium sulphate,
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by filtration of the hot soln., it was allowed to cool to allow the barium platinocyanide to
crystallize out. The latter salt is almost insoluble in a soln. of barium chloride. The
barium platinocyanide was re-crystallized 3 times from water, and the mother-liquors
evaporated to about one-third or one-fourth their vol. and the further separations mixed
with the main product. The yield was 75 per cent. of platinum free from iridium. The
mother-liquors contained 7:015 grms. of platinum, and 0-281 grm. of iridium. It is
believed that this method of purification gives a better product than the sodium chloro-
platinate process. Traces of osmium, ruthenium, and rhodium follow the iridium, but
palladium, which forms a double cyanide, isomorphous with that of platinum, cannot be
removed by this treatment, but it can be expeditiously removed by other processos—
vide supra.

A number of processes for separating iridium and platinum are based on the
reduction of iridium tetrachloride to the trichloride by reducing agents which do
not affect the platinum tetrachloride. This prevents the formation of a precipitate
of the double salt of iridium when the soln. is treated with ammonium or potassium
chloride. Thus, C. Krug reduced the iridium salt with ferric chloride.

The metal was dissolved in aqua regia ; the nitrogen oxides were removed as before ;
ammonium chloride was added to the soln. ; the impure ammonium chloroplatinate was
dissolved in hot water ; ferrous chloride was added to the boiling soln., until it no longer
became paler; and on cooling iridium-free ammonium chloroplatinate separated out,
but the lower chloride of iridium remained in soln. The calcined precipitate was again
dissolved in aqua regia as before, and the soln. treated with sodium chloride to precipitate
sodium chloroplatinate. The precipitate was dissolved in alcohol, and the soln. filtered
from the rhodium, palladium, and ruthenium. The soln. was evaporated to dryness, and
the product heated in an atm. of coal gas. The residue was washed with water, dried,
and fused on wood charcoal in the oxy-hydrogen flameo.

O. W. Gibbs treated the mixed precipitate of ammonium chloroplatinate and
chloroiridate with 3 vols. of boiling water, and added a dil. soln. of potassium
nitrite until the soln. appeared green, neutralizing the soln. from time to time with
potassium carbonate. The iridium then passes into soln. as KgIrClg, whilst the
chloroplatinate contaminated with a little iridium remains unchanged. The
treatment with potassium nitrite is repeated until the water no longer assumes
a green colour. According to A. Joly and E. Leidié, osmium and ruthenium are
removed in the form of volatile compounds, and iridium is removed by treatment
with lead. A moderately dil. hydrochloric acid soln. of the remaining metals is
heated to about 60° and mixed with potassium nitrite. If much platinum is
present, potassium chloroplatinate gradually separates as a crystalline precipitate
quite free from other metals. After cooling and separation of this salt, the liquid
is again heated and further quantities of nitrite are added. Suddenly, and especially
if the liquid is stirred, the crystalline double rhodium compound separates, carrying
with it lead, bismuth, and tin, and small quantities of copper. If the liquid is
allowed to cool, the separation of the rhodium becomes complete, provided that a
moderately large quantity of potassium chloride is present. Should iron and copper
be present, the addition of the nitrite is continued until the liquid becomes alkaline,
and, on boiling, the iron and copper are precipitated, whilst platinum and palladium
remain in soln.

M. C. Lea reduced the iridium salt with oxalic acid. The mixed chloroplatinate
and chloroiridate were dissolved in just enough hot water for the purpose, and the
soln. was treated with crystals of oxalic acid until no more bubbling occurred ; it
was boiled for 2 or 38 minutes, half saturated with ammonium chloride, and cooled.
The platinum was precipitated as chloroplatinate, and iridium trichloride remained
1n soln. M. Veézes separated the platinum by precipitation as potassium platinous
oxalato-dinitrite, Ky[Pt(Co04)(NOy);].H;O. According to C. Claus, the mixed
ammonium chloroplatinate and chloroiridate can be treated with a little water,
and then with an aq. soln. of hydrogen sulphide. Sulphur, and platinum sulphide
are precipitated, but iridium sulphide is precipitated only when the hydrogen
sulphide 1s in great excess. The precipitate of platinum sulphide also contains
some ammonium chloroplatinate and it yields platinum when calcined. The
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-li 1 tains some platinum which is recovered by evaporation
e wth o 5 A. Bettendorff also employed this

and treatment with ammonium chloride. 0.
process. If the mixed ammonium chloroplatinate and chloroiridate be heated

with a little water, and treated with sulphur dioxide, C. Claus f01_1nd tha.t‘ the
iridium salt is reduced and dissolved, whilst the chloroplatinate, being sparingly
soluble in sulphurous acid, remains. F. Wohler and A. Mucklé digested the
mixed ammonium chloroplatinate and chloroiridate with potassium cyanide, not
in excess, until the residue became pale yellowish-brown, then by recrystallizing
the undissolved portion from hot water furnishes ammonium chloroplatinate.
C. Claus said that here the potassium cyanide reduces the iridium tetrachloride
far more rapidly than is the case with the platinum salt. )

According to C. Claus, the mixed soln. of iridium and platinum can be treated
with 1 part of sulphuric acid to 3 parts of platinum, and evaporated to dryness.
The yellowish-brown mass can be digested with water, filtered, and treated with
ammonium chloride to precipitate the platinum. Most of the iridium is trans-
formed into sulphate by this treatment, and only a small proportion of the platinum
is affected, the sulphates are not precipitated by the ammonium chloride. C. Birn-
baum observed that a mixture of the hydroxides of iridium and platinum can be
dissolved in a soln. of potassium sulphite or carbonate,” saturated with sulphur
dioxide, and boiled with the addition of water until all the sulphur dioxide is
expelled, the whole of the iridium is precipitated as sulphite, Ir(SOg), ; the filtrate
contains the platinum which is recovered by evaporation to dryness, and roasting
the product. )

J. H. Gladstone and A. Tribe treated a soln. of the platinum salt with alkali
formate, washed the precipitated metal with conc. nitric acid and then with water.
T. Wilm, however, showed that the Lase metals cannot be removed from metals of
the platinum group by reducing agents, since some of the base metals always
accompanies the platinum metals—contact action, surface adsorption, or chemical

action.

*

The greparation of platinum from copper was discussed by W. H. Swanger and
E. Wichers ; from gold, by L. Slatineanu ; from iridiumn, by U. Antony, L. C. A. Barreswil,
J. J. Berzelius, C. Claus, W. C. Heraeus, F. Leidié, E. Leidié and L. Quennessen, H. Pirn-
gruber, 8. I’. Sadtler, W. von Schneider, H. Sonn, and E. ¥. Smith ; from osmium, by
A. Joly and L. Leidié, 1. Leidié, E. Leidié and L. Quennessen, and H. Pirngruber ; from
palladeum, by C. Brunner. P. Cohn and F. Fleisener, K. Slatineanu, A. Joly and E. Leidié,
J. Langness, E. Loidié, K. Leidié, and L. Quennessen, O. Makowka, H. Pirngruber,
H. St. C. Dceville and J. S. Stas. F. Mylius and F. Forster, and M. Wunder and V. Thuringer ;
from rhodium, by H. St. C. Deville and J. S. Stas, A. Joly and E. Leidié, J. Langness,
E. Leidié, E. Leidié and L. Quenncssen, K. Wichers, and H. Pirngruber ; from ruthenium,
by H. St. C. Devillo and J. S. Stas, A. Joly and E. Leidié, E. Leidié, E. Leidi6 and

L. Quennessen, and H. Pirngruber.

W. Truthe 2 studied the behaviour of the platinum metals towards silver and
gold during cupellation at 1100° to 1200°.

Impurities vn platinum.— According to C. Claus,3 platinum free from rhodium
and iridium dissolves more easily in aqua regia; if the mother-liquor from the
ammonium chloride precipitation is mixed with nitric acid, and heated, it darkens
in colour if iridium is present ; and if an excess of potassium hydroxide and a few
drops of alcohol be added, the mixture blackens if rhodium is present. T. J. See-
beck, and O. L. Erdmann discussed the effect of impurities on the properties of
platinum. L. Ldéwenherz observed 0-02 per cent. of impurities—silver, and
rhodium—in commercial ‘ pure >’ platinum; and J. Weineck, 0-01 per cent. of
iridium. F.Mylius and F. Forster observed 2 to 3 per cent. of iridium in commercial
platinum ; W. P. White always found iridium to be present in commercial platinum ;
but F. Mylius and R. Dietz observed none in a sample of commercial * pure ”»
platinum. G. C. Wittstein noted some osmium in commercial platinum, but
F. Mylius and F. Forster added that platinum prepared by the aqua regia process
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is not likely to contain that element ; and in samples of commercial * platinum,”
and ¢ pure >’ platinum, they found, respectively :

Pt Ir Rh Pd Ru Fe Cu
96-90 2-56 0-20 Trace 0-02 0-20 — —99-58
99-28 0-32 0-13 — 0-04 0-06 0:07—99-90

H. St. C. Deville and H. Debray analyzed a number of samples and found : platinum,
90-50 to 3-30 per cent. ; iridium, 2-10 to 7-90 per cent. ; and rhodium, 0-30 to 3-30
er cent. O. J. Broch and co-workers found that purified samples contained :
99-890 to 99-892 per cent., platinum ; 0:065 to 0-070, rhodium ; and 0-023 to 0-029,
iridium. K. Kraut noted the contamination of platinum with barium ; A. Vogel
and co-workers, with chromium ; E. Reichardt, with silicon; A. Villiers and
F. Borg, with zine; H. N. Warren, with thallium ; A. Classen, with iron; and
G. C. Hoffmann, and E. Hussak, with copper. W. N. Hartley noted the presence
of carbon and phosphorus in a specimen of brittle platinum ; E. Reichardt found
silicon in another sample of brittle platinum. T. Wilm said that platinum crucibles
become brittle with use if rhodium and palladium are present, because those metals
are attacked by the carbon of the coal-gas flame. H. Moser discussed the subject.
O. Zvjaginstseff and co-workers did not find dvi-manganese in native platinum.
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§ 7. Some Different Forms of Platinum

Platinum may be prepared in the massive or in the crystalline state—uwvide infra.
The metal obtained by the ignition of ammonium chloroplatinate is in the form
of a dull grey, soft, spongy powder. To convert this product into malleable
platinum the metal must be either fused or welded together. The metal itself
fuses at so high a temp. that the manufacture of vessels, or of sheet platinum from
ingots cast from the molten metal was impracticable. At first, that is, towards
the end of the eighteenth century, attempts were made to reduce the fusibility of
the metal by alloying it with a volatile metal, thus F. C. Achard,®! and M. Jeannety
used arsenic; B. Pelletier, phosphorus; and A. von Mussin-Puschkin, mercury.
The plates cast from these alloys were heated to drive off the volatile element,
and the resulting product hammered together so as to close the pores. The results
were not satisfactory.

About 1829, W. H. Wollaston 2 prepared malleable sheets by mixing the finely-
powdered metal with a little water, and introducing the °‘ paste’’ into a brass
cylinder so as to avoid inequalities and cavities. The water was pressed out by
means of a wooden cylinder, and afterwards the contents of the cylinder were
compressed by a powerful lever press. The solid cake was pushed from the cylinder,
heated to redness to drive off water and grease, and afterwards heated intensely
for 20 minutes in an air-furnace. The red-hot cake is then removed from the
furnace and hammered. When the red-hot cake has been sufficiently compressed
in this manner, it can, by heating and hammering, like any other ductile metal,
be shaped into the required form. The platinum employed should be as free from
iridium as possible since the presence of that element is apt to make the platinum
brittle. Modifications of the process for preparing malleable platinum were
discussed by H. Abich, J. J. Berzelius, J. R. Bréant, M. J. Eichfeld, L. W. Gilbert,
C. A. Gritel, V. A. Jacquelain, M. Joris, A. Jouglet, M. Leithner, J. von Liebig,
C. M. Marx, W. Marshall, J. Pelouze, M. Pettenkofer, B. Scholz, J. S. C. Schweigger,
P. Sobolevsky, and W. Spring. The drawing of the metal into wires was dis-
cussed by A. C. Becquerel, A. Galffe, H. F. Read, and W. H. Wollaston.

In 1859, H. St. C. Deville and H. Debray 3 described a furnace for melting
platinum. Tt consists of two blocks of lime bound together by an iron casing.
In the upper block there is an opening for the oxy-hydrogen blowpipe flame ;
and in the lower block there is a cavity in which the platinum is melted, and there
is also a narrow groove to facilitate the pouring of the molten metal into ingots
moulds when the furnaceis tilted. It is said that a kilogram of platinum requires
for fusion 60 to 100 litres of oxygen—dependent on the purity of the metal. The
hydrogen is now usually replaced by coal gas, and improved burners are employed
The subject was discussed by J. B. Dumas, E. Matthey, and H. Violette. Fumaces;
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were also devised by H. Roessler, and W. E. Newton. C. W. Siemens and
A. K. Huntington described a carbon arc crucible furnace for melting platinum,
but the presence of carbon is a disadvantage on account of the tendency of the
metal to form a carbide. L. Jordan and co-workers, and E. Wichers and L. Jordan
recommended melting the metal in a high-frequency, induction furnace filled with
a lime hearth ; when a magnesia hearth was employed the metal was seriously
contaminated with magnesium, and when the metal is melted in a lime crucible,
spectroscopic tests indicated the presence of traces of calcium. L. Jordan
and co-workers recommended zirconia crucibles; and R. P. Neville, and
H. K. Richardson, thoria crucibles. Lime crucibles in the oxyhydrogen flame
have the advantage of absorbing some impurities.

The reduction of platinum compounds to the metal.—The platinum salts
are easily reduced to the metal, and J. R. Joss 4 observed that the prolonged contact
of platinum salts with paper results in a reduction to form platinum black. M. C. Lea
also noted that solid potassium and ammonium chloroplatinates are partially
reduced by a press. of 70,000 atm., and that if characters be marked on bibulous
paper soaked i1n platinic chloride, or ammonium chloroplatinate by a glass rod
pressed on the paper, and the paper washed free from soluble salts, characters
marked with the rod will appear yellow, or in a few weeks, almost black.

Many salts of platinum decompose to form the metal when heated—e.g.
platinum sulphide (R. Schneider). Observations were made by G. von Hevesy
and T. Somiya, W. F. Bruce, and R. Adams. E. D. Clarke noted the reduction
of platinum salts in the oxy-hydrogen flame. W. Miiller, and A. Merget noted
that the reduction of platinum compounds by hydrogen occurs, in some cases, at
ordinary temp., and M. Kling and A. Engels, that the reduction may occur in a
current of coal gas. N. Tarugi found that calcium carbide readily furnishes platinum
or a calcium-platinum alloy when it is heated with platinum salts.

According to Mrs. Fulhame, W. J. Russell, J. L. Smith, and F. C. Phillips,
aqg. soln. of platinum salts are reduced by kydrogen at ordinary temp. D. Vitah
showed that the presence of an arsenic compound favours the reaction, and
H. Pellet added that purified hydrogen, freed from all traces of arsenic, does
not reduce platinum salts in aq. soln. The slow reduction of platinum salts by
kydriodic actd was studied by B. Silliman ; by potassium todide, by H. Rose, and
J. L. Lassaigne ; by sulphur, hydrogen sulphide, and alkaline sulphides, by Mrs. Ful-
hame ; and by lead or copper sulphide, by W. Skey. N. W. Fischer found that
platinum salts are not reduced by selenium, but that they are reduced by tellurium.
C. A. Tibbals found that platinum salts are reduced by sodium telluride ; V. Meyer
and J. Locher, and W. C. Lossen, by Aydroxylamine and hydrogen ; A. Gutbier
and G. Hofmeier, by hydrazine hydrate ; N. Tarugi, by hydrazine sulphate in alkaline
soln., but, according to P. Jannasch and O. von Mayr, not in acidic soln. ; Mrs. Ful-
hame, and R. Béttger, by phosphorus ; Mrs. Fulhame, by phosphine ; N. W. Fischer,
by arsenic, antimony, and bismuth,; T. Polleck, by sodium dioxide and a silver
salt ; D. Vitali, by silver oxide ; and C. Claus, W. Hempel, W. Skey, and L. Kessler,
by ferrous sulphate. P. Pascal added that unlike soln. of salts of gold and silver,
platinum salts are not reduced in the cold by ferrous pyrophosphate. Many
other ‘“ reducing’’ s=salts precipitate metallic platinum—uvide infra, colloidal
platinum.

Mrs. Fulhame, F. W. O. de Coninck, and W. Heintz noted that soln. of platinum
salts are reduced by animal charcoal ; and H. Fresenius and P. H. M. P. Brinton,
by over 80 per cent. alcohol. The reducing action of alcokol was studied by
G. Vulpius ; of glycerol, by F. Bullnheimer; of ether, by C. W. G. Kastner; of
formaldehyde, by N. Awerkijeff, A. Bach, F. Jean and A. Trillat, S. Rothenfusser,
and R. E. Liesegang; of sodium formate, by J. J. Berzelius, J. W. Débereiner,
C. Claus, E. Duvillier, F. Gébel, B. Corenwinder and G. Contamine, R. Béttger,
and B. Sjollema—uvide A. Sieverts and H. Briining, hydrochloroplatinic acid ; of
acetic acid, by L. Wdohler ; of alkali acetate, by R. Brandes; and ozalic acid, by
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E. Dreyfuss. The reduction does not occur, according to R. Brandes, with alkal:
oxalates, citrates, or benzoates. The reducing action of potassium Jerrous oxalate

J. M. Eder; of alkali tartrates, by R. Phillips; of organic acids,
by P. Cazeneuve; of benzene, petroleum, and naphtha, by G. Goz:.e; of tertiary
amines, by L. Tschugaeff ; and of sugars, by D. J. Stern and J. Frinkel ; and of
glycerol, by R. Zdrawkowitsch. . )

The reducing action of copper was studied by_A. Frumkin a.nd_ A. Donde,
N. W. Fischer—silver acts very slowly ; of magnesium, by Z. Roussin, S. Kern,
A. Commaille, R. Bottger, D. Tommasi, K. Seubert and A. Schmidt, A. Schmidt,
D. Vitali, F. J. Faktor, I. Nordenskjsld, and N. Tarugi ; of zinc, by N. W. Fischer,
F. Mylius and O. Fromm, and J. Diamant ; of cadmium, by N. W. Fischer, F. Mylius
and O. Fromm ; of mercury, by E. Sonstadt, C. Barfoed, N. W. Fischer, and
F. Bohn; of aluminium, by H. W. Wiley, and C. Formenti and M. Levi;
N. W. Fischer, lead, and tin ; molybdenum, and tungsten, by E. F. Smith ; uwranium,
by N. W. Fischer, and J. L. C. Zimmermann ; manganese, by N. W. Fischer ; iron,
by N. W. Fischer ; and cobalt, by J. Thomsen, and N. W. Fischer.

In 1820, E. Davy 5 prepared platinum in the form of a soft, dull black powder
which is called platinum black, noir de platine, Platinmohr or Platinschwarz—
B. Geddes discussed the term Platimoor. E. Davy said that the platinum black
which he prepared soiled any surface on which it was rubbed, and J. von Liebig
added that, by pressure, it acquired a white colour, and a metallic lustre. Platinum
black is a powerful catalytic agent. E. Davy at first thought it to be a nitrite
of platinum, but J. von Liebig showed that platinum black is platinum in a fine
state of subdivision. The metal, however, is more or less contaminated by im-
purities absorbed or adsorbed from the system in which it is prepared. Platinum
black was obtained by R. Blondlot by passing an electric current in nitrogen for
3 hrs. between two discs, one of copper and one of platinum, 3 to 4 mm. apart, and
heated to bright redness. The black powder on the platinum disc was digested in
hot nitric acid to remove the copper, and a residue of platinum black remained.
‘When alloys of platinum with zinc are treated with acids which attack zinc and not
platinum, H. V. Collet-Descotils, and J. W. Doébereiner observed that the zinc
is dissolved out, and platinum-black remains; J. J. Berzelius used an alloy
of platinum and potassium; and L. Gmelin, an alloy of platinum, copper,
and zmc with nitric acid. E. K. Rideal, A. A. Pollitt, I. E. Adaduroff and
co-workers, 1. 1. Tschukoff and co-workers, K. von Ko6ppen, and G. Vavon
observed that platinum black which has been heated above 300” is less cata-
lytically active. Platinum-black is usually obtained by precipitation from agq.
soln. of platinum salts. J. W. Débereiner, J. H. Kastle and E. Elvove, F. Débe-
reiner, and J. von Liebig precipitated the platinum with zinc; C. Brunner, with
iron ; R. Bottger, with magnesium; and F. A. McDermott, with aluminium.
W. Hempel used a mixture of ferrous suphate and sodium hydroxide as pre-
cipitant ; E. Davy, W. (. Zeise, W. Halberstadt, and J. von Liebig used alcohol
in alkaline soln.—J. W. Dobereiner observed that sunlight favoured the reduc-
tion ; W. Halberstadt, ether; A. Sieverts and H. Briining, R. Willstitter and
E. W. Mayer, L. Wohler, O. Loew, and O. Loew and K. Aso, formaldehyde ;
A. Gerhardt, formic acid ; A. Tribe, potassium formate ; F. Gébel, J. W. Débereiner,
L. Mond and co-workers, and A. Gutbier and O. Maisch, sodium formate ;
J. T. Cooper, sodium tartrate; R. Phillips, ammonium tartrate; R. Bottger,
potassium sodium tartrate ; M. R. Zdrawkowitch, glycerol and sodium hydroxide ;
C. Paal, hydrazine hydrate ; J. W. Débereiner, sugar ; and A. Sieverts and H. Briin-
ing, magnesium. L. Pigeon, and J. L. Smith employed hydrogen as the reducing
agent. C. Luckow obtained platinum black by the electrolysis of a very dil.
soln. of platinic chloride. G. R. Levi and R. Haardt discussed the structure of the
grains of the powder, and G. von Hevesy and T. Somiya, the preparation of
platinum-black with a little lead ; the lattice measurements show that the lead is
not in solid soln., and measurements of the grain-size, and of the electrolytic polari-

was studied by




PLATINUM 49

zation were made. O. Loew recommended the following method for preparing
platinum black of great catalytic activity :

An aq. soln. (50 to 60 c.c.) of platinic chloride (50 grms.) is mixed with 40 to 45 per
cent. of formaldehyde solution (70 c.c.), the mixture cooled well, and then sodium
hydroxide (50 grms.) dissolved in water (50 grms.) gradually added ; after keeping for
12 hrs. the soln. is filtered. A yellow liquid, from which a small quantity of platinum is
deposited on boiling, first passes through the filter, but as soon as most of the salts have
been washed out of the residue, the filtrate assumes a deep black colour. The process is
interrupted at this stage for sevoral hrs. because the residue soon absorbs oxygen, the temp.
rising to 36° to 40°, and the washings then pass through colourless. As soon as oxidation
is complete, the residue is washed until completely free from sodium chloride, pressed,
and dried over sulphuric acid.

Some kinds of platinum-black deflagrate with a hissing noise when heated—
even below redness. According to H. V. Collet-Descotils, that obtained from the
alloy of zinc and platinum sometimes detonates like gunpowder—explosive
platinum. The phenomenon is not the same as that associated with the fulminating
metals—8. 22, 11; and 8. 23, 14. Explosive platinum was prepared by
J. W. Dbbereiner, M. Faraday and J. Stodart, W. C. Zeise, R. Bunsen, H. Debray,
H. St. C. Deville and H. Debray, J. B. J. D. Boussingault, and T. Wilm. When
E. Davy's platinum black is heated, it deflagrates with a hissing noise and a red
flame. According to R. Bunsen, and H. Debray, the explosive property is evidence
of a peculiar allotropic state of the metal; but T. Strengers, and K. Cohen and
T. Strengers showed that in the case of rhodium, and iridium, the phenomenon is
due to the union of occluded hydrogen and oxygen. ;

A film of platinum black may be deposited on platinum foil to be used as
clectrodes in conductivity measurements, etc. The metal so prepared is sometimes
called platinized platinum. G.Magnus ¢ dipped the platinum in a slurry of water
and ammonium chloroplatinate, and after drying, heated to redness. The operation
was repeated until a film of the required thickness was obtained. K. Jablczynsky
recommended a 0-3 per cent. soln. of platinic chloride, and 3 to 5 c.c. of formic
acid made up to 100 c.c. with water. W. Geibel studied the process. The film
was obtained by A. Smee, J. C. Poggendorff, and F. Kohlrausch by electrodeposition.
O. Lummer and F. Kurlbaum employed as electrolyte about 3 grms. of platinic
chloride, 0-02 to 0-03 grm. of lead acetate, and 100 c.c. of water. Two platinum
plates are cleaned with chromic acid and lowered into the soln. The current
from a 4-volt accumulator is passed for 10 to 15 mins., reversing the direction
of the current every half minute. The coating should be * black and velvety ™
in appearance.

When platinum black is to be employed as a catalytic agent, it is usually
deposited as a thin layer on some porous substance. Thus, platinized asbestos
is prepared by moistening the asbestos with a 10 per cent. soln. of hydrochloro-
platinic acid, drying, and igniting the mass. The asbestos was so prepared by
R. Hare,” and H. N. Warren. Other substances wecre treated in an analogous
manner by W. Boehm, R. Béttger, E. Breslauer, J. F. Duke, J. Klaudy and
O. Efrem, W. Majert, M. Neumann, E. Orloff, J. Perl, E. W. von Siemens and
J. G. Halske, and C. Winkler. G. P. Thomson, and G. I. Finch and co-workers
found that platinized asbestos gives an X-radiogram of asbestos alone; and
D. A.Richards added that after the asbestos has been platinized 28 times the X-radio-
gram of the crystalline platinum appears. The platinum is deposited in cracks
in the asbestos, the additional platinizations cause a splitting of the asbestos so
that a fresh surface is exposed. The grains of platinum are estimated to be more
than 15 A.—or 4 unit cell cubes—and less than 30 A.—or 8 unit cell cubes—in
thickness. Platinized pumice is obtained by the same process as that employed
for platinized asbestos. J. Stenhouse, and M. Figuier likewise prepared platinized
carbon. E. V. Alexeevsky and I. D. Makaroff soaked the charcoal, previously
ignited at 950°, in a soln. of chloroplatinic acid, dried the product at 100°, and
reduced it at 120° to 150° with electrolytic hydrogen containing formaldehyde.
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A. Piloyan and co-workers, and N. Bakh studied the properties of platinized
charcoal; I. E. Adaduroff and K. I. Brodovich, the carriers of the platinum
catalyst ; and S. Vasileff and A. Frumkin, the poisoning of platinized charcoal
as a catalyst. V. N. Morris and L. H. Reyerson, and M. O. Kharmandar and
G. D. Dakhnyuk prepared platinized silica ; and E. V. Alexeevsky and I. D. Maka-
roff, platinized clay.

Metallic platinum can be obtained as a’ dull grey, soft, and porous mass called
spongy platinum, mousse de platine, or Platinschwann. 1t has the same sp. gr.
as platinum, and when rubbed with a hard rod it furnishes flat particles with a
metallic lustre. The particles can be welded by heating it to redness and hammering
to form sheets and foil. Platinum sponge is obtained by igniting dried ammonium
chloroplatinate, preferably in hydrogen. 'W. H. Wollaston 8 emphasized the need
for igniting the chloroplatinate at as low a temp. as possible, to prevent agglomera-
tion, which makes the process a slow one. The preparation of spongy platinum
was described by R. Bottger, J. W. Doébereiner, M. Faraday, K. A. Hirschberg,
C. W. G. Kastner, J. N. Planiava, and G. Vulpius. Platinum sponge is employed
as a catalytic agent, and it becomes less active the higher the temp., and the more
prolonged the ignition. R. Feulgen recommended the following process for
preparing spongy platinum which does not tend to pass into colloidal soln. during
the process of washing before the removal of the chlorides is complete. It is also
a very active catalyst.

A soln. of 5 grms. of hydrochloroplatinic acid in 5 c.c. of water is mixed with 7 c.c. of
40 per cent. formaldehyde, and 5 grmasa. of sodium hydroxide dissolved in 10 c.c. of water
are gradually added. The mixture is allowed to remain for half an hour at the ordinary
temperature, thon heatod for 15 mins. at 55° and poured into a half-litre flask half
full of water. The flask 18 agitated violently for a fow minutes, which causes the precipitate
to sottle 1n coarse particles leaving an alinost colourless supernatant liquor. The latter is
decanted and the precipitate is washed with water strongly acidified with acetic acid,
which again causes the formation of coarse particles which can now be washed as roquired
without showing any tendency to pass into the colloidal state. The metal is finally filtered
and dried in a vacuurn over sulphuric acid. iroat caution must be observed in the subse-
quent admission of air into the desiceator as the metal readily becomes incandescent owing
to absorption of oxygen. Previous to use, it is advisable to grind and wash it once more.

The plating of metals, say copper or brass, with platinum has been effected by
spreading fine spongy platinum on the metal, then platinum foil, and afterwards
rolling at ordinary temp., and at a red-heat. Processes were described by
C. Bromeis,? M. Labonté and J. Dupuis, and M. Savard. E. Melly was not success-
ful in platinizing metals with thin platinum films by using platinum amalgam by
the process employed for gilding with gold amalgam, but he did obtain good results
by dipping the clean metal in a dil. neutral or alkaline soln. of platinum tetrachloride,
and then heating it to 60° ; R. Bottger recommended a mixture of 8 parts of sodium
chloride with a soln. of 1 part of platinic chloride in 100 parts of water; or a
mixture of 1 part of ammonium chloroplatinate with 8 parts of ammonium chloride.
Methods were also described by A. P. G. Daumesnil, A. Gawalowsky, J. Stodart,
J. H. Johnson, J. A. Paterson, and C. Wilde. For the electrodeposition of platinum,
vide infra.

A. W. Wright 10 obtained films of platinum on glass by spluttering from an
electric discharge in evacuated tubes, and he found the most suitable press. is 1-5
to 1:75 mm. in hydrogen. C. Miiller, K. Lauch and W. Ruppert, K. Lauch,
F. Rother and K. Lauch, J. Mazur, F. H. Newman, A. W. Gauger, G. 1. Finch and
co-workers, B. Dessau, C. H. Cartwright, L. Houllevigue, A. Kundt, and J. Patterson
also prepared films in an analogous way—wide tnfra. A. Eilert described the
preparation of platinum film electrodes. L. Hamburger observed that the film
obtained by vaporization in a high vacuum contains ultra-microscopic particles ;
K. Coper and co-workers found that the layers are not homogeneous.

F. Liidersdorfi prepared platinum lustres by pouring a soln. of dry platinic
chloride in 95 to 96 per cent. alcohol into 5 times its bulk of oil of lavender. The
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platinic chloride dissolves in the oil ; and when this mixture is painted on pottery
glazes, and fired in a muffle at a dull red-heat, the so-called platinum lustre is
produced. Thin films of platinum on porcelain and glass were also obtained by
G. T. Beilby, R. Bottger, J. H. Brianchon, L. P. Cailletet, H. Dullo, M. F. L. Ehrlich
and C. T. Storck, L. Klsner, A. Salvétat, H. Schwarz, W. von Uljanin, and J. Zuber.
C. F. Vasserot prepared platinum mirrors and platinum films on glass, ete., by
mixing 1 part of a sat. soln. of borax in lavender oil with 10 to 15 parts of dry
platinic chloride—according to the thickness of the desired film, spreading a uniform
coat of the mixture on clean, dry glass, and afterwards fired the coated glass in a
muffle at a red-heat. H. Barvir used oil of cloves; R. Béttger, oil of rosemary ;
L. Elsner, turpentine ; and J. Zuber, distilled tar oils. Other recommendations
have been made by F. Rother and K. Lauch, H. Barvir, R. Béttger, P. D. Dankoff,
J. B. A. Dodé, J. W. Débereiner, A. Jouglet, O. G. Keiko, L. F. Nilson, A. Salvétat,
J. S. C. Schweigger, and H. Schwarz. W. Beetz, and W. C. Roéntgen could not
prepare perfect films of platinum on glass. 8. G. S. Dicker heated the object
to be coated with a volatile platinum salt—e.g. platinous carbonylchloride.
H. Mayer prepared alkali films of atomic thickness on platinum.
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§ 8. Colloidal Platinum

Mrs. Fulhame,! in her study of the action of reducing agents on metallic salts
in 1794, observed phenomena which would now be interpreted as effects due to the
presence of colloidal metals ; and the same remark applies to phenomena observed
by J. W. Débereiner, and by A. Schmidt. G. Bredig prepared a colloidal solution
of platinum, as a hydrosol, by spluttering platinum electrodes immersed in jce-cold
water—3. 23, 10. The process was also employed by G. Bredig and R. Miiller
von Berneck, A. de Gregorio y Rocasolano, R. Fiirth, S. Miyamoto, A. Voet, and
C. Ernst. According to E. Miiller, the hydrosol is not very stable unless water
of the highest degree of purity is employed. M. Kimura observed that when a
platinum wire is heated to incandescence, and then plunged into distilled water,
the presence of colloidal platinum can be detected by ultra-microscopic examination.
H. Kuzel prepared the colloid by bringing the element into a fine state of sub-
division by grinding, cathodic spluttering, etc., and then treating it for long periods
alternately with dil. acidic soln. and dil. alkaline or neutral soln. under the influence
of moderate heat, and violent agitation. After each trecatment the material is
washed with distilled water or other solvent until it is free from the reagent em-
ployed. 8. Miyamoto used the silent discharge, B. Jirsa observed that in some cases
the colloidal particles are probably oxides.

When a very dil. soln. of a platinum salt, say hydrochloroplatinic acid, is treated
with a reducing agent, the platinum which is formed may be in colloidal soln., or
a precipitate may be formed, which, when washed with distilled water, is peptized
as the associated salts are washed away. K. Regel observed that if potassium
chloroplatinate precipitates are treated with magnesium and hydrochloric acid,
colloidal platinum is formed. O. Loew, Kalle and Co., H. Schulze, E. C. Auerswald,
Y. Shibata and K. Yamasaki, and A. Lottermoser obtained colloidal soln. with
formaldehyde as reducing agent in alkaline soln. ; K. Shigena, formaldehyde with
sodium citrate as peptizer; 1. Sano, carbon monoxide. N. Castoro employed
acraldehyde as reducing agent; J. Sameshima, coal gas; L. Garbowsky,
acetaldehyde, propylaldehyde, valeraldebhyde, salicylaldehyde, phenol, pyrogallol,
phloroglucinol, resorcinol, hydroxy-acids—salicylic, protocatechuic, gallic, tannic,
and quinic acids—vanillin and guaiacol. Benzaldehyde did not give a colloidal
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soln. F. Henrich examined the multivalent phenols and photographic developers
like eikonogen ; pyrocatechol, in an alkaline alcoholic soln., furnished a deep brown
organosol. Kalle and Co. used hydroxylamine as reducing agent; A. Gutbier,
hydrazine hydrate ; A. Gutbier and G. Hofmeier, and G. Hofmeier, hydroxylamine
hydrochloride, hydrazine hydrochloride and sulphate, and phenylhydrazine hydro-
chloride ; A. Skita and W. A. Meyer, hydrogen in the presence of a soln. containing
some gum arabic ; Y. Shibata and K. Yamasaki, and J. Donau, carbon monoxide ;
L. Wohler and A. Spengel, an ethereal soln. of phosphorus in the presence of gelatin ;
A. Sieverts and E. Peters, sodium hypophosphite, or phosphite ; and J. Meyer,
sodium hyposulphite. A. Miiller and co-workers obtained colloidal soln. in phos-
phoric acid.

The stability of the colloidal soln. is greatly enhanced by the presence of pro-
tective colloids. R. Zsigmondy, G. Bredig, F. Kiispert, A. Gutbier and A. Zweigle,
J. Groh, H. Plauson, C. Paal and C. Amberger, S. I. Djatschkowsky, and T. S. Price
and J. A. N. Friend used gelatin ; A. Gutbier and co-workers, extract of Irish moss,
or extract of quince seeds ; G. Hofmeier, and A. Gutbier and G. Hofmeier, gum
arabic ; Kalle and Co., C. Paal, and C. Paal and C. Amberger, sodium protalbinate or
lysalbinate ; F. Evers, caoutchouc ; A. H. Erdenbrecher, sugars; 1.. Garbowsky,
phenol, phloroglucinol, pyrogallol, resorcinol, quinol, catechol, guaiacol, salicylic
and gallic acid, protocatechuic acid, tannic acid, quinic acid, acectaldehyde,
propaldehyde, valeraldehyde, and salicyaldehyde, but not benzaldehyde ; .. Hugou-
nenq and J. Loiseleur, glycogen; F. Henrich, eikonogen; and C. Amberger,
lanolin. A. Gutbier and G. Hofmeier, and G. Hofmeier obtained the hydrogel by
concentrating in vacuo, over sulphuric acid, the colloidal soln. obtained by reducing
a soln. of a platinum salt with hydrazine hydrate, in the presence of gum acacia
as protective colloidd. A. F. Benton made the gel as a shining black substance
containing approximately 40 to 50 mols. of water per mol. of platinum by adding
a boiling soln. of sodium chloroplatinate—29 grms. of platinum per litre—-to a
boiling, 5 per cent. of sodium formate, and washing away the clectrolyte by decan-
tation ; the second washing, after standing two days, yields the hydrogel.

A series of platinum organosols has been prepared by the methods of T. Svedberg
—3. 23, 10. K. Degen obtained the colloid in alcoholic soln. T. Svedberg found
that the colloid is stable in amyl acetate, ethyl acetate, amyl alcohol, zso-butyl
alcohol, acetone, n-propyl alcohol ; but unstable in ethyl ether, chloroform, ethyl
alcohol, and methyl alcohol. The stability is not dependent on the dielectric
constants of the media. J. Billitzer obtained colloidal soln. in alcohol, and in
chloroform ; J. Lindeman and T. Svedberg, in alcohol and ether; and T. Svedberg,
and E. F. Burton, in ethyl malonate. E. C. H. Davies and V. Sivertz studied the
rhythmic precipitation of platinum on silica gel. H. P. Walmsley studied the
aerosol of platinum.

The general properties of the colloidal soln. of platinum were discussed by
A. Tvanitzkaja and L. Orlova, W. Pauli and T. Schild, N. P. Peskoff, J. Billitzer,
E. F. Burton, H. Freundlich, S. S. Bhatnagar, and E. Jordis. R. Gans and R. Cala-
troni inferred from the absorption spectrum that the submicroscopic particles of
the colloid are, like the corresponding gold and silver amicrons, spherical in form.
E. Miiller said that the size of the particles is between that of silver and that of gold ;
R. Zsigmondy said that the upper limit for the average diameter is 44uu ; F. Ehren-
haft gave 0-58 x 10-5 to 0-60 X 105 cm. for the mean radius ; E. F. Burton found the
diameter is between 2 10-5 and 6 x10~5 cm. ; L. Rolla, 30un ; and H. Bechhold
studied the passage of the particles through gelatin-filters. S. W. Pennycuick found
that the surface of colloidal platinum particles consists of a platinic acid, probably
H_th(OH)e. Wo. Ostwald discussed the variation of colour of the colloidal soln.
with varying degrees of dispersion. According to E. Miiller, the colloidal soln.
with very small particles is red, and with particles not so small, the colour is brown.
K. A. Hofmann and V. W5lfl observed the ethersol produced with magnesium phenyl
bromide has a fine red colour. L. Wohler and A. Spengel, L. Wohler, and
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B. Delachanal and A. Mermet found that the red colour—red colloidal platinum—
produced when soln. of platinum salts are treated with stannous chloride is due
to the presence of colloidal metallic platinum in a very fine state of subdivision,
and that the formation of this in place of the more usual brown colloidal metal
is due to the action of stannic chloride and its products of hydrolysis as protective
colloids. The red colloid is also formed when the reduction of platinum salts is
effected by means of a soln. of phosphorus in ether, if gelatin is added as a protective
colloid. The identity of the two red substances has been established by spectro-
scopic observations. If the colloidal soln. obtained by reduction with stannous
chloride is shaken up with ethyl ether or ethyl acetate, the organic solvents take
up the red colour, and this is found to be connected with the solubility of stannic
chloride in these mcedia, in which it plays the part of protective colloid. When the
aq. soln. is diluted with a large volume of water, or when the ethyl acetate soln.
is poured into water, a chocolate-brown precipitate is obtained. According to
E. A. Schncider, the precipitate has the composition PtSnzOg, but actually no
definite compound is formed because the composition of the precipitate varies
considcrably with the conditions under which it is produced. 1Tt is probable that
it is analogous with purple of Cassius, and is a mixture of colloidal platinum and
colloidal stannic acid. The properties of the purple of Cassius, and red colloidal
platinum are similar.

J. Duclaux found that the osmotic press. of the soln. is less than 2 cm. of water.
C. Thomas said that the change to white of the colour of the ultramicroscopic
particles marks the beginning of coagulation. P. Lal and P. B. Ganguly observed
that the colloid is coagulated by exposure to ultra-violet light. E. Miiller studied
the polarization, and extinctive coeff. of the colloidal soln.; A. T. Williams, and
O. Scarpa, the spectra of colloidal soln. of platinum ; K. B. Spear and co-workers,
the coagulation of the sol in ultra-violet light ; and E. B. Spear and K. D. Kahn,
the precipitation of the colloid on metallic surfaces. H. Freundlich observed that
the hydrosol of platinum shows anodic convection like arsenic sulphide sol.
S. W. Pennycuick studied the cataphoretic velocity. L. Rolla found that the
velocity of migration of the colloidal particles in an electric field with a drop of
potential of 1 volt per cm. is 24:0<X10-5 cm. per second ; T. Svedberg gave for the
lower limit 7-6 X 10~ 3 ¢m. per sccond ; and E. F. Burton, 2:83 xX10~5 cm. per second
for the speed of colloidal soln. in ethyl malonate. The subject was discussed by
A. Einstein, F. Evers, J. J. Bikermann, N. Bach and N. Balaschowa, W. Biltz,
and W. R. Whitney and J. C. Blake.

According to L. Liebermann, reddish-brown, colloidal soln. of platinum become
dark brown when hydrogen is passed through the liquid. The colloidal soln. of
platinum dissolves hydrogen gas roughly in proportion to the concentration.
E. C. Auerswald studied the subject. G.XKernot and F. de S. Niquessa found that
some protective colloids—e.¢. gum arabic, dextrin, and albumen—reduce the pro-
portion of gas absorbed, but sucrose has a negligibly small effect. In virtue of the
absorbed hydrogen, colloidal platinum favours many reductions catalytically
though the activity of the colloid decreases with use, and the chemical work done
increases, but not proportionally, with the conc. of the colloidal soln. Thus,
C. Paal and A. Schwarz found that acetylene is reduced to ethylene and ethane ;
and ethylene to ethane. C. Paal and J. Gerum observed that many organic
substances such as unsaturated oils are hydrogenized—e.g. linseed oil is hardened
to a white fat. J. Donau found that a borax bead is coloured reddish-brown by
colloidal platinum. J. Eggert found that ferric salts are reduced to the ferrous
state; and C. Paal and H. Biittner, that ammonium molybdate is reduced.
E. C. Auerswald studied the poisoning of the catalytic activity of platinum hydrosol
by mercury.

L. Liebermann observed that the colloidal soln. of platinum contains activated
oxygen. C. Paal observed that carbon monoxide is oxidized by oxygen to carbon
dioxide in the presence of colloidal platinum ; and C. Paal and A. Schwarz, that
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hydrogen is oxidized to water. G. Bredig and R. Miiller von Berneck studied the
catalytic decomposition of hydrogen dioxide by colloidal platinum ; the activity
diminishes with increasing proportions of protective colloid which may be present.
Thus, J. Groh found the effect of increasing the percentage proportion of gelatin
on the relative times required to decompose 50 per cent. of hydrogen peroxide :

Gelatin . . . . . 0-000 0-001 0-010 0-050 0-100
Time for decomposition . . 100 437 460 620 983

According to G. Bredig and K. Tkeda, and T. S. Price and J. A. N. Friend, the
activity of the colloid is decreased by hydrogen sulphide or cyanide which are
metaphorically said to poison the reaction. C. J. Farmer and F. Parker observed
that the activity of the colloid is increased by a short exposure to ultra-violet light,
but is decreased with a long exposure until it finally ceases as a black, flocculent
precipitate is formed. T. S. Price and J. A. N. Friend observed that the presence
of colloidal platinum favours the reaction between hydrogen dioxide and permono-
sulphuric acid ; and J. A. N. Friend, the reaction between hydrogen dioxide and
potassium persulphate. G. L. Clark studied the subject.

R. Bars, R. Furth, H. P. Walmsley, and L. Hamburger studied the aerosols
of platinum.

O. Bobertag and co-workers found that the metal in colloidal soln. is flocculated
by rapid cooling. G. Bredig's colloidal soln. is flocculated when cooled to —70°; and
C. J. Farmer and F. Parker noticed that the metal is flocculated by a prolonged
exposure to ultra-violet light ; and M. Annetts noted that the colloid becomes less
stable on exposure to cathode rays. P. B. Ganguly and N. R. Dhar, and E. B. Spear
and co-workers studied the subject. E. Miiller noted the rapid precipitation of the
metal by a few drops of hydrochloric acid. H. Freundlich studied the coagulation
of the soln. by electrolytes. A hydrosol, with 0-7 millimol of platinum per litre, is
coagulated by soln. of sodium chloride with 2-5 millimol per litre ; potassium chlo-
ride, 2-2 ; silver nitrate, 0-22 ; sulphuric acid, 0-12 ; sodium hydroxide, 1-30 ; barium
chloride, 0-058 ; wuranyl nitrate, 0-:065 ; lead nitrate, 0-011 ; barium hydroxide,
0-0568 ; and aluminium sulphate, 0-007. 8. W. Pennycuick studied the exchange of
ions at the surface of colloidal platinum. W. Biltz found that a trace of ferric,
aluminium, cerium, zirconium, or chromium hydroxide precipitates the colloidal
platinum from 1 or 2 c.c. of the sol. N. Pappada found that a 4 per cent. soln. of
mercuric chloride does not precipitate the colloidal soln. unless it be warmed ; soln.
of potassium cyanide or hydrocyanic acid change colloidal platinum chemically ;
there is also a chemical reaction with the halogens—e.g. chlorine or iodine ; 0-1N-
soln. of non-ionized, organic substances—e.g. methyl or ethyl alcohol, glucose, and
saccharose—coagulate the sol, but N- and more cone. soln. do not do so; 2 c.c.
of 0-1N-soln. of hydrochlorie, nitric, and sulphuric acids coagulate the sol, likewise
also with 1 c.c. of N-CsCl; 15 c.c. of N-RbCl—incompletely, and likewise so with
N-KCl, N-NaCl, and N-LiCl; coagulation occurs with 8 c.c. of 2N-KCl; 1 c.c.
of 0-1N-BaCl,, 0-1N-SrCl;, and 0-1N-CaCl, ; and with 5 drops of 0-1N-Al,(50,);,
and 0-1N-Cr,(SO4)3; no coagulation occurred with 0-1N-soln. of CxCl, RbCI,
KCl, NaCl, or LiCl, or with the corresponding bromides, iodides, sulphates, or
nitrates. The coagulation of the sols was studied by S. W. Pennycuick and
R. J. Best, A. Voet, P. C. L.. Thorne and co-workers, W. D. Bancroft, Wo. Ostwald,
and A. Ivanitzkaja and co-workers. E. B. Spear and K. D. Kahn observed that
colloidal soln. of platinum are coagulated by metal plates; and M. Annetts, by
cathode rays. The plates are more active if roughened. The order of decreasing
activity is: zinec, steel, nickel, tin, and copper. A. de Gregorio y Rocasolano
studied the ageing of the sol. Y. Shibata and H. Kaneko studied influence of the
sol on the rate of oxidation of pyrogallol.
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§ 9. The Structure of Platinum

R. J. Hauy 1 first suggested that the crystals belong to the cubic system. He
said : la forme de petits cristaux de platine m’a paru étre celle du cube ; A. Breithaupt
confirmed this with crystals of platinum from Russia ; and F. Mohs said that the
crystals are hexahedral. G. B. Sowerby found native platinum with a laminated
structure. Platinum usually occurs in grains or scales, occasionally in lumps or
nuggets weighing up to 21 lbs.—wvide supra. The structure of these grains was
discussed by R. Beck, H. C. H. Carpenter and S. Tamura, B. von Cotta, A. Daubrée,
M. Ginsburg, . Hussak, A. Inostranzeff, B. C. Karpoff, A. Liversidge, S. Meunier,
J. Orcel, V. Poschl, J. W. Retgers, F. Rinne, S. F. Schemtschuschny, and
G. H. Stanley and P. A. Wagner. Well-formed crystals are comparatively rare.
Cubes or distorted cubes are the most common crystalline forms. P. V. Jeremejeff
described some crystals which he said were usually hexahedral, rarely octahedral.
No cleavage was observed, but there is some twinning about the (111)-plane.
Octahedral forms were also observed by E. Hussak, G. B. Sowerby, and F. Limmer.
J. Orcel obtained octahedral and tetrahedral crystals by volatilization. The colour
and streak of platinum are whitish steel-grey. F. Mylius and R. Dietz noted that
the fracture of platinum is crystalline; native platinum has a hackly fracture.
A. Jedele studied the corrosion figures. R. Gans and R. Calatroni discussed the
nature of the ultra-microscopic particles of platinum. M. Berek discussed the micro-
detection of platinum in ores.

J.J.Ebelmen obtained, by chance, during the fusion of some silicates, octahedral,
and cubo-octahedral crystals of platinum ; and J. Joly obtained small octahedral
or cubo-octahedral crystals by heating platinum in contact with quartz, or topaz.
G. T. Beilby observed that the polished mectal has a transparent, glass-like skin
which may pass into minute scales or granules. A. Guntz and H. Bassett observed
that in high temp. electric furnaces, where platinum is near its m.p., the metal
may be sublimed to form small crystals 0-0085 to 0-:014 mm. in size. These crystals
may be cubic or octahedral, or a combination of these forms, or a combination of
cubic and tetrahedral forms. G. T. Beilby, and H. Zahn and J. Kramer noted
that amorphous layers are converted into the crystalline metal at a definite temp.
G. D. Preston studied the twinning of the crystals. G. A. Hulett and H. W. Berger,
and H. Moissan observed that small crystals are formed as a dusty sublimate when
platinum is heated in the electric furnace; G. P. Thomson and co-workers, the
crystalline structure of thin films; and W. Crookes, that platinum sublimed at
1300° furnishes hexagonal plates with a metallic lustre. F. W. Constant observed
mosaic crystals. -

W. Campbell found that by suitably cooling platinum, a dendritic structure
could be developed in the metal. Dendrites, represented by the so-called platinum
tree, were obtained by G. F. Wach by the action of zinc on a dil. soln. of platinic
chloride ; and W. Holtz wrapped a zinc-rod (1 mm. thick and 15 mm. lll.Wldth
at the bottom, and 3 mm. in width at the top) in paper, and when this was
immersed in a soln. of platinic chloride, a platinum tree with many bra:nches was
developed. The tree had a metallic lustre and was hard enough to permit of filing.

J. W. Mallet observed that the etching with aqua regia of platinum which has
been fused showed up the crystalline structure ; and T. L. Phipson observed that
the metal etched by aquh regia exhibits octahedral and tetrahedral forms, and
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analogous results wcre obtained by A. Noble, F. E. Carter, F. Limmer, and
T. Andrews. F. Bran showed the crystalline structure of the metal which had
been exposed to anodic attack in hydrochloric acid. T. Andrews said that the
general microstructure of platinum is allotrimorphic in character and derived
from a system of interfering cubes and octahedra, the cubic and hexagonal form
being frequently noticeable. The size of the larger crystal grains varies from 0-002
inch to 0-04 inch in size, and the smaller crystals range from about 0-0002 inch
to about 0-007 inch. J. Orcel, K. Gebhard and H. J. Wiester, O. Feussner,
E. Schmid, and F. W. Constant studied the subject. 8. Kalischer found that
platinum wire which showed no signs of crystallization became distinctly crystalline
after being heated to redness. M. Socéze noted that platinum which had been
heated for a few days in the vicinity of its m.p., acquired a crystalline structure
showing cubic and octahedral forms. L. Holborn and co-workers observed that
chemically pure platinum after being heated to 1670° was distinctly crystalline.
S. Dembinska found that deposits several mu thick show no crystal structure until
they have been heated beyond a critical temp., 250° to 300°. O. Feussner showed
that platinum does not crystallize on annealing below a certain temp. limit. The
o o o oo o curve representing the annealing
ag-4 500800 900 1000" 1100 1200° 1500 14001500 temp. and grain-size is hyperbolic
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served a development of the crystal-
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O O pentase won 20 %° %% for 4 hrs. in the flame of a bunsen

Fia. 4.—The Rocrystallization of Platinum, Purner. J. F. Daniell, and W. N.
and tho Relation between Toemperature, Hartley also studied the brittleness

and Grain-Size. of platinum containing carbide, and

) phosphide. A. F. Nogués heated
platinum gauze many hours in a current of hydrogen and observed marked
evidence of the formation of cubic and octahedral crystals. J. L. Byers discussed
the structure of cupellation beads ; and S. Dembinska, electrodeposited platinum.
Z. Jefiries and R. 8. Archer observed 450° to be the re-crystallization temp. of
platinum. The subject was studied by J. B6hm and P. Feldmann.

According to W. R. Hodgkinson and F. K. S. Lowndes, a platinum wire
electrically heated in chlorine acquires a crystalline structure, but not so in bromine
vapour. F. Seelheim also obtained lustrous crystals of platinum by passing
chlorine over the red-hot metal. L. Troost and P. Hautefeuille obscrved that if
platinum be heated in an inert gas containing a small proportion of chlorine,
crystals of platinum appear in the cooler part of the tube. A. E. Térnebohm
obtained a similar result by using a mixture of carbon monoxide, air, and chlorine.
O. Kottig, and O. L. Erdmann observed that octahedral crystals are formed when
platinum is heated at bright redness for some hours in contact with potassium
nitrate ; and F. Limmer obtained well-formed crystals by heating the platinum
sponge in contact with cupric chloride. H. Moissan obtained crystals of platinum

~
®
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by the decomposition of platinous chloride at a red-heat ; 8. Cloez, and L. Pigeon,
by the thermal decomposition of platinic chloride; V. A. Jacquelain, and
F. Limmer, by the thermal decomposition of potassium chloroplatinate; and
W.Spring, by heating the metal with conc. hydrochloric acid in a sealed tube at 150°.

H. Behrens found that rolled plates of the metal have a crystalline structure.
G. Greenwood found that the cold-worked metal has a fibrous texture resembling
that of other face-centred, cubic metals. The (111)-direction is parallel to the
drawing force, the texture is somewhat conical, and varies with distance from
surface, the interior zones showing the greater fibrous development. J. A. M. van
Liempt, H. Mark and K. Weissenberg, A. E. van Arkel, 8. Tanaka, R. Vogel, and
G. Tammann studied the effect of cold-working. J. A. Ewing and W. Rosenhain
observed the development of slip-bands, that is, of lines developed on the surface
of metals by plastic strain, and T. and C. R. Andrews showed that when platinum
has been subjected to a stress, many of the individual large crystal grains forming
the mass, under the influence of the strain, develop innumerable fine stress bands
or slip-bands indicating crystalline slip.

The area enclosed by the main lines of disruption roughly approximate to the size
of the large crystal grains. The distances between the oxtremely fine hines or slip bands
coincide approximately with the size of the mninute crystals forming the rmass, the finer
slip bands indicate that the crystalline slip has taken placo along the facets of the smaller
crystals. The direction of the main lines of crystalline disruption do not always coincide
with the intercrystalline facet junctions of the large crystal grains. The lines of least
resistance or greatest crystalline slip develop chiefly at an approximate angle of 45° to the
pressure lines, but the line of greatest woeaknoss in the mass structure of the meotal 18 not
always at that angle with the line of the disruptive force.

A. W. Hull found that the X-radiograms of platinum correspond with a face-
centred, cubic lattice with edge @=3-930 A. The subject was discussed by
R. W. G. Wyckoff. N. Uspensky and 8. Konobejewsky gave a-=--4-02 A. for
cathodically spluttered platinum; W. P. Davey, and G. Greenwood, gave
a=3'912 A.; and T. Barth and G. Lunde, a=3-903 A. H. Kahler found
spluttered and ordinary metal have identical lattices. A. E. von Arkel, G. Bredig
and R. Allolio, V. I. Iveronova, G. R. Levi and R. Haardt, K. Matukawa
and K. Shinohara, G. Natta, E. A. Owen and E. L. Yates, and G. P. Thomson and
co-workers studied the subject. G. Bredig and R. Allolio gave a¢--3-944 A. for
the metal, and 3-908 A. for platinum black charged with hydrogen. A. Osawa
found that the lattice expands 2-4, 2-9, and 2-8 per cent. when the metal is saturated
with carbon monoxide, oxygen, and hydrogen respectively. A. W. Hull, and
W. P. Davey calculated that the platinum atoms of the lattice are 2-780 A. apart.
F. M. Jager and J. E. Zanstra observed evidences of dynamic allotropism by
observing the change in the X-ray spectrum on a rising temp. R. Salvia found
that the lattice dimensions do not permit of the entry of helium atoms. G. I. Finch
and co-workers studied the structure of thin films ; E. A. Owen and E. L. Yates,
the distortion of the lattice by occluded gas ; and J. A. M. van Liempt, the heat of
loosening of the space-lattice. L. H. Reyerson and co-workers observed X-radio-
gram patterns on platinum deposited on silica gel.
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§ 10. The Mechanical Properties of Platinum

The specific gravity of platinum was reported by A. F. de Fourcroy ! to b
21-06 ; and 20-85 for feebly-hammered platinum, and 20-98 for the };troflgl;
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hammered metal; ©P. Musschenbroeck gave 27, M. H. Klaproth, 21-74;
M. Chabaneau, 24-0, and J. Cloud, 23-5—all three values are too high ; P. Berthier
also gave some high values along with 21-47 and 21-53; J. J. Berzelius gave
21-45 ; M. J. Brisson gave 19-5 for the metal which has been fused ; 20-3 for the
hammered metal, and 21-0 for the wire ; M. Faraday and J. Stodart gave 21-3 for
the sp. gr.; D. Prechtl, 17-7 for the fused metal ; W. H. Wollaston gave 21:16 for
wire, 21-25 for malleable platinum, and 21-4 for the wire drawn from the same
metal ; B. Scholz gave 21-345; P. T. Meissner, 21-359; C. von Sickingen, 21-061 ;
R. F. Marchand, 21-2668 to 21:3092 at 0°; C. Schumacher, 21-1878 to 20-212;
C. Barus, 21-:31; R. Hare gave 21-16 to 21-31 for the hammered metal.
0. J. Broch said that the mean value of the earlier determinations is 21:49. Col-
lections of data were made by R. F. Marchand, R. Béttger, and F. W. Clarke, and
observations on the subject were made by G. Osann. H. St. C. Deville and
H. Debray gave 21:15 for purified metal not hardened ; and the highest value for
the purified metal was 21-504 at 17-8°/17-6°. The lower values were attributed
to the presence of secaled pores. W. A. Tilden gave 21-3283 at 18°/18°;
T. W. Richards, 21-31 at 20°; P. W. Bridgman, 21-34 at 20°; W. Schlett, 21-1296
to 21-4802 ; G. Wertheim, 20-513 to 20-518 at 10° to 15°; J. Y. Buchanan, 21-5 ;
K. Griineisen, 21-39 to 21-44; T. W. Richards, 21-31; W. Gaede, 21-407 ;
0. J. Broch and co-workers obtained 21-463 for purified strongly hammered metal ;
and for the best representative value for a number of samples, they gave 21-49 at
0°/4°; F. Mylius and R. Dietz gave 21-4 for the purified metal. A. W. Hull, and
W. P. Davey gave 21-23 for the sp. gr. calculated from the X-radiogram data ;
and W. P. Davey, 21-51.

G. W. A. Kahlbaum and E. Sturm obtained 21:4316 to 21-4327 at 20°/4° for
annealed wire, and 21:4152 to 21:4133 for cold-drawn wire ; and G. W. A. Kahl-
baum, 21-4 at 20°/20° for the rolled or wire-drawn metal, and 21-1 to 21-3 for the
compressed metal. The change in sp. gr. with mechanical work was further dis-
cussed by W. Schlett, and F. C. A. H. Lantsberry. T. M. Lowry and R. G. Parker
gave 21-3351 for the sp. gr. of the massive metal, and 21-:3705 for the filings.
G. W. A. Kahlbaum and E. Sturm obtained 21-3985 to 21:4312 for the purified
metal, 21-4112, at 20°/4°, after torsion, and 2:4284 after anncaling. G. Wertheim
gave for the hammmered metal subjected to a tensile stress before clongation 21-166
to 21-275, and after cracking, 20-987 ; and with another sample, 20-753 to 21-207
before elongation, and 21-:029 after cracking-—all at 12° to 13°—wvide infra, elastic
modulus. J. A. Groshans studied the density relations of the different elements.
A. S8ayno discussed some relations between the sp. gr., at. wt., m.p., and torsion
modulus. (. Quincke gave 18-915 for the sp. gr. of the molten metal.

T. Thomson gave 21:47 for the sp. gr. of spongy platinum ; G. Rose, 16-6340 ;
L. Playfair and J. P. Joule, 21-169 to 21-243 ; E. H. Archibald, 21:16 at 24°/4°;
A. W. Warrington gave 21:45 at 0°, and added, v==(14-0-00002668). B. Scholz
gave 17-894 for the sp. gr. of platinum black; J. von Liebig, 15-80 to 17-572;
and G. Rose, gave 207732 to 20-9815 ; and L. Playfair and J. P. Joule, 17-766,
but T. Sexl observed that sub-microscopic particles do not have a much lower
density than massive platinum. C. Benedicks gave 1:37 < 10-8 cm. for the atomic
radius ; V. M. Goldschmidt, 1-380 A. W. Biltz and K. Meisel, W. Hulme-Rothery,
E. H. Westling, J. C. Slater, M. L. Huggins, and G. Hagg discussed the packing
density ; and G. Destriau, the atomic volume in the solid and liquid states.

H. St. C. Deville and L. Troost 2 discussed the porosity of platinum. H. St. C.
Deville and H. Debray 23 said that platinum is nearly as hard as copper, and it is
readily polished ; and W. H. Wollaston observed that in compact masses, platinum
is harder than copper, and softer than iron. T. Turner found the hardness of
platinum on Mohs’ scale to be 4 to 5; and J. R. Rydberg, 4 to 4:5. S. Bottone
observed the relative hardness of platinum to be 0:1107 when that of copper is
0-1860 ; and F. C. Calvert and R. Johnson gave iron, 1000; lead, 16 ; and
platinum, 8375. C. A. Edwards gave 44 for Brinell'’s hardness ; and F. E. Carter
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gave for cast, hard, and annealed platinum, respecti_vely, 50, 97, t}nd 47 ; and for
the scleroscopic hardness of hard and annealed platinum, respectively, 21, and 7.
Observations were made by P. Rehbinder, C. Johnson, and A. T. Grigorieff.
O. J. Broch and co-workers found that a wire supported at its two ends soon acquires
& permanent sag. G. T. Beilby observed that the metal is readily hardened and
softened. G. Tammann and co-workers studied the effect of cold work on the
hardness.

W. H. Wollaston 4 remarked on the high tenacity of platinum wires and found
that the metal is very ductile, for it can be drawn out into very thin wires—alone
the metal can be drawn to a thickness of 2}, ,th inch ; and when enclosed in silver
which is afterwards removed by acid, it can be drawn to ,gosth inch, or even to
sohooth inch, but in the latter case, the wire is not coherent in long pieces.
G. A. B. Klingenstein also observed that the metal can be beaten out mto thin
laminse, like gold-leaf. W. H. Wollaston found that the presence of a small pro-
portion of iridium makes the metal harder, and less ductile ; and W. N. Hartley,
that the presence of carbide and phosphide makes the metal brittle. K. Karmarsch
found that the toughness of platinum lies between that of gold and that of copper ;
and A. Baudrimont made a similar observation, and added that the tensile strength
of a wire 0:410 mm. in diameter was 22-625 grms. per sq. mm. at 0°; 19-284 at
100° ; and 17-277 at 200°. D. H. Ingall gave 14-27 tons or 32,000 lbs. per sq. in.
at 15°.  W. Gceibel found a wire 1 mm. in diameter broke with a load of 24 kgrms.
E. Steinmann studied the effect of annealing—wide infra, platinum-iridium alloys.
¥. E. Carter gave for O-5 mm. wire, for hard and annealed platinum, respectively,
34 and 15 kgrmes. per &q. mm., and percentage elongations in 2 inches, respectively
0-8 and 32. A. Gaiffe noted how dust on the wires during the drawing may interfere
with their tenacity. According to P’. Phillips, the tenacity, with slow elongation
under the action of a constant load, can be represented by #=a—+b6 log ¢, where ¢
is the time, and @ and b are constants. With a load of 500 kgrms. per sq. cm.,
the value of b is zero, and with increasing loads, the value of b increases. The
time ¢ indicates how long the load is acting before elongation begins :

Load . 500 654 771 854 952 1050 1247 1455 1560
bx10% . 0 1-525 2-2685 3-22 H-39 6-73 26-40 138-0 Fracture

The results are plotted in Fig. 5 with the corresponding values for copper, silver,
and gold. The wires were (00506 cm. diameter, and were annealed 5 mins. by a
current of 85 ampéres. F. A. and C. L. Lindemann found at the absolute temp.

20-4°, 81°, and 290° K., that the tensile

. 1200 - Platinum strengths of platinum were, respectively,
g ;000 = | 8600, 7251, and 5080 kgrms. per sq. cm.
g P L —Copper | Suver F. E. Carter gave for hard and annealed
g 800 - i L - platinum, respectively 17,000 and 15,200
5600 ” !_gp.;_/ kgrms. per sq. mm. Observations were
= / L made by A. G. Grigorieff, and S. Erk.
3 200 -1 E. M. Wise and J. T. Eash found that
S LA purified platinum reduced 50 per cent. by

0 5 10 15 bx10*  cold work had an ultimate tensile strength

Fra. 5.— The Effoct of Different Loads of 36,000 lbs. per sq. in., proportio imi
on the Tensile Strength of Platinum. 20,700 lbs. Peg sq.qin., efongationn;l-; 11‘11)1;:;.
cent. in 2 ins., and reduction in area 95 per
cent. ; when fully annealed at 1100°, the ultimate tensile strength was 20,700
lbs. per sq. in., elongation, 30 per cent. in 2 ins., and reduction in area 93 per
cent. The addition of alloying elements in moderate amounts markedly increased

the strength, and annealing temp., without detriment to the ductility.

F. Kohlrausch gave 17,020 kgrms. per sq. mm. for the elastic modulus or
Young’s modulus of platinum; E. Edlund gave 16,275 kgrms. per sq. mm. ;
C. Schaefer, 16,029 kgrms. per sq. mm. ; and E. Griineisen obtained two sa.lnples:
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respectively, 17,021, and 17,080 kgrms. per sq. mm. G. Wertheim found the
elastic moduli, £ kgrins. per sq. mm., of drawn and annealed wires to be :

Thin wires Medhim wires Thick wires
Drawn Annealed Drawn Annen.led‘ Drawn Annealed
E . . . 16,052 14,332 17,159 15,483 15,986 16,748
Sp. gr. . . 21-166 20-753 21-275 21-083 21-207 20-987

For drawn platinum wire, N. Katzenelsohn gave 17,187 kgrms. per sq. mm.;
K. F. Slotte, 15,989; G. Wertheim, 17,044 ; H. Tomlinson, 16,225; and
A. Winkelmann, 16,926 kgrms. per sq. mm.; and for annealed platinum wire,
G. Wertheim gave 15,518, and G. 8. Meyer,

16,020 kgrms. per sq. mm. K. R. Koch and _ %9

C. Dannecker’s results, Fig. 6, show that the 7§ 7000

elastic modulus is nearly constant as the &,

temp. rises to 400°, after which it falls. = ‘\

W. Sutherland found the extreme values § %000 A

which have been reported were 14,370 and -8 4000 S~
17,770—mean 16,000. Observations were =

made by A. T. Kupffer, A. G. Grigorieff, 300055 400° 800° 1200°  1400°

M. Cantone, M. Ascoli, L. P. Sieg, O. Feuss- Fia. 6.—The Effect of Temperature on
ner, and N. Gesehus. A. Wassmuth found the Elastic Modulus of Platinum.
the temp. coeff. of the clasticity coeff. is
0-04978. C. Schaefer gave 0-732 for the temp. coeff. of the elastic modulus in
percentages for 100° difference of temp. between 0° and —186°. G. Wertheim gave
for the elastic modulus of annealed platinum 15,518 kgrms. per sq. mm. at 10° to
15°; 14,178 kgrms. per sq. mm. at 100°; and 12,964 kgrms. per sq. mm. at 200° ;
and for the unannealed metal, 15,647 kgrms. per sq. mm. at 10°, and 16,224
kgrms. per sq. mm. at —15°. W. Widder gave for the modulus of elasticity,
E=Ey3{1—0-0005734(60—20)}. K. F. Slotte gave :

10° 20° 80° 50° 70°

®r . 16,210 15,989 14,711 13,947 13,7569 kgrms. per sq. mm.

H. Tomlinson gave for Young’s modulus, 1490 10€¢ grms. per sq. cm.; and
A. Mallock, 1:27 for the ratio of Young’s modulus at —273° and at 0°. P. Lasareff
found the elastic limit is proportional to n5/3, where n is the number of atoms per c.c.
E. Griineisen gave 1:0014 for the ratio of the adiabatic to the isothermal elastic
modulus ; and 0-368 to 0-387 for Poisson’s ratio, ¢.c. the ratio of the lateral con-
traction to the longitudinal extension ; C. Schaefer gave 0:22; F. E. Carter, 0-387 ;
and H. Tomlinson 0:076. G. M. F. Sayre studied the elastic after-effect; and
G. Tammann, the effect of cold-work on the physical properties.

C. Schaefer found the rigidity or torsion modulus to be 6593-6 kgrms. per sq.
mm. ; E. Griineisen gave 6220 kgrms. per sq. mm. at 18°; W. Sutherland gave
6500 ; H. Tomlinson, 6620 ; F. Horton, 6585 ; G. Pisati, 6280 ; A. T. Kupffer,
6370 ; and B. Gutenberg and H. Schlechtweg gave 6:8<1022 dynes per sq. cm.
K. R. Koch and C. Dannecker observed that the effect of temp. on the torsion
modulus 7 kgrms. per sq. mm., and the damping coeff., K, of wires 1-507 mm. in
diameter, and 372-0 mm. in length is small, being

0° 200° 400° 800° 800° 1000° 1200° 1400° 1600° 1700°
T . 7240 7240 7200 6940 5740 4710 4130 3600 3300 2860
K . 1.001 1-001 1-001 1-024 1-108 1-101 1:13 1-17 1-27 1-5

F. E. Carter gave 6-10 dynes per sq. cm. for the rigidity ; and H. Tomlinson,

692-7 106 grms. per sq. cm. Observations were ma.ge by R. H. M. Bosanquet,

J. Kobnigsberger, A. G. Grigorieff, K. Iokibe and S. Sakai, and G. Wertheim.

P. W. Bridgman observed that the rigidity increases under press. 2-4 per cent.

per 10,000 kgrms. per sq. cm. ; and that there are no breaks in the curves of shearing

stress and pressure. The subject was discussed by L. H. Adams. The elastic
VOL. XVI. F
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after-effect was found by E. Rehkuh to increase slightly with rise of temp.
H. Sieglerschmidt studied the relation between the elastic modulus and the thermal
expansion ; O. Forster, the relation between the elastic modulus, the sp. ht.,
and the at. wt. ; L. P. Sieg, the relation between the elastic modulus and the m.p. ;
H. Jeffreys, the relation between the tensile strength and the m.p.; A. H. Stuart,
and J. Kleiber, the relation between the elastic constants and the sp. ht.; and
A. Sayno between the sp. gr., the at. wt., the m.p., and torsion modulus. 'W. Suther-
land gave e¢/E==1—-0-8236/T,,, where e denotes Young’s modulus at 6°, and E,
at absolute zero; and T, is the m.p. of the metal. The relation is imperfect
because it gives a finite value for the modulus at the m.p. whereas it ought to give
a zero value. Otherwisc the observed values are approximately in accord with the
expression. A. Jacquerod and H. Miigeli gave for the bending elasticity of
platinum 19,900 kgrms. per sq. mm. at 0°, and 0-000075 for the temp. coeff. between
0° and 100°. F. E. Carter gave for the volume elasticity 24-7 dynes per sq. cm. ;
and for Ericsen’s ductility test of hard and annealed platinum, respectively, 7-8
and 12-2mm. K. Iokibe and 8. Sakai gave for the rigidity and logarithmic decre-
ment, for periods of about 10 seconds :

27° 191° 369° 604° 743°
Rigidity x 1011 . . 641 6-33 6-18 5-80 5-04
26° 101° 385° T 604° 690°
Log. decr. . . . 0:0425 0:0,35 0-0,97 0-0220 0-0500

and for the viscosity »n==1-75>x108 at 15°. The subject was investigated by
T. Kikuta, and G. Subrahmaniam.

T. and C. R. Andrews found that the stress required to compress a platinum
cube, of edge 0-30 inch, down to 10 per cent. of its original height, is 12-:82 tons
per 8q. in. K. Griineisen gave 0:04 < 10—12 ¢.g.s. units for the cubic compressibility
of platinum, and 0-:39 <10 -6 to 0-40 < 10~6 for the coeff. of cubical compressibility ;
he found the effect of temp. on the coefif. of cubic compressibility B, to be :

~—189° 16-8° 133° 164°
B < 108 . . . . 0374 0-392 0-401 0-404

The compressibility thus increases with rise ot temp., whereas the coeff. of thermal
expansion decreases with a rise of temp. The results with a few metals are
illustrated by the curves, Fig. 7. L. H. Adams gave 0:3x10-6 to 0-37x10 6

megabars. P. W. Bridgman gave for wire at 30°

m!--—-w—- - 1T Sv/v=—10"7(3-60—1-8 < 10-8p)p, and at 75°
- ET -i! - \‘.& ] Sv/ov—:—~10”‘ 7(3-64—1-8<x10-5p)p ; and for rod at
S N I /_\4 -4 30°% 8v/v=-—0:06305p, and at 75°, Sv/v==0-0309p.
x ! A7 - If B denotes the metal compressibility at 30°, and
= S gy . a, the coeff. of thermal expansion, P. W. Bridg-
= 12¢ -+ 1T B man gave B==0-0g305 for drawn rod, and 0:04360
g b _.,-—-’}"1;{{/“ for drawn wire at 30°; (dB/Bdp)x10-6-==1-00 ;
£ ro}- L— _7,8‘/ and —(da/adp) x105=0-38. T. Richards
S ol b_‘c,/—”“ found that the compressibility represented as the
5 Platinum change in vol. which occurs between 100 and 500
S 8-t I atm. press. 18 0-21 XX 10~% megabars. J.Y. Bucha-

Tas ke 1 0 o an gave 0-1835 for the linear compressibility in

Fra. 7. The Eficct of Tempora- million vols. per atm. press. B. Zdanoff studied
ture on tho Compressibility of the compressbility coeff. of crystals. E. Wagner
Platinum. dledzlced_ \:ialues for the effect of press. on the

electronic density, and the e 1 1vi

A. Press, J. P. Andrg,ws, E. Griineisen, S. Ra.tngwsky, W. \l’sf(::}f’aol c(gn%uc]gl}grtly.

and A. H. Stuart studied the relation between the thermal expa.nsim; at. vol ! an%i’

compressxblh_ty ; W. Widder, the m.p.; R. von D. Wegner, and G. A ':I.‘omii’nson
studied the internal cohesion; and R. Holm and B. Kirschstein, the s:dhesion.
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C. E. Guye and H. Schapper 5 measured the viscosity of platinum at different
temp. and found that with wires 23 ems. long, and 0-8117 mm. diameter, the damping
coeff. ¢, the period of oscillation, O seconds, and the second elastic modulus, N,
were :

100° 50° 0° 180° — 195°
C . . . 2976 3-457 4-506 4-276 3-024
(o] . . . 1-143 1-135 1-133 1-123 1-111
N x10—1 | . 5769 —_— _— _— 6-698

B. Gutenberg and H. Schlechtweg gave 1-7<108 c.g.s. units at ordinary temp.
C. E. Guye and S. Mintz studied the effect of temp. on the viscosity, and found
that in passing from a high to a low temp. the original logarithmic decrements
are not obtained. These differences are smaller the higher is the temp. 8. Virtel
studied the resistance law for the motion of sub-microscopical particles through
gases ; and F. Hirata, through viscous liquids. M. Born and O. F. Bollnow
calculated the cohesive force of the atoms i1n the space lattice to be 5-62 > 1011
dynes per sq. cm.

T. W. Richards 8 calculated for the internal pressure 347,000 megabars at 20° ;
and this value is exceeded only by tungsten. J. H. Hildebrand and co-workers,
and R. H. Mehl studied the cohesive press.

D. V. Gogate and D. S. Kothari 7 gave 1819 for the surface tension of platinum
at 2000°. G. Quincke calculated the capillarity coeff. of hard, drawn platinum to
be 3025 grms. ; annealed platinum, 2388 grms. ; and molten platinum, 169-04 mgrms.
P. Palladino said that methylene bromide gives a concave meniscus with platinum ;
S. L. Bigelow and F. W. Hunter studied the effect of platinum walls on the capillarity
of water, and of benzene; and E. Warburg and T. Thmori, the effect on the
capillarity of water. E. Degen discussed the wetting of platinum by water ; and
F. E. Bartell and M. A. Miller, the adhesion of water to the metal.

The diffusion of various gases, etc., in platinum was studied by C. Matteucci,8
and G. Moreau, and the subject is discussed in connection with the chemical
properties of the metal. W. Kettembeil, and A. Coehn and W. Kettembeil
observed that mercury does not diffuse in platinum, but N. T. M. Wilsmore found
that platinum amalgam will make platinum swell. W. C. Roberts-Austen observed
that platinum diffuses more rapidly in bismuth than it does in lead. The diffusion
coefl. for platinum in lead is 1-69 per sq. cm. per day, at 492°.

O. D. Chwolson ? gave 2700 metres per second for the velocity of sound in
platinum ; A. Masson gave 2792-1 metres per second ; and G. Wertheim gave
26849 metres per second for drawn wires, and 2733-4 metres per second for annealed
wires. J. Kleiber found that the velocity of sound in metals is proportional to the
8q. root of the product of the sp. ht. and the linear coeff. of expansion. Relative
values were calculated by G. Wertheim on the assumption that the velocity in air
18 unity :

Thin Ivh es Medlug{x wires Thiclfk-wircs
Drawn Annealed Drawn Annealed Drawn Annealed
8-241 7-832 8-467 8111 8-218 8:-074
REFERENCES.

! E. H. Archibald, Proc. Edin. Roy. Soc., 79. 721, 1909 ; Zeit. anorg. Chem., 60. 191, 1910 ;
C. Barus, Amer. Journ. Science, (3), 86. 427, 1888 ; C. Benedicks, Zeit. phys. Chem.—Bodenstein’s
Festschrift, 379, 1931 ; P. Berthier, Traité des cssais par la voie séche, Paris, 2. 629, 1834 ;
J. J. Berzelius, Lehrbuch der Chemie, Dresden, 8. 231, 1841 ; W. Biltz and K. Meisel, Zeit. anorg.
Chem., 198. 202, 1931 ; R. Bbttger, Tabellarische Uebersicht der specifischen Gewichte der Korper,
Frankfort, 1837 ; P. W. Bridgman, Proc. Amer. Acad., 68. 182, 1923 ; 64. 39, 1929 ; M. J. Brisson,
Pesanteur specifique des corps, Paris, 1787 ; O. J. Broch, Procés Verbaux Comité Intcrnat. Poids
Mesures, 210, 1878 ; O. J. Broch, H. St. C. Deville and J. S. Stas, ib., 149, 1879 ; J. Y. Buchanan,
Proc. Roy. Soc., 78. A, 296, 1904 ; M. Chabaneau, Ann. Chim. Phys., (1), 25.4, 1798 ; E. D. Clarke,
The Gas Blowpipe, London, 93, 1819 ; F. W. Clarke, A Table of Specific Gravity, L.ondon, 15,
1888 ; J. Cloud, Gilbert’s Ann., T2. 253, 1822 ; Schwesgger’s Journ., 48. 316, 1825 ; Trans. Amer.



68 INORGANIC AND THEORETICAL CHEMISTRY

Phil. Soc., 1. 161, 1818 ; W. P. Davey, Phys. Rev., (2), 25. 753, 1925 ; Zeit. Krist., 68. 316, 1926 ;
H. S8t. C. Deville and H. Debray, Bull. Socc. Chim., (2), 26. 157, 1876 ; Compt. Rend., 81. 842,
1875 Phil. Mag., (4), 0. 558, 1875 ; C. A. Edwards, Metal Ind., 18. 221, 1921 ; C. A. Edwards
and A. M. Herbert, Journ. Inst. Metals, 25. 175, 1921 ; M. Faraday and J. Stodart, Quart.
Journ. Science, 9. 319, 1820 ; Phil. Mag., (1), 58. 26, 1820 ; Edsn. Phil. Journ., 8. 308, 1820 ;
A. F. de Fourcroy, Systeme des connaissances chimigques, Paris, 4. 405, 1801 ; W. Gaede, Phys.
Zeit., 4. 105, 1903 ; Ueber die Acnderung der specifischen Warme der Metalle mit der Temperatur,
Freiburg, 1902 ; V. M. Goldschmidt, Zeit. phys. Chem., 188. 397, 19256 ; J. A. Groshans, Rec.
Trav. Chim. Pays-Bas, 4. 236, 1885 ; Phil. Mag., (5), 20. 19, 1885 ; E. Griineisen, Ann. Physik,
(4), 38. 1262, 1910 ; G. Huagg, Zeit. phys. Chem., 12. B, 33, 1931 ; R. Hare, Amer. Journ. Science,
(2), 2. 281, 1820 ; M. L. Huggins, P’hys. Rev., (2), 28. 1087, 1926 ; A. W. Hull, Science, (2), 52.
297, 1920 ; Phys. Rev., (2), 17. 571, 1921 ; (2), 18. 88, 1921 ; G. W. A. Kahlbaum, Ann. Physik,
(4), 14. 585, 1904 ; Joura. Chim. Phys., 2. 537, 1904 ; G. W. A. Kahlbaum and E. Sturm, Zeit.
anorg. Chem., 48. 242, 1905 ; M. H. Klaproth, Scherer’s Journ., 9. 413, 1802 ; F. C. A. H. Lants-
berry, Proc. Buwmingham Met. Soc., 5. 101, 1913 ; J. von Liebig, Pogg. Ann., 17. 101, 1829 ;
Ann. Chim. Phys., (1), 42. 316, 1829 ; T. M. Lowry and R. G. Parker, Journ. Chem. Soc., 107.
1005, 1915 ; R. F. Marchand, Journ. prakt. Chem., (1), 38. 386, 1844 ; P. T. Meissner, Hand-
buch der allgemeinen und technischen Chemie, Wien, 1832 ; P. Musschenbroeck, Introductio ad
Philosophiasm N aturalem, Lugduni Baravorum, 2. 542, 1762 ; F. Mylius and R. Dietz, Ber., 81.
3188, 1898 ; G. Osann, Pogg. Ann., 78. 605, 1848 ; L. Playfair and J. P. Joule, Mem. Chem.
Soc., 8. 57, 1848 ; D. Prechtl, Gilbert’s Ann., 58. 115, 1818 ; G. Quincke, Monatsh. Akad. Berlin,
132, 350, 1868 ; PPogg. Ann., 185. 642, 1868 ; T. W. Richards, Zeit. phys. Chem., 61. 185, 1908 ;
Journ. Amer. Chem. Soc., 87. 1643, 1915 ; G. Rose, Pogg. Ann., 7T8. 14, 1848 ; 75. 403, 1848 ;
Laebig’s Ann.,88. 1569, 1848 ; W. Hulme-Rothery, Pkil. Mag.,(7),10.217,1930 ; A. Sayno, Rend.
1at. Lombardo, (2), 26. 637, 1892 ; W. Schlett, Ann. Physik, 26. 201, 1908 ; Ueber die Aenderung
der Inchtc und spezifischen Wdirme bei Platin und Nickel durch Bearbeitung und iber Temperatur-
abhangrgkeit der spezifischen Wérme derselben, Marburg, 1907 ; B. Scholz, Schweigger’s Journ., 12.
349, 1814 ; C. Schumacher, Ueber die Berechnung dei bei Wigungen vorkommenden Reduktionen,
Hamburg, 31, 1838 ; T. Sexl, Zeit. Physik, 16. 34, 1923 ; C. von Sickingen, Versuche iber die
Platina, Mannheim, 1782 ; J. C, Slater, Phys. Rev., (2), 88. 57, 1930 ; T. Thomson, 4 System
of Chemastry, Bdinburgh, 1. 660, 1831 ; W. A, Tilden, Chem. News, T8. 18, 1898 ; A, W. Warring-
ton, Phil. Mug., (5), 48. 498, 1899 ; G. Wertheim, Pogg. Ann. Ergbd., 52, 1848 ; Compt. Rend.,
19. 229, 1844 ; Ann. Chim. Phys., (3), 12. 385, 1844 ; E. H. Westling, Chem. News, 148. 34, 1931 ;
W. H. Wollaston, Phil. Trans., 119. 1, 1920 ; Pogg. Ann., 15. 209, 1829 ; 16. 158, 1829 ; Quart.
Journ. Science, 6. 97, 1829.

2 H. St. C. Deville and L. Troost, Compt. Rend., 56. 977, 1863.

3 G. T. Beilby, Phil. Mag., (6), 8. 258, 1904 ; S. Bottone, Chem. News, 27. 216, 1873 ; Amer.
Journ. Science, (3), 8. 477, 1873 ; Pogg. Ann., 150. 644, 1873 ; O. J. Broch, H. St. C. Deville
and J. S. Stas, Procés Verbauxr C'omité Internat. Poids Mesures, 140, 1879 ; F. C. Calvert and
R. Johnson, Pogg. Ann., 108. 575, 1859 ; Phil., Mag., (4), 17. 114, 1859 ; Mem. Manchester Lit.
Phil. Soc., 156. 113, 1860 ; F¥. E. Carter, Tech. Publ. Amer. Inst. Min. Eng., 70, 1928 ; Trans.
Amer. Electrochem. Soc., 48. 397, 1923 ; H. St. C. Deville and H. Debray, Compt. Rend., 81. 842,
1875 ; (. A. Edwards, Metal Ind., 18. 221, 1921 ; A. T. Grigoricff, Ann. Inst. Platine, 8. 178,
1928 ; Zeu. anorg. Chemn., 178. 213, 1929 ; C. Johnson, Metal Ind., 89. 401, 1931 ; P. Rehbinder,
Zeit. Phyaik, 72. 191, 1931 ; J. R. Rydberg, Zeit. phys. Chem., 88. 354, 1900 ; G. Tammann, Zeit.
Metallkunde, 24. 220, 1932 ; G. Tammann and G. Bandel, 4nn. Physik, (5), 16. 120, 1933 ;
G. Tammann and K. L. Dreyer, 6., (5), 16. 111, 1933 ; T. Turner, (‘hem. News, 55. 179, 1887 ;
Proc. Birmuingham Phil. Soc., 5. 282, 1887 ; W. H. Wollaston, Phil. Trans., 108. 114, 1813 ;
Ann. Phil., 1. 224, 1813 ; ilbert’s Ann., B2. 284, 1816.

¢ L. H. Adams, Journ. Washington Acad., 17. 529, 1927 ; J. P. Andrews, Phil. Mag., (6),
50. 665, 1925 ; T. and C. R. Andrews, Proc. Roy. Soc., 70. A, 250, 1802 ; M. Ascoli, Atti Accad.
Lincei, (5), 4. 420, 1887 ; A. Baudrimont, Pogg. Ann., 82. 156, 1851 ; Licbig’s Ann., 76. 123,
1850 ; Ann. Chim. Phys., (3), 830. 310, 1850; Compt. Rend., 81. 115, 1850 ; R. H. M. Bosanquet,
Phil. Mag., (5), 24. 160, 1887 ; P. W. Bridgman, Proc. Amer. Acad., 58. 182, 1923 ; 67. 333, 1932 ;
70. 285, 1935 ; Phys. Rev., (2), 48. 825, 1935 ; C. Broneis, Dingler’s Journ., 116. 288, 1850 ;
J. Y. Buchanan, Proc. Roy. Soc., 78. A, 296, 1904 ; M. Cantone, Nuovo Cimento, (4), 4. 270,
354, 1896 ; F. E. Carter, Tech. Publ. Amer. Inst. Min. Eng., 70, 1928 ; G. F. Djang, Journ.
Chem. Phys., 4. 531, 1936 ; E. Edlund, Ann. Chim. Phys., (4), 8. 257, 1866 ; Ocfuvers. Vet Akad.
Forh., 228. 205, 1865 ; Pogg. Ann., 128. 565, 1865; S. Erk, Zeit. Metallkunde, 21. 185, 1929 ;
O. Feussner, Zeit. Physik, 21. 163, 1924 ; O. Forster, Zeit. Math. Phys., 41. 263, 1896 ; A. Gaiffe,
Compt. Rend., 85. 625, 1877 ; Dingler’s Journ., 240. 216, 1881 ; W. Geibel, Zeit. anorg. Chem.,
70. 246, 1910 ; N. Gesehus, Journ. Russ. Phys. Chem. Soc., 8. 311, 356, 1876 ; Chem. News, 886.
39, 1877 ; A. G. Grigorieff, Ann. Inst. Platine, 6. 178, 1928 ; Zeit. anorg. Chem., 178. 213, 1929 ;
E. Griineisen, Ann. Physik, (4), 22. 811, 1907 ; (4), 25. 845, 1908 ; (4), 26. 308, 1908 ; (4) 88’
1264, 1910 ; (4), 839. 257, 1912 ; B. Gutenberg and H. Schlechtweg, Phys. Zeit., 31. 745, 1930 H
W. N. Hartley, Phil. Mag., (8), 4. 86, 1902 ; R. Holm and B. Kirschstein, Wiss. Verdff Siemens-
Werken, 15. 122, 1936 ; F. Horton, Phil. Trans., 204. A, 1, 1905 ; Proc. Roy. Soc., 78.°334, 1904 :
74. 401, 1905; D. H. Ingall, Journ. Inst. Metals, 30. 171, 1923 ; Metal Ind., 25. 371: 1924 ;
XK. Iokibe and 8. Sakai, Phil. Mag., (6), 42. 397, 1921 ; Science Rep. Tohoku Univ., 10. 1, 1921:-
Proc. Phys. Math. Soc. Japan, (2), 2. 93, 1920; A. Jacquerod and H. Miigeli, Helvetica Phys.



PLATINUM 69

Acta, 4. 3, 1931 ; H. Jeffreys, Phil. May., (7), 19. 840, 1935 ; K. Karmarsch, Mitt. Hannov.
Gewerbever, 139, 1859 ; Jahrb. Polyt. Inst. Wien, 18. 54, 1934 ; N. Katzenelsohn, Uecber den
Einfluss der Temperatur auf Elasticitit der Metalle, Borlin, 1887 ; 'T. Kikuta, Science Rep. Tohoku
Univ., 10. 139, 1921 ; J. Kleiber, Ann. Physik, (4), 46. 1054, 1915; G. A. B. Klingenstein,
Kastner’s Arch., 14.162, 1828 ; K. R. Koch and C. Dannecker, Ann. Phystk, (4), 47. 197, 1915 ;
J. Konigsberger, Zeit. Physik, 40. 729, 1927 ; F. Kohlrausch, Lehrbuch der praktischen Physik,
Leipzig, 231, 1905 ; A.T. Kupffer, Compt. Rend. Ann. Obs. Russ., 1, 1852; 1, 1854 ; Bull. Acad.
St. Petersburg, 12. 129, 18564 ; P. Lasareff, tb., 18. 1005, 1919 ; F. A. and C. L. Lindemann,
Nernst’s Festschrift, 264, 1912 ; A.Mallock, Proc. Roy. Soc., 95. A, 429, 1919 ; G. S. Meyer, Wied.
Ann., 59. 668, 1896 ; P. Phillips, Phil. Mag., (6), 9. 527, 1905 ; G. Pisati, Nuovo Ctmento, (3), 1.
181, 1877 ; (3), 2. 137, 1877 ; (3), 4. 1562, 1878 ; (3), 5. 34, 137, 1879 ; Gazz. Chim. Ital., 8. 57,
1876 ; 7.61,173,1877 ; A. Press, Phil. Mag., (7), 2. 431, 1926 ; S. Ratnowsky, Verk. deut. phys.
es., 16. 74, 1913 ; E. Rehkuh, Wied. Ann., 835. 494, 1888 ; T. W. Richards, Zeit. KElektrochem.,
18. 519, 1907 ; Zeit. phys. Chem., 61. 192, 1908 ; Journ. Amer. Chem. Soc., 87. 1643, 1915 ; 48.
1419, 1924 ; A. Sayno, Rend. Ist. Lombardo, (2), 25. 637, 1892 ; G. M. F. Sayre, Journ. Rheology,
8. 206, 1932 ; C.Schaefer, Zeit. Physik, 17. 1562, 1928 ; Ann. Physik, (4),5.233, 1901 ; L. D. Sieg.
Phys. Rev.,(2), 25. 251, 1925 ; H. Sioglerschmidt, Ann. Physik, (4), 86. 775, 1911 ; K. F. Slotte,
Acta Soc. Fenn., 26, 1899 ; 29, 1900; E. Steinmann, Recherches sur la thermoélectricité de
quelques alliages, Paris, 1900; Compt. Rend., 180. 819, 1900; A. H. Stuart, Journ. Inast.
Metals, 16. 1868, 1915 ; Proc. Inst. Mech. Eng., 1155, 1912 ; G. Subrahmaniam, Pkil. Mag., (7),
1. 1074, 1926 ; W, Sutherland, 5., (5), 82. 31, 215, 524, 1891 ; G. Tammann, Zeit. Metallkunde,
26. 97, 1934 ; G. A. Tomlinson, Phil. Mag., (7), 11. 1009, 1931 ; H. Tomlinson, Phil. Trans.,
174. 32, 1884 ; Proc. Roy. Soc., 82. 41, 1881 ; 88. 488, 1885 ; 40. 343, 1886 ; 48. 88, 1887 ;
Phil. Mag., (5), 28. 245, 1887 ; (5), 24. 253, 1887 ; E. Wagner, Ann. Physik, (4), 27. 994, 1908 ;
A. Wassmuth, Phys. Zeit., 8. 7565, 1905 ; R. von D. Wegner, Zeit. Elektrochem., 34. 42, 1928 ;
35. 344, 1929 ; W. Wen-Po, Phil. Mag., (7), 22. 49, 281, 1936 ; G. Wertheim, Compt. Rend., 19.
229, 1844 ; Iogg. Ann. Ergbd., 2. 60, 1848 ; Ann. Chim. Phys., (3), 12. 385, 1844 ; W. Widder,
Phys. Zeit.,268. 618, 1925 ; 82. 349, 1931 ; A. Winkelmann, Wied. Ann.,68.117, 1897 ; E. M. Wise
and .J. T. Eash, Tech. Publ. Amer. Inst. Min. Eng., 584, 1934 ; W. H. Wollaston, Ann. Phil., 1.
224, 1813 ; Qilbert’s Ann., 52. 284, 1816 ; Phil. Trans.,108. 114, 1813 ; V. Zdanoff, Zeit. Physik,
101. 86, 1936.

5 C. Barus, Amer. Journ. Science, (3), 86. 178, 1888 ; DPhil. Mag., (5), 26. 183, 1888 ;
M. Born and O. F. Bollnow, Handbuch der Physik, Berlin, 24. 370, 1927 ; B. Gutenberg and
H. Schlechtweg, Phys. Zeit., 81. 745, 1930 ; C. E. Guye and S. Mintz, Arch. Sciences Genéve,
(4), 26. 283, 1908 ; C. E. Guye and H. Schapper, Compt. Rend., 1560. 962, 1910 ; ¥. Hirata, Bull.
C'hem. Soc. Japan, 10. 507, 1935 ; S. Virtel, Zeit. Physik, 69. 771, 1930.

¢ .J. H. Hildobrand, T. R. Hogness and N. W. Taylor, Journ. Amer. Chem. Soc., 46. 2828,
1923 ; R. H. Mohl, #b., 52. 534, 1930; T. W. Richards, Journ. Chemnm. Soc., 46. 1419, 1924 ;
48. 3063, 1926.

? F. E. Bartell and M. A. Miller, Journ. Phys. Chem., 40. 889, 1936 ; S. L. Bigelow and
K. W. Hunter, Journ. Phys. Chem., 15. 367, 1911 ; E. Degon, PPogg. Ann., 88. 449, 1836 ;
. Palladino, Giorn. Farm. Chim., 8. 5, 1909 ; G. Quincke, Sitzber. Akad. Berlin, 132, 350,
1868 ; Pogg. Ann., 184. 360, 1868 ; E. Warburg and T. Thmori, Wied. Ann., 27. 505, 1886 ;
D. V. Gogatc and D. 8. Kothari, Pkil. Mag., (7), 20. 1136, 1935.

8 A. Coehn and W. Kettembecil, Zeit. anorg. Chem., 88. 216, 1904 ; W. Kettembeil, Studien
uber elektrolytische Amalgambildung und Versuche zur Metalltrennung durch Amalgambildung,
Gottingen, 1903 ; C. Matteucci, ("ompt. Rend., 87. 251, 1863 ; Bull. Soc. Chim., (2), 5. 546, 1863 ;
G. Moreau, Compt. Rend., 149. 118, 1909 ; W. C. Roberts-Austen, Phil. Trans., 187. A, 400, 1896 ;
LProc. Roy. Soc., 59. 283, 1896 ; N. T. M. Wilsmore, Zett. Elcktrochkem., 10. 685, 1904.

? O. D. Chwolson, Lekrbuch der Physik, Braunschweig, 2. 39, 1904 ; J. Kleiber, Ann. Physik,
(4), 48. 1054, 1915; A. Masson, Cosmos, 10. 425, 1858 ; Pogg. Ann., 108. 272, 1858 ; (ompt.
Bend., 44. 464, 1857 ; G. Wortheim, 5., 19. 229, 1844 ; Pogg. Ann. Ergbd., 2. 60, 1848 ; Ann.
Chim. Phys., (3), 12. 385, 1844.

§ 11. The Thermal Properties of Platinum

J. F. Daniell 1 measured the thermal expansion of platinum and found that a
rod of unit length at 62°, became 1-009926 units just about the m.p. of the metal.
M. G. von Paucker observed for the coeff. of linear expansion 0-0,11612 ; F. C. Cal-
vert and co-workers gave 0-0000068 between 0° and 100°; A. Tissot, 0:058917
betwecn 16° and 82°% H. Fizeau, 0-0588206, and later, for purified platinum 0-05;890
at 20°, 0-05;899 at 40°, and for the metal with 10 per cent. of iridium, 0-0;884.
A. Matthiessen observed for the coeff. of cubical expansion between 7-52° and 97°,
v=v9(1+0-0,255401-0-0;,10402). Observations were made by M. Thiesen,
E. L. Nichols, and W. D: Flower. R. Benoit obtained values for the coeff. of linear
expansion ranging from a—(8840-5-+41-8962) x 10-?, and a==(8901-41-2162) < 10-9°.
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H. le Chatelier gave for purified platinum, a==0-04113, and for platinum thlg
iridium 0-04105 gctween Oy and 1000° ; and T. Seliwanoff, a=0-05975 between O
and about 1600°— a increases rapidly up to 150°, and thereafter, slowly.
H. G. Dorsey gave a=0-05815 between 20° and —180°; G. Shinoda, 9-9 <106
between 15° and 1000°; and L. J. Terneden :
100° 200° 300° 400° H00° 600° 700° 800°
a <10 . 8,950 9,050 9,175 9,350 9,530 9,760 10,000 10,441

E. Griincisen gave :
--150° —100° 0° 100° 875°
a X 10¢ . B . 7-4 7-9 8-9 Q-2 11-2
and 8. Valentiner and J. Wallot gave the following results, plotted in Fig. 8, for
the average temp. :
10-6° —58"  —159° - 471° —558° - 82-1° —1338° —176-8°
a .~ 108 . 881 871 8H8 844 838 816 757 666
1.. Holborn and A. L. Day found that a rod of unit length at 0° becomes 1
at temp., 6°, between 0° and 1000°, where I==(886860-1:32462) <109, or
1 lo(14 0-0,88650-1 0-0g1324602) ; K. Scheel gave for 6° between 16° and 56°,
I =14(1 +0-058806040-05195602) ; between 16°

950 and —190°, I=Ig(14-0-0586150-}-0-0537062) ;
between 100° and —190°, 1=Iy(140-05;874960

900y == 1 T 4-0-053141602—0-0,,694603), and between 16°
850b— - —4- - ,/ ] and —185°, K. Scheel and W. Heuse gave
<, 1 =15(140-0589110+0-0549162) ; R. Benoit,
';800" l——lo(l +O'0588680+0'08]32402) M H. K. Onnes
= and J. Clay, between 18° and —182°, I==Iy(1
750 - —+-0-0590530 -+ 0-0349462) ; or volumetrically,

L v— (1 4+0-0,27160-4-0-0,148462). J. B. Austin

700; - 4~ - studied the subject. F. Henning observed
that the changes in length of metre rods of

sf‘fm?”‘ -100° 0° 700° platinum, and platinum with 20 per cent. of
Fia. 8. -The Effect of Heat on the iridium, at 16°, were, respectively, —1-649

Coeofficient of Thermal Expansion (a). mm. and —1:-553 mm. at —191°; 42-158

and -} 2-006 mm., at 250°; 4-623 and 4-321
mm., at 500°% 7-264 and 6813 mm., at 750°; and 10-:051 and 9:488 mm., at
1000°.

E. A. Owen and E. I.. Yates measured the thermal expansion of the space-
lattice of platinum up to 600° and obtained for the coeff. of expansion at 6°,
a==ag(1-+0-0,79080+0:05381762-0-0,,794503+0-0,,294364) which is in close agree-
ment with the generally-accepted values for the material taken as a whole.

E. Griincisen found changes in the mean coeff. of thermal expansion by
pressures of 1 and 1000 kgrms. per sq. cm. to be, respectively, 8:01 X 10-6 and
7-981 <106 between 17° and —190°, and 9:00 < 10-6 and 8-976 x 10~6 hetween 17°
and —100°. H. Buff discussed the heat of thermal expansion. Relations betwecen
the coeff. of thermal expansion and other physical properties have been examined.
For example, T. Carnciley, and E. M. Lémeray examined the relation between
the thermal expansion and the m.p.; H. Siegerschmidt, between the elastic
modulus and the coeff. of expansion; H. F. Wiebe, between the at. vol. and the
coefl. of expansion ; S. Bidwell, between the electrical resistance, the sp. ht., and
the coeff. of expansion ; A. Press, J. P. Andrews, S. Ratnowsky, G. F. Djang, and
E. Griineisen, between the thermal expansion, at. vol. and compressibility ; and
Y. Endo, the expansion and the lattice energy.

If the thermal conductivity of gold is 1000, C. Despretz 2 found that the value
for platinum is 981:0. G. Wiedemann and R. Franz took silver—100 as standard
and found for platinum, in vacuo 9-4 to 11-7, and in air, 84 to 9:2; P. Riess gave
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10:5 ; E. Becquerel, 7-93 ; R. Lenz, 108 ; F. C. Calvert and co-workers, 12:15; and
G. Poloni, 11-7 at 18:-25°. N. W. Fischer found that the thermal conductivities
of copper, iron, and platinum are related as 12:7 : 6 at 100°; and at 220°, as
43:32:30. E. H. Hall, and E. Griineisen and E. Goens studied the subject.
W. Meissner observed the thermal conductivity of platinum to be k==0:167 cals.
per cm. per degree per second at 0°; J. H. Gray gave k==0-1861 between 10°
and 97°; and T. Barratt, 0:165 at 17°, and 0-170 at 100°. E. Hagen and
H. Rubens represented the thermal conductivity at 6° between O0° and
800° by k=ko(1+40'053640—0-0464002; and R. Holm and R. Stérmer, by
k—0-699{1 +0-000283(6—19-5)} between 19-5° and 1020°. P. W. Bridgman found
a decrease in the thermal conductivity approximately, 1-9 per cent., for a change of
press. of 12,000 kgrms. per sq. cm. ; and he gave for the press. coeff. of the thermal
conductivity —0-0516. W. Jiger and H. Diesselhorst gave 0-166 at 18° and 0-173
at 100° for the pure metal, and 0-123 at 18° for impure metal. T. Barratt and
R. M. Winter gave for & cals. per cin. per degree per second, 0:165 at 17° and 0-170
at 100°.

W. Swientoslawsky and S. Bakowsky 3 studied the evaporation of liquids from
platinum surfaces. P. L. Dulong and A. T. Petit gave 00335 for the specific
heat of platinum between 0° and 100°, and 0-0335 between 0° and 300°.
H. V. Regnault obtained 0-:03197 and 0-03294 between about 11° and 99° ; H. Kopp
gave 0-0325 between 20° and 52°; H. Tomlinson, gave between 0° and 100°,
0-:0319801+0-056302; R. Bunsen, 0-:03234 and 0-032672 between 0° and 100°;
J. Joly, 0-0328 between 14° and 100°; L. Schiiz, 003037 and 0-:03295 between 15°
and 100°; and A. Bartoli and E. Stracciati, 0-032238 between 16° and 100°.
Observations were made by E. Terres and H. Biederbeck ; and K. Schulz compiled
a bibliography on the sp. hts. of the metals. J. Violle obtained for the mean sp.
ht. between 0° and

100° 200° 400° 600° 800° 1000° 1200°
Sp. ht. . 0:0323 0-0329 0-0341 0-0353 0-0365 0-0377 0-0389

or, sp. ht.—0-031740-00000066. U. Behn gave for the purified metal, 0-0311
between 18° and —79° and 0-0293 between 18° and —186°; W. Jager and
H. Diesselhorst, 0:0326 between 17° and 100°; W. A. Tilden, 0:0292 betwecen 15°
and —182° and 0:03147 between 15° and 100°, 0-0338 between 15° and 435°,
0-0377 between 0° and 1000°, and 0-:0388 between O° and 1177°. I.. Kunz obtained
0-0359 between 0° and 930°; 0-0377 between 0° and 946°; 0-0377 between O°
and 960°; and 0-0378 between 0° and 1018°. A. Wigand working between 0°
and the following temp. obtained 0-03145 at 32°; 0-03181 at 54°; 0-03204 at 97°;
0-03216 at 133°; 0-03223 at 162° ; and 0-03230 at 199° ; similarly with W. Schlett,
0-03055 at 8-37°; 0-03072 at 9-84°; 0-03144 at 49-36° ; 0-03118 at 50-45° ; 0-03198
at 96° ; 0-03206 at 111° ; 0-03236 at 207° ; and 0-03276 at 229° ; whilst W. P. White
similarly obtained 0-08848 to 0-03355 at 500° ; 0-03423 to 0-03428 at 700°; 0-03514
to 0-03515 at 900°; 0-03573 to 0-03578 at 1100°; 0-03640 to 0-03647 at 1300° ;
and 0-03675 to (-03682 at 1500°. O. Bystrém gave :
0° 50° 100° 150° 200° 250° 300°

Sp. ht. . 0-032386 0-032480 0-032668 0-032950 0-033326 0-033796 0-034750
T. W. Richards and F. G. Jackson gave 0-0279 between 20-5° and —190-2° for
platinum alloyed with some iridium. W. Plato gave for iridiferous platinum
0-03369 at 600°, and 0-03430 at 750°. H. Esser and co-workers gave 0-0348
between 0° and 800°. J. Dewar observed 0-0135 at —223°. W. Gaede gave for
purified platinum the true sp. hts. :

17-5° 32-0° 47-8° e2-2° 77-2° 99-2°
Sp. ht. . 0-03129 0031456 0-031675 0:031798 0:031927 0-032046
W. P. White gave :
500° 700° 900° 1100° 1800° 1500°

Sp. ht. . . 0-0356 0-0368 0-0380 0-0390 0-0400 0-0407
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and E. Griineisen : .
—150° —100° o° 100° 875

Sp. ht. . . 0-0275 0-0295 0-0318 0-0332 0-042

W. P. White gave ¢—0-031984+0:0;340; C. S. M. Pouillet, gave ¢==0-0324
+00546; J. W. Richards, c¢=-0-032386-}-0-04940-1+0-04188602; W. Schlett,
¢=0-030595-}-0-0,14160 between O0° and 100°; and ¢==0-030456-4-0-0,29720
-+0-0,56102 between 0° and 300°; A. Magnus, c=0-03159-+40-05584680 between
150° and 850°; W. Gaede, ¢==0:03159-}-0-0,1360—0-0,28602 for temp. betvzeen
0° and 150° ; and N. A. Jones and co-workers gave Cp=5-40-+0-0017T. F. M. Jiger
gave for the sp. ht., ¢,—0-03162+0-05617250+0-02332562.

W. A. Tilden gave 6-05 for the atomic heat ; U. Behn, 6-3 from 18° to 100°,
6-1 from 18° to —79°, and 5-4 from —79° to —186° ; T. W. Richards and F. G. Jack-
son, 5-45 from 20° to —188°, and 6-3 from 20° to 100° ; O. M. Corbino, 6-47 at 500°,
and 7-37 at 1500°; and J. Dewar, 2:63 at —2238°. W. Zeidler, and F. Simon and
W. Zcidler gave for the sp. and at. heats, ¢, and C,, respectively :

— 255-5° —248-66°  —237-58° —222.5°  —191-6°  —152-0°  ~64:7°
<p . 0000123 0-00309 0-00727 0-0131 0:0211 0-02861 0-0307
Cp . 0239 0-604 1-42 2-56 4-12 5-09 5-99
F. M. Jiger and E. Rosenbohm gave :
100° 300° 500° 700° 1000° 1800° 1800°
cp . 003142 0-03256 0-03353 0-03421 0-03500 0-03576 0-03626
Cp . 6-298 6-537 6-785 7-037 7-421 7-816 8:210

O. M. Corbino measured the sp. ht. at constant vol.; and L. Fabaro gave
cp==¢,{140-0463(7-4-273)}. E. Griineisen said that the ratio of the sp. ht. at
constant press. to that at constant vol. is 1-019 at 18°. W. Weber gave 0-:0259 for
the sp. ht. at constant vol., and he added that the temp. rises or falls by 100° if
the metal be compressed or dilated, respectively, by one sixty-seventh. W. Schlett
found the sp. ht. of 3 samples of commercial platinum vessels to range from 0-03118
to 0-03168 ; a cast specimen had a sp. ht. of 0-03168, when hammered to 2 mm. the
value was 0-03134, and when cold-drawn to 0-5 mm., 0:03150 ; a specimen of cast
platinum had a sp. ht. of 0-03188, and after annealing for 30 minutes at a white
heat, 0-:03145. F. M. Jager and co-workers found the sp. ht. of annealed platinum
to be 2 per cent. higher than that of the unannealed metal. E. Gruneisen found
that the mean sp. ht., ¢,, of platinum is increased by 0:0g19 per kgrm. per sq. ci.
S. Bidwell studied the relation between the sp. ht., the electrical resistance, and
the coeff. of thermal expansion ; A. H. Stuart, and O. Férster, the relation between
the elastic constants and sp. ht. ; and .J. Maydel, the general formula.

The melting point of platinum is so high that the metal was intractable in
the furnaces available for melting metals during the first half of last century.
W. Nasse 4 could not melt it in the hard-porcelain oven, but L. Elsner melted
platinum black into small, metallic beads, and J. J. Prechtl did succeed in melting
1t in an oven heated by charcoal, and C. Aubel melted it in the hottest part of a
charcoal blast-furnace, but W. Heraeus did not accept the evidence. V. Meyer
melted the metal in a charcoal blast-furnace ; and H. Violette melted 50 grms. in
a crucible made of gas-carbon heated in a fire-clay crucible in a furnace connected
with a high chimney. The carbon, etc., here present would, according to
J. B. Dumas, lower the m.p. of the metal. The metal does not melt in the strongest
heat of a forge, although M. Faraday and J. Stodart obtained imperfect fusion ;
if, however, the fuel be in contact with the platinum fusion may oceur owing to
the formation of silicides and carbides of platinum. The metal was fused in the
oxy-hydrogen flame by E. D. Clarke, W. Maugham, A. Marcet, E. F. Diirre, and
R. Hare. R. Hare melted 28 ozs. of platinum on a block of lime heated by the oxy-
hydrogen flame; and H. St. C. Deville, and H. St. C. Deville and H. Debray
modified R. Hare’s procedure and were able to melt a kilogram of metal with the
consumption of 60 to 100 litres of oxygen. F. Reich melted platinum on a block
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of magnesite by the oxy-carbon monoxide flame; and E. J. Chapman used the
same source of heat. H. St. C. Deville also melted the metal in the oxy-coal gas
flame ; and in the alcohol flame fed with oxygen. M. Brettel melted the metal
by a few seconds’ exposure in the focus of a 3.foot burning lens. W. N. Hartley
found that wires 0-025 mm. diameter can be melted in the flame of a candle ;
W. Skey melted pointed wires in the ordinary blowpipe flame ; C. Féry melted
thin wires in a bunsen burner. C. Féry and C. Chéneveau found that a horizontal
wire heated electrically broke at 1690°, rather below the true m.p., a vertical wire
similarly heated fused to a drop at 1710°; a wire held vertically in the flame of a
meker burner fused to a bead at 1740°, and in the oxy-coal gas flame, the fusion
temp. was between 1700° and 1750° according as an oxidizing or reducing flame
was employed. This shows that the m.p. of platinum, like that of silver, depends
on the nature of the atmosphere in which the fusion occurs. The subject was
discussed by C. W, Waidner and G. K. Burgess. R. C. Smith observed the sintering
of precipitated platinum-black occurs at about 500°. J. G. Children, P. Riess,
and C. Despretz melted platinum wires heated by the passage of an electric current,
and, as previously indicated, C. W. von Siemens and A. K. Huntington, and
others melted the metal in an electric furnace. M. Rabinovitsch studied the glow
on heating the finely-divided metal ; R. Wright and R. C. Smith, the sintering of
the finely-divided metal ; and J. A. M. van Liempt and J. A. de Vriend, the time
of melting thin wires.

The methods available for measuring high temp. were very unsatisfactory
throughout the greater part of the nineteenth century; and consequently the
m.p. of platinum could not be determined with precision. Thus, E. Becquerel
gave 1460° to 1480°; J. Becquerel, 1560° to 1580°; R. Pictet, 1700°; H. Seger,
1725° ; C. Barus, 1757°; W. Holman and co-workers, 1760° ; F. Hoffmann, 1771°;
T. Erhard and A. Schertel, and J. Violle, 17756° ; L. Holborn and W. Wein, 1780° ;
H. St. C. Deville, 1900°; H. St. C. Deville and H. Debray, T. Carnelley,
R. Pictet, and G. Quincke, 2000°; J. Dewar, 2100°; P. H. van der Weyde,
2200°; H. A, Mott, 2300°; and C. F. Plattner, 25634°. J. C. Hoadley found
that the metal begins to melt at 1621°. The early workers discovered that the
metal could be welded at a white heat, and this property enabled W. H. Wol-
laston to prepare compact masses of malleable platinum, and C. M. Marx, to repair
injured platinum vessels. R. Spring found that many metals heated to temp.
below their m.p. exhibit properties characteristic of the liquid state ; thus, when
cylinders of the metals with plane surfaces of contact are subjected to press. for
4 to 8 hrs. at 400°, all the metals tried, with the exception of platinum and antimony,
were welded so thoroughly that if the piece be broken the fracture does not take
place at the original surfaces of separation.

J. A. Harker obtained 1710° for the m.p. of platinum, but this datum is too low ;
L. Holborn and 8. Valentiner gave 1789°, but this value is rather larger than that
obtained by other investigators; L. Holborn and W. Wien gave 1780°; and
L. Holborn and F. Henning, 1710°. F. Doerinckel, 1744°; O. Goecke, 1745° to
17556° ; K. R. Koch and C. Dannecker, 1750°; A. L. Day and R. B. Sosman, 1755° ;
W. Nernst and H. von Wartenberg, 1745°; W. Holman and co-workers, 1760 °;
C. W. Waidner and G. K. Burgess gave 1753°; H. E. Ives, 1764°; F. Hoffimann,
1771°; F. E. Carter, 1755°. G. Ribaud and P. Mohr gave 1762°; L. D. Morris
and S. R. Scholes, 1773°; W. F. Roeser and co-workers, 1773-5° ; F. H. Schofield,
1773-3°; and F. Hoffmann and C. Tingwaldt, 1773:8° for the f.p. Observations
were made by O. Ruff. The temp. determinations also depend on the values
assigned to the constant in the equation employed in standardizing the pyrometers.

H. St. C. Deville and H. Debray, and W. Heraeus noted the spitting of molten
platinum during cooling owing to the liberation of absorbed gases as the metal
solidifies. C. E. Mendenhall and L. R. Ingersoll found that platinum may be
supercooled 370°, and that when the metal solidifies there is a momentary flash
of light. J. L. Byers discussed the behaviour of platinum on cupellation.
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Calculations of the m.p. from empirical equations have been made, and
J. W. Richards thus obtained 1775°, and E. Brodhun and F. Hoffmann, 1771°;
L. I. Dana and P. D. Foote gave 1755° for the best representative value; and
W. R. Mott, W. Guertler and M. Pirani gave 1760°, and K. Scheel, 1764°. J. John-
ston calculated that the raising of the atm. press. 1 atmosphere lowers the m.p.,
and that at a press. of 46,000 atm. platinum would accordingly melt at 27°—that
is, of course, if something else did not happen. C. T. Heycock and F. H. Neville
measured the lowering of the f.p. of cadmium, thallium, lead, and bismuth by
about a gram-atom of platinum in 100 gram-atoms of metal. P. W. Robertson,
and W. Crossley discussed the relation between the at. vol. and the m.p. ; J. John-
ston, the effect of press. on the m.p. ; A. Stein, the relation between the electrical
resistance, the at. vol., and the m.p. ; T. Carnelley, and E. M. Lémeray, the relation
between the m.p. and the coeff. of thermal expansion; L. P. Sieg, the relation
between the m.p. and the elastic modulus; W. Braunbek, the lattice energy of
melting ; H. Jeffreys, the relation between the m.p. and the tensile strength ;
W. Herz, the relation between the m.p. and its vibration frequency ; W. Widder,
and N. F Deerr, the rclation between the m.p. and the latent heat of fusion ; and
W. Sutherland, the relation between the m.p. and the elastic constants. J. Johnston
observed that if D be the density of the substance at the m.p., 7', the absolute m.p.,
and . the heat of fusion per gram, then the press. required to melt platinum at
27° is 95-1Q D log (T'/27), or 46,000 atm.

H. Moissan 5 found that the volatilization of platinum readily occurs in the
electric arc furnace, indeed, the metal boils and distils as readily as water does at
100°.  O. J. Broch and H. 8t. C. Deville observed no volatilization when melted
in oxygen gas; W. N. Hartley observed none in the oxy-hydrogen flame ; and
F. Myhus and F. Forster, and R. W. Hall found no evidence of volatilization at
high temp. If the rate of volatilization of osmium at 1300° is 1000, that of platinum
i8 2. On the other hand, A. Knocke observed that in vacuo platinum volatilizes
at 540°, but not at 538°. W. Crookes observed that an electrically heated wire
volatilizes nearly half ax rapidly as gold; and at 1300°, platinum lost in 2 hrs.
0-019 per cent. and in 30 hrs., 0-245 per cent., although no loss was observed at
900° ; he first thought that the volatility is due to the formation and decomposition
of unstable, volatile oxides, but later gave up the hypothesis. R. W. Hall said
that the behaviour of platinum when heated is best explained by the hypothesis
that an oxide is formed which is stable at high and low temp., but unstable at
intermediate temp.—uvide infra, action of oxygen on platinum. F. E. Carter said
that an appreciable volatilization occurs at 1000°. H. St. C. Deville also said that
the metal volatilizes rapidly at a temp. a little above its m.p. ; and C. Zengelis,
. Balareff, H. M. O'Bryan, and A. Guntz and H. Bassett observed some volatili-
zation bplow the m.p. J. Orcel said that the metal is sensibly volatile at 1300°,
and rapidly at 1500°. L. Elsner also observed that the metal volatilizes to some
extent when heated in the hard porcelain oven. W. Crookes observed the losses
in weight when platinum is heated in air at 1300° to be :

Time . 2 6 10 14 18 22 26 30 hrs.
Loss . 0-019 0-082 0-095 0-128 0-169 0-195 0-218 0-245

but no perceptible loss occurred during 20 hrs.” heating at 900°. I. Langmuir and
G. M. J. MacKay estimated the rate of evaporation of platinum, m grms. per 8q.
cm. per second, at different temp. on the absolute scale, 7° K., and found log m
==14-0—278007T-1—1:76 log 7', or :

7° K. . 1000° 1250° 1500° 1750° 2000°

Grms. loss 8:32 < 10-2° 20-4 <X 10-1¢ 75:4x 10" 254x 10-* 1-95x 10—8 per sq. cm. persec,

F. Beilstein said that the loss in weight with crucibles becomes less and less with
repeated ignitions, and L. L. de Koninck attributed the loss to the distillation of
iridium from the alloy. R. W. Hall found the loss in some cases to be greater
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after the twentieth ignition than after the first ; in some cases, the crucible after
a month’s use ceases to lose weight. H. A. Jones and co-workers found the rate
of evaporation, # gris. per sq. cm. per second, and the vap. press. p bars, to be :

°K. . . 800° 1000° 1500° 2000°

m . . 1-39 x 1028 6-70 < 10—30 5-23 x 10—11 1-24 < 108
P . . 599 x10-22 3-47 < 1015 3-31 x10-° 9:07 X102
°K. . . 3000° 4000° 4800° (b.p.)

m . . 1-5x10-3 1-2 89

» . . 1-3 <103 1-2x< 108 1-0 < 10¢

G. K. Burgess and P. D. Sale showed that iridium is added to the platinum of
crucibles for stiffening the metal, although it increases the losses in weight at
temp. exceeding 900°. According to G. K. Burgess and R. G. Waltenberg, crucibles
with up to about 3 per cent. of iridium have a negligible loss when heated below
900° ; iron lowers the heat losses, and below 900°, ferruginous platinum may appear
to gain in weight owing to the diffusion of the metal to the surface, and there
oxidizing—wvide infra, action of iron oxides on platinum. G. K. Burgess and
P. D. Sale found that rhodium like iridium stiftens platinum, and reduces the
volatilization of platinum above 900°. Observations were made by J. Strong,
F. Mohr, E. Sonstadt, A. K. Boldyreff, G. A. Hulett and H. W. Berger, and E. Gold-
stein. G. C. Wittstein referred the loss to osmium, but F. Stolba pointed out that
the loss in weight is greater than the amount of osmium in the platinum.

O. L. Erdmann thought that the grey film produced on platinum heated in a
non-reducing bunsen flame is due to an allotropic change because he could detect
no variation in weight, but A. Rémont showed that the film can be produced by
heating the metal in a reducing flame and is then due to the formation and subse-
quent decomposition of a carbide, and in the case of burning gas, it is produced
not by carbon suspended in the flame, but rather by one or more gaseous con-
stituents of the flame. F. Stolba discussed this subject. L. Troost and P. Haute-
feuille, L. Pigeon, and F. Seelheim noted that platinum volatilizes at a yellow heat
in chlorine, and V. Meyer found that platinum so lost 1 per cent. in weight when
heated in a current of dry chlorine at 1750°—presumably, in this case, an inter-
mediate volatile chloride is formed. J. Strong studied the vaporization of platinum
in vacuo from a tungsten filament; and O. Goche, the cathodic evaporation of
platinum in a magnetic field.

P. Riess noted that when platinum wires are heated electrically material
particles or dust are given off by the metal, and analogous observations were made
by A. Berliner, T. A. Edison, J. Elster and H. Geitel, F. Emich, F. Fischer and
H. Marx, W. D. Flower, H. Goldschmeid, F. Henning and L. Austin, L.. Holborn
and F. Henning, G. A. Hulett and W. Berger, S. Kalandyk, H. Kayser, V. Kohl-
schiitter and T. Goldschmidt, J. A. M. van Liempt, O. J. Lodge, W. Muthmann
and H. Hofer, R. Nahrwold, and G. Reboul and E. G. de Bollemont. L. Ham-
burger observed that thin volatilization films of platinum are not resolvable into
particles. W. Stewart found that the loss is the same in dry or moist air ; it. does not
occur in hydrogen even at a white-heat, and only very feebly in nitrogen ; the loss
decreases with decreasing press., thus in air at 760 mm., the loss in 2 hrs. was 1-65
per cent., 0-64 per cent. when the press. was 1-25 mm. ; the loss in 2 hrs. in nitrogen
at 760 mm. was 0-003 per cent., and at 3 mm. press., the loss was imperceptible.
The loss in air is conditioned by the percentage amount of contained oxygen.
I. Langmuir observed no loss in steam or in carbon dioxide at 1300°. R. W. Hall
noted that the loss in weight occurs when the wires are heated in oxidizing gases,
but not in reducing or indifferent gases. It is assumed that a volatile platinum
oxide is formed and that the sublimed oxide, on cooling, decomposes into platinum.
H. Freundlich observed that the phenomenon does not occur so readily when the
platinum is alloyed with other metals. J. H. T. Roberts showed that two sets of
nuclei are evolved when platinum wires are heated. The first set is gradually
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eliminated with continuous heating, and they are produced by the evolution of
the gases occluded by the wires. The properties of the nuclei are as follow :—

are emitted by tho wire at comparatively low temp. The minimum temp.
required to produce them is lower the less the press. of the surrounding gas. They alter
in size and disappear very soon after their liberation, but last longer if water-vapour has
been caused to condense upon them. The ability of the wire to emit them is temporarily
lost aftor an emission, but is slowly regained after the lapse of time. The wire immediately
regains the ability to produce them when hydrogen is brought into contact with it ; air,
oxygon, and nitrogen do not produce this effect. If the wire has been kept at a white-heat
in a vacuum for a very long time, the admission and withdrawal of pure hydrogen does not

revive the power to emit nuclei in a vacuum.

They

The second set is dependent on the presence of oxygen about the heated wire,—
these nuclei are never obtained below a certain temperature, and about this temp.
they are always formed in the presence, but never in the absence of oxygen. The
properties of the seccond set of nuclei indicate that an unstable, endothermal, and
volatile platinum oxide is formed as indicated above, and this is in agreement with

the following observations :

Tho second sot of nuclei are not formed in nitrogen, hydrogen, or a vacuum, but pnly
in the prosence of oxygen. The rate of loss of weight of the metal is zero in nitrogen,
hydrogen, or a vacuum. For platinum and rhodium the rate of disintegration at a given
termperature is roughly proportional to the oxygen pressure ; for iridium, which is very
oxidizable, the rate of disintegration increases much more rapidly than the oxygen pressure.
The disintegration of palladium is of a differont nature and will be considered later. At
low pressures of oxygen the nuclei are very small. The nuclei begin to be formed (that
is, the disintegration begins) at a fairly definite temperature. The nuclei are very porsistent
and do not alter in size ; thoy are unaffected by light or by an electric field.

1. Langmuir and G. M. J. MacKay, and W. R. Mott estimated the boiling point
to be 3907°; H. A. Jones and co-workers gave 4527° ; and F. E. Carter, 3910°.
G. A. Hulett estimated that the vapour pressure of platinum at 200° is 0-0g26 mm.
I. Langmuir and G. M. J. MacKay calculated the vap. press. of platinum, p mm. at
different temp., on the absolute scale, T° X., and found log p=—14-09—2780071
—1-26log T, or:

7° K. . 1000° 1250° 1500° 1750° 2000° 4180°
»r . 324 x10-20 8910 x 10-1e 3160 x 10-12 1300 x 10-° 49-5 < 10-8 76:-0 min.

J. A. M. van Liempt studied the vap. press. curves.

According to L. Arons,® when a bead of platinum is fused, and cooled, as the
metal solidifies it emits a momentary glow owing to the liberation of the heat of
fusion. J. Violle gave 27-18 Cals. per gram or 53 Cals. per gram-atom for the
latent heat of fusion ; G. Pionchon gave 27-17 Cals. ; and J. W. Richards com-
puted 27-8 cals. per gram, J. A. M. van Liempt calculated 5300 cals. per gram-atom.
N. F. Mott studied the relation between the latent heat, the m.p., and the electrical
conductivity. N.von Raschevsky, and N. F. Deerr made some observations on the
relation between the m.p. and the heat of fusion. I. Langmuir and G. M. J. MacKay
represented the latent heat of vaporization by (128,000—2-57) cals. per gram-atom.
F. S. Mortimer also studied the vapour pressure. A. Jouniaux said that Trouton’s
rule did not apply to platinum. C. M. Guldberg estimated the critical temperature
of platinum to be 7000° when that of mercury is 1000°. J. J. van Laar, and
M. Thiesen discussed the equation of state of platinum. J. Thomsen studied
the thermochemistry of the platinum compounds. G. N. Lewis and co-workers,
R. C. Tolman, and E. C. Eastman gave 10-0 for the entropy of platinum at 25° :
W. M. Latimer gave 0-41 for the change of entropy between 200° and 900°. The
internal energy and entropy were studied by K. K. Kelley, R. D. Kleeman, W. Herz,
B. Bruzs, R. von D. Wegener, and E. Kordes, E. D. Eastman and co-workers
discussed the thermal energy of the electrons in platinum.
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§ 12. The Optical Properties of Platinum

According to II. St. C. Deville and H. Debray,1 the colour of platinum prepared
by fusion is a more silvery white than is the case with the hammered metal.
A. W. Wright said that the colour of thin films by transmitted light is grey with a
blue tinge ; M. Faraday said grey ; W. L. Dudley, purple; H. L. Barvir, grey ;
G. T. Beilby, blue ; and A. Partzsch and W. Hallwachs, greyish-blue. A.W. Wright
added that thicker films have a brown tinge, which passes through sepia-brown,
brownish-yellow, yellow, and orange-yellow as the thickness of the film increases.
F. Ehrenhaft said that in dry air, the dispersed particles produced by evaporation
have a dark brown colour—wvide supra, colloidal platinum. W. L. Dudley said
that the incandescent vapour of platinum is blue. A.Kundt observed no dichroism
in the colour of platinum.

K. Forsterling and V. Freedericksz 2 found the light absorption, %, and the
index of refraction, u, for light of wave-length A, to be :

A . . . 1-00 1-52 1-97 3-29 3-41 4-65u
A . . 1-83 1-76 1-65 1-62 1-56 1-41
E. Hagen and R. Rubens gave for the extinction coeff., £ in I—17,.10-%4, where d
denotes the thickness, and I, and I, the intensities of the incident and emergent
rays of light of wave-length A :
A . 0326 0385 045 055 065 08 1-2 2-0 2:5u
k . 39-2 38-6 37-2 37-6 37-8 36-6 33-4 30-2 28-4
Observations were made by E. Dershem, P. Drude, H. Goldschmidt and H. Dember,
L. Holborn and F. Henning, K. Lauch, M. Laue and F. F. Martens, W. Meier,
A. Partzsch and W. Hallwachs, G. Quincke, C. V. Raman and K. S. Krishnan,
W. Rathenau, H. von Wartenberg, W. Wien, and C. Zakrzewsky. C. Féry and
M. Drecq gave 0-82 for the absorption coeff. of platinum black. J. Trowbridge
and W. C. Sabine observed no selective absorption for ultra-violet light. R. Pohl
found that the absorption of light is proportional to the photoelectric effect.
G. B. Rizzo said that the transparency of thin films of platinum for light increases
with a rise of temp., and is greater the larger is the refractoriness of the rays ; and
E. Hagen and H. Rubeus added that platinum is less transparent than gold and
silver for visible and ultra-violet rays, but it is more transparent than these metals
for ultra-red rays. Observations of the transparency of platinum films were made
by H. Schuch, K. W. G. Kastner, H. Kienle and H. Siedentopf, E. van Aubel, and
G. Govi. A. Kundt stated that if the velocity of light in silver is 100, that in
platinum is 15-3.

The reflecting power of platinum, R, determined by K. Foésterling and

V. Freedericksz for light of wave-length, A :
A . . 1-00 1-52 1-97 3-21 41 .
R . . 77 81 83 86 3848 48%5&1' cent.

and A. Partszch and W. Hallwachs gave for the reflecting power of electrolytic
platinum, B,, and for a film prepared by spluttering, R, :

A . 065 10 2-0 40 7-0 9-0 11-0 14-0p
R, . 668 72-9 80-6 91-5 95-5 95-4 95-6 96-4 per cent.
R, . 638 70-4 79-8 91-6 93-0 92-56 92-7 94-7 -
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Observations were also made by W. J. Beekman and F. W. Oudt, P. Drude,
I. C. Gardner, P. R. Gleason, A. de Gramont, E. Hagen and H. Rubens, R. Hamer,
F. Henning, E. O. Hulbert, J. Konigsberger, K. Lauch, W. Meier, W. A. Miller,
A. H. Pfund, H. de la Provostaye and P. Desains, G. Quincke, P. Rouard, E. Schuch,
H. E. Strauss, H. von Wartenberg, and W. Wien. E. P. Lewis and A. C. Hardy
studied the absorption in the ultra-violet. A film of thickness 0-0¢23 cm. was
found by J. Moser to be a poor reflector. P. R. Gleason observed a marked reduc-
tion in the reflecting power with increasing age. C. Féry said that a surface of
platinum black at 100° reflects 18 per cent. of the incident rays ; K. J. Angstréom
obtained only 0-82 to 1-25 per cent. for different regions of the spectrum ; and
T. Royds gave for platinum black deposited in 15 and in 3 mins., respectively,
Ry and R, :

A . . . . 08 8-7 255 51u
R, . . . . 017 0-59 0-93 1-1 per cent.
R, . . . . 130 5-70 7-08 7-4 »s

F. Limmer said that crystals of platinum obtained by the action of cupric chloride
on spongy platinum had an unusually strong reflecting power. P. Desains studied
the reflection of heat rays from polished platinum ; the selective reflection was
studied by H. Rubens; the changes of phase in the reflected light, by H. Kath,
and J. Patterson ; and the relation between the electrode potential and the optical
constants, by V. Freedericksz.

K. Forsterling and V. Freedericksz gave for the index of refraction, for light
of wave-length A :

A . . 1-00 1-52 1-97 3-29 3-41 4-65u
F73 . . 3-42 4-71 5-92 7-50 8-82 10-90
and W. Meier :
A . 257-3 274-9 3255 361-1 398-2 441-3 508 668upu
"o 1-171 1-294 1-275 1-375 1-735 1-398 2-285 2:-913

Obsecrvations were made by E. van Aubel, H. Barvir, E. Dershem, P. Drude,
W. Eisenlohr, E. Hagen and H. Rubens, S. Haughton, A. Kundt, K. Lauch, M. Laue
and F. F. Martens, G. Quincke, P. A. Ross, D. Shea, W. Voigt, H. von Wartenberg,
and C. Zakrzewsky. B. Pogany found for films of thickness d, the following indices
of refraction, u :

d . 14 2-6 49 7-0 11-7 16-8 20-0pp

P . 345 3-17 2-65 2-25 2-16 2-10 2-04
J. H. Gladstone calculated 26-01 for the refraction equivalent of platinum in
PtCl, ; N. Kurnakoff, 11-9 to 16-7 for platinum in PtCl,.4NH;; 16-1 to 21-0, in
Pt(NO3):Cl;.4NHg; 24-7, in K;PtCly ; and 37-7, in NayPtClg.

The birefringence was studied by A. Kundt, and F. Kaempf. H. Rumpelt
said that the double refraction cannot be regarded as a consequence of mechanical
deformation. J. Thibaud and co-workers observed no evidence of the polarization
of a beam of electrons by crystal-reflection. J. B. Nathanson studied the inter-
ference fringes of thin films. D. F. J. Arago observed that the light emitted by
glowing platinum is partially polarized vertically to the plane of emission. Measure-
ments of the polarization were made by H. de la Provostaye and P. Desains, W. von
Uljanin, K. Forsterling, A. Lallemand, R. A. Millikan, M. Laue and F. F. Martens,
H. Knoblauch, W. Méller, and C. W. Waidner and G. K. Burgess. W. von Uljanin
found that platinum exhibits a feeble dispersion in the region 2u, and the subject
was studied by C. Zakrzewsky, P. Zeeman, J. Bauer, and B. Dessau; and the
transmission of light by thin films, by H. Kienle and H. Siedentopf.

M. Cau 3 discussed the magneto-optical effect, and B. Pogany, the Faraday
effect with spluttered films.

According to H. F. Weber,4 the ratio of the emissivity of platinum to that of
VOL. XVI. G



82 INORGANIC AND THEORETICAL CHEMISTRY

i i . °. H. de la Provostaye and P. Desains gave 3-69 to 3-81 ;
2.1111‘(?1%8(;;:21;2%&%-;(.)0 H. de la Provosta.yeya.nd- P. Desains obser\_red that if the
emissivity of soot is 100, that of rolled platinum is 10-74, and of polished platuélum,
9-:09. E. Hagen and H. Rubens found the emissivity of platinum at 170° for
wave-length 4y, is 8-56 per cent., and for wave-lengths 8u, 12u, and 25-5u, respec-
pectively, 4-6, 3-5, and 2-82 per cent. For wave-length 25-5u, the emissivities at
different temp. are :

170° 220° 300° 600° 900° 1200° 1500°
Emissivity . . 349 3-68 4-04 5-40 8-86 8-34 9-84

The change in the emissivity for wave-lengths 26u and 8:85u with temp. is greater
than the value calculated from the electrical behaviour. C. Davisson and
J. R. Weeks studied the relation between the emissivity and the electrical resistance.
W. W. Coblentz's results for the isochromatic radiation energy of platinum are
summarized in Fig. 9. E. Bauer and M. Moulin found the emissivity, for angles
less than 40°, is nearly constant, but it increases for greater angles. Observations
were also made by M. Czerny, H. A. Erickson, E. Furthmann, W. Giess, M. S. Glass,
E. Hagen and H. Rubens, A. L. Helfgott, F. Hoffmann, M. Kahanowicz, G. Lieb-
mann, L. L.. Lockrow, F. Paschen, F. Rossett1,
32 i R. W. Sears and J. A. Becker, V. A. Suy-
dam, A. M. Tyndall, W. von Uljanin, and
28 S A. G. Worthing. H. Cassel and E. Glickauf,
\%? and T. B. Rymer studied the effect of oxygen
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24— 7 on the thermionic emission.

M. Geiseler noticed that platinum glows
- 2~ when heated in the oxy-hydrogen flame, and
A. Crova, and E. Becquerel, that glowing
Ny 4 X platinum radiates energy like carbon, lime,
/4{9 9152 ¥ and porcelain. A. Smithells, and V. B. Lewes
observed that the glow of platinum is not
exceeded by the glow of the carbon particles
1 78 in hydrocarbon flames. G. Fletcher found
/ b | that an electrically-heated platinum wire
1002 F glows more strongly in air containing hydro-
0 s carbons than in air alone. P. Desains and
o ! 2 3 4 5Watts P. Curie, and J. Meunier found that platinum
F1a. 9.—The Isochromatic Emissivity can be maintained incandescent in a current
Curves of Platinum. of coal-gas and air even though no flame is
present ; he also showed that the property
depends on the composition of the mixture. If a platinum wire is first cleaned
with hydrochloric acid and then heated, it loses the property of remaining incan-
descent ; if, however, it is passed between the fingers it regains that particular
property because it takes up saline matter from them. This saline matter
can be removed from the fingers by washing them in acidified distilled water,
but not with soap and water. Thus, platinum itself is not responsible for the
incandescence, but rather the saline matter which is on its surface. C. Braun
noted that during the slow cooling of incandescent platinum, it retains its glow
more intensely than does porcelain. C. Killing observed that a trace of platinum
in thorium gas-mantles favours the incandescence as in the case of a trace of ceria.
H. F. Weber observed that platinum emits a grey glow at about 360°; R. Emden
said that with impure platinum the glow begins at about 404°, and with the purified
metal at 408°. Observations were also made by E. L. Nichols, F. Stenger, G. Lieb-
mann, J. le Bel, and J. Konisberger and K. Schilling. G. A. Shakespear studied
the emission of heat rays from platinum. J. T. Bottomley found the heat radiated
from a platinum wire at 408° is 0-3788 cal. per sq. cm. per sec., and at 505°, it is

0-07261 cal. per sq. cm. per sec. when the temp. of the surrounding air is 155.
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E. L. Nichols investigated the character and intensity of the rays froin platinum
glowing at different temp., and found the intensities of the spectral lines of the
emitted light, on Kirchoff’s scale, to be :

1294° 1288° 1188° 1081° 901°
609 (red) B-line . . 1-7071 0-9470 0-5512 0-0922 0-0097
1017 (yellow) D-line . . 1-0000 0-6147 0-2774 0-0382 0-0013
1629 (green) H-line . . 0-1086 0-0512 0-0238 0-0019 —
2241 (blue) #-line . . 0-0391 0-0176 0-0061 0-0002 —_
2853 (indigo) GQ-line . . 0-0160 0-0071 0-0017 — —

J. Violle represented the intensities, !, at a temp. 6°, by log I-—=-—8-244929
+0-0114750—0-05296902. F. Paschen obtained for the total emission, E, of

energy at
523° 723° 923° 1128° 1323° 1523° 1723°
v . . 3954 26-45 110-7 340-8 839-8 1769 3451

The results are plotted in Fig. 10 along with those of J. Stefan, H. F. Weber, and
F. Rossetti. Observations were also made by M. Czerny, C. Féry, P. D. Foote,
L. Graetz, E. Hagen and H. Rubens, W. A, Harwood and J. E. Petavel, F. Henning,
¥. Henning and W. Heuse, L. Holborn and

F. Kurlbaum, E. P. Hyde, R. Lucas, O. Lum- 62 I s §
mer and F. Kurlbaum, O. Lummer and 54 _*gr[éﬂ
K. Pringsheim, W. Méller, M. von Pirani, &7 A
J. Pohl, A. Schleiermacher, B. S. Srikantan, 46 S
C. W. Waidner and G. K. Burgess, and J/

0. Wiedeburg. L. A. du Bridge, E. Brodhun 38

~

and F. Hoffmann, J. Patterson, H. Schmidt
and E. Furthmann, A. T. Waterman, and
A. G. Worthing, studied the emissivity of thin

Emissivity
()
S

Y/
/

films of platinum ; J. E. Petavel, the scatter- 22

ing of heat rays by platinum at a high temp. ;

B. W. Bradford, the thermionic emission 14—

during the oxidation of carbon monoxide ; @ 4
and P. Jez, and S. Kalandyk, the thermionic 600 //
emission in the vapour of iodine when the 200} é/

increased effect is attributed to the formation T St 7550 T57e
of a film of platinic iodide. The thermionic .4 10.—_The Effect of Temperaturo
emission of electrons was studied by H. A. Bar- on the Emissivity of Platinum.
ton, A. K. Brewer, H. Cassel and E. Gluckauf,

J. F. Chittum, C. Davisson and L. H. Germer, H. A. Erikson, W. D. Flower,
R. H. Fowler, K. Fredenhagen, T. H. Harrison, L. L. Lockrow, H. H. Potter,
G. Ribaud, O. W. Richardson, T. B. Rymer, B. 8. Srikantan, A. T. Waterman,
H. A. Wilson, and A. G. Worthing. E. Miiller found that the emission from glowing
platinum in hydrogen, iodine, or chlorine, unlike that in oxygen or nitrogen, de-
creased with time and showed a decreasing sensitiveness towards press.changes. The
high results in hydrogen, iodine, and chlorine were attributed to chemical changes.
P. Jez, R. A. Nelson, M. Wolfke and J. Rolinsky, and 8. Kalandyk, studied the
positive and negative emission from incandescent platinum in an atm. of iodine,
bromine, and chlorine; and A. K. Brewer, the effect of ammonia on the emission
of positive ions by platinum. C. Sheard studied the increase of positive thermionic
currents from platinum wires in high vacua, produced either by heating the
wire, whilst earthed, to a higher temperature than that at which the ionization
is subsequently measured, or by heating it, whilst charged to a negative potential,
to a temp. sufficient to cause it to discharge negative electricity, in dry air
at atmospheric pressure, when the earthed wire is heated to various temperatures,
there are two maxima, one after previous heating at 654° and the other at 756°.
The negative emission from the wire when heated and charged negatively becomes
appreciable at 760°, The results are interpreted on the theory that, on heating the
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wire, decomposition of a molecule AB occurs with production of two ions, A
positively and B negatively charged, A being expelled or stored up, later to be
expelled when an electric force is applied. At higher temp. B loses its electron.
It is necessary to assume the presence of at .lea.st two substances capable of so
producing ions on heating. By heating the wire in the flame of a Bunsen burner,
an increased positive emission 1s also obtained, probably in part due to the removal
of a surface material incapable of producing ions and in part due to the hydrogen
absorbed, owing to its affinity for electrons. Heating in carbon dioxide decreased,
if anything, the positive emission. The decay with time of the positive currents
at different temperatures showed the existence of two sources of ions, the first
source decaying according to an exponential law, and the second increasing to a
maximum before decaying. A. M. Tyndall and G. C. Grindley found that the
electrons emitted by an incandescent platinum wire, when removed from the
vicinity of the particles, attach themselves to molecules and give rise to normal
ions of the same mobility as those produced by polonium. The positive emission
is complex, and although the greater number have mobility of 1-4 cm. per sec. per
volt per cm. the mean value is of the order of 1-1. It is concluded that positive
ions are emitted either as small metallic clusters or as atoms, many of which cluster
before reaching the observation chamber, that the uncharged particles are metallic
clusters ranging from atomic size to metallic dust, and that their growth and
subsequent coagulation are responsible for the blackening of filament lamps.
W. H. Crew studied the effect of light. The thermionic emssion of positive ions
was studied by F. Horton, L. Weissmann, H. A. Erikson, H. A. Wilson, C. Grieb,
and L. I.. Barnes ; and G. I. Finch and A. W, Tkin found that the catalytic activity
of films of platinumm is connected with electrical activity. The thermionic emission
of electrons from oxide-coated platinum was studied by L. H. Germer, C. Davisson
and L. H. Germer, and H. E. Ives and T. C. Fry ; and the thermionic constants,
by H. L. van Velzer.

Platinum chloride yields a flame spectrum which, according to J. Formanek,5
18 of short duration. According to A. Gouy, the band spectrum of platinic chloride
in the bunsen flame stretching from the red to the violet, is due to platinous chloride.
The 16 bands form two groups: The one on the right, at the violet end, is very
striking, that on the left is very feeble; some bands have black lines running
through them. Some bands are visible in the region above the inner cone of the
flame. W. N. Hartley observed no spectrum in the oxy-hydrogen flame; and
W. F. Meggers and O. Laporte, and L. H. G. Clark and E. Cohen, the under-water
spark spectrum.

J. Formanek observed that platinic chloride furnishes a spark spectrum even
with a feeble spark. A.J. Angstrom first examined the spark spectrum of platinum,
and after him came D. Alter, A. Masson, V. S. M. van der Willigen, T. R. Robinson,
and W. A. Miller; and measurements werc made by G. Kirchhoff, W. Huggins,
and R. Thalén. According to J. Formanek, the principal lines are the green or
a-line 5476 ; and the green lines 5390, and 5368(e), 5302(8), 5227(5), 5060(y) ; the
blue line 4879 ; and the indigo-blue lines 4553, 4442, 4415, 4392(7n), and 4327(8)—
illustrated in Fig. 11. The spark spectrum was also examined by W. E. Adeney,

x €8 & 4 7 <
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Fig. 11.—The Spark Spectrum of Platinum.

L. and E. Bloch, L. de_Boisbaudran, R. Colley, E. Demarcay, F. Exner and,
E. Haschek, H. Finger, W. Gibbs, C. E. Gissing, A. Hagenbach and H. Konen,
W. N. Hartley, W. N. Hartley and H. W. Moss, H. G. Howell and G. D. Rochester,
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G. T. Globe, P. Joye, G. Kail, P. Lewis, J. N. Lockyer, B. A. Lomakin, F. McClean,
H. W. Morse, H. Nagaoka and co-workers, H. Oyama, W. Spottiswoode, and
E. Symons ; and the under-water spark spectrum, by L. H. G. Clark and E. Cohen,
and E. O. Hulbert. The are spectrum was studied by J. M. Eder and E. Valenta,
F. Exner and E. Haschek, S. Tolansky and E. Lee, A. Hagenbach and H. Konen,
A. C. Haussmann, H. Kayser, M. Kimura, J. J. Livingood, W. F. Meggers,
H. A. Rowland and R. R. Tatnall, and E. Symons ; the ultra-violet spectrum, by
G. Berndt, L. and E. Bloch, H. Buisson and C. Fabry, F. Exner and E. Haschek,
G. Kail, R. Lang, J. C. McLennan and A. B. McLay, A. Miethe and B. Seegert,
and V. Schumann ; the electrode light, by W. von Bolton ; the mechanism of the
spark discharge, by 8. R. Milner ; the influence of the medium, by P. G. Nutting,
and H. Finger ; the self-induction, by E. Néculcéa, P. Joye, and G. Berndt ; and
the most sensitive lines for the spectroscopic detection of platinum by W. Gerlach
and co-workers, and H. de Laszlo. The effect of pressure was studied by
W. J. Humphreys; and the Zeeman effect, by A. C. Haussmann, and J. E. Purvis.
The series spectra or the numerical relations amongst the spectral lines, or series
spectra, were examined by G. Ciamician, A. Dauvillier, C. C. Kiess and O. Laporte,
O. Laporte and D. R. Inglis, R. de L. Kronig, J. E. Mack, P. G. Nutting,
P. J. Ovrebo, E. Paulson, and C. P. Snyder. The solar spectrum was examined
for platinum lines by E. F. Baxandall, C. C. Hutchins and K. L. Holden,
H. A. Rowland, etc.—wide supra, the occurrence of platinum in the sun.

The absorption spectrum of the vapour was studied by J. C. McLennan and
co-workers, G. D. Liveing and J. Dewar, W. F. Meggers and O. Laporte, and
C. A. von Welsbach. According to J. Formanek, the absorption spectrum of soln.
of platinum salts is not characteristic in the sense of being used for qualitative
tests. There are absorption bands in the blue and violet. Ag. soln. of potassium
chloroplatinate give a pale band about 4860, and bands in the blue and violet.
Platinum salts do not react with tincture of alkanna. The colour and spectra of
the platinum salts were studied by G. B. Buckton, A. Hantzsch, N. Kurnakoff,
C. A. Martius, N. Orloff, R. Samuel, R. Samuel and A. R. R. Despande,
J. Schoras, and L. Wéhler and W. Witzmann ; and of colloidal solutions by
A.T. Williams. The fluorescence and fluorescent spectrum of the platinocyanides
of the alkalies and alkaline earths was studied by E. Becquerel, J. Beuel, R. Bottger,
D. Brewster, D. Cernez, J. H. Gladstone, E. Hagenbach, H. Jackson, H. Lehmann,
E. Lommel, G. G. Stokes, and E. Wiedemann.

The K-series of the X-ray spectrum 6 includes lines of wave-lengths
(A=10"8 cm.) : aja(or L,—K), 0-18523 ; asa(or L,—K), 0-19004 ; B;8(or My—K),
0-16370 ; Byy(or Ng, ¢—K), 0-15887 with the absorption limit K==0-1581. The
K-series was studied by M. de Broglie, J. C. Bryce, J. M. Cork and B. R. Stephenson,
A. Dauvillier, G. B. Deodhar, E. Dershem, W. Duane and co-workers, F. Ingelstam,
A. J. M. Johnson, H. Kulenkampff, K. Lang, J. E. Lilienfeld and H. Seemann,
F. H. Loring, J. E. Mack and J. M. Cork, G. Rechou, J. S. Rogers, J. Schror,
H. Seeman, M. Siegbahn and E. J6nsson, J. Thibaud and A. Soltan, and E. Wagner.
The L-series has the lines, aja(M;—L,), 1-31008 ; asal(Myo—L,), 1-32121 ; B,8(M—Ls),
111722 ; By (N3—L;), 1-09950; PBsdy(Mg—Lg), 1-009950 ; Buh(M,—Lg), 1:1398;
Bs{(01—-L,), 1-0701 ; BeuN,—L,), 1-1398 ; B,A(Os—L,), 1-0785 ; Bg(M,—Lsg), 1-0928 ;
Bo(M1—L3), 1:0519; By, 1-0570; 3,8(Ns—Ls), 0-95545; yox(Ne—Lg), 0-9317 ;
YaX(Ng—Ls), 0-9256 ; yuh(1h)(Os, +—Lg), 0-8950 ; ygu(N7—Lz), 0-9855; ye0(Oz—Ly),
0-9317 ; «e(Mg—Ly), 1-49723; and mm(Ms—Lsy), 1:2401. Observations on the
L-series were made by V. J. Andrew, P. Auger and A. Dauvillier, I. Backhurst,
H. Brauns, M. de Broglie, Y. Cauchois, F. C. and L. P. Chalklin, D. Coster, D. Coster
and J. Veldkamp, A. Dauvillier, E. Dershem, H. Hirata, M. J. Druyvesteyn,
Ww. Du_a.ne and R. A, Patterson, E. Friman, H. Kiistner and E. Arends, F. C. Hoyt,
8. Idei, {&..Jﬁnsson, S. Kaufman, 8. Kawata, K. Lang, R. Ledoux-Lebard and
A. Dauvillier, E. Olsson, J. S. Rogers, J. Schrér, J. Veldkamp, E. Wagner,
D. L. Webster, J. H. Williams, M. Wolf, and J. Zahradnicek. The M-series includes
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the lines MsNg, 4-407 ; M3Ng, 5-484 ; B11, 6-:011; B11, 6-030; all, 6-223; M,;N,,
6250 ; M3N,, 6:663; MyNg, 8:012; a,, 6:049 ; B;, 5:831; Bg, 5649 ; y,, 5-329 ;
vo, 4733 ; andyg, 4-623. K. Dershem, E. Hjalmar, F. L. Hunt, A. J. M. Johnson,
E. Lindberg, T. H. Osgood, E. G. Purdom and J. M. Cork, and R. A. Rogers,
studied the M-series ; E. Lindberg, T. Magnusson, and J. Thibaud and A. Soltan,
the N-series; and C. G. Barkla, the J-phenomena. Observations on the X-ray
spectra were made by W. Duane and co-workers, M. Siegbahn and co-workers,
A. Dauvillier, E. Hjalmar, and G. Wentzel. The atomic levels were studied by
H. R. Robinson ; and A. E. Sandstrém. .

‘When the X-rays act on platinum, R. Whiddington,? R. Berthold, A. P. Weber,
H. Murawkin, and J. C. Chapman observed that secondary radiations are emitted,
which, according to A. Bestelmeyer, have a velocity of 9:6:<10° cms. per sec. ;
and, according to P. D. Innes, have a velocity of 6:1 x10? to 7-5x10° for soft
X-rays, and 6-4 < 10? to 8-1<x10? cms. per sec. for hard X-rays. J. Laub found a
maximum velocity with the use of 24,000 volts for the production of the X-rays.
J. Thibaud studied the emission of positrons by the action of y-rays on platinum.
The emission of X-rays was studied by O. W. Richardson and F. 8. Robertson,
J. A. Baker, U. Nakaya, C. S. Brainin, and F. C. and L. P. Chalklin ;
H. W. Edwards, and S. D. Gehman, the reflection of X-rays from platinum ; and
E. Dershem, the refraction of the rays. The absorption coeff. for X-rays was
measured by I. Backhurst, C. G. Barkla, C. G. Barkla and C. A. Sadler, G. Fournier
and M. Guillot, K. Grosskurth, A. Ianitizky, F. K. Richtmyer, L.. M. Alexander,
R. A. Houstoun, and G. W. C. Kaye. J. A. Becker observed that a magnetic field
of 18,000 gauss has very little effect on the absorption of X-rays of short wave-
length. The penetrating power of X-rays was studied by J. M. Adams, S. Egbert,
E. Hupka, and H. B. Keene ; T. E. Aurén, and S. J. M. Allen, the absorption ;
E. Dershem, the refraction ; C. Davisson and C. H. Kunsman, R. W. James and
G. W. Brindley, A. Rusterholz, and H. E. Strauss, the scattering of the rays;
S. D. Gehman, and H. E. Strauss, the reflecting power ; E. Dershem, the dispersion
of the rays; H. Mark and L. Szilard, the polarization ; J. Thibaud, the refraction ;
the intensity of the rays, by A. Bouwers, W. Friederich, and A. Roiti; the
magnetic spectrum of the rays, by A. Bestelmeyer; the fluorescence of the rays,
by W. Kaufmann, and E. Marx. S. K. Allison, and H. R. Robinson studied the
electron levels of the X-ray spectral lines; the effect of a magnetic field on the
absorption of X-rays; and R. Schwarz and M. Klingenfuss, the effect of X-rays
on the catalytic activity.

H. Hertz 8 observed that the cathode rays will pass through thin platinum
foil. O. von Bayer found that platinum black reflects the cathode rays very
feebly. The action of the cathode rays on platinum was also studied by P. Lenard,
A. Becker, W. Kohl, H. W. Langenwalther, J. J. Thomson, and E. Gehrcke and
R. Seeliger. L. Tonks observed the anchoring of the cathode spot in discharge
tubes by platinum projecting through a mercury surface. E. Dershem, and
G. P. Thomson studied the diffraction of the rays by thin films of platinum ;
H. W. Edwards, the intensity of the rays. N.Campbell found that the i1onization
produced by cathode-rays in falling on platinum can be very greatly reduced by
prolonged heating of the metal in a vacuum or in oxygen. The heating first pro-
duces no effect, then there is a sudden large change, followed by a slow change,
of which ithe end is never reached. It is probable that ultimately the platinum
would not be ionized at all by cathode-rays of less than 40 volts’ speed. The
metal can be put back into its initial state by bombardment with cathode-rays of
100 volts’ speed in a pressure of gas below 0-01 mm., but mere contact of the gas
or vapours does not restore it appreciably. This restored condition, however, is
much less permanent than initially, and a few minutes’ heating, instead of a few
hours’, brings the sudden change. Thus, the same treatment which reduces greatly
thermionic and photoelectric effects reduces also the ionization produced at a
metal surface by cathode-rays. It is assumed that hydrogen is present in the
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metal in two forms, first, condensed on the surface, and, secondly, dissolved in the
interior, the sudden diminution of the ionization by heating corresponding with the
abolition of the surface layer and the further gradual diminution to the progressive
removal of the dissolved gas. The temporary restoration of the surface by the
electric discharge is attributed to a surface ‘“ double layer.”” V. Kohlschiitter
found that when exposed to the canal rays, platinum splutters similarly to what
it does when used as cathode in the discharge tube, and the action is greater in air
than it is in hydrogen. A. J. Dempster, and K. P. Jakovleff studied the absorption
of canal rays by platinum. 8. C. Roy, J. T. Tate, and K. S. Woodcock studied
the emission of electrons by platinum. N. Piltschikoff studied the Moser rays ;
S. Matthes, the &-radiation of platinum. The action of the so-called n-rays was
studied by E. Bichat, R. Blondlot, and J. Meyer; and H. Mayer, alkali ions.
A. Remelé noted that a heated platinum wire emits rays which will pass through
paper and affect a photographic plate. J. A. le Bel studied the radiations from a
heated platinum wire.

According to F. Paschen,? and K. Siegl, when platinuim is exposed to radium
rays it furnishes a secondary radiation. When small quantities of platinum are
dissolved in conc. soln. of uranium nitrate, or a radium salt, and the platinum is
separated by chemical means, it has acquired a radioactivity—induced radioactivity
—which gradually disappears. The phenomenon with radinm was studied by
K. A. Hofmann and co-workers, P. Curie and A. Debierne, F. Soddy, T. Tommasina,
and R. J. Strutt; with actinium, by O. Hahn ; and with thorium emanation, by
E. Rutherford and F. Soddy, and F. von Lerch. A. Fischer obtained a solid soln.
of the radioactive material and platinum. The diffusion of radium-B and -C was
studied by L. Wertenstein and H. Dobrowolska. The emission of a-, 8-, and y-rays
by platinum was studied by N. R. Campbell. E.Marsden and H. Richardson found
that the speed of the a-rays of radium is retarded by platinum, and the action of the
a-rays on the metal was studied by J. E. Henderson and E. Gideon, E. O. Lawrence
and co-workers, H. A. Bumstead and A. G. McGougan, H. R. von Traubenberg,
and N. R. Campbell. L. Meitner studied the scattering of a-rays by platinum : and
J. A. Crowther, W. H. Bragg, W. H. Bragg and R. D. Kleeman, and B. Kucera
and B. Masek, the absorption of a-rays. F. I. Campan studied the gas ionization,
and secondary emission by impact of positive ions on platinum. KE. Badareu,
T. 1. Campan, H. A. Erikson, R. A. Nelson, O. W. Richardson and C. Sheard,
S. Rosenblum, and E. Rudberg studied the emission of positive ions from platinum ;
G. E. Read, the reflection ; Y. Sugiura, the diffraction; and R. W. Gurney, the
scattering of positive ions. G. Hoffmann studied the a-ray activity; and
G. E. Read, the reflection of positive rays; M. S. Livingston and co-workers,
the artificial radioactivity. B. Sabat noted that the electric resistance of platinum
is increased in the presence of radium bromide ; and H. Dember, that the photo-
electric sensitiveness of platinum to light is augmented by exposure to a-rays.
W. Wilson observed that a homogeneous beam of B-rays becomes heterogeneous
when passed through thin platinum foil. The absorption of B-rays by platinum
was studied by S. J. Allen, J. A. Crowther, G. Fournier, V. J. Laine, J. S. Latteés
and G. Fournier, J. A. McClelland, and J. Thibaud ; and the emission of cathode
rays, by A. M. Tyndall and G. C. Grindley, O. Klemperer, H. H. Potter, and
E. Warburg. O. von Biyer studied the effect of platinum on the B-rays from
thorium-A ; H. Gaertner, the diffraction of electrons by platinum ; and C. Boeckner,
and H. E. Farnsworth, the radiation from the metal bombarded by slow electrons ;
O. W. Richardson and K. T. Compton, the latent heat of ‘ evaporation > of
electrons; C. C. van Voorhis and K. T. Compton, heats of condensation ;
C. Davisson and L. H. Germer, J. Thibaud and co-workers, J. J. Trillat and
T. von Hirsch, J. V. Hughes, G. P. Thomson, and D. A. Richards, the diffraction
of electrons; E. Rupp, the polarization of electrons ; and H. R. Robinson and
C.J -_B. Clews, the energy levels of electrons. N. Ahmad, and E. Stahel and W. Johner
studied the absorption of y-rays. M. S. Livingston and co-workers, E. Amaldi
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and co-workers, L. Sosnowsky, F. H. Newman and H. J. Walke, E. Fermi
and co-workers, and G. Hoffmann discussed the artificial radioactivity ; and
J. C. McLennan and co-workers, the artificial radioactivity produced by bombard-
ment with neutrons. E. O. Lawrence and M. S. Livingston found but a small
yield of neutrons when platinum is bombarded by deutons at 3 million volts pressure.
C. A. Murison and co-workers studied the electron diffraction patterns of platinum
films produced when the metal is spluttered on glass ; W. V. Mayneord, H. Mayer,
P. Keck and L. B. Loeb, E. Badareu, P. L. Copeland, and C. Tingwaldt, the
emission of electrons:; H. B. Wahlin, the emission of positive 1ons; and
F. Schubert, the effect of re-crystallization of the metal. P. D. Foote and co-
workers observed no spectra when platinum is bombarded with electrons;
J. J. Trillat and M. Motz,and G. 1. Finch and co-workers, the diffraction of electrons;
G. E. Read, their reflection; R. W. Gurney, the scattering of the ions;
A. K. Brewer, the effect of ammonia on the emission of positive ions ; R. B. Sawyer,
the reflection of lithium ions by platinum ; C. Davisson and C. H. Kunzmann, and
E. Rudberg, the scattering of clectrons; J. T. Tate, the effect of the angle of
incidence in the reflection of electrons; T. I. Campan, P. L. Copeland, and
F. L. Mohler and C. Boeckner, the secondary emission of electrons from platinum ;
W. B. Mann, the emission of energy from the surface of an electrically heated
platinum wire; E. Rudberg, the bombardment of the metal by slow electrons;
J. E. Henderson, the discoloration of platinum by slow electrons ; N. I. Koboseff
and W. L. Anochin, the desorption of oxygen and hydrogen by electronic bombard-
ment ; C. C. van Voorhis and K. T. Compton, the heats of condensation of electrons
from ionized helium, nitrogen, and argon; J. A. Kok and W. H. Keesom, the
electronic heat capacities; M. L. E. Oliphant and P. B. Moon, the liberation of
electrons by bombardment with positive rays; L. T. Jones and V. Duran,
and F. Kriiger and E. Taege, the effect of various gases on the photoelectric
sensitiveness; and E. O. Lawrence and co-workers, and J. Thibaud, the cmission
of a-particles when the metal is bombarded by deutons of high speed ; J. E. P. Wag-
staff, and J. B. Austin, the vibration frequency of platinum ; and N. Kalabuchoff,
the energy of transfer from platinum to sodium chloride.

G. le Bon 10 found that platinum is sensitive to rays below 0-252u, and
G. B. Bandopadhyaya, R. S. Bartlett, J. A. Becker, E. Becquerel, W. Bennewitz,
E. Bodemann, R. Bornstein, A. K. Brewer, L.. A. du Bridge, C. Cha, K. T. Compton
and L. W.Ross, J. G. Davidson, W. Frese, E. Gehrke and L. Janicki, H. Goldschmidt
and H. Dember, F. Gross, W. R. Grove, E. H. Hall, R. Hamer, W. G. Hankel,
T. H. Harrison, F. Herold, K. Herrmann, F. Hlucka, R. B. Jones, N. Kalabuchoft,
K. G. Kober, O. Koppuis, G. G. Kretschmar, H. Klumb, J. Kunz, W. N. Lowry,
P. Lukirsky and 8. Prilezaeff, Q. Majorana, H. Mayer, C. C. Murdock, K. New-
bury, K. Newbury and F. Lemery, H. T. Nga, A. Partzsch and W. Hallwachs,
T. Pavolini, H. Pellat, R. Pohl, G. Reboul, K. Reger, O. W. Richardson and
K. T. Compton, O. Rietschel, H. R. Robinson and C. J. B. Clews, J. Robinson,
S. C. Roy, E. Rudberg, E. Rumpf, E. Schaaff, S. Schlivitch, M. Sende, M. Sende and
H. Simon, H. Simon, C. Stora, O. Stuhlmann, R. Suhrmann and H. Csesch,
F. G. Tueker, A. W. Uspensky, E. Wasser, L.. A. Welo, and A. E. Woodruff studied
the photoelectric effect. O. Stuhlmann showed that when a beam of ultra-violet
light impinges on a film of platinum so thin that its absorption can be neglected, the
photoelectric effect caused by the emergent light is greater than the photoelectric
effect caused by the emergent beam. Thus, the ratio of the emergent photo-
electric effect to the incident photoelectric effect is greater than unity if the films are
thin enough, and with platinum the ratio is constant, 1-14 ; but for thicker films,
the ratio is less than unity. The results were confirmed by R. D. Kleeman.
J. Robinson showed that the dissymmetry is the result of two effects: (i) the
velocities of the electrons emitted, and (i1) the actual numbers of electrons emitted.
The dissymmetry is not so marked for velocities as it is for currents. As the
thickness of the film increases through 10—7 cm., the photoelectric effect suddenly
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increases ; but for films thinner than 10-7, the rate is constant, and begins to
diminish after the sudden increase in current has set in. The sudden rise in the
photoelectric effect is attributed to the increase in the energy until it is sufficient
to ionize the molecules of platinum. The thickness of fillm which gives the sudden
rise in current is the same for slow and quick moving electrons. The orientation
of the plane of polarization of the light has no influence on the dissymmetry.
W. Frese noted that any treatment which renders the metal passive reduces the
photoelectric sensitiveness. T. Pavolini discussed the subject. A. Coehn and
K. Sperling studied the action on a photographic plate. L. A. du Bridge, C. del
Rosario, and L. A. du Bridge and W. W, Roehr gave for the thermionic work
function 4-99 volts, and for the true work function 4-97 volts for photoelectric
currents excited by monochromatic light. The photoelectric threshold is 2486 A.
O. Stuhbmann studied the subject. W. H. Crew, W. Espe, and L. T. Jones and
V. Duran observed the emission of electrons from a platinum tube through which
hydrogen is passing ; and H. P. Walmsley, the emission of positive ions by hot
platinum. C. Davisson and L. H. Germer, R. H. Fowler, O. Koppuis, and
H. L. van Velzer studied the thermionic constants; E. D. Eastman, thermo-
electric effects, and heat capacity of electrons; and R. Hamer gave A=2782 for
the limiting frequency of the photoelectric effect; R. Suhrmann found the
intensity of the photoelectric current is ¢==1:84 X 10872¢—53610T, P, I.. Webster
studied the critical potentials; J. B. Austin, the characteristic frequency ;
W. Bennewitz, G. Bethe, K. Herrmann, J. Kluge, K. Reger, and M. Sende and
H. Simon, the effect of adsorbed hydrogen ; B. Abendroth, and A. K. Brewer, the
effect of adsorbed hydrogen, nitrogen, ammonia, helium, and of temp. ; H. Leupold,
the effect of adsorbed ammonia ; and A. E. Woodruff, and R. F. Hanstock, the effect
of cold work on the photoelectric effect. C. Cha studied the relation between the
incident and emergent velocities of photoelectrons emitted by thin platinum films.
According to R. Ruer and E. Scharff, an anode of platinum polarized in sul-
phuric acid is sensitive to light. In one case, in darkness, the e.m.f. was constant
at 0-913 volt, and after half-an-hour’s exposure to daylight, 0-956 volt. G. Grube
and L. Baumeister observed that with the light from a mercury vapour lamp, using
platinized-platinum electrodes, anodically polarized, and dipping in 2N-H,SO,,
the nobler the initial potential, the greater was the fall in potential. This con-
tinued in the same direction for 15 mins. after the light had been turned off,
after which it rose again. Smooth platinum, coated with a golden-yellow oxide
by superposition of alternating current on direct current, also showed an initial
reduction of potential on exposure to light. On continued illumination, the
potential rose until it was higher than the initial value and after four successive
illuminations the total rise in potential was 0-179 volt. An eclectrode which had
been strongly oxidized and kept in the dark showed no decrease in potential on
exposure to light, but only a positive effect. The sensitivity of the electrode to
light is weak in potassium cyanide and still weaker in sodium hydroxide. The
action of X-rays is similar to that of light. V. Bjerkness studied the resonance
and absorptive power of platinum for electric waves; T. Argyropoulos, and
A. Wehnelt, the oscillations of a white-hot platinum wire with a repeated make-
and-break ; L. Arons, the electric polarization of platinum films; B. Eginitis,
voltaluminescence ; and J. W. Dé&bereiner, Nobili’s rings. J. N. Frers studied
the combinations Pt-CuBr; Pt-Ag,S; Pt-Cu,S; Pt—PbS; Pt-MoS,; Pt-FeS,;
and Pt—ZnO as radio-detectors.
. According to R. Nahrwold,!! air in the vicinity of a glowing platinum wire
Increases in electrical conductivity ; and J. Elster and H. Geitel found that in this
way, air, coal-gas, carbon dioxide, and oxygen become positively electrified : and
a wire heated to redness in air or oxygen becomes negatively charged. H. A. Wilson
observed that the emission of electrified particles is greater in hydrogen than it
18 1n air. The emission of electrified particles by hot platinum was found by
A. Wehnelt to be the same if the metal is covered with calcium or barium oxide.
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The subject was studied by M. 8. Glass. G. H. Martin found that a hydrogen atm.
favours the discharge. J. A. McClelland observed that the emission of positive
ions continues up to a certain temp., and above that, at a white h-ea.t., negative ions
are given off. Negative ions were found by A. Occhialini to be given off in intense
electrical fields. J. A. Harker and G. W. C. Kaye found that positive ions are
emitted up to 1100°, and above that temp., negative ions ; the negatlve.lomzatlon
in nitrogen at 40 mm. press. increases at first slowly and then more rapidly as the
temp. rises from 1350° to 1550° ; and at 1460°, by increasing the press. from O to
800 mm., the negative ionization increases at first quickly, and then more slowly.
Observations on the subject were also made by H. A: Wilson, O. W. Richardson,
E. Brunner, K. Fredenhagen, and H. P. Walmsley.

F. Richarz and R. Schenck observed that platinum foil which has been a long
time in contact with decomposing ozone makes oxygen electrically conducting.
0. J. Lodge noted that air which has lost the faculty of condensing water vapour
by being freed from dust, will condense the vapour after being exposed to a red-
hot platinum wire. G. T. Beilby observed that when a heated platinum plate,
resting on glass, is exposed to the products of combustion of coal gas, rings appear
on the glass, and the phenomenon is not solely thermal, but is dependent on the
emission of ions which serve as nuclei for the condensation of the sulphur trioxide
present as impurity in the gas. O. W. Richardson studied the discharge of
electricity by hot platinum in phosphorus vapour ; and L. Weissmann, and C. Grieb,
during the catalysis of detonating gas. 1. Warburg studied the action of ultra-
violet light on the discharge, and H. T. Barnes and A. N. Shaw, the discharge
from pointed electrodes.

F. Horton, and 7. Klemensiewicz attributed the emission of positive ions from
hot platinum to the evolution of adsorbed gases ; and H. A. Wilson referred the
production of negative ions to the occluded hydrogen. According to R. Nahrwold,
the fact that a platinum wire glowing feebly electrifies the air positively, and
negatively if glowing brightly, is due to the burning of dust particles and other
non-gaseous matter in the vicinity of the wire, and by the disintegration of the
wire at higher temp. giving off charged particles of metal. When the air was
replaced by hydrogen, similar results were obtained when the gas contained dust
particles, or when the wire was not perfectly clean, but at higher temperatures,
although a negative charge was obtained, it was much less than with atmospheric
air, and at the same time it was definitely proved that the disintegration of the wire
18 very small in hydrogen compared with its amount in atmospheric air. When
the wire, after exposure to the air, was heated in an atmosphere of hydrogen
quickly, the charge was destroyed when a dull red-heat was attained. This did not
occur when the wire was left in the hydrogen for some time before heating it, and the
author attributes the results to the formation of oxy-hydrogen gas in the pores of
the platinum, and its explosion when the wire is heated.

O. W. Richardson observed that the positive and negative ions emitted by
platinum are kinetically the same as the molecules of a gas of the same mol. wt.,
and at the same temp. F. C. Brown made similar observations. O. W. Richardson
and E. R. Hulbirt found that the sp. charge of the electrons given off by platinum
at 1100° is e/m=1-8 107, and at 900°, e/m=-387 and e¢/H—25, when e denotes
the e.m.f. ; m, the mass of the ions; and H, the mass of the atom of hydrogen.
Measurements were made by J. J. Thomson, H. A. Wilson, J. C. Pomeroy,
:IE?{. go;'ltml)l, O. W. Richardson and co-workers, F. Deininger, and G. Owen and

. Hallsall.

W. Ogawa,12 and H. Greismann discussed the use of platinum as a radio-detector.
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