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GENERAL INTRODUCTION TO THE SERIES.

DurixG the past few years the civilised world has begun to realise the
advantages accruing to scientific research, with the result that an ever-
increasing amount of time and thought is being devoted to various
branches of science.

No study has progressed more rapidly than chemistry. This
science may be divided roughly into several branches : namely, Organie,
Physical, Inorganic, and Analytical Chemistry. It is impossible to
write any single text-book which shall contain within its two covers a
thorough treatment of any one of these branches, owing to the vast
amount of information that has been accumulated. The need is rather
for a serics of text-books dealing more or less comprehensively with
cach branch of chemistry. This has already bcen attempted by
enterprising firms, so far as physical and analytical chemistry are
concerned ; and the present series is designed to meet the needs of
inorganic chemists. One great advantage of this procedure lies in
the fact that our knowledge of the different sections of science does not
progress at the same ratc. Consequently, as soon as any particular
part advances out of proportion to others, the volume decaling with
that section may be easily revised or rewritten as occasion requires.

Some method of classifying the elements for treatment in this way
is clearly ecssential, and we have adopted the Periodic Classification
with slight alterations, devoting a whole volume to the consideration
ol the elements in each vertical column, as will be evident from a glance
at the scheme in the Frontispiece.

In the original scheme, in addition to a detailed account ol the
clements of Group O, the general principles of Inorganic and Physical
Chemistry were discussed in Volume I. It was later felt, however, that
this arrangement was hardly satisfactory, and an Introduction to these
principles is now alforded by my Text-book of Physical Chemistry,
Volumes I. and II (1982-335), whilst in future cditions the [irst volunic
ol this Serics will deal with the Inert Gases alonc.

IIydrogen and the ammonium salts are dealt with in Volume II.,
along with the elements of Group 1. The position of the rare carth
metals in the Periodie Classification has for many years been a source
of difficulty. They have all bheen included in Volume IV., along with
the clements of Group 1II., as this was found to be the most suitable
placc for them.

Many alloys and compounds have an equal claim to be considered
in two or morc volunes ol this series, but this would entail unnecessary
duplication. Ior example, alloys of copper and tin might be dealt
with in Volumes 1I. and V. respectively. Similarly, certain double
salts—such, for example, as ferrous ammonium sulphate—might very
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under iron. As a general rule this difficulty has bcen overcome by
treating complex substances, containing two or more metals or bases,
in that volume dealing with the metal or base which belongs to the
highest group of the Periodic Table. For example, the alloys of copper
and tin are detailed in Volume V. along with tin, since copper occurs
earlier, namely, in Volume II. Similarly, ferrous ammonium sulphate
is discussed in Volume IX. under iron, and not under ammonium in
Volume II.  The ferrocyanides are likewise dealt with in Volume IX.

But even with this arrangement it has not always been found easy
to adopt a perfectly logical line of treatment. For example, in the
chromates and permanganates the chromium and manganese function
as part of the acid radicals and are analogous to sulphur and chlorine
in sulphates and perchlorates ; so that they should be treated in the
volume dealing with the metal acting as base, namely, in the case
of potassium permanganate, under potassium in Volume II. But the
alkali permanganates possess such close analogies with one another
that separate treatment of these salts hardly seems desirable. They
are therefore considered in Volume VIII.

Numerous other little irregularities of a like nature occur, but it is
hoped that, by means of carefully compiled indexes and frequent cross-
referencing to the texts of the separate volumes, the student will
experience no difficulty in finding the information he requires.

Particular care has been taken with the sections dealing with the
atomic weights of the elements in question. The figures given are not
necessarily those to be found in the original memoirs, but have been
recalculated, except where otherwise stated, using the fundamental
values given in the text.

Since the original scheme was drawn up in 1912, enormous progress
has been made in all branches of chemistry, and the original intention
of devoting one book only to each Vertical Group in the Periodic Table
has had to be abandoned. In several cases it has been necessary to
devote a whole book to a single element, as, for cxample, in the cases
of nitrogen, phosphorus, arsenic, oxygen and iron. Further, a separate
volume has been devoted to the Metal-Amimines and a comprehensive
account of the Organometallic Derivatives is given in Volume X1I., which
is issued in four parts.

The Editor would draw attention to the unsatisfactory state of the
nomenclature of organometallic compounds in general.  The designa-
tions of compounds in Volume X1I. are those used in the original memoirs,
since any attempt to alter these in a work of that description would only
complicate matters.

Our aim has not been to make the volumes absolutely exhaustive,
as this would render them unnecessarily bulky and expensive ; rather
has 1t been to contribute concise and suggestive accounts of the various
topics, and to append numerous relerences to the leading works and
memoirs dealing with the same. Every effort has been made to render
these references accurate and reliable, and it is hoped that they will
prove a uscful feature of the series.  Themore important abbreviations,
which are substantially the same as those adopted by the Chemical
Society, are detailed in the subjoined lists, pp. xvii—xx.

The addition of the T'able of Dates of Issue of Journals (pp. xxi—xxxi)
will, it 1s hoped, enhance the value of this series. It is belicved that
the list is perfectly correct, as all the figures have been checked against
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the volumes on the shelves of the library of the Chemical Society by
Mr. F. W. Clifford and his staff. To these gentlemen the Editor and
the Authors desire to express their deep indebtedness.

In order that the series shall attain the maximum utility, it is
necessary to arrange for a certain amount of uniformity throughout,
and this involves the suppression of the personality of the individual
author to a corresponding extent for the sake of the common welfare.
It is at once my duty and my pleasure to express my sincere appre-
ciation of the kind and ready manner in which the Authors have
accommodated themselves to this task, which, without their hearty
co-operation, could never have been successful. Finally, I wish to
acknowledge the unfailing courtesy of the publishers, Messrs. Charles
Griflin & Co., who have done everything in their power to render the
work straightforward and easy.

Addendum.

With the publication of this volume the original scheme for this
scries of text-books is now complete.  This does not, however, mean
stagnation.  Iar from it! As our knowledge of cach section of the
work grows, the appropriate volumes will be revised and, i necessary,
re- \\Ilttcn in order that the reader mayv be kept up to date.  Where
the amount of new work justifies it, a scparate book will be devoted
to cach clement, as has alrcady been the case with Nitrogen, Ph()sphm us,
Arsenie, Oxygen and Ivon, respectively. Indeed, this revision has
already begun.

J. NEWTON FRIEND.

July 1938.






PREFACE.

IN this volume the chemistry of arsenic and its inorganic compounds
is presented in a manner w hich, it is hoped, will make “clear the present
State of our knowledge of the clement.

Some of the arsenic compounds have attracted the attention of
<:hemists from the earliest times. The sulphides were known and used
in ancient Egypt. White arsenic was recognised early in the Middle
A ges and put to uses both good and evil. The element itself was
i1solated as early as the thirteenth century. In the eighteenth century
some scientific understanding of the nature of these materials was
gained, and the enormous volume of relevant literature which has
(LI)})CJIC(l during the succeeding two hundred yecars bears witness to
the attractivencss of arsenicals as a subject for research.

The ubiquity of arsenic compounds, disseminated in small quantities
T>oth in mincrals and in the organic world, has long been recognised.
XIn recent years, so much white arsenic has been isolated as a by-product
cluring the extraction of gold, silver, copper and other metals, that a
c.urious situation has arisen, in that the supplies available considerably
exceed the present world requirements.  Thus it behoves the chemist
‘to [ind new directions in which arsenicals may usefully be employed.
"L hat some success has alrcady been attained is indicated in these
P ages. At present the most important application is the widespread
wise ol arsenates in insecticidal dusts and sprays, which are employed
to combat the pests which attack fruit and crops of all kinds. The
rmany organic arsenicals which are ol therapeutic value are described
11 another volume of this scries.

Arsenious sulphide has been the subjeet of extensive researches
owing to the fact that it may readily be obtained as a hydrosol of
considerable stability.  Investigation of the factors which influence
this stability has grcatly added to our knowledge of colloid chemistry.

The Author wishes to acknowledge nmtclull\ the help he has
1ceccived [rom the Editor of the series, Dr. J. Newton Iriend, and to
‘thank Mr. W. E. Thorneycrolt, B.Sc., lor useful criticism ol the proofs.

REECE II. VALLANCE.
July 1938.
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Phil. Trans.
Phys. Revicw
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Journal of the Institute of Metals.

Mineralogical Magazine and Journal of the Mineralogical
Nociety. v

Journal de Pharmacie et de Chimic.

Journal de Physique et de Radium.

Journal of Physical Chemisiry.

Journal of Physical Chemistry, U
issued as J. Russ. Phys. Chem. Soc. (g.v.).

Journal de Physique.

Journal fur praktische Chemie.

Journal of the Physical and Chemical Socicty of Russia
(Letrograd).  In 1931 continued as two separaic
journals, namely, J. General Chemistry, U.S.S.R.,
and J. Physical Chemistry, U.S.S.R.

Journal of the Society of Chemical Tndustry.

Journal of Technical Physics, U.S.S.R.

Kollowd-Zeijtschrift.

Landwirtschaftliche Jahrbicher.

Memoirs of the College of Science, Kydtd Imperial
University.

Mémoirs présentés par divers savants & I'Académic des
Sciences de I'[nstitut de France.

Mikrochemic.

Jefore 1931

Monatshefte fir Chemie und verwandre Theile anderer

Wissenschaften.

Moniteur scientifique.  Combined in 1927 with La Revue
de Chimie industrelle.

Munchener Medizinische Wochenschrift.

Nachrichten von der Gescllschaft der Wissensehaften zn
Gottingen.

Nature.

Die Naturwissenschaften.

11 nuovo Cimento.

Ocsterreichische Chemiker-Zeitung.

Ofversigt af Konglica Vetenskaps-Akademiens Forhand-
Lingar.

Archiv fur die gesammte Physiologie des Menschen und
der Thicre.

Pharmazeutische Post.

Pharnazeatische Zetunge,

Pharmazeutische Zentralhalle.

Philosophical Macazme (The TLondon, Edinburgh, and
Dublin).

Philosoplical  Transactions of the Royal Society of
London.

Physical Review.

dkalische Zeitschrift.

sendortl’s Annalen der Physik und Chemie (1824-
1877).

Proceedings of the American Aeademy of Arts and Sciences.

Proceedings of the Chemical Society.

Proceedings of the Indian Academy of Sciences.

Koninklijlke Akademie van Wetenschappen te Amsterdam
Proceedings (Enghsh Version).

Proceedings of the Royal Irish Academy.

Procee le% of the l.o\ al Phitosophical Society of Glasgow.

Proceedings of the I\H\dl Soaety of London.

Procee (II]I"\ of the | {u\al Society of Edinburgh.

Proceedimys of the Socicty for L,\pum]enml Biology and
Medicine.

Reenal des Travaux chimiques des Pav-Bas et de la
Belgigue. .

La Revue de Chimie industricelle. See 3on. scient.

Rocznky Chemyr (Warsaw).

Reports of the Royal Institution.
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Zeatsch.
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Zetsch. techn. Phys.
Zeitsch. Unters. Lebensm.
Zewtsch. Ver. deuwt. Ing.
Zeitsch. wiss. Photochemn.

ARSENIC.

JOURNALL.
Journal fur Chemie und Physik.
Scientific Proceedings of the Royal Dublin Society.
Nitzungsberichte der Koniglich-Preussischen Akademie der
Wissenschaften zu Berlin.

Sitzungsberichte der Koniglich-Bayerischen  Akademie
der Wissenschaften zu Wien.

Svensk Kemisk Tidskrift.

Jahresbericht  1ber die Leistungen der Chemischen

Technologie.

Transactions of the American Electrochemical Society.

Transactions of the Chemical Society.

Transactions of the Faraday Socicty.

Transactions of the Institution of Mining Engincers.

Travaux et Mémorres du Bureau international des Poids
et Mesures.

Ukranian Chemical Journal.

Cnited States Burcau of Standards Research Journal.

Verhandlung der Gesellschaft deutscher Naturforscher und
Aerzte.

Wicdemanu’s Annalen der Physik und Chemic (1877-
1899). In 1900 continued as Annalen der Physik.

Wissenschaftliche Abhandlungen der physikalisch-tech-
nischen Reichsanstalt.

Zeitschrift fur analytische Chemic.

Zeitsehrift fur angewandte Chemic.
Angewandte Chemie (q.v.).

Zcitschrift fur anorganische Chemie.

Kritische Zeitschrift fur Chemie.

Zeitschrift fiir Chemic und Industric des Kolloide (con-
tinued in Kolloid-Zeitschrift).

Zeitschrift fur Elekirochemie.

Zeitschrift fir Krystallographie und Mincralogie.
1920 issued as Zeitschrife fur Kristallographie.

Zeitschrift fur Untersuchung der Nahrungs- und Gennss-
mittel.

Zeitsehrift fur Physik.

Zeitschrifv fur physikalische Chemie, Stochiometrie und
Verwandtschaftslehre.
Hoppe-Seyler’s Zewtschuft fur physiologische Chemie.

Zeitschrift fur praktische Geolog

Zeitschrift fur technische Physik.

Zeitschrift fur Untersuchung der Lebensmittel.

Zeitschrift des Vereins deutscher Ingenicare.

Zeitschrift fur wissenschaftliche  Photographie,
physik, und Photochemic.

Since 1932 issued as

After

Photo-
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A TEXT-BOOK OF
INORGANIC CHEMISTRY.

VOL. VI. PART 1V.
ARSENIC.

CHAPTER 1.
INTRODUCTORY.

The Position of Arsenic in the Periodic Table.—Arsenic is the
third of the five elements which constitute Group V B, and is the
sixteenth element of the first long period.t It shows little resemblance
in either physical or chemical properties

i Group V. to the elements of Sub-group A, which
_ , are distinctly metallic and more closely
Al i B. resemble their neighbours in Sub-
Vanadium | XNitrogen groups IV A and VI A2 The higher-
Group. © Group. . valent oxides of vanadium, niobium and

—, tantalum, however, exhibit acidic pro-

;| perties and when hydrated give weak
| | acids, the salts of which with alkalis are
15 ~ of the ortho-, pyro- and meta-types ;
23 L vanadium pentoxide also enters into the
v | formation of complex hcteropoly-com-
i 33 pounds (see p. 232), and these facts
As establish a definite though distant rela-

ft i tionship between the two sub-groups.
B 5 : Arsenic does not exhibit any marked

51 J

Sb similarity to its neighbours of the hori-
73 zontal period, germanium (At. No. 32)
Ta $3 and selenium (At. No. 34), except that
B; the latter element exhibits an allotropy 3
91 . which is somewhat similar to that of
Pa i arsenic; the compounds of the thrce

elements are in no way analogous.
Of the clements of Group V B, phosphorus, arsenic and antimony
constitute a Dobereiner triad. Arsenic, antimony and bismuth do not
! The general properties of the elements of Group VB are compared in this Series,
Vol. VI, Part I (1928), p. 3.
# See this Series, Vol. VI, Part I1I (1929), p. 3.
8 See this Series, Vol. VII, Part II (1931), p. 289.
3



4 ARSENIC.

form such a triad, the difference in atomic we%glit 0[: t%lC tw'g last-named
being greater because of the mtervcnt}on o'.[ t he rare earth elements,
The Tive elements, nevertheless, arc related as member 5'04 a true naturz}l
familv. Nitrogen and phosphorus are non—meﬁals, W hxls@ bismuth ig
distinctly a metal.  Antimony a}so has a \\'cl.l—dc[u}(:d mectallic character;
the free clement has the physical properties of a metal, the gaseous
hydride is very unstable, the lower oxide is essentially basic, and
antimony trichloride is a salt-like comppund. The properties of arsenic,
howe\'cr: are neither essentially metallic nor psgcntmlly non.—metalhc.

The compounds of phosphorus containing the quinquevalent
clement are generally the most stable ; but with antimony and bismuth
those of the tervalent element are the most; ‘stablg‘,‘ m fact few compounds
of quinquevalent bismuth are known. The difference in stability of
the ter- and quinque-valent compounds of arsenic is not so markql.
Evidence of arsenic existing as a quadrivaient clemient in certain
organic compounds has been obseryed.‘1 o

Arsenic exhibits allotropy, which is characteristic of non-metals ;
the usual, more stable, * metallic ” form resembles the typical Mmetals
in appearance and in bemg.a fan;ly good copgluctor of elect.rmt_\‘.
Under atmospheric pressure it begins to volatilise at about 450° C.
and passes into a \'apour‘Cont.amlng complex 14110]e<%ules, ;}54, _\\‘hl('h
at higher temperatures dissociate to As,; thlS‘(‘O]]‘lplCXlt}' 1S not
unusual in non-metals. The vellow allotrope, which is stable at low
temperatures, resembles white phosphorus in being soluble in carbon
disulphide—a property which emphasises the nou-nmetallic character of
this variety. The reactivity ol the allotropes, as in the case ol phos-
phorus, differs considerably. . ‘ .

The most important compounds of arsenic are the two oxides, As,0,
and As,0;, and their derivatives.  The basic character of these oxides
is very Teeble and, even so, is almost wholly confined to the lower oxide.
On the other hand, both oxides dissolve in aqucous alkalis, forming
arsenites and arsenates analogous to the alkah phosphites and phos-
phates.  The corrvesponding salts of the heavy metals arve generally
mnsoluble and are obtained by precipitation. The acidic properties are
best developed in the higher oxide. Arsenious oxide is only shghtly
soluble in water; it yields an acid solution, although the acid has not
been isolated. The oxide is more readily soluble in aqucous hvdro-
chloric acid, yielding a solution possessing reducing properties.

The ready dissolubility of arsenious oxide m hydrochloric acid
suggests the formation of arsenic trichloride, AsCl,, but evaporation of
the solution causes expulsion of hydrogen chloride and leaves arscinous
oxide. No arsenious salts with arsenic as a tervalent cation can exist in
water in the absence of {ree acid owing to hydrolysis.

The chloride, however, may be obtained by heating arsenious oxide
with sodium chloride and concentrated sulphuric acid ; the hydrogen
chloride formed reacts to produce arsenic trichlovide, which distils over,
the water being retained by the sulphuric acid.  The trichloride is not
a salt-like substance. It is a colourless, volatile o1l which, with a little
water, vields a basic chloride, but with excess of water viclds the
trioxide and hydrochloric acid.  The formation of the basic chloride is
seen in the dense white {umes emitted when the trichloride is exposcd 1o
moist air.



INTRODUCTORY. 3

Arsenious oxide is insoluble in dilute sulphuric acid but reacts with
fuming sulphuric acid to give a series of very unstable crystalline
compounds of general formula As,0,n50, These are resolved into
arsenious oxide and sulphuric acid on contact with water. The forma-
tion of a crystalline arsenyl tartrate, Na(AsO)C,H,O4 analogous to
potassium antimonyl tartrate, has been cited as evidence of the basic
nature of arsenious oxide, but the product may contain the arsenic in
a complex anion.

When arsenic burns in air the product is arsenic trioxide and not
the pentoxide as in the case of phosphorus. The compounds con-
taining the quinquevalent element are less well-defined and somewhat
less stable than the corresponding phosphorus compounds which they
resemble. Arsenic pentoxide is formed by the action of an oxidising
agent, such as nitric acid, on arsenious oxide ; when the solution is
evaporated, the arsenic acid which separates has the empirical com-
position As,0;.4H,0, and is probably 2H,AsO,; H,O; this, on being
cautiously heated, loses water, vielding the hydrate 3As,0,.51,0. At
a higher temperature (180° to 200° C.) it is completely dehydrated,
the pentoxide remaining. Neither pyroarsenic acid nor metarsenic
acid is obtained as an intermcdiate product by heating the ortho-
acid ; the former, however, has been obtained from the aqueous solution
(see p. 182).

Arsenic pentoxide is a white deliquescent solid. It exhibits no
basic properties, but forms arscnates analogous to the ortho-, meta-
and pyro-phosphates. The formation of a pentachloride has not
been established, but the pentafluoride has been obtained and is well
defined.

With sulphur, arsenic forms three stable sulphides of comiposition
As,S,, As,S; and As,S;. The two latter possess acidie properties and
with metallic sulphides form series of thio-salts, analogous to the
arsenites and arscnates. Intermediate oxythio-salts are also known.

Arsenic forms three hydrides. As,I,, As,H, and AsH,. The first
two are solid at the ordinary temperature, while the third, arsine,
which is the stable hydride, is a gas. Arsine is more stable than the
hydrides of antimony and bismuth, and vet is readily oxidised, resem-
bling phosphine in this respect; thus in reducing silver nitrate the
arsenic passes into solution as arsenious acid. The trihyvdride differs
from ammonia and phosphinc in exhibiting no basic properties, quater-
nary salts of the type AsH,X not being known. Substitution of
hydrogen by organic radicals, however, vields well-defined organic
arsonium salts (sce this Series, Vol. XI, Part II). The trihvdride
resembles hvdrogen sulphide and hydrogen selenide in that it may be
regarded as a wealk 1(1(1 from which arscnides ave derived. The latter
do not resemble intermetallic compounds such as are formed by the
combination of true metals; thev are very numerous, however, and
in many cases their composition does not appear to show any relation
to the valencies of the components.

The more important compounds of arsenic arve formulated in the
following table. Inaddition to these, many which are less well defined
or more complex are described in the text.

The organic derivatives of arsenic are very numerous, and in these
arsenic exhibits a more striking similarity to mtlocren than is the
case in its inorganic compounds This is especially “the case in the
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deriv atives of arsine.

ARSENIC.

The organic compounds are dealt with com-

plchcnm cly in Vol. XI, Part II of this Series.

Hydrides
Arsenides .

Halides

Oxyhalides
Oxides
Acids

Arsenites
Arsenates .

Sulphides .
Thio-salts .

Certain optically active

1 Allen and Well

|

4
.
|

As,H,. As,H,, AsH;
M, As,; @ and y vary consider ably,
e.g. Na As ; Zn,As,, /nAsz,
CuyAs,  CuzAs,,  Cu,As;
Fe,As, FeyAs,, FeAs
Ask,, AsE;

i AsCl,
AsBr3
As,],, Asly
AsOCl, ASOBI
As,0, As2
H,AsO,,* H. \sO *
H,AsO,.* As,0,.4H,0

M/,A50,, MAsO,, M’ As,05
M';As0,

G (AsO )o: M"(AsO,),,
As,S,, As,S,, As,S;
See pp. 251-253, 274-283.

M, As,0,

* Not isolated.

compounds appear to owe their activity to
the presence of an asymmetrical tervalent arsenic atom in the molecule.l

J. Amer. Chem. Soc., 1933, 55, 3894.

51



CHAPTER II.
THE OCCURRENCE OF ARSENIC.

ArseNic is very widely distributed in Nature, but seldom in abund-
ance. The element occurs in the free state, but in too small a quantity
to be of economic importance. It is found more frequently in com-
bination with sulphur and as metallic arsenides, sulpharsenides, arsenites
and arsenates. The presence of arsenic in the sun has not been observed,?
but it is frequently detected in meteorites,® and has been separated from
siderites occurring in Mexico and Ontario.?

Native arsenic generally occurs in granular or lamellated masses,
sometimes reniform, reticulated or stalactitic; more rarcly it is found
as rhombohedral crystals, usually acicular. It occurs in veins in
crystalline rocks and the older schists, and when freshly exposed it
is tin-white and possesses a lustre almost metallic, but superficial
oxidation gradually changes the colour to dark grey. The arsenic
content varies from 90 to 98 per cent. The element is generally asso-
ciated with ores of antimony, gold and silver, and with metallic arsenides
and sulphides. The native element is brittle and gives an uneven
granular fracture ; it gives a white streak, has density 5-63 to 5-78, and
hardness (Mohs’ scale) 3-5. It is abundant in many parts of Germany *
—Bohemia (Joachimsthal), Harz, Saxony (Marienberg), Vosges ; also
in Alsace, Italy, Hungary and Norwayv. It occurs in reniform masses
associated with calcite in the Caucasus (Vladikavkaz);?® in large masses
near Kolyban Lake, south of Barnaul in Siberia, and in various
localities in Japan, large crystals being found in the red vanadium clay
of the Akadani district.® In New Zealand it is plentiful in the Kapanga
gold-mining district. In America it occurs in thin layvers in blue mica
slate in New Hampshire; as nodules in gold and silver mines near
Leadville, Colorado ; in Watson Creek, Fraser River, British Columbia,
and in Mexico and Chile. The following are typical percentage analyses
of native arsenic :

1 Rowland, Amer. J. Sci., 1891, [3], 41, 243; Chem. News,F1891, 63, 133;” Saha, Phil.
Mag., 1920, [6], 40, 808. B ’

2 Rumler, Pogg. Annalen, 1840, 49, 591; Sillman and Hunt. Amer. J. Sci., 18486,
[2], 2, 374; Iischer and Duflos, Pogg. Annalen, 1847, 72, 479; Daubrée, Ann. Mines,
1851, (4], 19, 669; Compt. rend., 1872, 74, 1543; Antipoff, Zeitsch. Kryst. Min., 1900, 32,
426; Borgstrom, Bull. Geol. Finland, 1902, p. 12.

3 Papish and Hanford, Science, 1930, 71, 269.

* The mineral has been described under various synonyms, e.g. Scherbenkobalt,
Fliegelstein, Napfchenkobalt, cte.—see Dana, “A System of Mineralogy™ (Wiley, 1899),
p. 11: Emmerling, *“ Lehrbuch der Mineralogie,” Giessen, 1796, 2, 548; Romé de DIsle,
© Cristallographie,” Paris, 1783, 3, 26.

5 Chirvinskii, Chem. Zenir., 1927, [1], 2640.

§ Timori, Bull. Inst. Phys. Chem. Rescarch, Tokyo, 1930, 9, 762.
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° —_——————
B T
Source. As Sh. Ni ‘e S [ S0, |
e e e T —_—— — —
Joachimsthal 7 . 90-91 1-536 1 4-64  2:07  Trace ()-5?
Montreal 2. . 9814 16.2 R - 0-16 013
Cornwall 2. 94-80 ; 515 ' .. 0-15 011 0-10

A massive form of native arsenic having a fibrous foliated structure
oceurs in Saxony and Chile and is known as arsenolamprite (GR. Aapzpis
=lustrous). It differs from the ordmary.fonzl‘m possessing a brilliant
lustre : it is lead grev in colour, has density 5-3 to 5-5 and hardness 2.

k) S o . . ) . ¢ o A
The following are analyses of samples from the above two sources :

Source. L As. ; Bi. I Fe. S, J Si0,.
Marienberg * . . 9586 . 161 101 099 .
* Copiapo 3 . . 9843 1-00 .. L 005

Werner found 3 per cent. Bi in a similar mineral which he called
arsentk-wismuth. ) )

Antimonial arsenic from California contains, aqcordmg to Genth,t
90-82 per cent. As and 9-18 per cent. Sb.' Arsenical a11‘t1111011y, alle-
montite, is found 1n reniform masses in various parts of German_\". In
colour it is white to reddish-grey, sometimes lustrous, of density 6-2 and
harduess 3-5.  In composition it approximates to SbAs, (i.e. As 64-83,
Sb 85-15). Thus a specimen from Allemont © gave As 62-15 per cent.,
Sb 87-83 per cent. '

Compounds of arsenic are extremely widespread. The black
crust often found on native arsenic is a mixturc of arsenic and arsenious
oxide, As,0, This oxide frequently accompanics other arsenical
minerals and occurs in two crystalline varieties, arsenolite (cubic),
usually as minute octahedra in capillary crystallisations or in stellar
agaregates, and claudetite® (monoclinic), in thin plates rescmbling
selenite. Both forms are lustrous and may be transparent to trans.
lucent, colourless to white.

The most abundant mineral of arsenic is arsenopyrite, arsenical
pyrites or mispickel,” FeS, FeAs,, which with other mectallic arsenides
and sulphides is found usually in igneous rocks. It occurs in veins near
Freiburg (Germany), and in beds at Joachimsthal (Bohemia), Tuna-
berg (Sweden) and Skutterud (Norway). It is associated with tin and

! Janowsky, Sitzungsber. K. Akad. Wiss. Wien, 1875, 71, (1), 276.

* Norton, Amer. J. Sei., 1903, [4], 15, 92.

* Russell and Harwood, M. Mag., 1923, 20, 299.

* Yrenzel, Jahrb. Miner., 1874, p. 677.

* Hintze, “ Handbuch der Mineralogie,” Leipzig, 1904, 1, 110: Zesch. KNryst. Min.,
1886, 11, 606.

® Genth, dmer. J. Sei., 1863, 33, 191,

P Rammelsbers, Pogy. Adanalen, 1844, 62, 137.

S Claudet, J. Chem. Soc., 1868, 21, 179; Chen. News, 1868, 17, 123,

¢ Mispickel is an old German term of doubtful origin.
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copper ores in Cornwall and Devon ; with serpentine in Silesia ; in the
Island of Giglio * it is associated with galena, sphalerite and traces of
gold. For arsenopyrite from Trentino, Andreatta 2 derived the formula
Fe,s8550955  In many localities in New South Wales it is highly
aurtferous. It is widely distributed in North and South America,
frequently associated with cobalt and nickel ores, especially in Quebec,
Ontario, the Keewatin district, TUtah, California and Bolivia. An
auriferous deposit occurs in the Bella Coola coast district of British
Columbia.®? It is also found in the Akadani district of Japan. The
mineral occurs in orthorhombic crystals, sometimes prismatic or in
columns, granular or compact. It is lustrous, white to grey in colour,
giving a streak almost black, brittle, of hardness 5-5 to 6:0 and density
59 to 6-3. The arsenic content varies from 42 to 46 per cent.  Cobalt
is frequently present in place of iron, and danaite is a variety containing
5 to 10 per cent. of this metal; the name was first applied to New
Hampshire specimens, but the mineral is also obtained in Norway and
in Chile. Nickeliferous arsenopvrite containing about 5 per cent.
nickel is found in Bolivia.

In Sweden the Skellefte district, which includes the important
Boliden gold mine, contains the most extensive deposit of arsenic ore in
the world.® This is chiel lv in the form of arsenopyvrite, and is associated
with ores containing iron, copper, silver and gold (see p. 124).

The sulphides 7(’(116(1/ or ruby sulphur, As,S,. and orpiment, As,Ss,
are [airly abundant and are mined for their commercial importance
both in Europe and Asia. Both are of historical interest (sce p. 23)
and thev are frequently found in association. Realgar, red arsenic
sulphide, is found in short monoclinie prisms, orange-red in colour and
generally translucent. It gradually changes to orpiment and arsenolite
on exposure to light. It occurs associated with ores of silver and lead
in Hungary, Bohemia, Saxony and the Harz; in dolomite in Switzer-
land ; on quartz in mica slate in Bosnia; in minute crystals in the
Vesuvian lavas and the solfataras near Naples ;7 in sandy clay below
lava in Utah; in calcite in California; and as a deposition from the
hot springs in Yellowstone National Park. It has been mined in small
quantities in Washington. The yellow sulphide, orpiment, the aure
pigmentum or golden pigment of the Romans, occurs in small orthorhom-
bic crystals, usuall\' in foliated or columnar masses, sometimes with
veniform surface. Tts vellow colour varies in depth, but it is generally
lemon-yellow and translucent. It is found with realgar in Hungary,
Bosnia, Albania,’ Switzerland, Italy, Utah and the Yellowstone Park.
In Nevada it occurs in monoclinic erystals.® It is mined at Acobambillo
in Peru. It is found in brown coal in Styria. There is a large Turkish
mine near Julamerk in Kurdestan. The chief Indian source of arsenic

-

Montibelli, Rass. min. met. chim., 1926, 65, 73.
Andreatta, Riv. studi Treatini Sci. Nat., 1923, 9, 90: Iineralog. Abs., 1929, 4, 136.
Stillwell, Proc. Australasian Inst. 3ng. Met., 1927, p. 97.
Thomzon, ("wie. Toronto Studics, Geol. Series, 1932, No. 32, 33. See also Palache,
Amer. J. Sei, 1910, [4]. 29, 177.

> Dolmage, Cui. Dept. Mines Geol. Suivey, Summary Ret., 1925 A (1926), p. 153,

& Heckscher, ~Sweden’s Indusiry,” Federation of Swedish Industries, 1935.

7 Phipson (Compt. rend., 1862, 55. 108) found 11-16 per cent. arsenic sulphide in
sulphur from this source.

3 Pelloux, Rcr. giol., 1932, 13, 4.

? Palache and Modell, Amer. Jneral., 1930, 15, 365.
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is Chitral ! in the extreme North, where realgar and orpiment occur
ASSOCL i rspar.
dhs%?:tﬁ?i:ﬁéet}ggcsl are very widespreac},‘ the more common being
those of cobalt, nickel, iron'and copper. .lhe arsemdps Qf cobalt.and
nickel usually oceur in intunatc association. .Snmlt'zle is essenjt_lally
cobalt arsenide, CoAs,, while clzlomﬁhth Is nickel arsenide, I\]As‘:_,.
Both occur in cubes or pyl‘i’[OthI‘E'l, often in distorted fQ!‘I?]S. S(J[l_omte
and raimmelsbergite are 01‘thorh0mb1_c foers of cobalt and mck'cl a.rse‘mdcs,
respectively.  Skutterudite, found in Norway and Alsac.e,. is smn}ar to
smaltite but richer in arsenic, gorrespondlng i composition to CoAs,,.
Niccolite, copper mickel ov arsenical nickel approximates to NiAs. Iron
arsenide occurs as lollingite, FeAs,, in Ol‘thOI"hQI‘ﬂbluc prisms, but various
other forms of this arsenide ave found containing 35 to 70 per cent. As.
All the above minerals, together with gersdorffite, NiAsS, associated
with arsenopyrite and breitbauptite (NiSb), occur in the Cross Lake
ores of Keewatin,> and in Ontario. rsenoferrite is similar n com-
position to 18llingite, but differs from it in being apparently isotropic
in character (Isllingite is anisotropic). It is similar in appearance and
physical properties to smaltite. The following analysis is of arseno-
ferrite from Jachymov, Czechoslovakia :3  Te, 24-88; Cu, 1:34; Pbh,
0-05; As, 66-84; S, 1:08; CaCO,, 4:00; MgCO,, 1-57. Total, 99-76
per cent. The crystals have been described as cubie,® but X-ray
examination shows that this is not the case and that the mineral is
identical with lsllingite.® A similar min(‘aral oceurs as dml\"bl'own
crystals on gneiss at the Binnenthal, Switzerland.® Other minerals,
mainly iron avsenide, are leucopyrite,” geyerite ® (containing 5 to 8 per
cent. of sulphur) and glaucopyrite,’ a cobaltiferons Spanish mineral.
An arsenide of copper known as domeykite ¥ ov arsenical copper, CuyAs,
frequently accompanies arsenical ores. It occurs in Chile, mixed with
niccolite in Michipicoten Island in Lake Superior, and in the deposits
near Lingban, Sweden.!! Arseniferous copper is also found as algodonite,
CugAs, whitneyite or darwinite, CugAs.

Arsenic occurs also in a great variety of other minerals, generally
as mixed arsenides and sulphides of the heavy metals or as metallic
arsenites and arsenates, anhydrous and hydrated. The more common
of these are listed below, with their approximate composition. They
are to be found in small quantities widely scattercd over Furope,!? Asia,
America and Australia.  Thus arsenical minerals in great vavicty 13 are
found in the blendes and lead glances of the Eastern Alps, the Tormer

* Records Geol. Survey India, 1930.

* Thomson, Univ. Toronto Studies, Geol. Series, 1932, No. 32, 33.

® Foshag and Short, Amer. Mineral., 1930, 15, 428.

* Foshag and Short, loc. cit.

5 Buerger, Amer. Mineral., 1936, 21, 70.

© Baumhauer, Zeitsch. Kryst. Min., 1912, 51, 143.

? Shepard, “Treatise on Mineralogy,” New Haven, 1833, 2, 9.

§ Behncke, Pogg. Aunnalen, 1856, 98, 187; McCay, Inawg. Dissertation, 1883, p. 45.

¢ Sandberger, J. prakt. Chem., 1870, [2), 1, 230 Untersuchungen aber Erzqange,”
Wiesbaden, 1883, p. 385.

0 Haiding “Handbucl der bestupmenden Mineralogie,” Vienna, 1845, p. 562;

Domeyko, * Elementos de mincralgjia,” Santiaco, 1879, p. 246.

U Amnoff, Kgl. Svensha Vetenslopsalad. Handl., 1931, [3], 9, No. 5, 52.

2 Wernicke, Rev. giol., 1932, 13, 4 Reh, Newes Jahrh. Mincral. Geol. Bed. Bi.,
1932, A 65, 1; Czermak and Schadler, Tsch. Min. Pelr. it 1933, 44, L.

' Czermak and Schadler (loc. cit.) sive details of the occurrence of 27 arscnic-bearing
minerals at 20 localities in the Eastern Alps.
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containing more than the latter. The apomagmatic deposits contain
less than the corresponding perimagmatic zones and, according to
Tornquist,! the arsenic content of these minerals indicates the possi-
bilitv of three distinet mineralisation periods. Other arsenic-rich
districts in Europe and America have been mentioned : in Asia they
are to be found in Siberia, Turkestan, India, China,? especially Yunnan
Province, and Japan.? These arsenical minerals are not, in themselves,
of commercial value, but since they occur largely in ore veins and are
always associated with other minerals, they frequently become of
importance in metallurgical practice.

For the sake of easy reference the foregoing minerals are given in
the accompanying tables, together with their approximate chemical
composition and more important physical characteristics.

I Tornquist, Verhandl. geol. Bundesanstalt, 1930, p .197; Chem. Zenir., 1931, [1], 1087.
2 Slessor, Proc. dustralasian Inst. 3ng. Met., 1927, p. 51: Muccioli, Notiz. chim.-ind.,
1927, 2, 699.

3 Imp. Geol. Surv. of Japan, Report No. 95, 1926; Kawai, J. Geol. Soc. Tol:yo, 1925,
32, 106.
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THE OCCURREXNCE OF ARSENIC. 17

The Ubiquity of Arsenic.—Arsenic is cven more widespread than
s suggested by the foregoing list of minerals. It is to be found in small
uantities in many other metallic ores, especially those of copper, lead,
on and antimony.  Although the arsenic content may be very small,
he flue dusts obtained during the smelting of these ores constitute an
nportant source of arsenic compounds (sce p. 123). Iron pyrites
enerally contains ! 1 to 2 per cent., although more than & per cent. has
een found in samples trom Freiberg.? It is consequently often present
ith pyrites in coal ® and anthracite, and the combustion of these leads
y its presence in the atmosphere.  That this occurs to an appreciable
<tent in large industrial cities has been shown by the examination of
tmospheric dusts gathered from office shelves, porticoes, ete., in the
entre of Newcastle-on-Tyne, revealing the presence of 65 to 530 parts
f As,0; per million. A similar examination of dusts from turret
oors in public buildings of Leeds yielded ¢ 120 to 350 p.p.m. As,O,
hilst samples trom churches at Harehills, two miles from the city
entre, and Whitkirk, on the extreme outskirts, gave 200 and 40 p.p.m.
>spectively.

Spectroscopic examination of the carbon arc light usually reveals
1¢ presence of arsenic.?

Arsenic is present in many primitive rocks, in limestones and marls,?
ays,? sands 1 and gravels. Tt has been estimated 1 that the percentage
mount in the earth’s crust is 0- 000011, while the atomic p10p01t10n
1ay be 0-00005.  Analysis of a compOSLte sample of 829 rocks available
1 the United States yielded 2 0-00074 pm cent. As,05; while analyses
f 46 samples of the common types and grades of phosphate rock from
Le same country gave a range of 0-0005 to 0-0163 per cent. As,0;.18
ative sulphur frequcntl} contains arscnic.™ Javan sulphur contammg
bout 30 per cent. arsenic is known as sulphurite.*?

Owing to the prolonged action of air and moisture on arsenical
res, soluble compounds of arsenic find their way into the soil, !¢ into

L H. A. Smith, Chemn. News, 1871, 23, 2215 Proc. Manckester Lit. Phil. Soc., 1871, 10,
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subterranean waters,! streams, and ev cntgall)_theﬁca. Thus virgin
soils in Colorado have been foux_ld to contain 2-5 to 3 p-p.m. of arsenic,3
while the underlying marl contained 4 to 13 p.p.m.  Sulphides of arsenic

v > - . ~ A - .

occur in the waters of the Norris (;_c_\j‘scr and of other hot springs at
Yellowstone National Park.t  Arsenic s frequently reported present in
mineral waters.? For the Choussy ¥ cll water, La Bourboule, 5-8 to 6-5
mg. As per litre was recorded ® iin- the scason 1928 to 1929.  Water
from the brackish shore lakes of East Prussia contains 7 1 to 4 mg. As
per 1000 litres ; the muds from these lakes arc fo1v‘1nd to bq much richer
in arsenic, containing from 2 to 30 g. per ton of dry weight; this is
probably due to the extraction of arsenic from the water by minute
water organisms. Samples of Baltic Sca watcr from ncarby contained
about 1 mg. As per 1000 litres.®  Chapman examined 16 samplces of sca
water from points within 4 miles of the Nore lightship and found
0-14 to 1-0 part of arsenic per million.” According to Atkins and Wilson 0
the clement is present in sea water principally in the form of arsenite,
in amounts equal to, or greater than, the phosphate content ; if this be
$0, previous determinations of phosphates in sca water by methods
involving preliminary treatment with nitric acid have included also
arsenates. The arsenic content of sca water varies with the depth,
owing to absorption by algie.  Gauticr! examined water of the Atlantic
Ocean taken at various depths in the ncighbourhood of the Azores, and
found the arsenic content at depths of 10, 1335 and 5913 melres re-
spectively to be 25, 10 an(.l 80 parts per million.  These high values are
atbributed to voleanic actions which take place thercabout.

It will readily be understood that traces of arsenie are found in many
plants and plant products, and consequently may be assimilated by
animals and man. If the quantitics of arsenie present are considerable,
as they may be when artificial application of insceticidal dust or sprays
(see p. 301) has heen resorted to, an mportant problem arises owing to
the physiological action of arsenical compounds (see po 289). The
element has been detected in the ashes of many plants,™ and 1 wood
charcoal.™®  Amounts up to 0-025 part. As in 100,000 have heen found M
in many vegetables and nuts fruits generally contained less, 0-005 to
0-012, while mushrooms contained 0-006 part per 100,000, Ahnonds,
red haricot beans, lettuce and celery were richest moarsenie, with

L Carricou, loc. cit.; Bado, Lol dewd. (Croneis Cordoir, TOLS, 23, 855 Bado and
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0-020 to 0-025 part per 100,000. Arsenic appears to be present always
in hops grown under natural conditions. Thus Lindemann ! found
0-004 to 0-025 part per 100,000 in untreated hops, this arsenic being
derived apparently from the soil. In strongly sulphured hops there
was 0-07 to 0-13 part per 100,000. Somc of this arsenic passes to the
wort on boiling and is adsorbed by the yeast during fermentation.
Wine yeasts exhibit this adsorptive power to a somewhat greater degree
than brewing yveasts. Both beer and wines are liable to contain arsenic.
In the former it may be derived largely from glucose (sce p. 289) used in
production, as was shown to be the case ? after an outbreak of arsenical
poisoning in 1900. Malts may become contaminated with arsenic from
the coal or coke used as fuel in the drying operations.? Kxamination
of five samples of red wines from Baden showed the presence of 0 to
0-66 mg. As per litre,* and traces of the element have been detected in
Californian wines,? but it is not a normal constituent and the amounts
are insignificant.

In tobacco small quantities of arsenic also occur; the following
contents of samples from various sources are due to Popp : ¢ from the
Palatinate 5-1, from DBrazil 4-6, from Macedonia 0-70, and from Java
0-33 parts As per million. These quantities are sufficiently small to be
harmless, but Remington ™ found 6-0 to 28-9 parts As per million (i.e. 0-05
to 0-27 grains As,O;perlb.) in American manufactured plug and smoking
tobaccos—this quantity exceeds the accepted legal limit for foods (see
p-290). About half the arsenic in pipe tobacco, however, is evolved in
smoke,® and about half that in plug tobacco is soluble in water.

The absorption of arsenic by marine algze has been referred to (p. 18) ;
certain Chinese medicinal alge have an exceptionally high arsenic
content.?

The presence of arsenic in animal organisms has been widely demon-
strated, but there has been considerable controversy as to whether it
may be regarded as a normal constituent. The quantity present
undoubtcdl\‘ depends to a high degree on the amount of the element
available in the environment of the or ganism. Thus, whereas freshwater
crustaceans and shellfish from rivers containing only minute traces of
arsenic were found by Chapman?®® to contain only about 0-4 to 1-5 parts
per million, marine crustaccans and shellfish contained amounts up to
174 parts per million, estimated as As,0, on the wet substance. The
following maximum quantities were found : in British oysters, 10 parts ;
Portuguese ovsters, 70 parts; cscallops, 85 parts; mussels, 119 parts:
cockles, whelks and periwinkles, 40 parts ; prawns, 171 parts; shrimps,
50 parts.  The boiled edible portion of lobster contained 36 to 40 parts
As,0, per million for thrce specimens, but a fourth specimen gave

1 Lindemann, Hockschr. bzazc 1932, 49, 257.
2 Kelvnack and Kirkby, f(pu:l on rsenical Poisoning in Beer Drinkers,” London,
1901; Rox nold\, Brit. Mecd. J., 1900, p. 1769.
3 Lufl, ““ Report of Royul Commassion on Arsenical Poisoning,” London, 1901.
! Remy and Richter, Zeitsch. Unlers. Lebensm., 1929, 58, 624; Remy, ohid., 1931,
62, 513.
"5 Gibbs and James, J. Amer. Chem. Soc., 1905, 27, 1484.
b Popp, Zeitsch. angew. Chem., 1923, 41, 838.
7 Remington, J. diner. Chem. Soc., 1927, 49, 1410.
8 Gross and Nelson (Awmer. J. Pub. Health, 1934, 24, 36) found 8-3 to 50 p.p.m. As,0, in
tobacco, and stated that about one-third of the amount volatilised.
9 Read and Gow, Chinese J. Physiol., 1927, 1, 99.
10 Chapman, Analyst, 1926, 51, 548,
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American large-mouth black bass 1
showed that whereas no arsenic ;ould be d.etected in‘thc normal ({omes—
iicatcd fish. bass from Rock Rwer\contgmcdrp-l.()b. to 1-60 parts per
million (cstimated as As,0,), and from the Mississippi €-066 to 0-156
parts per million, while those kept m arscmc«tyeated water COI.ltaln(_)d
0-58 to 0-96 part per million. It was observed that bass r_eta{necl in
arsenic-bearing water appeared to develop the power of eliminating the
element from their bodies. An ex.a.mmatlon g)f cod and f_ie_rrmg gave
the following results 2 expressed in parts (?i As. Pcr m;llzon: qod,
muscular tissue 0-4 to 0-8, liver 0-7to 3-2, cod-liver 0il 3-0 to 4-5 ; herring,
muscular tissue 20, oil 9:0. Thus the concentration is higher in the

105 parts. Experiments with

oilv liver than in the muscular tissue. The arsenic appears to be
présent as fat-soluble compounds, probably acidic since they may be
extracted with dilute alkaline solutions. Chapman concluded that in

lobster the element occurs in a qomplex organic substance or mixture
of substances since it is not readily reducible by hydrogen and can be

extracted by alcohol or acctone. ~

Gautier 3 examined a large number of _ammals and found no
arsenic in the muscles or adipose tissue, bu@ it was alwavs present in
small quantity in the thyroid gland, of which he concluded it was a
normal constituent. Kunkel,® however, denied this, not finding the
element as a normal constituent of any animal organ, and many in-
vestigators ® have put forward evidence as to its presence ¢ or absence *
normally in the human body, the problem having been the subject of
much discussion. It appears to bc cstablished that arsenic is not
normally present in the liver of n}ang or of the domestic animals,’
although in the case of arsenic poisoning (see p.296) it isin the liver that
the element is largely concentrated. But it is frequently found to be
present in all parts of the human body,10 and if .the element does play
any physiological role in the organism, the part is not‘ confined to any
one organ. Arsenic is not necessarily present in healthy human blood,
but Gautier observed its presence in the blood of women during the
menstrual period. Guthmann and Grass,* however, found that in

1 Wicber, Gross and Slaughter, Trans. Amer. Fisherwes Soc., 1931, 61, 150.

2 Radolin, Dansk. Tids. Farm., 1928, I1, No. 7, 186; Biochem. Zeitsch., 1928, 201, 323.

3 Gautier, Compt. rend., 1899, 129, 929; 1900, 130, 284; 131, 361; 1902, 134, 1304;
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27, 847; 1903, (3], 29, 31, 913.

s Kunkel, Zeitsch. physiol. Chem., 1905, 44, 511.

5 See Bertrand, Bull. Soc. chim., 1902, [3], 27, 843, 1903, [31, 29, 7905 :Lun. Pustenr
Tast., 1902, 16, 553; Ann. Chim. Phys., 1903, [7], 29, 750; Compt.rend., 1902, 134, 1434;
Fordyce, Rosen and Myers, Arch, Intern. Mcd., 1923, 31, 739.

¢ Danger and Flandin, Compt. rend., 1840, 11, 1038; 1841, 12, 113; 1843, 16, 136,
391; Chevallier, J. Chim. Mdd., 1841, [2], 7. 84; Barbot, Fauré and Magonty, dd.,
1841, [2], 7, 654: Pfaff, Rep. Pharm., 1841, 74, 1065 Steinberg, J. pralt. Clem., 1842, 1],
25, 384; Jacquelain, Compt. rend., 1843, 16, 30; Segale, Zeitsch. physiol. Chem., 1904,
42, 175.

7 Schnedermann and Knop, J. prakt. Chem., 1845, {11, 36, 471: Sonnenschem, = ffund-
buch der gerichthchen Chemie,” Berlin, 1869, p. 212; Hodlmoscr, Zedscle physiol. Chem.,
1901, 33, 329; Cerny, wbid., 1902, 34, 408; Ziemke, Viertely. (iero Med., 1901, (3], 22,
231; 1902, 23, 51; Mann, “ Forensic Medicine and Toxicology,” London. 1922, p. 380
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the intermenstrual period the venous blood of normal women con-
taincd, as an average value, 63-8 x 1078 g. As per 100 c.c., the range
being from 20-5 to 113 4, vuth little v auatlon in the indiv 1dual During
menstruatlon there is an increase of 50 per cent. to an avcrage of 92-5,
and durlng pregnancy it further increases, reaching a maximum value
(average 220) between the fifth and sixth months and then gradually
falhng, although at the full term the value is still above the normal
intermenstrual value.

The examination of the urine of a large number of hospital patients
subject to the same diet gave the following results: ! 16 per cent., no
arsenic present; 43 per ccnt 0-01 to O- 06 mg. As per litre; 33 per
cent., 0-07 to 0-20 mg. per htre 8 per cent., 0- 21 to 0-69 mg. per litre.
In four cases there was a variation from 0 to 0-23 mg. As per litre over
periods of 4 to 6 days. Traces of arsenic may be found in the bones,?
the skin,? and in the hair® and nails. The arscnic content of human
hair for normal persons not engaged in any arsenical industry or under-
going medication was stated bv van Ttallie to be 001 to 0-03 mg. per
100 grams, and the same observer found that the content in ﬁnoer and
toe nails varies between wide limits. The presence of traces of arsenic
in urine, lungs and hair is usual for people living in districts wherc,
owing to industrial operations, the atmosphere is contaminated with
arsenic.

Bertrand found arsenic present in hens’ eggs, to the extent of 0-005
mg. in one egg chiefly concentrated in the yolk. On the other hand,
Gautier could not detect the clement in birds’ eggs.

The wide distribution of arsenic in so many natural products results
in the contamination of a great variety of industrial products. Thus the
use of pyrites, or even sulphur which may be slightly arsenical, in the
manufacture of sulphuric acid, leaves the element as a common impurity
in the acid, and although methods are applied to remove the arsenic as
completely as possible (see Vol. VII, Part II, p. 158), traces are still
liable to remain. The usc of sulphuric acid on an immense scale in the
manufacture of hydrochloric and nitric acids, and the further employ-
ment of these acids in chemical industry, result in a widespread dis-
tribution of arsenic, so that it is iroqucntlv tound in phosphorus,
phosphoric acid and phosphates, hydrobromic acid, caleium chloride,
ferric chloride, caustic alkalies, alkali chiorides and carbonates, bismuth
compounds, ammonia and ammonium compounds, hydrogen sulphide,
chloroform, glyccrine, beers, vinegars, flour, sugars and many food-
stuffs.  The lnqultv of arsenic in artificial materials is undoubtedly a

cause of the conflicting evidence, discussed above, as regards its presence
as a normal constituent of the or ganism. It is onl} in recent vears that
analvtical methods have been sufﬁmently refined to guard against
accidental introduction of the element.

Traces of arsenic may occur in many metals, e.g. antimony, bismuth,
copper, iron, lead, nickel, tin and zine, and in allovs derived from such
metals. 1ts presence gcnelall} results from the use of arseniferous ores
and 1madequate purification ol the metals. It is found as an impurity
in many dyves and colouring matters, and some arsenic compounds

! Bang, Biochem. Zeitsch., 1925, 165, 364, 377.

* Mann, loc. cit.; Bang, loc. cit.

* van ltallie, Pharm. Weekblud, 1932, 69, 1134, 1145; von Vamossy, Pharm. Monatsh.,
1932, 13, 254.
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ortant pigments (see p. 166). Wines coloured with
toppntain arsenic.? Printing inks gerller
) writing materials. Kappeller ® exami .
fourtecen samples of violet carbon paper and found al‘Senic‘in flinved
three of German origin contained 0-95 to 3-8 g. As per 100 grams ’le.e;
two American samples contained 0-9 to 3-0 2. As per 100 oﬁ-amg ’ \\Tnle
English violet typewriter ribbons contained 0-5 to 1-1 o Ag - "o
grams, or 3-8 to 15-4 mg. per metre. On the other hand ‘ani{?el o
powders and violet pencils did not contain arsenic. I,t is m? ik
nowadays that arsenic is found in wallpapers ¢ and window .SC. dom
in excess of the permissible limit of 5 mg. per sq. metre, and th chl s
to be said of coloured papers and boards used for \\'1'a1)1;il1ovg 5 ﬂc Saljﬂc '
limit for these being 10 parts per million. Arsenic 18 sm%c’ti 1O.ai%grecd
in wall plaster,’ however, in dangerous quantity (see p. -292)_mes ound

constitute imp
aniline dyes have been found

ally contain it,* as do many

Husson, Compt. rend., 1876, 83, 1113.
Barry, Analyst, 1927, 52, 217; Morrell and Smyth, bed., 339

Kappeller, Zeitech., Uniersuch. Lebensin., 1930, 60, 213
4 Qee Scheringa, Phurm. Weekblad, 1928, 65, 677. T

s Stern, Analyst, 1928, 53, 83.
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CHAPTER IIL
ARSENIC AND ITS PROPERTIES.

Symbol, As.  Atomic Number, 33.  Atomic Weight, 7491 (O =16).

History.—Two vellow pigments were used by the ancient Egyvptians ; 1
the one, a dull yellow, was a natural ochre or hydrated oxide of iron ;
the other was the bright yvellow natural sulphide of arsenic. There is
evidence that the latter was employed as early as the 18th Dynasty
(1580 to 1350 B.c.) at Tell el Amarna *> and in the Theban necropolis.?
Arsenic is frequently found in ancient Egvptian copper and bronze, but
the highest amounts recorded * (2-3, 3-9 and 5-6 per cent.) are not higher
than might have been present as natural impurities in the ores used.

The two naturally occurring sulphides were undoubtedly the first
forms in which arsenic was known to the early Greeks, but it is doubtful
whether two distinct substances were recognised by them. Aristotle,
in the fourth century B.c., used the term sandarach ; his pupil and
successor, Theophrastus, referred to the same material as arrhienicum ;
and in the first century a.p., Dioscorides, a Greck herbalist, writing of
arsenicon,® said that as a remedy for coughs and asthma it ** should be
burned in combination with resin and the smoke inhaled through a
tube.”” Pliny the Elder (first century a.n.) recommended its use®
for the same purpose *“in the form of a fumigation with cedar dust,”
and such use probably accounts for the presence of the small quantity
of realgar discovered recently in the Roman stratum of the floor in
Wookey Hole, Somerset, there being no evidence in the district of its
employment as a pigment.”

Pliny identified sandarach with arsenicon or arsenicum, but he
designated that which ‘“‘resembleth burnished gold in colour,” which
he considered to be of the best quality, auripigmentum, of which term
orpiment, the present name for the yellow sulphide, As,S;, is a con-
traction. Thus the name arsenic appears to be of Greek origin, its
meaning being masculine or valiant, referring to the powerful activity
of the sulphide, to which it applied.® An Arabic origin of the word has
been suggested,” possibly from arsa naki, but there is doubt as to the
authenticity of this term,!® and a closer relationship may be found in the
Persian word for arsenie, zarnich or zirnuk. The more usual form of

* Lucas, “Ancient Egyptian Materials™ (Arnold and Co.), 1926.

2 Flinders Petric, = 7%ll el Amarna’ (Methuen and Co.), 1894, p. 15.
¢ Mackay, “Ancient Egypt,” 1920, 5, 37.

* Flinders Petrie, A ncient Lgypt,” 1915, 2, 17.

5 ¢ Dioscorides,” Book V, cap. 122,
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sandarach was reddish in colour and was 111\(10111)TC(11)’ tlle.mineral, more
or less pure, now known as realgar, As_gbgz‘a- nanie derived frqm the
Arabic Rahj al ghar, ** powder of the mine.” The sandarach mines at
Pompciopolis, in Paphlagonia, n which crm?ma,l slav_c§ were employed
during the first century a.n.; are de_scnbeﬂ in the writings of Straho.!

It is evident that white arsenic, in an impure fornj, must have been
observed as a product of the combustion of th§ sulphides, b1~1t although
certain medicinal properties were early recognised, no mention appears
to have been made of its toxic nature. Nor docs its identity as an
individual substance appear to have becen 1:ecognisﬁed before the eleventh
century, when an Arabian chemist, Avicenna,® dcscmbed it as the
produc:t of sublimation of vellow or red arsenic; the thirteenth-century
Latin trauslation of Geber’s ¢ Swmma Perfectionis,” supposedly written
in Arabic in the eighth or ninth century, contains similar mention,
but the origin of this work is not known. Roger Bacon® showed
that this arsenicum album could be obtained by heating orpiment with
iron scale—evidently by oxidation of the liberated arsenic vapour.
The substance soon became familiar to the medizeval alchemists and
arsenicum was thought to be of a nature akin to sulphur, and supposed
to contain sulphurous carth, salt and a metal® As its poisonous
qualities were recognised it became known under various names, such
as Goblet-fiend, Bowl-sprite, and the German cquivalents Scherben-
kobold, Nipchenkobold, also Cobaltum and Fly-poison, while the
arsenicum album was known as Flowers of Arsenic, Hiittenrauch
(arsenical fume), Giftmehl (poison f{lour) and Rat-poison. Chaucer,
however, referred to arsenicum as arsnek, which later was printed as
arsnecke and arsenik; while Thynne ¢ in 1599 explained that ¢ this
Resalgar is that which by some is called Ratisbane, a kynde of povsone
named Arsenicke.”

According to Berthelot,” a fragmentary writing attributed to Zosimus
(fifth century a.n.) clearly indicates the preparation of metallic arsenic,
but such a product does not appear to have been vecognised until the
thirteenth century, when Albertus Magnus obtained it 8 by fusing
arsenicum (i.e. orpiment) with twice its weight of soap. During the
seventeenth and cighteenth centuries it was prepaved by reduction of
white arsenic by heating with oil® or with potash and soap.’® That the
product was not a true metal was soon recognised ; Basil Valentine
called it a *bastard metal ” and Brandt?!2 a * semi-metal,” and the
latter, who early in the eighteenth century made the first discerning
experiments on the chemical naturc of the arsenical compounds,
observed that white arsenic was the calx of metallic arsenic.

Strabo, Geographia, 12, iii, 40.

Bergman, * De arsenico,” Upsala, 1777.

“ Breve breviarium de dono Dei,” thirteenth century.
Libavius, *Commentationum metallicarum,” Fraul‘{furt-, 1597; Lemery, “Cours de
iv,” Paris, 1675; Kunckel, ¥ Philusophia chimica experimentes cmzﬁrmz.lm,” Amster-
y, 1694; London, 1730. '

* Cnaueer, ™ The Chanouns Yemannes Tule,” civea 1386.

Thynne, © dnimadversions on Speght’s Chaucer,” 1594, p. 36.

Berthelot, Aun. Chim. Phys., 1888, [6], 13. 430.

Albertus Magnus, “* Theatriim chemicum,” 4, 931 (1613 edn.).

Brandt, Areh. Akad. Upsaly, 1733, 3, 39.

Lemery, “Cowrs de chymie,” Paris, 1675.
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Schecle in 1775 discovered arseniuretted hvdrogen and recognised
arsenic acid as a chemical entity. The existence of the latter appears
to have been suspected by Cavendish, according to his recorded experi-
ments, as carly as 1759, whilst the solid ploduct resulting from the
oxidation of arscnious oxide byv heating with potassium nitrate was
observed by the alchemists, Paracelsus deseribing it as arsenicum fizum 2
and Libavius as butyrum arsenici ;3 van Helmont called it a ** fiery
salt.”” *

Berzelius in 1817 investigated the stoichiometrical relations of
arsenic with other elements and examined the various compounds with
sulphur.  The physical properties of the element caused it to be classed
with the metals, but its non-metallic chemical properties and its
similarity in chemical behaviour to nitrogen and phosphorus were
eradually recognised.

Preparation.—The element is used only to a small extent in
commerce.  None at all has been produced in recent vears in the United
States, where the annual demand rarely exceeds 100 tons.® In Europe
it is generally produced by the sublimation of native arsenic or by
heating arsenopyrite or lollingite. The mineral is heated in the absence
of air at 650° to 700° C. in earthenware retorts or in tubes laid horizon-
tally in a long furnace. The arsenide minerals decompose thus :

FeS, FeAs,=2FeS +2As
1FeAs ,=FeAs +TAs

A furnace usually holds 24 to 30 retorts,® about 2} feet long and
6 inches in diameter, made of clay and pow dered bricks, with a glazed
exterior which makes them i impervious to arsenical vapours, the charge
for each retort being about 20 to 25 lbs. of ore. A spiral piece of thin
sheet jron is inserted about 4 inches into the mouth of the retort and
projects for the same distance into a cvlindrical earthen condenser, the
joint between the rctort and the condenser being luted with clay. A
door at the end of the condenser allows access to the retort and enables
observation of the operation. On distilling, most of the volatilised
arsenic condenses on the iron spirals as nearly white crystalline crusts
or as glistening grev scales.  Some [inely divided arsenic and volatilised
sulphide collect on the walls of the condensers, but the volatilisation of
sulphide may be minimised by the addition of potash or lime to the
charge.  The end of the operation, which may take up to 12 hours, is
judged by observing the fumes through the condenser door. W hen
0001 the spiral iron “sheet is removed and unrolled and the crystalline
mass detached. The vield is about 50 per cent. of the arsenic present in
the arsenopvrite, while it is somewhat larger in the case of leuco-
pyrite.  The residues may be roasted in order to recover the remaining
arsenic as arsenious oxide (see p. 125). The arsenic is ready for sale
without further treatment, but may be purified by resublimation, after
mixing with powdered charcoal.

U Havcourt, BoAL Reports, 1840, p. 500 Cavendish, “Scientific Papers,” Cambridee,
1921, 2, 268,

2 Pavacclsus, © 7he Hermetic and Alchemical Wiitings," London, 1843, 2, 210.

5 Tabavius, " dlehenia,” Francofurti, 1595.

T ovan Helmont, = Ortus Medicine,” Lugduni, 1656.

> Tyler and Petar, J. Electrochen. Soc., 1932, 61, 123; Gerry and Meyer, " M ineral
Resources, U7 (Burean Mines), 1931, 1, 9; Franke, * Mincrals Year Book,” 1937, p. 713.

8 Hayward, “Quthiie of 3Metallurgical Practice,” van Nostrand, New York, 1929,
p- 316: Schnabel and Louis, ~ Hundbook of Mciallurgy,” Macmillan, 1907, p. 604.



26 ARSENIC.

Metallic arsenic is sometimes obtained from arsenious oxide. Th
in Altenberg (Silesia) the oxide is heated at 650° to 700° C. with éharcoui
in an earthenware crucible covered with a conical iron cap which acts :
recciver, while in Chicago * retorts composed of steel pipes large enoucr}S
to take a charge of 450 lbs. were at one time used for the same 3121:1*1
pose, t}m arsenic being collected in water-cooled pipe condensers. Jl‘hi;
reduction method is not satisfactory, however, as the product is largel
amorphous and is not so desirable as the crystalline form, being g’uit}i
able only for making arsenic compounds. Moreover it always cgntains
arsenious oxide. A Japanese method * consists in fixing the vapour of
arsenious oxide by means of ferric oxide or alumina at a temperature
above 218 C.and then reducing the product with water-gas, Mond gas
or producer gas above 100° C. ; the arsenic thus freed is then Sublimtéd

The clement may also be prepared by heating the sulphides with
carbon and alkali carbonate or eyanide, but in this case also the product
is largely amorphous.

Various attempts have been made to employ electrolytic methods
for the extraction of arsenie from arsenical minerals.  Thus Siemens
and ITalske 3 snggested the treatment of sulphide ores with sulphides
or hvdrosulphides of the alkali metals so that the arsenic passed into
solution as @ double sulphide or thioarsenite, thus : )

A58, +ONalS = As,S5.3Na,S + 3H,S

Kleetrolysis of the resulting solution in a diaphragm cell with carbon
or platinmn cathades resulted in liberation of arsenic in the cathode
compartment.  Extraction of the ores with sulphydroxides of the
alkaline earth metals and subscequent. clectrolysis has also been sug-
gested.t These methods have little application, however, since the
arsenic in the common ores, such as arsenopyrite and leucopyrite,
cannot be extracted as sulphide.

Arsenie may be deposited by clectrolysis of a solution of arsenic
richloride in glacial acetie acid 2 it is always obtained in the amor-
phous forn. 1t has been suceesstully plated on copper and brass from
o sohition of areenious acid containing alkalt chlorides.®

ure arsenie has been prepared by reducing carcfully purified
amnonium dibvdrogen arsenate al 10007 (. in a current of ammonia,
the arsconie heing tinatly resublimed in a vacuunt? The element may
Alatsy e obtained as an amorphous precipitate by reduction of aqucouvs
A niions acid, Tor example, by means of sodiom hypophosphite,® or by
the addition of 2 few drops of phosphorus trichloride.?  The reaction 1n
Phe Initer case probably takes the following course :

A0, sPCL - 9O 2As 1 3HL,PO + 0

A wmilar renction ocears also with arsenates and arsenites, and is

bl woand, Laes ety
P b el Oty Joegues s Pedent, 056 (1932).
~ictnenn et Fhd b G [ratend, 67973 (1892).
S ombernens Al b Potot CTERIG (TSUO6
<t ared Nadnerhy S e o, Soe., 1932, 54, 4172,
Ponironon, Lo e Dateats D706 (u27). See o also Gravell, dmercan Patent,
[ DTN S T B
e Pl O il
Saseroae and Vaur
R 2 £ P S

roeed. 105, 108, 1751
St ned . Noe. beal 1928, 99, 372,
N fhoaegeed, THEDL 15, 263.




ARSENIC AXND ITS PROPERTIES. 27

4

sufficiently delicate to reveal the presence of as little as 0-000075 eram
of arsenic per cubic centimetre. N
Compact pieces of metallic arsenic may be obtained by pressing

gggi(ielrcd arsenic at temperatures approaching 500° C., with exclusion

Allotropy of Arsenic.

That arsenic may exist in both crystalline and amorphous forms was
obser_ved by Berzelius,®? who designated them o- and B-arsenic, re-
spectively.  Two crystalline allotropes, metallic arsenic (the o-form)
and yellow arsenic, are now recognised, and three amorphous forms,
vitreous arsenic (the B-form), grey and brown amorphous arsenic, have
befzn described.  The majority of investigators, however, deny the
existence of more than one amorphous form, and indeed, as will be seen,
it is an open question whether any amorphous form is to be considered
as a true allotrope.

Bettendorff® showed that when arsenic is sublimed in a current of
hydrogen the arsenic vapour condenses first as a crust of vitreous
arsenic in the zone nearest the source of heat, beyond this as a crust
of crystalline metallic arsenic, and in the coolest zone a yellow deposit
forms which rapidly becomes grey and pulverulent. Bettendorff did not
examine the unstable yellow deposit, but assumed it to be another
allotropic varicty ; the grey powder, which microscopically resembles
flowers of sulphur, he designated y-arsenic. If the arsenic is sublimed
in a glass tube closed at one end, the sublimate contains some arsenious
oxide, and between the vitreous and metallic deposits a brown trans-
parent ring is formed which was thought to be a suboxide? (see p. 123).

Mectallic arsenic i1s the stable form. It consists of lustrous, steel-
grey crystals belonging to the rhombohedral system and isomorphous
with a-antimony, with bismuth and, according to Hittorf,5 probably
with red phosphorus, but this is disputed.® The crystals are brittle
and of density 5-73.7 They are oxidised slowly in air, the oxidation
being marked at 40° C., when the crystals become covered with a layer
of arscnious oxide. The metallic arsenic may be purified by resub-
limation in a vacuum. If resublimed in an open tube there appear
in the following order: a mirror-like deposit of vitreous arsenic, dark
brown specks, and most remote from the source of heat a grey crust.
Erdmann and Reppert 8 regarded the brown deposit, of which the
density at 15° C. is 3-70, as amorphous arsenic, and the grey crust
of y-arsenic of density 4-64 as a definite crystalline variety.  When
heated to 360° C. the latter changed to a-arsenic. The light grey
vitreous form, which Bettendor{l showed to be always deposited when
arsenic vapour is cooled to 210° to 220° C., has density ® 4:716 to 4-740,
and is not oxidised in air even when finely powdered and heated to
80° C. It resembles the y-form in changing to the a-form at 360° C.

L Scharfe, German Patent, 527807 (1928).

2 Berzelius, Acad. Handl. Stockholm, 1843, p. 1.

s Bettendorlt, Sitzungsber. Niederrh. Ges. Bonn, 1867, p. 67.

1 Retgers, Zeitsch. anorg. Chem., 1893, 4, 403.

5 Hittorf, Ann. Physik, 1865, 126, 193.

5 Linck, Ber., 1899, 32, 888.

7 Laschischenko, J. Chem. Soc., 1922, 121, 974, Earlier workers give 570 to 5-72.

5 Irdmann and Reppert, Annalen, 1908, 361, 6.
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In 1869 Bettendorff rccorded t the formation of a voluminous brown
precipitate when stannous chloride was added to a solution of arsenious
oxide, or of magnesium ammonium arsenate, in hydrochloric acid.
The precipitate proved to be arsenic (96 to 99 per cent.) with traces of
tin which were irremovable. The speed of precipitation depends upon
the amount of arsenic present and the temperature. With solutions
containing little arsenic, Bettendorff observed, on warming, a yellow
colour before the precipitate appeared, but he was unable to prove that
the colour was due to arsenic. Thereactjon involved may be represented

thus—
2AsCl,; +3SnCl, =3SnCl, +2As

and when employed for the detection of arsenic is known as Bettendorfl’s
test (see p. 310).

When a mixture of phosphorus and arsenic trichlorides is treated
with water, the arsenious acid first formed is rapidly reduced to
arsenic, which is deposited ? as a brownish-black amorphous powder
of density 3-7 at 15° C. Engel?® obtained this brown precipitate by
reduction of arsenious acid with stannous chloride, hypophosphorous
acid, copper, and by electrolysis. He gave the density as 4-6, however,
and maintained that the vitreous S-form, the grey y-form and the brown
precipitate were all identical, the differences in appearance being due
only to the state of subdivision. He suggested, therefore, that there
were only two allotropic forms, crystalline and amorphous, and these
he compared with white and red phosphorus, observing that the ratio
between the densitics of the two forms, 1-245, was the same as in the
case of the two forms of phosphorus (1-244) ; moreover, the amorphous
form sublimes in an inert gas at 280° to 310° C. and after some hours
sublimation ceases, lcaving a residue of crystalline arsenic which does
not sublime below 360° C., the transformation temperature (p. 31).
In the same way ordinary phosphorus sublimes at a lower temperature
than that at which it is converted to red phosphorus. The analogy
may not be pushed too far, however.t Attempts to produce a doubly
refractive form of arsenic analogous to the doubly refractive form of
white phosphorus, obtained by strongly cooling, have not been sue-
cessful,® even at —190° C.

Linck in 1899 ¢ established the existence of a wellow crystalline
varicty, obtaining it by gently heating ordinary arsenic in a current of
carbon dioxide and rapidly cooling the vapour to below 0° C.in a
receiver protected from light.”  The product dissolved readily in carbon
disulphide and the solution yielded, on evaporation, microscopic
rhombic dodecahedra belonging to the cubic system and strongly
smelling of garlic. These change spontancously to mectallic arscnic,
especially on heating or on exposure to light ; in the latter case the
transformation is complete in about three minutes and may be followed

L Betiendortf, Sitzungsber. Niederrh. Ges. Bonn, 1869, p. 128.

2 Geuther, Annalen, 1887, 204, 208, See also Sen, J. Proc. Asiatic Soc. Bengad, 1919,
15, 263.

> 3 Engel, Compt. rend., 1883, 96, 497, 13145 Bull. Soc. chim., 1888, (2], 50, 194; 1843,

(3], 13, 721.

1 Linck, Ber., 1899, 32, 881.

5 Vorlander, Selke and Kreiss, Ber., 1925, 58 B, 1802,

§ Linck, Ber., 1899, 32, 888; 1900, 33, 2284.

7 Haenny, Helv. Chim. Acta, 1930, 13, 725.
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microscopically. The characteristic garlic odour usually associated
with arsenic vapour appears to be evidence of the presence of the yellow
variety.! Erdmann and von Unruh 2 obtained this allotrope by heating
ordinary arsenic in an aluminium tube at a temperature above 360° (.
As the hot vapour left the tube to enter a U-tube surrounded by ice-
water, it met a current of cooled carbon dioxide and condensed as the
yellow form. This was immediately dissolved by carbon disulphide
contained in the U-tube. Stock and Siebert® obtained a similar
solution by an electrical method ; a current of about 12 amperes was
passed between a carbon anode and a cathode consisting of an alloy
of equal parts of arsenic and antimony, both electrodes being immersed
in carbon disulphide contained in a vessel cooled by ice-water. The
arsenic dissolved, but the antimony, although disintegrated, did not
dissolve. From the solution the yellow form of arsenic was obtained
either by evaporation or by crystallisation at —70° C. The yellow
allotrope was also obtained by subliming arsenic in vacuo, the vapour
being cooled by liquid air in the dark.

Durrant ¢ in 1919 further investigated the reduction of arsenious
acid by means of stannous chloride, using solutions of the two chlorides
in hydrochloric acid. The anhydrous chlorides do not react, but the
addition of a drop of water is suflicient to cause rapid liberation of
arsenic. Durrant observed that in the hydrochloric acid solution the
appecarance of the arsenic precipitate is always preceded by a pale bulf
tint ; the buff-brown precipitate then separates and the pale colour is
best observed in mixtures of such dilution that the precipitation is very
slow. If the deposit, after washing, is immediately shaken with carbon
disulphide, arsenic dissolves, but the amount going into solution is
greater if carbon disulphide is vigorously shaken with the solution of
the two chlorides while the rcaction is in progress. Evaporation of
the carbon disulphide leaves a residuc of grey arsenic, but during the
process pale-coloured particles of arsenic may be seen to rise to the
surface and then rapidly darken. Durrant therefore concluded that
the yellow allotrope is first deposited but spontancously changes to
the grey amorphous form. Small quantitics of arsenic soluble in
carbon disulphide may be obtaincd by reduction of arsenious acid with
zine dust in presence of the solvent.®

Yellow arsenic is extremely sensitive to light, especially ultraviolet,
quickly darkening in colour as it changes to the grey form even at very
low temperatures. It can be preserved for some time if kept away
from light and at a temperature below -60° C.  According to Erdmann
and Reppert,® the formation of grey arsenic is an intermediate stage of
the transformation of the vellow to metallic arsenic.  In red light the
formation of the metallic form is extremcly slow. In solution in carbon
disulphide, the yellow form shows no tendency to change to the
metallie,” but on standing the solution slowly deposits the brown
modification, which is not sensitive to light.

The solubility of yellow arsenie in carbon disulphidc is as follows : 7

b Laschtschenko, J. Chen. Soc., 1922 121, 974.
® Krdmann and von Unruh, Zedsch. anorg. Chem., 1902, 32, 457.
# Stock and Sichert, Ber., 1904, 37, 45725 1905, 38, 9t.
1 " J. Chein. Soe., 1919, 115, 134,
o v 1. /1.
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‘ Temperature, °C. . . . -60 -15 ‘ 0

| Grams Asin 100 c.c. €S, . . 08-1:0 1 2:0-25 | 3-8-4.0

‘ oo - T
Temperature, °C. . . . 12 | 12%-20 , 16

- Grams As in 100 c.c. CS, . . 3560 | 7:5-80 11

1

L.~

The elevation of the boiling point of carbon disulphide resulting from
the dissolution corresponds with the molecular formula As,.

The significance of the difference in density of the various forms of
arsenic has been the subject of much speculation.  The density of the
yellow allotrope is,* at 18° C., 2:026 and at —350° C. 2:35 and, like that
of the metallic form, 5-73, is quite definite, whereas the amorphous
forms vary considerably in density according to the conditions of
formation, the following values being recorded : vitreous 4-71 to 4.74 ;
grey or black, as obtained in arsenical mirrors, 4-60 to 4-74; brown,
obtained by reduction of arsenic compounds in solution, 37 to 4-7.
Watts, as early as 1850,2 suggested that this difference in the compact-
ness of the constituent matter was the explanation of the supposed
allotropic states, while Engel, as stated on p. 28, said that there was only
one amorphous allotrope, the different forms being due to the state of
subdivision. Erdmann,® on the other hand, assumed that differences
in molecular constitution explained the relation between the different
varieties, thus—

Yellow —— Brown —— Grey —— Metallic

As, Asg As, As
these changes being brought about by light. Geuther ¢ had previously
observed that the densities of the three last varieties were in the ratio
4:5: 6 and suggested the formulae (Asy),, (Asy +Asg) and (Asg),. But
such molecular formule were basced on insufficient cvidence. The
contention that the compactness of the constituent matter was the
governing factor was revived by Kohlschiitter and his co-workers,® who
considered that yellow arsenic, specific volume 0-192, passed into the
metallic form, specific volume 0-173, merely by a process of condensa-
tion, a given amount of matter passing into a much smaller space ; also
that the grey and brown forms were the same as the metallic but in
more diffuse states.

The grey form may be obtained from the vellow in carbon disulphide
solution by treating with alcohol, or by cooling with carbon dioxide and
ether or with liquid air. It is stable towards atmospheric oxygen, and
is oxidised by nitric acid more slowly than the brown and mectallie
modifications.

The yellow, grey and brown forms do not conduct clectricity,
whereas metallic arsenic is a conductor.  This difference has been made
use of in determining the temperatures at which the metallic varicty is
produced from the other forms at a sensible rate. Bettendorlt (1867),

* Erdmann and Reppert, loc. cit.

? See Gmelin's * Handbook of Chemistry™ (London), 1850, 4, 251.

Lrdmann and Reppert, dnnalen, 1908, 361, 1; * Lekhrbuch der anorganischen Chemie,”
1910, p. 370.

* Geuther, Annalen, 1880, 204, 208.
® Kohlschiitter, Frank and Eblers, dunalen, 1913, 400, 268.
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Engel (1883) and Linck ! (1899) stated that amorphous arsenic is trans-
formed at 360° C., irreversibly and with considerable development of
heat, into metallic arsenic ; Erdmann and Reppert gave 303° C. as the
transformation temperature, while Jolibois 2 and Gaubeau? dctermined
the point of hrreversible transformation both of the brown and grey
varieties to be 270° to 280° C. Erdmann gave the transition point
between the brown form and the grey form as 180° C., but such a
critical point has not been substantiated. Jolibois asserted that his
thermal obscrvations admitted only two allotropes, the ordinary grey
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i, 1.—Cooling Curves of (A) Metaliic Arsenie, (B) Amorphous Arsenic.
(C) Density Curve for Amorphous Arsenie.

metallic form, stable up to its melting point, 830 = 10° C., and an un-
stable yellow amorphous form which undergoes an irreversible Lrans-
formation into the mctallic form at 285° C. The yellow form he
considered to be tdentical with the vitreons modification,

Thus, while it was generally aceepted that the grey metallic and the
yellow crystalline forms were true allotropic modifications, there was
considerable confusion of thought as repards the so-called amorphous
forms.  Laschtschenko *in 1922 therelore attempted to clucidate the
nature of these forms.  Ie measured the amount of heat evolved
during cooling from a high temperature of samples of metallic arsenie,
purificd by sublimation in a vacuum, and of amorphous arsenic prepared
by reduction with tin of arsenious oxide dissolved in hyvdrochlorie acid.
The operations were carried out in scaled quarlz-glass tubes.  The
cooling curves, fig. 1, showed for metallic arsenie, A, between 868° and

o s -

b Linck, Ber., 1899, 32, 838; 1900, 33, 2284,
2 Jolibois, Compt. rend., 1911, 152, 1767. & Ganbeau, thid., 1914, 158, 121.
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822° (. a sudden increasc in the amount of heat evolved owing to
solidification, the latter temperature being above the point ol fusion of
arsenic,! and a break at 750° to 738° (., indicating the change to the
vellow allotrope. The curve B for the amorphous form is typical of
monotropic transformation. It will be seen that the transformation
points given above, 270° to 2807 C. and 366° L., correspond respectively
with the maximum point of B and the point ol coincidence of B and A.
A series of determinations of density of amorphous arsenic which had
been heated in sealed quartz-glass tubes and rapidly cooled to 15° (.
showed continuous change (curve C); at 260° to 265° C. the density
corresponds with that of the grey modification, and at 360° (., when
the curve becomes almost horizontal, with that ol the mectailic form.
The values obtained were :

ta C . . o 15 173 :_)3(-)' ) 2.‘—5
'p¥ . . . 3693 3-608 3-071 1-403
t°C. . . . 275 305 365 100

DY 4 1947 | 5365 5731 3-729

A
| |

The density of the purc metallic form at 15 C. was 5-7301. These
results suggested that the amorphous forms of arsenic are more probably
solid solutions of the yellow and metallic forms rather than true allo-
tropes, the densities depending on the proportions of the two forms
present (compare the values given on p. 30). Engel's experiments
(p- 28) on the sublimation of arsenic support this contention. The
sublimation temperature of amorphous arvsenic in a vacuum is about
260° C. and 280° to 310° C.in an inert gas, while that of metallic arsenic
is variously given as 450° % in hydrogen and 554° % and 616° C.2 at 760
mm. in air. At 860° C. sublimation of the amorplous form ceascs, but
by sufficiently prolonged sublimation at 310° (. complete transformation
of the metastable amorphous phase into the stable metallic modification
may be effected. This is in accordance with the distillation of the more
volatile component of a solid solution, leaving the component which is
non-volatile at the particular temperature. The objection to this
conception is that such a change should bhe reversible, whercas the
change of amorphous to mectallic arsenic is definitely an irreversible
exothermic transformation.

Laschtschenko therefore suggested that the amorphous forms may
be of colloidal origin and may thus represent stages in the continuous
passage from the colloidal to the cvystalline state. The mode of pre-
paration of the brown form by reduction of arsenic compounds in
solution is favourable to sol formation, and the view that the various
forms differed only in degree of dispersion of the particles has alveady
been mentioned (p. 30). X-ray investigations® show that the preeipitated

t Tor other determinauons of the melting point of arseme, sce p. 37.

? Conechy, Chem. News, 1880, 41, 181, F Kraftt and Knocke, Ber, 1609, 42, 202,

1 Jonker, Chesm. Weekblad, 1908, 5, 783 Preuncr and Brockwoller (Zeitsch. physdal.
Chem., 1913, 81, 129) give the following sublimation temperatures: at 336 mm, 5647 C.;
at 430 mm., 580° C.; at 586 mm., 600° C.

5 Jung, Centr. Meneral. Geol., 1926, A, 107.
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brown arsenie, brown translucent arsenic obtained by sublimation, and
the arsenic mirror, brown in thin layers by transmitted light, are all
amorphous and apparently identical.

A more recent investigation ! has shown that the product obtained
when arsenic vapour condenses below 100° C. in pure hydrogen is
amorphous to the X-rays and is a powder of very small particle size.
When the vapour is condensed between 100° C. and 130° C. a mixture
of powder and coherent shcet is obtained, while between 130° and
250° C. only the coherent sheet or glass is formed. The metallic lustre
of the latter increases with the tcmperature of condensation. It is
shown to be amorphous by the Xrays. Above 250° C. the deposit is
distinctly crystalline to the X-rays.

The transformation of amorphous arsenic to the crystalline form
can be accelerated by the presence of certain catalysts,2 hydrogen
iodide being one of the most active ; the transformation temperature
is thereby considerably lowered and the change has been induced at
180° C., 90° lower than the temperature previously observed (see p. 31).

Investigation by X-ray methods ® of the structure of samples of
arsenolamprite from two different localities showed only partial agree-
ment with that of metallic rhombohedral arsenic ; the differences may
be attributed to the presence of impurity in the minerals, but could also
be explained by the presence of a second allotropic modification corre-
sponding to black metallic phosphorus (see p. 35).

Colloidal Arsenic.—Arsenic sols may be prepared by the reduction
of arscnic compounds under suitable conditions. For example a
mixture containing 1 gram of arsenious oxide and 8 c.c. of hydrochloric
acid (D =1-182) is shaken until dissolution is complete, and then poured
into 50 c.c. of warm Paal’s liquid 3 acidified with acetic acid. A slight
excess of hypophosphorous acid is added and the mixture kept on a
water-bath for about 15 minutes until reduction is complete. After
cooling, sodium carbonate is added to cause complete precipitation, and
the precipitate separated by centrifuging. It is then redissolved in
20 per cent. aqueous sodium hydroxide, and on evaporation a watcr-
soluble product containing 28 to 27 per cent. of arsenic remains. The
hydrosol is purified by dialysis; it is negatively charged and fairly
stable in air.

Stable hydrosols may be obtained similarly by reduction of arsenious
oxide, dissolved in aqueous sodium hydroxide containing some other
protective colloid such as gelatin or egg-albumin, by means of alkaline
pyrogallol.®  Salts of metallic acids, such as sodium antimonate or
caleium plumbate, with or without the addition of protalbic acid, may
also be ecmployed as protective colloids.”

Colloidal arsenic is also formed by clectrolytic reduction of a cold
alkaline solution of arsenious oxide using a platinum cathode and a
mercury anode, a small current density being employed ; a trace of

1 McCormick and Davey, Phys. Review, 1935, [2], 47, 330.

2 Levi and Ghiron, Aty &. Accad. Luncei, 1933, 17, 565.

8 Jung, loc. cit.

4 Gerasimov, J. Russ. Phys. Chem. Soc., 1929, 61, 269.

5 Paal, Ber., 1902, 35, 2206, 2224. This hquid is an aqueous solution of sodium
protalbate or lysalbate; the solute functions as a protective colloid.

¢ Heyden, Germun Patent, 202561 (1908).

* Chwala, dmerican Patent, 1573375 (1926).

s Lecoq, Compt. rend., 1910, 150, 700, 887; Fouard, 1bid., 1927, 184, 328.
VOL. VI.: IV. 3
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‘s neyv also be obtained by subjecting dilute aqueous solutions
i oxide to a silent clectric discharge * in a current of hydrogen,
ixtare of hvdrogeu and arsine. Alcosols of arsenic have also
<i by the latter method, replacing water by ethyl, butyl or

Or ob an
been obiuine
amyv! aleohol. ) ' o

"The hvdrosol is generally brown in colour, and has httlg toxicity
for animals.  The clament may be precipitated by addition of alcohol 2
or neetone. A sol containing a protective colloid is not affected appreci-
ablv by the addition of hydrochloric or sulphuric acid or of sodium or
bariunt chloride; sodium hydroxide or carbonate causes the colour to
change to light yellow.® Sols having a vellow to bluish-violet colour
have been prepared * by passing pure arsine through water exposed to
light of short wavelengths ; the particles are ncgatively charged and
are little affected by electrolytes.”

Stable sols of arsenic in glacial acetic acid have been prepared ¢ by
dissolving yellow arscnic (0-12 g.) in carbon disulphide (333 ml.) and
pouring the solution into pure anhydrous glacial acetic acid (667 ml.).
The stability of the sols, which are yellow in colour, is decreased on
addition of a protective colloid (0-1 g. per L), and also on attempting
to remove carbon disulphide by dialysis or by heating.

General Physical Properties of Arsenic.

Arsenic in the stable metallic form consists of light-greyish lustrous
crystals possessing the symmetry of the ditrigonal scalenohedral class
(dihexagonal alternating) of the rhombohedral system.”  This describes
both the native and artificial crystals, although the former are usually
indistinct. The axial ratio referred to hexagonal axcs @ : ¢ is, according
to Rosc,® 1:1-4023, and to von Zepharovich ® 1:1-4013; if the three
edges of the unit rhombohedron which meet in the trigonal axis be
taken, the angle 8 (100) : (010) is ? 94° 56"; this corresponds to an angle
v 84° 36" between the three axes. The crystals, when obtained by
sublimation, often twin parallel to the (110) face.l® Cleavage occurs
most readily parallel to the (111) face, but it may occur parallel to the
(110) face. Examination of an X-ray spectrograph of powdered metallic
arsenic shows that the ¢rystal structure' consists of two interpenctrating
rhombohedral space lattices of axial ratio 2:805, the length of edge of
the rhomb being 4-145 A.  This is represented in fig. 2, the black circles
indicating atoms lying in a single lattice. Regarded as a lace-centred
lattice the rhombohedron ABCDEE is the unit, the distance AB being

1 Miyamoto, J. Chein. Soc. Japun, 1934, 55, 1273,

2 Auger, Conpt. rend., 1907, 145, 718.

3 Gutbier and Krautle, Aolloid-Zeitsch., 1917, 20, 136.

* Dede and Walther, Ber., 1923, 58, Y9.

® For other methods of obtammg colloidal arsemc, sce Auger, loe. cd.; Plauson,
English Patents, 155834, 182696 (1921).

¢ Elder and Burkard, J. Physical Chem., 1937, 41, 621.

7 Groth, “*Chemdische- Krystallographie,” 1906, 1, 19.

$ Rose, Sitzungsber. dkad. Berlin, 1849, p. 72.

® von Zepharovich, Sitzungsber. K. Akad. Wiss. Wiea, 1875, 71, 272.

10 See also Zenger, ibid., 1861, 44, 309; Mugge, Jahib. Mencr., 1886, 1, 183.

1t Bradley, Phul. Hay., 1924, (6], 47, 657; Linck and J ung, Zeusch. wnoiy. Chem.,
1925, 147, 288; von Olshausen, Zedsch. Nrist., 1923, 61, 463; Ewald and Hermann, bid.,
1927 6¢. Supnl.. 27,
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560 A. In each unit rhomb there are four atoms of the first lattice and
four of the second lattice, the latter being shown as plain circles. The
smaller and more acute rhombohedron AGHDKL is the unit cell of the
structure, regarding it as being composed of two simple rhombohedral
lattices. The points MNOS of the second lattice correspond to the
points AGLR of the first, and A and M constitute a point pair. The
general structure is similar to
that of antimony?® and bis-
muth,? but the edge of the
unit rhomb, corresponding to
AB above, in the case of
antimony is 6-20 A. and of
bismuth 6-56 A. The shorter g @
interatomic distance of the
atoms of the arsenic crystal |
is stated?® to be 2531 A. |
Various values for the atomic |
radius of arsenic have been !
derived, namely : 1-26,21-36,5 CP

i

]

I

1-37%and 1167 A.

As already described,
other crystalline forms of
arsenic besides the rhombo-
hedral are known orsuspected
to exist. The crystals of the
vellow allotrope belong to the
cubic system, while native
arsenolamprite (p. 8) con-
tains crystals belonging to the
rhombie, or possibly to the
monoclinie, system. Yellow
arsenic 1s soluble in carbon Fre. 2.—The Crystal Structure of Metallic Arsenic.
disulphide.

Metallic arsenic is brittle and of hardness s 3:5 (Mohs’ scale), the
Brincll number being ® 147-0.  The fracture is uneven and finely granular.
The mecan compressibility at 20° C. between 100 and 500 megabars is 10
4:5 x1075.  The specific heat has been determined over various ranges
of temperature and also at specific temperatures. The results are
given in thc following table, together with the atomic heats at the
specific temperatures ; unless otherwise stated, the data refer to the
metallic form.

The linear coefficient of thermal expansion ™ at 40° C. is 5-39 x 1079,
and the inerease in unit length over the range 0° to 100° C. is 6-:02 x 1074,

t James and Tunstall, Phil. Mayg., 1920, [6], 40, 233.
James, bid., 1921, (6], 42, 193.
Bradley, loc. cit.
Bragg, Phil. Jay., 1920, [6], 40, 169.
Bozorth, J. dmer. Chem. Soc., 1923, 45, 1621.
Gapon, Zeutsch. Physil, 1927, 44, 535: Perlitz, Scientists” Soc. Tartu, 1928, 35, 121.
* Huggins, Phys. Review, 1926, [2], 28, 1086; de Jong and Willems, Physica, 1927,
7, T4 8 Rydbery, Zedtsch. physilal. Chem., 1900, 33, 353.
® Edwards and Herbert, J. Inst. Metals, 1921, 25, 175.
10 Richards, J. dmer. Chem. Soc., 1915, 37, 1643.
11 Fizeau, Compt. rend., 1869, 68, 1125.
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i Temperature Mean Specific Tempﬁcmture, . Specific Atomic
Range, °C. Heat. °C. Heat. Heat. |
21— 66 0-08301 28 0-07721 5.78
0-100 008222 - 39 007364 5-51 '
| —188- 20 0-07053 — 136 i 0-06194 1-64 '
| 21- 65 0-0738amorpn.” —223approx. | 002585 1-98 |
0-100 0-0840grey ‘ ;

| _ — e} __

According to JannettazS the thermal conductivity perpendicular to the
(111) facc of a crystal of metallic arsenic is nearly twice as great as it
is parallel to the chicf axis. Little” gives the coefficient of thermal
conductivity in absolute units at 20° C. to be 3-68 x 106,

When heated under ordinary pressure, arsenic does not melt ; the
metallic form volatilises at a dull red heat, while amorphous arsenic
does so at a lower tcmperature. The sublimation temperatures are
given on p. 32. Iiven at ordinary temperature the element possesses
an appreciable vapour pressure, as may be shown ® by enclosing pieces
of arsenic and silver in a vesscl, but not in contact with each other;
after some months the silver is found to be coated with a film of arsenide.
Vapour pressure mecasurements of grey metallic arsenic and its liquid
at temperatures up to 833° C. have been made ; the results, expressed
in atmosphcres, arc as follows :

Vapour Press. . T . [ N
Temp., (Solid As). Temp., \4\[)0]1_111 I;I_(‘bs' Temp., ! A apour Press. .
°C Preuner and °C. (Solid As). ° (. (qullll(l As).
) ] Horiba 1 . Horiba 10
Brockmoller.? ‘ oriba.
400 0-008 150 0-026 808 | 342
450 0-025 560 0-076 817 357
476 0-G-12 350 (222 830 . 38-1
300 0-080 604 ‘ 0785 843 40-5
526 0171 6135 0-997 830 | 41-6
357 0-376 638 2392 353 42-2
380 0-566 607 : +-85 !
600 0-771 741 0-7
(633 1-0)1 772 : 169
790 : 22-3
815 336

1 Bettendorft and Wullner, Pogy. Adnnalen, 1867, 131, 293; sce also Regnault, Awn.

Cham. Phys., 1840, [2°, 73, 39. ® Wiagand, Awn. Physde, 1007, [4], 22, 64, 91.
® Richards and Jackson, Zeitsch. physieal. Chem., 1910, 70, 414; see also Anderson,
J. Amer. Chem. Soc., 1930, 52, 2296. Yiswald, Awn. Physik, 1914, [4], 44, 1213,

* Dewar, Proc. Roy. Soc., 1913, 89 A, 158.

¢ Jannetiaz, Comnpl. rend., 1892, 114, 13525 Bull. Soe. frang Min., 1892, 15, 133.

T Little, Phys. Rececw, 1926, 121, 28, 418.

¢ Zenghels, Zeitsch. physdeal. Chew , 1906, 57, 90.

* Preuner and Brockmoller, Zedsch. physdal. Cherm., 1913, 81, 167. See also Gibson,
Dissertation, Breslau, 1911.

10 Homnba, Lroc. K. Alud. Welciisch. Aansterdamn, 1923, 25, 387,

1 Rutl and Mugdan, Zatsch. anorg. Chem., 1921, 117, 147.
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By extrapolation of the vapour pressure curves (fig. 3) Horiba
showed the imelting point to be 817 to 818° C. at the corresponding
pressure of 35-8 atm. Johnston ! deduced the following boiling tem-

3 ! : ‘ | ' ‘

- p (mm. He) .10 10720107 110 | 50 100 | 760 |

Bpt. ©C. . . 1220 260 | 310 1 360 | 430 | 490 510 | 610
i ! 1 a

N S B ]

and calculated the molar heat of vaporisation to be 30-5 Cal.? The
molar heat of sublimation was calculated by IHoriba to be 336 Cal., the
molar heat of fusion 22-4 Cal., and the molar heat of vaporisation of the
liguid 11-2 Cal. The boiling 50
point of arsenic was deter-
mined by Mott® to be 616° C.

Much difficulty has been
encountered in determining
the melting point of arsenic.
Landolt? in 1859 by prolonged
heating to dull redness in a
scaled glass tube encased in
one of iron obtained liquid
globules, and by using similar
methods Mallet 3 decided that
arsenic melted at a temper-
ature between the melting
points of antimony (629° C.)
and silver (960° C.). Jonker
stated ¢ that there was no sign
of fusion at 800° C. 1In 1911, .
however, Jolibois” succeeded Fic. 3.—Vapour Pressure of Metallic Arsenic
. . S and its Liquid.
in fusing arsenic in a quartz
tube and by means of a thermocouple determined the melting point to
be 850 =10° C. A number of subsequent dctcrmnmhons have bcen
made, with the following results: 814:5 = 0-5° C.;8 817° C.;? 818° (.}
the two latter values agree with Horiba’s value given abovc but alc
somewhat Jower than Laschtschenko’s value, §22° C., see p. 32, From
the crystal lattice data (p. 33) it has been deduced that liquid arsenic
should expand during solidification by 5-1 per cent.!!

The vapour density of arsenic varies with the temperature. At

1 Johnston, J. Ind. Eng. Chen., 1917, 9, 873.

2 See also de Forcrand, Compt. rend., 1‘)01 133, 368, 513; Henglein, Zeitsch. Eleltro-
chem., 1920, 26, 431.

3 Mott, Trans. Amer. Electrochem. Soc., 1918, 34, 255. See also Ruff and Bergdahl,

Zetlsch. anory. Chem., 1919, 106, 76; Ruft “and Mugdan, 1bid., 1921, 117, 147.

t Landolt, Neues J(zﬁrb ., 1859, p. 733, Sce also Guntz and Broniewski, Bull.
Soc. chim., 1907, LV, 1, 977.

5 _\[allci, (}/zem. A\'(;u;s, 1872, 26, 97.

8 Jonker, Zeitsch. anorg. Chem., 1909, 62, 91.

" Jolibois, Compt. rend., 1911, 152, 1767; 1914, 158, 121. Sec also Guertler and
Pirani, Zeitsch. Metallkunde, 1909, 11, 1.

$ Heike and Leroux, Zeitsch. anorg. Chem., 1915, 92, 119; Heike, ibid., 1921, 118, 254.

® Goubau, Compt. rend., 1914, 158, 121.

10 Rassow, Zeitsch. anorg. Chem., 1920, 114, 117.

1 Perlitz, Scientists’ Soc. Tartu, 1928, 35, 121,
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about 600° C. it approximates to the value 10-38 required by As,!
Thus Deville and Troost 2 obtained the values 10-6 at 563° C. and 10-2
at 720° C. As the temperature vises the vapour density decreases and
approaches the value for As, (5-19):? thus the following Valu§s have
been ohtained:1 5543 at 1714° C., 5-451 at 1736° C.; and also  5-4 at
1700° C. Preuner and Brockmolier ¢ devised a spiral quartz mano-
meter which enabled them to obtain accurate readings of gas pressures
at temperatures from 800° to 1200° C., and so obtained the isothermal
curves of arsenic at intervals of 100° between these two temperatures.
Trom their results they concluded that the vapour consists of a mixture
of tetratomic, diatomic and monatomic molecules.”

The refractive index 8 of arsenic vapour for light of wavelength 5893 A.
is 1-001550. and for 5460 A. 1-001580. Calthrop® observed that the
relation between the refractivity and the atomic volume does not
correspond with the values obtained for nitrogen and phosphorus, and
that whereas the curve obtained by plotting refractivity against atomic
volume for elements of a given group is usually a straight line, the value
for arsenic is much too low. This is shown by the following data, the
estimates of atomic radii being those of Bragg :

Atomic i Atomic Volume Refractivily Refractivity
B hie A v STIVILY R \‘)
Radius (4.) (coble &) (4, ~1)x 107, Atomic VL.
N . . 0-65 1-152 297-1 2379
P . . 1-03 4577 1212-0 264-8
As . . 1-26 8-383 1552-0 1851 }

From the determination of the molecular refractions of a large
number of organic compounds containing tervalent arsenie, the atomic
refraction of arsenic in each compound has been calculated, the values
obtained varying from 9-2 to 14-39. Hydrogen, chlorine and alkyl
groups in an arsine exert about the same influence on the atomic re-
fraction of arsenie, but replacement of any of these by aryl groups
causes an inereasc in the atomic refraction.  The opposite cflect results
from substitution hy a cvanide, oxalate or alkoxyvl radical.

Certain organic compounds containing arsenic which are optically
active appear to owe their activity to an asymmectrie tervalent arsenie
atom.t

1 Mitscherlich, dun. Chon. Phys., 1833, [2], 55, 5; Binecau, Compl. vend., 1859,
49, 799.

2 Deville and Troost, hid., 1863, 56, 891.

3 Mensching and Meyer, Ber., 1887, 20, 1833.

4 Mever and Biltz, ihid., 1884, 22, 725,

5 Biltz, Zeusch. physilal. Chean., 1896, 19, 355.

S Preuner and Brockmoller, ofhid., 1912, 81, 124.

“ The equilibrm was alzo studied by Dushmann, S cUner. Chem. Soc, 1921, 43, 397.

8 Cuthbertson and Maetcalle, Phol. Trans., 1907, A 207, 135: Proc. Roy. Soc ) 1907,
A 79,2020 Forearly work on the refractive power of arsciue vapour, see Haagen, Pogy.
cnnalen, 1867, 131, 117; Gladstone, Proc. Roy. Sue., 1363, 16, 134,

¢ Calthvop, Phil. Mag., 1921, (6], 47, T72.

10 Gryszloewicz-Trochimovski and Sikorski, Rocz. Chem., 1927, 7, 5t 1928, 8, 421;
Bull. Soc. chim., 1927, [4], 41, 1570.
I Allen and Wells, J. Lwrei. Chem. Soe., 1933, 55, 3304,
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The action of light on yellow arsenic has been described on p. 29
the rate of change is not affected by radium rays. When placed in the
light from a mercury lamp, arvsenic exhibits a photoelectric effect,
emitting electrons ; the longest effective wavelength is A 2360. At
1100° to 1150° C. a resonance series 1s excited in the vapour of arsenic t
by each of the merecury lines AA 2483, 2536, 2654 and 2804 ; the funda-
mental frequency is apparently 410 cm.~1, which gives as the distance
As to As in the diatomic molecules 1-9-4 A., or 77 per cent. of the distance
in crystalline arsenic (see p. 35).

Arsenic vapour incident on sodium chloride crystals gives a weak
specular beam with much diffuse scattering.? Arsenic is also diffusely
reflected from crystals of fluorite or orthoclase. Arsenic layers on glass,
of such thickness that 10 to 15 per cent. of incident light is transmitted
at room temperature, are transparent at liquid air tcmperatm es. Thick
layers deposited at liquid air temperatures are black, but on warming
become successively, in abrupt changes, deep red, bright vellow, and
finally the usual stecl grey of metallic arsenic.

The tonisation potential for electrons in arsenic vapour has been
calculated to be 9-04 volts ;3 the value previously accepted was 11-54
volts.t  The inelastic collision potential is 4-69 volts, and the resonance
potential 4-7 volts.> The elecirical conductivity of mectallic arsenic at
0° C.1s 0-00285 mho.5 The yvellow and amorphous forms do not conduect
electricity appreciably. The specific resistance of grey arsenic has been
determined 7 at various temperatures as follows :

(PR I R I D
Temperature, °C. . | Cold | 190° | 200° = 220° !"40° ‘,550}

Resistance, ohms . |« 40,000 | 30,000  15.000 7000 4100

The effcet on the resistivity of maintaining the element at 260° C. is
shown in the following results :

After 20 minutes, resistance was 3400 ohms

o 700 ” 5 10000,
ER) 90 29 e EE) 250 3
ER) 170 02 bR 23 11

According to Matthiessen and von Bose,® the electrical resistance at any
temperature 6 between 12° and 100° C. mayv be obtained from the
equation

R, =o(R1 ~0-00389966 +0-05887962)

1 Smn% and Migcotte, Oompt rend., 1933, 197, 836
Bllett and Zahl, Phys. Rediew, 1920, 21, 33 124,
Piccardi, Atti R. Accad. Lincei, 1927, [6], 6, 305.
Foote, Rognley and Mobhler, Pk]/»‘. J'?M:i.ﬂu‘. 1019, |27, 13, 59; Ruark, Mohler, Foote
and Chenault, J. Fianllin Lnst., 1924, 108, 541: Natine, 1923, 112, 831; Phys. Review,
1024 21 22, 770.
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The pressure coelficient of resistance of arsenic is ncgative.!  Little 2
gives the specific resistance at 20° C. as 16,000 ohms and the temperature
cocllicient of resistance as —0:00435 per degree.

The electrical conductivity of a pure arsenic crvstal has heep
measured 3 at temperatures down to 2:42° Abs.  The 1‘csistancc~teﬁ1-
perature curve is similar to those of pure metals. There is evidence of
definite residual resistance being maintained at low temperatures, hut
arsenic does not exhibit the abnormally high residual resistance 81,10\\'11
by bismuth, nor docs it show superconductivity. The resistance is
by no means proportional to the absolute temperature. Tt has been
estimated that the electrical resistance of liquid arsenic at the melting
point is about 0-t of that of the solid phase.? ®

The single potential of arsenic in various solutions has been deter-
mined.’ The electrodes used were made in various ways, but the most
reliable results were obtained with a solid stick of arsenic; electrodes
made by clectroplating arsenic on other metals werce unsatisfactory.
The following combination was used— :

Hg ' TgClin 0-5N KC1! Solution of Electrolyte ! As

and taking —0-56 for the value of the calomel electrode, the following
’ . . . \ - t=}
values were obtained with standard solutions of various clectrolytes:

SINGLE POTENTIALS OF ARSENIC IN SOLUTIONS
OF ELECTROLYTES.

Electrolyte. Concentration. Volts. { Electrolyte.  Concentration. Volts.

AsCly 1 o equive per Lo =0 554 \sO), 05 @ cquiv. perl. —0-381
AsTy T D 0540 | NayAsO, " ~0-381
NaCl . - 00365 NayAsO, . —0-034

saturated
with As,Oy
KCl i -0 365
saturated
with Az,0,

Usmg the seale inowhich hydrogen is zcro, the cleetrode potential of
arsenic in contact with normal arsenious chloride i1s = 0-27 volt.S  Using
an clectrode formed by platimg arseme on copper, Marquis 7 made a
sevies of potential measurements inan alcoholie solution of arscnious
chloride and from his results concluded that arsenice should be placed
hetween hydrogen and copper in the clectromotive series 3 the nature
ol the clectrolvte used, however, influences the relative positions of

U Brdaman, Proe. e Aead o Uids Nee, 1921 56, 61 1929, 64.51; 1933, 68, 27, 95.

2 Lattle, Phys Revicw, 1926, 12}, 28, 118, See also Brideman, loe. el

5 Mebennan, Niven and Wilhelm, Phod. May, 1928 {71, 6, 666.

VoPerhitz, Seventists” Soec Tartn, 1923, 35, 1210

5 Kahlenbere and Steinle, Trans. Amer Flectiochom . Noe o, 1923, 44, 193, Nee also
Neumann, Zedsehe physclal. Chone, TSO10 14, 2200 von Zawidzla, Ber., 1903, 36, 1435;
Le Blane and Rewchenstem, Zedaeh. Elelirochen 1909, 15, 261,

6 Neumann, loe. codo: Wilsmore, Zedsche physclal. Chon, 1900, 35, 318,

7 Marquis, J. Amer. Cheme Soc, 1920, 42, 1569, See also Schuhmann, ihid., 1924,
46, 1444.
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metals in the series,® and arsenic is gencrally placcd between bismuth
and copper thus : Ph, H, Sb, Bi, As, Cu, Hg, Ag, Pd. Thuq arscnic is
able to replace copper, mercury and silver ﬁom solutlons of their salts.
The reaction which takes place in these cases may be represented thus—

6MX + 245 + 31,0 =6)M + 6HX +As,0,

M being a univalent metal and X a univalent acid radical.  Arsenic may
similarly be replaced by metals, but the replacement cannot always be
predicted from the position of arsenic in the electrochemical series, this
power of replacement being a highly specific property which dopcnds on
the naturc of the metal and the conditions of the experiment. Such
reactions in liquid ammonia solutions show that in the following series
an element will in general replace any subscquent element, if it is
present in an armlowous anion : 2 I, S, Se, Tc, As, Sbh, Sn, Bi, Ph.

The overvoltage of hydrogen on an arsenic electrode has been deter-
mined ? by measuring the back e.m.f. or polarisation of a cell consisting
of a platinum anode and an arsenic cathode in normal sulphuric acid.
By the open-circuit method the value obtained was 0-379 volt, and by

the closcd circuit method 0-478 volt. With 2N sulphuric acid the value

at 25° C.1s 4 0-369 £ 0-014 volt. According to Grube and Kleber,® the
electrolytic dlscharge of hydrogen ions at an arsenic cathode yields
arsine as the primary product, and gaseous hydrogen is formed by
decomposition of this hydride. Lloyvd,® however, studied the electrolysis
of sulphurie, hydrochlorie, phosphorie, oxalic and tartaric acids, using
various concentrations and employing a cathode of polished compact
arsenic, with the following conclusions: Initial polarisation at low
c.d.’s Vxelds a high ov elpotcntl al which is not maintained at high
c.d.’s. A maximum is reached so long as no arsine is produced ; in the
cvent of the presence of arsine there is a decrease in the overpotential.
The percentage of arsine produced at a fixed e.d. is approximately
the same for the different acids and does not greatly vary with the
concentration.

The cathodic deposition of arsenic at the dropping mercury cathode
has been studied 7 and appears to be complex both 1n acid and in alkaline
solutions : the polarisation curves do not show reversible shifts.  From
acid solutions the deposition of antimony or bismuth proceeds reversibly.

The thermal ean.f. of arsenic against copper is +(7-91¢ +0-051#2)
microvolts between 0° and 170° (. :$ that of arsenic against lead is
—13-36 microvolts.?

Arsenic exhibits friboelectricity,*® becoming negatively charged when
rubbed on glass under suitable conditions.

From measurements of the magaetic susceptibilities of a large number
of arsenic compounds it is found ! that combinced arsenic has two

Kahlenberg and Steinle, loc. cit.

Bergsirom, J. Amer. Chem. Soc., 1925, 47, 1503.
Marquis, loc. cil.

Thiel and ITalll‘llt‘l‘:(‘}llllidt, Zeltsch. rznor{/. Chem., 1923, 132, 15.
Grube and Kleber, Zedseh. Eleltrochen., 1925, 30, 517.
Lloyd, Trans. }mrm’rw Soc., 1930, 26, J>

Baverle, Ree. Trar. chim., ‘J’», 44, H14.

Little, Phys. Review, 1926, [2], 28, 415.

Matthiessen, Pogy. Annalen, 1853, 103, 412.

Shaw and Ie\ Proc. Roy. ﬂur 1928, A 118, 97, 108.
i1 Pascal, Compt rend., 1922, I74, 1698.
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atomic susceptibilities, according to the degree of sai’urqtion of 1t
compounds. and the results support the rule jfhat the logarithm of th
atomic susceptibility is 2 function qf the atomic number in czzcll naturs
familv.  This is the case for the quinquevalent group P, As, Sh, and fo
the tervalent group As, Sb, Bi. . ] .

From the results of an investigation of thcrmomagnetlp and galv.a.nc
magnetic effects in avsenic, Little ! has recovded the following coefficient

1

in absolute c.m.u. at 20° C. :

Specific resistance, 4-60 x 10%
Thermal conductivity, 3-68 x10°
Pelticr heat against lead,  3-8¢ x10°
Thomson heat, 3-33 x 103
Hall cocfficient. 452 x 1072
Nernst coeflicient, 225 x 1073
Ettingshausen coeflicient,  1-73 x 1077
Righi-Leduc coefficient, 415 x 1077

None of the coeflicients varies with the strength of the magnetic (ield
When a plate of arsenic was subjected to a tempcerature gradient of 10
per em., a field of 8000 gauss caused a fall in temperature of 0-4°. Th
value of the cocflicient provisionally defined by the equation

Temperature change = Coefficient x (Temperature gradient)?
x (Field strength)

is, for arsenie, —6-23 x 10710 at 20° C.

Arsenic may be obtained in a radioactive state by bombardmen
with deuterons or neutrons.?> The activity is accompanicd by th
emission of y-rays, -particles and a few positrons.

Spectrum.—The line emission spectrum of arsenic has been th
subject of much investigation  throughout the whole range of radiation
accessible to photography and under varying conditions of excitation
It is characterised by a great number of lincs and is difficult to analys
because many important lines lie in the far ultraviolet or in the infra-red

In the arc spectrum therc are no lines in the visible region, but man:

1 Little, loc. cit.

® Thornton, Phys. Revicw, 1936, [2], 49, 207; Brown and Mitchell, bid., 1936, [2
50, 593; Harteck and others, Naturwiss., 1937, 25, 477.

3 For earlier work, see Kirchhoff, Sitzungsber. K. Akad. Wiss. Berlin, 1861, p. 63
1863, p. 227; Miller, Phil. Trais., 1862, 152,861; Robmson, ibid., 1862, 152, 939: Volpicell
Attr R. Accud. Lincer, 1862,[17, 16, 91; Hugeins, Phil. Trans.. 1864, 154, 139; Plucker an
Hittorf, bid., 1865, 155, 1; Thalén, dnn. Chun. Phys., 1869, (4], 18, 244; Ditte, Comp
rend., 1871, 73, 738; Capron, “ Photographed Speetra,” London, 1877: Ciamcian, Sit
zungsber. K. Akad. Wiss. Wien, 1878, 78, 867: 1880, 82, 425: Huntingzton, Amer. J. Sci.
1881, (3], 22, 214: Hartley, Phil. Trans., 1884, 175, 325; 1894, A 185, 161; Trans
Roy. Dublin Soc., 1882, [2], 1, 231: Proc. Roy. Soc., 1907, 78, 403: Hartley and Moss
ibid., 1912, A 87, 35: Hartley and Adeney, Phil. Trans., 1884, 175, 63; Hartley an
Ramage, Trans. Roy. Dublin Soc., 1901, [2],7, 339: Schumann, Phot. Runds., 1890, 41
71; Kayser and Runge, Suzungsber. K. Akad. Wss. Beilen, 1393, p. 31 de Gramont
Compt. rend., 1894, 118, 591, T46; 1902, 134, 1205, 1908, 146, 1260: ~ Analyse speetral
directe des monérane,” Paris, 1895 Demarcay, = Speclres eclrgues,” Pars, 18955 Exne
and Haschek, Sifzungsber. K. Alad. Wisse Ween, 1001, 110, 964: " D Speliren de
Elemente bel normalen Drucl,” Wien and Leipzig, 1912, Hacenbach and Konen, " Atla
der Emissionsspelira,” Jena, 1905: Konen, Arch. Seicuces Genére, 1914, [4], 37, 262
Herpertz, Zeidsch. wiss. Photochein., 1906, 4, 175: de Watteville, ibud., 1909, 7, 279
Eder and Valenta, “* Atlas typischer Spekiren,” Wien, 1011; Bder, Suzungsber. K. AlLad
Wiss. Wien, 1913, 122, 607; Pollock, P’roc. Roy. Dublin Soc., 1§12, [2], 13, 202.
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occur between AA 3000 and 2000 A.  The method employed to obtain
the are spectrum is usually to place metallic
arsenic in the hollowed cnds of carbon or
metal poles. Thus Rao ! used arsenic con-
tained in carbon or aluminium poles and
photographed the spectrum between 8800
and 1370 A.; he used the arc in nitrogen
for investigating the Schumann region down
to 1650 A., and below this the are in
vacuum between carbon poles containing
arsenic, and the spark between metallic
arsenic electrodes in hydrogen;? later® the
arc in helilum and neon enabled him to
obtain measurements from 2800 to 300 A.
Meggers and de Bruin? vaporised arsenic in
graphite or copper arcs and by means of
concave grating and quartz prism spectro-
graphs measured wavelengths ranging from
10,023-98 to 1889-85 A. Hartley,” using
solutions of arsenious chlorvide to moisten Fie. 4.—Hartley’s Apparatus.
graphite electrodes, arranged as shown in

fig. 4, found the following to be the most persistent lines:

Solution AsCl,

1 percent. . 28597 27795  2330-1 22889
01 ., ) . 27795 .. ..

bRl

Using the condensed spark, de Gramont ¢ gave the following as the raies
de grande sensibilité, those marked with an asterisk being the raies
ultimes :

2860-5 2780-2% 2745-0 2349-8% 2288-1
Rao7 observed a strong ultraviolet triplet at 1972-6, 1937-7 and 1890-5 A.,
which he stated constitutes the raies wltimes of the whole emission
spectrum.

The spark spectrum exhibits a great many lines throughout the whole
range of wavelengths. It includes the lines of the arc spectrum, but
the relative intensities arvc different. Many of the lines have fine
structures, and careful analysis of these has made possible a classification
of a number of the lines according to whether they belong to the neutral
atom (AsI), to an atom simply ionised (As II), doubly ionised (AsIIT)
or in a higher state of ionisation (AsIV, AsV, ete.), and the electronic
configurations and transitions involved have been derived.® The

1 Rao, Proc. Roy. Soc., 1929, A 125, 233. See also L. and E. Bloch, Compt. rend.,
1914, 158, 1416: 1920, 171, 709; J. Phys. Radiwm, 1921, [6], 2, 220,

2 See also Rydberg, Nature, 1932, 129, 167; Kimball and Bates, ibid., 1931, 128, 969.

3 Rao, Proc. Phys. Soc., 1932, 44, 594.

* Megzers and de Bruin, Burean Standards J. Rescarch, 1929, 3, 765.

* Hartley, .J. Chem. Soc., 1882, 41, 90: Phil. Trans., 1884, 175, [2], 327.

ide Gramont, Cowpl. rewd., 1920, 171, 1106, Sec also Hulburt, Phys. Review, 1925,
[2], 25, 8SS. “ Rao, loe. cit.

5 See Lang, Phil. Trans., 1924, p. 396: Phys. Reviare, 1928, [2], 32, 737; McLennan
and McLay, Trans. Roy. Soc. Canada, 1927,1ii, 21, 111, 63; Gartlein, Phys. Review, 1928,
[2]. 32, 320: Sawycer and Humphreys, 7bid., 32, 583: Rao, Proc. Roy. Soc., 1929, A 125,
238; 1932, A13q, 604: Nalure, 1929, 123, 244: 1932, 130, 1630; Proc. Phys. Soc., 1931,
43, 685 1932, 44, 343, 594; Current Scieuwce, 1932, 1, 425 Indian J. Physics, 1933, 7, 561;




classification has been facilitated by ‘photogll‘aphing the spectrum
obtained from an clectrodeless discharge in arsenic vapour.l  Gartlein 2
photographed the spark spectrum using various amounts pt mductance
in series with the spark and observcld the presence qf AsII lines even with
Jarge amounts of inductance, but increase in the inductance resulted in
a decrease in the intensity of lines from the higher states of lonisation ;
the spectrum was also characterised by “long lines ” due to glowing
arsenic vapour. The nuclear moment of the arsenic atom has been
calculated 3 to be 3/2. ) ] ) _

The table on p. 45 gives the more intense lines of the emission
spectrum, the wavelengths given bemgl the weighted mean values
derived from the most reliable data available.* The lines present in
the arc spectrum and those due to the un-ionised atom are indicated.
The scale of relative intensities is an arbitrary one—1 weakest, 10 strong,
15, 20, ete. very strong. )

Most of the lines in the arc spectrum are casily reversed. 1n order
to differentiate the arc and spark spectra Buffam and Ireton 3 used an
under-water oscillatory condenser discharge with a suitable condenser
capacity in the circuit; the spectra were produced between poles of
metallic arsenic in a vessel through which water circulated continuously,
and were photographed by means of Hilger spectrographs. The are
lines were mnverted on a dark continuous background, while the spark
lines were not. . _ o

It has been found that in spectral analytical investigation the inter-
rupted and flaming arc methods are respectively 100 and 10 times more
sensitive than the condensed spark method.®  As little as 2 x 105 mg.
of arsenic can thus be detected in solid alloy electrodes and, in solutions
free from heavy metals, 0-01 per cent. of arsenic can be detected.?
Micro-methods for the spectrographic determination of small amounts
of arsenic have been described.?

The emission spectrum of arsenic vapour shows a group of bands

) p : po group ¢ S,
attributable to As, molecules, in the region 2700 to 4200 A., whilst
several bands in the region 2148 to 3047 A. appcar to be duc to As atoms.?
The extinction coefficient of arsenic vapour at various temmeraturcs and

I i

over the range 3000 to 8900 A., has becn measured.10

Zeitsch. Physik, 1933, 84, 236; Rao aud Naravan, 1bid., 1929, 53, 587; 57, 865; Proc.
15th Indian Sci. Cong., 1928, p. 80; Nature, 1929, 124, 229; Pattabhiramiah and Rao,
Indian J. Physics, 1929, 3, 437; Queney, Compt. rend., 1629, 189, 158; Meguers and
de Bruin, Bureau Standards J. Research, 1029, 3, 765: Borg and Mack, Phys. Review,
1931, [2], 37, 470; Tolansky, Proc. Roy. Soc., 1932, A 137, 541; Nuture, 1932, 129, 652;
Zeutsch. Physik, 1933, 87, 210; Crawford and Crooker, Nature, 1933, 131, 635; Hicks,
Phil. Mng., 1933, [7], 15, 1680: Schlapp, Proc. Roy. Soc. Edin., 1934, 54, 109.

* Ram, Indwn J. Physics, 1932, 7, 299. See also Queney, J. Phys. Radoun, 1929, 161,
10, 448; Balasse, Bull. Acad. roy. Bely., 1934, 53], 20, 563.

* Gartlein, Phys. Review:, 1928, [21, 32, 320.

% Tolansky, (oc. cit.; Rao, Current Sceence, 1032, 1, 42, 163; Zedisch. Physil:, 1933,
84, 236. Crawford and Crooker (Nature, 1933, 131, 655) zive 1-5 xh (h=Planck’s
constant).  See also Schiiler and Westmeyer, Zeitsch. Physil, 1933, 81, 5653: Goudsmt,
Phys. Review, 1933, 2], 43, 636; Malone, J. Chem. Phys., 1933, 1, 197; Tolansky and
Heard, Proc. Roy. Soc., 1934, A 146, S18.

1 ]/;[»:;ma!zmml Cratical Tables, 1029, 5, 281, 394.

* Buffam and Ireton, Trans. Roy. Soc. Canada, 1925, [3], 19, 113.

¢ Gg‘rlachr and Ruthardt, Zeitsch. anorg. Cheni., 1932, 209, 337.

g R!edl, Zettsch. anorg. Chem., 1932, 200, 356.

5 R}gdl, loc. cit.; Spath, Monatsh., 1932, 61, 107.

° Winand, Bull. Acud. roy. Belg., 1932, [5], 18,422, See also Almy and Kinzer, Phys.
Review, 1935, [2], 47, 199. 10 Winand, loc. cit.
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EMISSION SPECTRUM OF ARSENIC.

- - ———— e .
i : ; | '
i Relative Intensity | : i

Wavelength l Ilr{;}:]l)ut‘;i i Warvelength - ! Wavelength | Ilgiétgj‘t; :
J(AD. L TRTIE (A i P2 (AD. el
i ) | Spark. " ) Spark. | Arc. 1 i Spark. :
- : — 5 - x
; | ; i
6170 : 6 1T 311896 T 4 *1972 I 4R !
6110 i 6 | T 307532 5 1 2 ] *19369 5 \
6023 6 1 303284 | s 4 *18899 . 4R
56513 f 10 1 2990:09 | 4 2 17429 0 20
53381 110 . 29396 7 co0o1m3e 1 15
54978 10 I 289873 10 4R 17002 ¢ 10
D 34969 5 1% 2860-46 8 1R 1287 10
. 53318 8 1 2830-4 4 .. 1267 S 40
5161-1 7 1%2780-23 10 8RR 1208 P30
L51076 § I 274500 5 6 R 1171 b5
P 51055 8 1 24929 5 2 1106 ©10 :
| 40854 5 52 7 1R 1003 ) !
D T4 4 37-22 5 1 . 1081 L350
Po44316 4 I 238120 | 5 4R | 1009 P10
L4371 ; 5 2370-77 | 5 4R 1001 ©o10
3 | 5 2369-67 | 3 4R 984 10
: - 5 T *2349-84 6 I0R ! 963 Lo10
| } i I % 228814 3 R 956 L8 !
| i 10 2271-39 1 4 : 952 : 8
: 4 29987 1 2 ; 926 L8
! 21655 2 4 878 s
2144-2 1 4 : 873 8
2074 12 | 827 5 :
2031 10 | 529 1 !
I =Lines emitted by neutral atom. R =Easly reversed. * =Most persistent lines.

The Zeeman effect of arsenice spectra has been studied,® and wave-
lengths, classifications and Zeeman patterns have been determined for
11 lines in As 1, 64 lines in AsII and 2 lines in As II1.

A [luorescence spectrum of arsenic vapour, after exposure to a
mercury lamp at a high temperature has been observed (sce p. 89).2

The absorption spectrum of arsenic vapour has been examined
by passing the light from the are or spark of arsenic through the
non-luminous vapour.®* Eighty absorption bands between 2200 and
2750 A. have been enumerated ¢ in the spectrum obtained by passing
ultraviolet light through the vapour heated to 1160° C., and can be
assigned to the diatomic moleculc.

The ultraviolet absorption spectrum® of arsine gives an absorption

t Green and Barrows, Jun., Phys. Revicw, 1935, [2], 47, 131.

2 (/. Winand, loc. cut.

3 McLennan and McLay, Trans. Roy. Soc. Canada, 1925, 3], 19, 89; 1927, [3], 21,
407; McLennan, Young and Ircton, «bid., 1919, [3], 13, 7. See also Lockyer, Proc. Roy.
Sve., 1874, 22, 374; Phil. Mag., 1873, [4], 49, 320; Humphreys, sAstrophys. J., 1897,
6, 169; Dobbie and Tox, Proc. Roy. Svc., 1920, A 98, 147; Ruark and others, Nature,
1923, 112, 831; J. Franklin Test, 1924, 198, 541; Rosen, Natwurwiss., 1926, 14, 978;
Zeutsch. Physil:, 1927, 43, 69. For the band spectrum of AsO, see Connelly, Proc. Roy.
Soc., 1934, 46, 790; Jenkins and Strait, Phys. Review, 1935, [2], 47, 136.

! CGabson and Macfarlane, Nature, 1934, 133, 951: Phys. Review, 1934, [2), 46, 105Y;
sce also Terenin, Zeutsch. Physik, 1925, 31, 265 1926, 37, 98.

5 Cheesman and Emeléus, J. Chem. Soc., 1932, p. 2847.
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it at 2390 A, There appears to be a definite gradation i.n the
absorption specetra of the hydrides of nitrogen, pho:%phorus, arsenic a',nd
antimonv: the ammonia spectrum has we}l—dehned 41)41‘8d15$0(:13,t1011
irunds, that of phosphine weak ones, while arsine and stibine s‘how only
continuous absorption.  The infra-red absorption spectra ' of the first
ihree of these gases are similar in that each has two scquences ot harmonie
tion bands, but arsine and phosphine also exhibit a third sequence
Thus while the structure of the three mole-

ose
wliar to themselves.

pec ¢t "ee Mo
cules appears to be essentially similar, each possesses  distinctive
features.

The Raman spectra of arsenious chloride,? in t_hc liquid and gaseous
states, of **light 7 and “*heavy ” arsine® and of sodium arsenite and
sodium arsenate,? have been examined and {requencics obtained. The
Raman specira of the chloride and bromide in solution in ether or
benzene consist of the spectra of the pure solute and pure solvent only,
indicatine that chemical combination does not occur in the solution.?
With solutions in methyl and ethyl alcohols, the frequencies of the
latter are unchanged, but thosc of arsenious chloride are lowered

somewhat.®
The X-ray and series spectra,” and also the B-ray spectrum of

radioactive arsenic,® have been examined.

Chemical Properties of Arsenic.

Arsenic does not combine dirvectly with molecular hydrogen,® and
the element may be purified by sublimation in that gas. Hydrides,
however, may be obtained by indirect methods (sec pp. 79-84). Arsenic
may be displaced by the gas from solutions of its salts at high tempera-
tures and pressures. Thus arsenic separates in large well-defined
crystals when a solution of sodium arscnate is subjected to the action
of hyvdrogen at 25 atm. pressure; 10 the action commences at 300° (.,
15 per cent. of the arsenic being precipitated at this temperature, but
it increases rapidly with rising temperature and at 350° C. 77 per cent.
of the arsenic is liberated. Arsine is not produced in the reaction.

1 Robertson and Fox, Nature, 1928, 122, 774.

2 Daure, Compt. rend., 1928, 187, 826, 940; 1929, 188, 1605; Bhagavantam, Indiun J.
Physics, 1930, 5, 35, 59; Braune and Engelbrecht, Zedsch. physikal. Chem., 1932, B, 19,
303; Cabannes and Rousset, dnn. Phys., 1933, 19, 229; Yost and Anderson, J. Chein.
Physies, 1933, 3, 754.

3 Delfosse, Nature, 1936, 137, 363.

* Ghosh and Das, J. Phys. Chem., 1932, 36, 586.

® Finkelstemn and Kurnossova, Acta Physico-chim. (U.S.S.R.), 1936, 4, 123.  Sec also
Trevedi, Bull. Acad. Sci. Agra and Oudh, 1934, 3, 229; Chem. Zenlr., 1933, i, 2046 ;
Alisopp, Proc. Roy. Soc., 1937, A 158, 167.

¢ Sack and Brodsku, Acta Physico-chim. (U.S.S5.R.), 1933, 2, 215.

" Wagner, Phys. Zeit., 1917, 18, 405, 432, 461, 483; Rolbinson, Phil. Mag., 1925, (6],
50, 241; Robinson and Cassie, Proc. Roy. Soc., 1926, A 113, 282; Woo, Phys. I :
1926, [2], 28, 427; Sawyer and Humphreys, ibid., 1928, [2], 32, 383; Edlen, Zedtsch.
Physik, 1928, 52, 364; Mukherjee and Ray, bid., 1929, 57, 345; Hicks, Phil. May., 1933,
[7], 15, 1080; Kruger and Shoupp, Phys. Review, 1934, (2], 45, 759; Hulubei, Compt.
rend., 1933, 201, 544.

® Brown and Mitchell, Phys. Review, 1936, [2], 50, 593; Harteck and others, Nafur-
wiss., 1937, 25, 477.

¢ Vandervelde, Bull. Acad. roy. Belg., 1895, [3], 30, 7S; Reckleben and Scheiber,
Zeisch. anorg, Chem., 1911, 70, 253.

*0 TIpatiev and co-workers, Ber., 1930, 63, B, 166.
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The reduction in presence of alkali occurs in two stages : !

Na,HAsO, + 2H —— Na,HAs0, + H,0
Na.HAsO, + 8H —— As - 2NaOH + H,0

With hydrogen at 45 atm. pressure and at 200° C. only the first
reaction takes place, but at 250° C. the arsenic begins to separate and
at 350° C. the maximum separation, 96 per cent., is observed. The
yield varies slightly with the amount of alkali present, but the maximum
at this temperature (350° C.) can occur in the absence of alkali. Com-
plete displacement has not been observed.

With pressures up to 150 atm. the quantity of arsenic displaced by
hydrogen from solutions of arsenie trichloride in hydrochloric acid is
proportional to the pressure. Between 15 and 250 atm., and with
solutions not exceeding normal concentration, the reaction is one of the

first order; 2 between 125° and 175° C. log K is a linear function of %
The activating energy of the replacement is caleulated to be 28,000
=+ 2000 calories. It is estimated that the displacement of 1 per cent.
of arsenic from a normal solution of arsenic trichloride at room tem-
perature and 100 atm. of hydrogen would require 1140 years. Increase
in the concentration of hydrochloric acid accelerates the reaction, which
is inhibited by the presence of sodium chloride, and the reaction appears
to be ionic rather than molecular.?

Arsenic is not attacked by dry air,? but in moist air the element, in
the crystalline form, is superficially oxidised, acquiring a bronze tinge
or even disintegrating to a black powder. The change is accelerated
by exposure to light 3 or by gently warming to 30° to 40° C.  Amorphous
arsenic is not attacked. At a higher temperature arsenic burns with a
smouldering flame, emitting a reddish fume which has an odour of
garlic and forming arsenious oxide ; at a still higher temperature the
flame is pale blue. Combustion is vigorous in oxyvgen,’ and the presence
of moisture does not appear to be necessary for this reaction.

Arsenic, when gently heated in the presence of air or oxygen,
exhibits phosplzmeacence' which, as with phosphorus and bulphul, is
accompanied by oxidation, arsenious oxide containing about 3 per cent.
of arsenic oxide being produced. No ozone is formed, nor is there
lonisation, as in the phosphorescence of the two elements mentioned.
The arsenic oxide appears to be a primary product formed directly
from the arsenic, as the lower oxide does not yield it under such con-
ditions. Arsenious oxide is formed slowly below 200° C. without
luminescence, but between 250° and 310° C. the glow appears suddenly 8
so long as the pressure is between certain limits,® outside of which no
luminescence is observed. The lower limit, 4 to 10 mm. Hg, falls with
increasing temperature, while the upper limit, 200 to 700 mm. Hg, rises

1 Ipatiev and co-workers, Ber., 1930, 63, B, 2312.

* Ipatiev and co-workers, Ber., 1931, 64, B, 1959.

3 Ipatiev, Jun., Ber., 1931, 64, B, 2725.

* Bergman, © De arsenico,” Upsala, 1777; von Bonsdortl, L'Inst., 1835, 3, 99; Panzer,
Verh. Vers. deut. nat. Aerzte, 1902, 2,1, 79.

5 Panzer, loc. cit.

¢ Baker and Dixon, Proc. Roy. Soc., 1888, 45, 1.

* Joubert, Compt. rend., 1874, 78, 1833.

8 Emeleus, J. Chem. Soc 1927, p. 783.

$ Damerell and Emeleu:, J. Chem. Soc., 1934, p. 974.
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with temperature. Onappearance of the glow the temperaturerises about
(. The glow appears at lower temperatures (220° to 245° C.) with flow-
ino oxveen than with the stationary gas at the same pressure ; also the
ow temperature is 10° lower in air than in oxygen. The appearance
W the elow is favoured by a rapid removal of the arsenious oxide
ormed. . The introduction of a small quantity of carbon tetrachloride,
nitrobenzene or sulphur dioxide into the oxygen does not affect the
low temyperature, although the analogous glow of phosphorus is
inhibited by this means. The arscnic glow may be completely ex-
tinguished at a given temperature by saturating the oxygen with the
vapour of benzene, methyl or ethyl alcohol, hexane, acetone, chloro-
form, amyl or ethyl acetate, or chlorobenzene ; 1 the glow reappears on
removal of the organic vapour or on raising the temperature by 12° to
30°. The spectrum of the phosphorescent {flame consists of an apparently
continuous band between 4300 and 4900 A., with a maximum intensity
at about 1600 A.; there was no cvidence of bands in the ultraviolet.
The ordinary flame of arsenic burning in oxygen gives a similar spectrum.
The non-luminescent reaction below 200° C. is a surface one, but the
chemi-luminescent reaction occurs in the vapour phase.? When arsenic
is burned in oxygen at 15 to 40 atm. pressure, the ratio As,0;: As,0,
in the product increases with the concentration of the oxygen.3
Arscnic 1s oxidised to arsenic acid by ozone or by ozonised ether or
turpentine.?

At ordinary temperature pure water, free from air, has no action
upon arsenic, even after ten vears’ contact in a sealed glass tube.5 In
the presence of dissolved oxygen, absorbed by exposure to air, oxidation
occurs, arsenious acid being formed, but no arsine.® Under ordinary
conditions oxidation is slight, and not more than 7 per cent. of arsenious
acid is formed at 350° C.7  Inthe presence of alkali hydroxide, however,
oxidation is morc vigorous, arsenite, accompanied by a small amount
of arsenate, heing formed in quantity. Increase in the councen-
tration of the alkali facilitates oxidation up to a point, beyond which
further increase causes a marked decrease in the amount of arscnic
oxidised. The reaction commences at about 200° C. and the rate
increases rapidly up to 350° C., then decrcases shavply. Complete
oxidation does not occur and the reaction appears to be a balanced
one, thus :

,.

(23
gl

2As +3H,0 — As,0, +3H,

This view is supported by the following facts. If the hydrogen is
removed periodically, the oxidation of arsenic becomes nearly quanti-
tative; 1f, on the other hand, the apparatus is filled initially with
hydrogen at 30 atm., the quantity of arsenic oxidised is diminished
from 58 per cent. to 15 per cent.  The amount of quinquevalent arsenic
produced s, in general, approximately onc-sixth of the amount of
tervalent arsenic formed.
Emeléus, J. Chem. Soc., 1929, p. 1846.
Damerell and Emeléus, J. Chem. Soc., 1934, p. 974.
cfe Passillé, Ann. Chim., 1936, [11], 5, 83.
Schonbein, Pogg. Annalen, 1849, 78, 514; Terh. nal. Ges. Buasel, 1857, 1, 237.
}Iehor, © A Comprehensive Treatise on Inorganic and Theoretical Chemstry® (Long-
mans), 1929, 9, 33: See also von Bonsdorfi, loc. cit.; Cooke, Proc. Roy Soc., 1906,
A 77, 14_8; Chem. f\ cws, 1903, 88, 290; Proc. Chem. Soc., 1903, 19, 243.

f Orfila, J. Chim. M., 1830, [1], 6, 6. Of. Elsey, Science, 1927, [2], 66, 300.

* Ipatiev and co-workers, Ber., 1930, 63, B, 166.
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IIydrogen peroxide reacts vigorously with arsenic to form arsenic
pentoxide.t

Fluorine ? and chlorine ® react vigorously with arsenic to form the
trihalides and, in the case of fluorine, some pentafluoride. The reactions
are accompanied by incandescence. Brominc * and iodine ® also vield
the trihalides, but the reactions occur much less readily and it is neces-
sary to warm the powdered mixture of arsenic and iodine. The hydracids
do not react readily ; hydrogen fluoride and hydrogen chloride react
in the presence of air,’ and hydrogen bromide and hydrogen iodide act
the more rapidly as the halogen element is liberated by the ready
dissociation of the gas. Arsenic is readily oxidised to arsenic acid by
chloric or bromic acid,” and to arsenate by boiling aqueous potassium
chlorate.® A mixture of powdered arsenic and potassium chlorate
detonates on percussion.® Jodine fluoride reacts energetically with
arsenic. 10

Arsenic unites directly with sulphur when a mixture of the two
elements is heated (see p. 237). When a solution of sulphur and arsenic
in carbon disulphide is exposed to light, a powder, the colour of which
varies from vellow to orange, is slowly deposited.!* After prolonged
extraction with carbon disulphide, the powder contains the two ele-
nents in a proportion which depends on that in the original solution,
and appears to consist of a mixture of sulphides, the composition of
which, however, remains obscure. When arsenic is heated at 230° C.
in hydrogen sulphide it gradually forms arsenic trisulphide;?? the
reaction takes place more readily in the presence of aluminium chloride,®
hydrogen chloride also being formed. A precipitate of the sulphide is
formed when hydrogen sulphide is passed into a solution of yellow
arsenic in carbon disulphide.’* Sulphur dioxide deposits a small
quantity of brown arsenic from such a solution. This gas does not
react with solid arsenic, but with the wvapour arsenious oxide and
sulphide are formed.’® Aqueous sulphurous acid, heated with arsenic
in a scaled tube at 200° C., produces a mixture of arsenious oxide,
sulphuric acid and free sulphur.'® Sulphur trioxide!” and boiling
concentrated sulphuric acid'® oxidisc arsenic to arsenious oxide; in
the latter case the reaction commences at about 110° C. and sulphur
dioxide is evolved. Chlorsulphonic acid yields® arsenic trichloride,
sulphur dioxide and sulphuric acid. Aqueous solutions of alkali

! Moissan, Conpt. rend., 1884, 99, 874; 1902, 135, 563.

2 Darvy, Phil. Trans., 1812, 102, 169.

3 Dumas, Ann. Chun. Phys., 1826, (21, 33, 351; Thomas and Dupuis, Compt. rend.,
1906, 143, 282.

+ Sérullas, Ann. Chim. Phys., 1828, (2], 38, 319; Linck, Ber., 1899, 32, 892; 1900,
33, 2284,

5 Plisson, Ann. Chom. Phys., 1828, [2], 39, 265; Linck, loc. cut.

¢ Napoli, Amer. J. Sci., 1854, [2], 18, 190; J. prakt. Chem., 1354, [1], 64, 93; Thiele,
Thesis, Berlin, 1910.

7 Gooch and Blake, Amer. J. Sei., 1902, (4], 14, 285; Hendrixson, J. dwmer. Chem.
Soc., 1904, 26, 747.

8 Slater, J. prakt. Chem., 1353, [1], 60, 247.

¢ de Fourcroy and Vauquelin, Ann. Chim. Phys., 1797, [1], 21, 237.

10 Moissan, loc. cit. 1 Haenny, Hele. Chim. Acta, 1930, 13, 7235.
12 Brunn, Ber., 1888, 21, 2546; 1839, 22, 3205. 3 Ruff, Ber., 1901, 34, 1749.
14 Thiele, loc. cit. 1 Schifl, Annalen, 1861, 117, Y5.

1 Geitner, bid., 1864, 129, 250. 17 Aimé, J. Pharm. Chim., 1852, 3], 21, 84.

1 Adie, Proc. Chem. Soc., 1899, 15, 133.
1% Heumann and Koéchlin, Ber., 1882, 15, 418, 1736.
VOL. VL.t IV, 4
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persuiphates T bring about the pxidatiqn of arsenic to arsenic acid.
Selenium and tellurium and their hydrides 1'Qa<111y attack arsenic to
corm the selenide or telluride ;2 the element is also dissolved by hot
aqueous tellurie acid.? ) . . T

Nitrogen does not react with arsenic. The latter dissolves in
aqueons “anionia, uppur(-pt‘ll\i formmg_ a ('omplcx. (:Q_lnpound.4 In
anhvdrous liquid ammonia it dissolves without reaction ® and f_rom the
solution the arsenic may be successfully clectrodeposited.®  This is not
the case with antimony or bismuth.  The solution of arsenic in liquid
ammonia docs not react with metallic cyanides.”

Arsenic is oxidised, mainly to arsenious oxide, when heated in
nitrous oxide:® the reaction becomes appre(:iablc at 250° to 270° (.
and ignition occurs at +00° to 450° €. This reaction takes place specific-
allv Detween arsenic and the nitrous oxide and is not due to reaction
with oxveen after thermal decomposition of the nitrous oxide, as such
dccompb;ition does not occur below 400° C. and is very slight at 460° C.
Nor does the reaction resemble that which occurs in oxygen, except
that, like the reaction in the dark with the latter gas (see p. 47), it is
a surface reaction.  No chemi-luminescence is observed, however, and
there is no upper critical oxidation pressure. At 360° C. the product
contains at least 99 per cent. of pure arscniou‘s oxide, and at 420° C. it
contains about 53-8 per cent. of arsenic pentoxide. .

Aqucous nitric acid up to 50 per cent. concentration has little action
on arsenic,’ but the concentrated acid or aqua regia causes rapid
oxidation to arsenious and arsenic acids.  When the acid is more dilute
some ammonia may be formed.!® A mixturc of arsenic and potassium
nitrate detonates on ignition.!!  Solutions of ammonium 2 and barium 1
nitrates slowly dissolve arsenic to form arsenite and arsenate. Hydra-
zoic acid dissolves the element with evolution of hydrogen, and the
solution on evaporation deposits arsenious oxide.  Nitrosvl chloride 15
and potassium amide 18 also react with arsenic.

Phosphorus, when heated to redness with arsenic, combines to form
arsenle phosphide (see p. 286). When phosphorus pentoxide and
arsenic are heated together at 290° C. the latter is oxidised to arsenious
oxide and phosphorus is liberated.'”  Phosphorus trichloride converts
arsenic quantitatively into arsenic trichloride when the mixture is

! Levi and co-workers, Guzzeliu, 1908, 38, i, 598.

* Berzelius, Schuweagger's J., 1812, 6, 311; 1818, 23, 309, 430; 1823, 34, 18: Poyy.
Arnalen, 1826, 7, 242: 8, 423,

® Hutchins, J. dmer. Chen. Soc., 1905, 27, 1157,

* Kraus, ibid ., 1922, 44, 1216.

> Hugot, dun. Chim. Phys., 1000, [7], 21, 5.

° Booth and Merlub-Sobel, J. Physical Chem., 1931, 35, 3303.

* Bergstrom, J. Awmer. Chem. Soc., 1926, 48, 2319.

> Damerell and Emeléus, J. Chein. Soc., 1034, p. 974,

* Askenasy and co-workers, Zeitsch. anorg. Chem., 1927, 162, 161; Talit and Dhar,
J. Physical Chem., 1926, 30, 1125.

0 Personne, Bull. Soc. chim., 1864, [2], 1, 163; Chem. News, 1864, 9, 242; Maumend,
Aun. Chim. Phys., 1864, [4], 3, 349.

I Slater, J. pralkt. Chem., 1333, [17, 60, 247.
2 Bergstrom, J. Physical Chem., 1923, 29, 165; 1926, 30, 15.
2% Slater, loc. cit.
*# Curtius and Darapsky, J. prakt. Chem., 1900, [2.. 61, 408,
Sudborough, J. Chem. Soc., 1891, 59, 635.
* Bergstrom, loc. cit.
' Krafiv and Neumann, Ber., 1901, 34, 366.
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heated for 12 hours at 200° C.; ! phosphorus pentachloride yields a
mixture of the trichlorides.?

Avsenic does not combine directly with carbon, silicon or boron.
The reaction with metals to form delinite arsenides or allovs is described
no pp. 37-78. The presence of small quantities of arsenic or of its
compounds in certain catalysts has a poisoning effect.  The first traces
added to the catalyst have the greatest effect; thus theactivity of 0-35 g.
of platinumn was reduced lincarly by the addition of arscnic up to 0-7 mg.,
this quantity reducing the catalytic activity to 45 per cent. of its original
value; the addition of 10 mg. of arsenic, however, depressed the activity
only to 26 per cent. of the original value.® Vanadium catalysts are
poisoned by the presence of arsenic, although the action is slow;
arscnic pentoxide is formed.*

Arsenic and many of its compounds cexhibit catalytie properties,
which may be positive or negative, especially in organic reactions.
Thus the element itself in concentrations up to 1 per cent. inhibits the
oxidation of acraldchyde for several hours and then accelerates it, while
for Ipinene the order is reversed.? The activity of arsenic and its
oxides is relatively low on account of their insolubility, but the activities
of the halogen derivatives are considerably higher.

The ability of arsenic to replace certain metals from solution has
already been referred to (p. 41). When finely divided arsenic is added
to a 10 per cent. aqucous solution of silver nitrate, an immediate deposi-
tion of silver occurs, accompanied by the evolution of brown fumes of
nitrogen dioxide.® The main reaction may be represented by the
equation :

3AgNO; +4As =34g +245,0, +3NO0
If the arsenic is added as a piece the silver is deposited in the form of a
dull, white, smooth plating. The reaction does not go to completion
even after several months’ contact.  On the other hand, silver is com-
pletely displaced within a few hours from solutions saturated with silver
nitrite or sulphate, and after a longer time from saturated aqueous
solutions of silver acetate and tartrate. In cach case arsenic goes into
solution as the trioxide. With a solution of silver cyanide in aqueous
potassium cyanide the rcaction takes a diffcrent course, probably
following the equation :

3KAg(CN), +As =K, As(CN)s +3Ag
Only a small proportion of the silver is precipitated, however. Arsenic
also replaces silver from some non-aqueous solutions, such as solutions
of the nitrate or chloride in pyridine ; n others, such as silver palmitate
in ether or in acetone, there is no action.

The reaction with salts of mercury is similar, but with mercuric salts
a precipitate of the mercurous salt first appears, which gradually
disappears, leaving a deposit of mercury. The arsenic passes into
solution as the trioxide. Similarly, copper is deposited from solutions of
its common salts; with cupric chloride some cuprous chloride is pre-
cipitated. The reactions generally are incomplete.

Kratit and Neumann, loc. cit.

Xeinitzer and Goldschnudt, b:d., 1880, 13, S50.

Maxted and Dunsby, J. Chein. Soc., 1928, p. 1600.

Adadurov and Guminskaya, J. dpplied Chem. (C.S.S.R.), 1932, 5, 722.
.}{op{cu? Dufrm._ssg a,nd_ B;}}lochc, (,’oi/L];t:_{'ezlfl., _]€J28,7187, 917.
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%
Platinum and gold are slowly replaced from solutions of their

chlorides, thus :
3PtCl, ++As + 6H,0 =3Pt +2As5,0, +12HCI
2AuCl, +2As +3H,0 =2Au +As,0, + 6HCI

No reaction occurs between arsenic and solutions of antimony and
bhismuth chlorides. Ferric chloride is reduced thus—

6FeCl, +2As +3H,0 =6FeCl, +As,05 + 6HCI
while cadmium sulphate is reduced to the yellow sulphide :

30dSO; +8As =3CdS +4As,0,

Atomic Weight of Arsenic.

The earliest attempts to determine thg z}tpmic welght of arsenic were
made prior to 1826 by Berzclius.? By oxidising the element to arsenious
oxide he first obtained the value 80-2 (O =16), and later by reduction of
the oxide by means of sulphur he arrived at the figure 75-:02. In 1845
Pelouze,? and in 1859 Dumas,® applied the method of juitrati_on of known
quantities of pure silver to the analysis of arsenic ’Frlchlonde and both
obtained values slightly lower than that of Berzelius, the mean value
from the two series of experiments being 7491, A lower figure, however,
was obtained in 1859 by Wallace,* who used the same method of titra-
tion on the bromide, his value being 74-19. Xessler 3 in 1861, after
investigating the oxidation of arsenious oxide by means of potassium
chlorate and potassium dichromate, deduced the molecular weight of
the oxide and calculated the atomic weight of arsenic to be 75-13.  That
the value should be near to 75 was in accord with the periodic law and
with the physical and chemical properties of the element, and the
generally accepted value up to 1896 was 74-9.

In the latter year the problem was again attacked with much
improved experimental methods. Hibbs,® by heating sodium pyro-
arsenate in hydrogen chloride at a temperature well below the fusion
point of sodium chloride, obtained the latter as a pure product, and
from the ratio Na,As,0, : £Na(l obtained 7 as the mean value from ten
experiments 74-876.  Ebaugh ® made three series of somewhat similar
experiments ; in the first, silver arscnate was heated i hydrogen
chloride and the silver chloride formed, after weighing, was reduced to
silver in a strcam of hydrogen; in the second and third series lead
arsenate was converted similarly into lead chloride and lead bromide
respectively.  The following arc the mean values obtained and the ratios
from which they were derived :

* Berzelius, Ann. Chim. Phys., 1817, [21, 5, 174; Pogy. Annalen, 1826, 8, 1.

* Pelouze, Compt. rend., 1845, 20, 1047.

3 Dumas, Ann. Chim. Phys., 1859, [3], 55, 174.

* Wallace, Phil. Mag., 1859, [4], 18, 270.

> Kessler, Pogg. Annalen, 1855, 95, 204; 1861, 113, 134.

¢ Hibbs, J. Amer. Chem. Soc., 1896, 18, 1044; Thesis, Univ. Pennsylvania, 1896.

7 The values for the atomic weight given here are not necessarily those given orgin-
ally by the authors, but have been recalculated using the following antecedeni data:
0=16-000; Ag=107-880: Cl=35457; N=14-008; C=12-000; Na=22-997; Pb=207-22;
Br=79-916. '

® Ebaugh, J. dmer. Chem. Soc., 1902, 24, 489; Thesis, Univ. Pennsylvania, 1901.
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Ag;AsO - 3A¢(1 . . . As=7490
Ag,AsO, : 3Ag . . . As=7506
Pb,(AsO,), : 3PbCl, . . . As=7493
Pb;(AsO,),: 3PbBr, . : . As=7484

Baxter and Coffin,! in 1909, also heated silver arsenate in hydrogen
chloride. Samples of different origin were used, with slightly different
results. They also dissolved the arsenate in nitric acid and precipitated
the silver as chloride or bromide. The following mean values were
obtained :

AgyAsO, : 3BAgCl (Ist series) . . As=7505
(2nd series) . As=7493
Ag,AsO, : 3BAgBr . . . . As=7492

The value internationally accepted up to 1928 was 74-96. However,
in 1929 the British Sub-committee on Atomic Weights proposed that
74934, the value obtained by Aston ? from calculations based upon
mass spectrograms, should be accepted, it being considered that Aston’s
method was less liable to error than any other. Krépelka,® from
analyses of especially purified arsenic trichloride, obtained as the mean
of 18 determinations 74:936 = 0-001, a result which nearly coincides
with that of Aston. The value 74-93 was adopted internationally in
1930.4

Later work by Aston® on the mass spectrum of gaseous arsenic
hydride led to the lower figure 74-92, and in 1933 Baxter and his
co-workers ® analysed arsenic trichloride and arsenic tribromide by
comparison with silver. The compounds were prepared from arsenic
and the pure halogens, and were subjected to prolonged fractionation
in exhausted glass apparatus. They were then converted to ammonium
halide and arsenite and the former precipitated with silver nitrate.
The trichloride was also compared with iodine pentoxide 7 by hydro-
lysing weighed quantities of the former with sodium hydroxide in a
vacuuny, then after ncutralisation adding a weighed, nearly equivalent,
quantlt\ of iodine pentoxide and fmdmrr the end- pomt in the presence
of starch by necutralising with phosphate and adding standard dilute
iodine or arsenite solutions. The weights of iodine pentoxide were
corrected for retained moisture and adsorbed air. The following results
were obtained (see p. 54).

The average value for the atomic weight of arsenic from all the above
experiments is 74-908 and, in view of the concordance of the results, the
value adopted by the International Union of Chemistry ® in 1934 was
74:91, this value remaining unchanged ® in 1938.

1 Baxter and Coffin, J. dincr. Chem. Soc., 1909, 31, 297.

2 Aston, Nature, 1927, 120, 958; Proc. Roy. Soc., 19", A 115, 504.

8 Krépelka, Nature, 1929, 123, 044: Collection Czech. Chem. Communications, 1930,
2, 255.

1 36th Ann. Report At. Wts., Baxter, J. Awer. Chem. Soc., 1930, 52, 857.

5 Aston, * Mass Spectra and Isoiopes,” Arnold and Co., 1933, p. 139.

5 Baxter, Schacfer, Dorcas and Scripture, J. dmer. Chem. Soc., 1933, 55, 1054.

7 Baxter and Schaefer, ibid., 1933, 55, 1957.

8 Fourth Report of the Commutree on Atomic Weights of the International Union of
Chemistry, J. Chem. Soc., 1934, p. 5045 J. Amer. Chem. Soc., 1934, 56, 753; Ber., 1934,
67, [A], 47.

* Eighth Report of the Committec on Atomic Weights of the International Union of
Chemistry, J. dmer. Chem. Soc., 1938, 60, 744.
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No. of Experiments. Ratio. At. Wt. of As.
3 AsBr, : 3Ag i 74:919
14 AsBr, : 3Ag 74897
13 AsCly : 3Ag ‘ 74-909
6 AsCL @ BAg 74-900
G AsCl, : 3Ae ‘ 74:905
6 .—\SU: 1 3Ag 74-907
6 C AsCL s 3AC 74017
S © 6AsCly : LOg 74911

In 1935, Baxter and Frizzell 1 determined the ratio of avsenie tri-
chloride to iodine, using the value 126917 for the atomic weight of
1odine.  Weighed quantmcs ol arsenic trichloride, purified as dcscnbed
above, were h\ drolysed with disodium hydrogen phosphate, and the
arsenious acid formed allowed to react mLh weighed, very nearly
cquivalent, quantitics of pure iodine in unecarly uoutlal solution. A
shght dohucncy of one or the other was then made up with dilute
solutions of arsenious acid or iodine. The rcactions were carried out
without contact with oxygen by working in exhausted vesscls up to the
final determination of the end- point. The w cights were corrected to

vacuum, and the following values obtained :

No. of Experiments. - Ratio AsCly : I, ! At Wt of As.
10 1 0-714221 ‘ 74023
5 ! 0-714183 74913
13 i 0-714192 74915
Average of all 0-714200 74917

These results suggest a slightly higher figure than the International
value,? 74-91, and more reeent work also points in the same direction.
Kripelkaa nd Kodnar? in 1936 synthesised 411 senie tribromide from highly
purilicd bromine and arsenic and from determinations of the ratios
AsBry o 3Ag and AsBry @ 3AeBr arrived at the value 71-923, which
closely uppl(nuh(s Aston’s value derived from the mass spectrum of
arsing (p. 33).

The evidence would justify, therefore, the value 71-92 for the atomic
weight ol arsenie.

There are no isotopes ol arsenie.?

b Baxter and Frzzell, S dmers Chew Soc., 1935, 57, 851,

2 ehth Report of the € ommittee on Atomu Weichts of the International Union of
Chenmstry, ibid., 1938, 60, T+1; J. Chem. Soc., 1937, p. 1893.

# Krepelka and I(o(zuzn', Coll. Czech. Chen. Comm. 1936, 8, 485: sec Nuture, 1937,
139, 76. . )

1 st Report of the Committee on Atoms of the International Union of Chemistry,
J. Chem. Soc., 1937, p. 1910



ARSEXNIC AND ITS PROPERTIES.

t
St

Uses of Arsenic.

Arsenie in elementary form f{inds limited application in industry.,
It is sometimes employved in the manufacture of arsenic compounds,
and it is a uselul constituent of certain allovs.! Small quantities,
0-1 to 0-2 per cent., are added to lead in the production of lead shot,
which is obtained by allowing drops of the molten metal to fall into
water.  Pure melted lead, when dropped from a height, forms tailed
drops, but the addition of arsenic leads to the formation of ncarly
spherical pellets.  The effect appears to be duc to the fluxing of the
film of lead oxide which forms and surrounds the liquid particle as it
falls.2  Allovs of lead containing small amounts of arsenic are used for
making bearings, sheaths for clectric cables and battery grids. Examples
of such alloys are : (1) lead with not more than 4+ per cent. Sbh and not
more than 1 per cent. As,® (2) lead with Sn 9 to 11, Sh 9 to 11, Cd 1-4 to
1-8, Cu1-2 to 1-6, As 0-9 to 1-7.*  The addition of morc than 1 per cent.
of arsenic to alloys of lead and tin causes increased hardness and com-
pressive strength but the toughness is diminished : such alloys are useful
for bearings to withstand high bearing pressure frec from impact.’ Lead
anodes containing arsenic (less than 0-5 per cent.) are used in the
electrolytic preparation of zinc.

Small amounts of arsenic in iron permit the latter to take a brilliant
polish and such metal 1s used for making chains and ornaments. A film
of arsenic electrolytically deposited oniron provides a resistant protective
coating against subaqucous corrosion.® Alloys of arsenic with iron,
manganese, molybdenum or tungsten, separately or mixed, are resistant
to acids, particularly hyvdrochloric acid.” The presence of arsenic in
steels is not desirable.  Small quantities (up to 0-05 per cent.) have no
appreciable cffect on the mechanical propertics, cven on impact, but
larger quantities (up to 0-46 per cent.), although slightly increasing the
clastic limits and ultimate strength, decrease ductility, elongation and
impact resistance, especially for medium-carbon steels.® There is a
slight cmbrittling effect, and while the weakening is less than that
caused by phosphorus or sulphur, it intensifies the effects of these
clements if present. Arsenic appears to promote in steel the develop-
ment of a dendritic heterogeneous structure which casily cracks under
dynamic tests. It adversely affccts hot malleability and tool life of
high-speed tool stecel, although the hardness is not appreciably
affected.?

Copper containing small quantities of arsenic (up to 1 per cent.) in
the absence of other impurities shows remarkable malleability and
ductility and can be worked hot or cold to any desired extent.l® The
The alloys and arsemdes of the metals are described on p. 537-78.

Tammann and Dreyer, Zedsch. Metalll:unde, 1933, 25, 64.

Seljesaeter, U.S. Patent, 1722358 (1929).

Deciches, dustrien Patent, 130903 (1931).

Anon, Zedsch. Mctalllounde, 1932, 24, 306.

Carrick, Jt Aniers Water Works Axsocn., 1928, 19, 704: Tammann and Warrentrup,
Zedsch. auorg. Chene, 1936, 228, 92,

© Irischer, French Patent, 725448 (1931).

$ Cameron and Waterhouse, J. [ron and Stecd Tust., 1926, 113, 355; Cameron, Trans.
Cun. Tust. Miiing and et., 1927, 30, 858: Hoffman, Proc. dwmer. Sue. Testing Materials,
1929, 29, Part I; Bauver, Metals and Alloys, 1930, 2, 89: Burago, Metallurg., 1933, No. 261.

? Irench and Digges, Trans. dmer. Soc. Steel Treating, 1928, 13, 919,

1 Hanson and Marryat, J. fast. Metals, 1927, 37, 121.
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effect is enhanced if antimony is also added (up to 5 per cent. of each
element).t The electrical conductivity of copper is reduced by the
addition of arsenic.  The presence of arsenic is useful in copper which
is to be sub,co‘ to reducing conditions at high temperature. Boiler
tubes and plates for locomotive lirchoxes are Geneullv made of such
(olm(x Arsenical copper is frequently bnttle but the brittleness
develops only after heat treatment below 650° C.; the critical tem-
perature for its dev clopment appears to be 500° C.2 Up to 2 per cent.
ot arsenic is beneficial in certain bronzes and speculum metals ;
Britannia metal also, and brasses for high temperature work, may
advantageously contain arsenic.?  In ordinary brass (60 : 40), however,
as little as 0-12 per cent. of arsenic halves the ductility. The element
is also contained in ecrtain corrosion-resisting allovs of aluminium¢
and of silver.®

Arsenic in the form of an amalgam is used to a small extent in
medicine. It also finds application as a poison in fly-traps.?

For the uses of white arsenie, arsenites and arsenates, see p. 159.

Archbutt and Prytherch, J. Inst. Metals, 1931, 45, 265.
Blazey, J. Inst. ‘llcialq 1927, 37, 51.  Sec also Sachs and Burkhardt, German Patent,

571749 (1933)

3 Smith, " Liddell's Handbook of Non-Ferrous Metallurgy™ (McGraw-Hill Book Co.,
N.YL), 1926, 2, S04,

: Bosshard, U.S. Patent, 1899133 (1933).

5 Assmann, German Patents, 4963489 (1926).



CHAPTER IV.
THE METALLIC ARSENIDES.

As mentioned in Chapter II, many metallic arsenides are found in
Nature. Arsenic combines directly with most metals to form stable
compounds, those of the heavy metals being the most stable. The
latter may be obtained by allowing an aqueous solution of a salt of the
appropriate metal to drop into an atmosphere of arsine, air being
completely absent, and the vesscl continually shaken.! Precipitation
by passing arsine into the salt solution is not satisfactory as, in the case
of copper, silver, gold, mercury and lead, a sccondary reaction with
the excess of mectallic ions occurs :

MAs +8M* + 8H,0 = 6)M + 3H+ + As(OH),

With polyvalent metals, the lowest oxide of the metal is formed.

With iron, cobalt and nickel, alcoholic solutions of the salts should be
used, since with aqueous solutions the resulting arsenide is contaminated
with free arsenic. Zinc and manganese arsenides are readily hydrolysed
and cannot be obtained by the above method, but are prepared by
combination of the elements.

The arsenides of the heavy metals arc usually black and readily
oxidisable. On exposure to moist air they arc converted into the metal
and arscnious acid. In the dry finely divided state they may ignite
spontancously at ordinary temperatures. At higher temperatures, in
absence of air, the arsenides of the noble mectals lose nearly all their
arsenic, while other heavy metal arsenides form lower arsenides. The
arsenides are more stable than the corresponding phosphides.

The metallic arsenides generally melt between 800° and 1200° (.,
many with deccomposition,? volatilisation of arsenic occurring below
the melting point. The majority of mineral sulpharsenides melt
between 400° and 600° C. Arsenopyrite decomposes to arsenic,
sulphur and ferrous sulphide at 675° to 685° (., while l6llingite (p. 10)
loses 23-83 per cent. of arsenic at 735° C.°

Aluminium Arsenide, AlAs,—When a mixture of powdered
aluminium and arsenie is heated, no reaction occurs up to 600° (.,
but above 750° C., if the pressure of the arsenic vapour is kept low,
combination takes place with incandescence and results in the forma-
tion of a brown microcrystalliine powder® of composition Al,As,. The

b Brukl, Zeitsch. unory. Chene, 1923, 131, 236.

2 Borgstrom, " Nord Keinstinote!” Fmland, 1928, p. 164,

3 Monclova, Bull. Soc. franc. M, 1930, 53, 491.

* Wohler, Pogg. Annalen, 1827, 11, 161; Mansuri, Metal [nd., 1912, 21, 388: J. Chem.
Soc., 1922, 121, 2272, See also Winkler, J. prali. Chem., 1864, [1], 91, 193; Fonzes-
Diacon, Compi. rend., 1900, 130, 13}4; Torentz, Bureau of Standards, Circ. No. 346,
1927. n. 101.
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prodict s stable at high temperatures and ,}.[gnsuri stated .that it is
infusible up to 1600° C. NLL‘H’:& and Passerugl,f howe:y"er,mio‘und the
melting point of the purce g}l-semdc to be 1200 C. -It~ is ‘1055 stablgz at
ordinary temperatures, a little arseme being slowly hb(?mFC(,l' When
freshlyv prepared it is completely soluble in acid, but after l\eepmg,_ a
Jicht vesidue of arsenic remains after dissolution hydrochloric acid.
X:';l\' analvsis by the powder method suggests t%mt the mjystals belong
to the cubic svstem and resemble the blendes. The density calculated
from the crvstallographic data is 3-81; the observed density is 3-60.
The compound reacts l'cadily_\\'lth }.\'atcr, C\fol\'{llg' arsine, an.d 1S con-
sequently unstable in moist air. .th' qlcqhols 1t reacts to vield alkyl
arsines.2  When heated in air it is oxidised to alumina and arsenious
oxide. ) ‘ . N
Antimony Arsenides.—A crystalline arsenide of composition
Sh.As was deseribed by Descamps,® who heated a mixture of the
elerents under fused borie oxide. A thermal investigation of the
svstem antimonv-arsenic shows, however, that the two elements alloy

=
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S
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N\
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. 1 I 1 | _ -
Sb 20 40 60 80 As

Arsenic, per cent.

Fra. 5.—Equilibrium Diagram of the System Sh—As.

in all proportions, forming a continuous series of solid solutions, no
chemical compound being formed. The alloys freeze over a range of
temperature and do not have a single sharp melting point ; this is
shown by the freezing point curves (fig. 5) obtained by Mansuri,? who
found that the allov of lowest freczing point (603° C.) contained 13 per
cent. of arsenic. Parravano and de Cesaris ® found the minimum on
the liquidus curve to be at 612° C. corresponding with 17-5 per cent.
of arsenic. Padoa® examined the electrical conductivity of alloys at
various temperatures and observed a pronounced maximum shown by
Natte and Passering, Gazzefia, 1928, 58, 455,

Natta, Gwra. Chim. Ind. Lppl., 1926, 8, 367.
Descamps, Compt. rend., 1878, 86, 1066.
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an alloy of composition Sh,As at —10° €. At high temperatures allovs
of antimony and arsenic have a gel-like structure which is retained after
rapid cooling.

%ntlmon\' and arsenic frequently occur associated in Nature, the
most important mineral rich in arsenic being allemontite * (sec p. 8),
the composition of which approximates to SbAs.,.

The ternary system Pb—Sh-As has been investigated 3 by thermal
and mectallographic methods ; the antimony and arsenic form a con-
tinuous series of solid solutions which are insoluble in the lead but form
cutcetics with it.  For the alloys rich in arsenic the eutectic melts at
204° C., while for those rich in antimony the temperature is 252° C.

Barium Arsenide, BajAs,.—By passing arsine over barium oxide
at red heat Soubeiran 4 obtained a mixture of arsenide and arsenite.
Lebeau 3 prepared the pure arsenide by reduction of barium arsenate
with carbon in an clectric furnace. Barium arsenide is very similar in
properties to the arsenides of calcium and strontium; it is slightly
darker in colour, more readily fusible and more reactive chemically.
Its density at 15° C.is 4-1. It burns spontaneously in fluorine, chlorine
or bromine vapour. In oxygen it burns at about 300° C. and in sulphur
vapour at dull red heat.

Beryllium Arsenide is formed ® when a mixture of beryllium and
arsenic is heated ; the rcacting mixture becomes incandescent. The
arsenide 1s decomposed by water with evolution of arsine.

Bismuth Arsenides.—\hen bismuth and arsenic are melted
together there is no evidence of chemical combination. The two
elements are only slightly miscible in the molten state 7 and separate
completely on solidification if an open vessel 1s used, but according to
Heike 8 they arc perfectly miscible if melted ina sealed tube. Descamps ®
melted a mixture of bismuth and excess of arsenic under fused boric
oxide, keeping the temperaturc as low as possible, and obtained a
product of density 8-43 and approximate composition Bi,As,, but it is
doubtful whether this was a definite compound.

Bismuth Monarsenide, BiAs, may be obtained by passing arsine
through a solution of bismuth trichloride containing a minimum
quantity of hydrochloric acid.1® It is a black substance unattacked by
water, dilute acids or alkalis, but decomposed by concentrated hydro-
chloric acid with formation of arsine.

Cadmium Arsenides.—The [reczing point, density and atomic
volume curves indicate the existence of two arsenides, Cd;As,and CdAs,. 1!
The freezing point curve was obtained by cooling mixtures of the
elements melted under fused alkali chloride ; no mixed crystals were
observed. Two other arsenides have been described @ Cdgds, said to

-

Kalb, Metall Erz, 1926, 23, 113; Zeltsch. Kryst., l‘i_’_’, 57, D72.
Hawdinger, ~ Handbuch der bestunmenden 3Mineralogie,” Wien, 1845, p. 557.
Abel and Redlich, Zeusch. anorg. Chem., 1927, 161, 221.
¥ Soubewan, Ann. Chim. Phys., 1830, [2], 43, 415.
Lebeau, obid., 1902, [7], 25, 470; Compt. read., 1899, 129, 47.

Wohler, Pogg. dnnalen, 1328, 13, 577.

I'riedrich and Leroux, Metallurygie, 1908, 5, 148.

Heike, Internat. Zeitsch. Metallog., 1914, 6, 209,

Descamps, Compt. rend., 1878, 86, 1065.

Brukl, Zeitsch. anorg. Chem., 1923, 131, 236.

Schemuschuschny, Int. Zeitseh. Metallographic, 1913, 4, 228; J. Russ. Phys. Chem.
Sue., 1913, 45, 1137, Sce also Heycock and Neville, J. Chem. Soc., 1892, 61, 888; Chem.
News, 1890, 62, 280.
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be formed when cadmium and arsenic were 'melted ’together., tand CdgAs,
obtained by reducing cadmium a'rscnate \\:1th fused potassium cyanide,?
the product being white, with a.shgl}t reddish tinge and a metallic lustre,
and of density 6-26. The reddish tinge 1s common to alloys containing
99 to 50 atoms As per cent. ; those with more arsenic exhibit a bluish
tinge. o _

Cd,As, has been prepared by subjecting a mixture of powdered
cadmium and arsenic, in appropriate proport.lous, tg a pressure of 6500
atmospheres,® by passing arsenic vapour mixed with hydrogen or an
inert gas over heated cadmium,* by fusing a mixture of the elements
under a layer of fused lithium qnd potassium chlorides,? and by slowly
dropping an ammoniacal Solu’uon_of cadmium sulphate into a globe
filled with arsine.® It forms reddish octahedra and cubes of density
6-25 at 20° C. and of hardness nearly 3-5 (Mohs’ scale). Trom an
X-ray analysis by the powder method Passerini 7 concluded that the
crystals belong to the cubic system, with a non-ionic structure, but
von Stackelberg and Paulus ® state that the arsenide crystallises in the
tetragonal system, with 8 molecules in the unit cell, and space group

D). In the co-ordinated lattice the arsenic atoms constitute a
a

slightly deformed closest cube packing in the tetrahedral interstices of
which are the cadmium atoms. According to Schemtschuschny, the
arsenide undergoes some form of reversible transformation at 578° C.
The melting point is 721° C. It dissolves slowly in cold dilute acids
yielding arsine. Halogens and oxidising agents such as concentrated
nitric acid or aqua regia vigorously attack it, sometimes with in-
candescence.?

CdAs,, obtained by fusing the elements in the requisite proportions
under fused alkali chloride,? is bluish-grey in colour, of density 5-86 at
20° C., and of hardness 3-5 to 4:0 on Mohs’ scale. It melts at 621° (.

Calcium Arsenide, CajAs,, is formed by the direct combination
of caleium with arsenic vapour at dull red heat.??  When a mixture of
hydrogen and arsenic vapour is passed over heated quicklime the
product is mainly arsenite, only a little arsenide being formed.?? Tt
is best prepared by the reduction of calcium arsenate by carbon in an
electric furnace.?® Lebeau used a mixture of 100 parts of the arsenate
with 81 parts of petroleum coke and employed a current of 950 to 1000
amperes at 45 volts, the heating being continued for 2 to 3 minutes.
Guérin1* has shown that calcium arsenate is reduced by carbon slowly at
800° C. and rapidly at 850° C., the arsenite being first produced and

-

Spring, Ber., 1883, 16, 325.
Descamps, Compt. rend., 1878, 86, 1022, 1065.
Spring, loc. cit.
Granger, Compt. rend., 1904, 138, 574; Bull. Soc. chum., 1904, [3], 31, 563,
Schemtschuschny, loc. cit.
Brukl, Zeitsch. anorg. Chem., 1923, 131, 242,
Passerini, Guzzetta, 1928, 58, 775.
von Stackelberg and Paulus, Zeitsch. physikal. Chem., 1935, B, 28, 427.
Granger, loc. cit.; Spring, loc. cit.; Brukl, loe. ci.
Schemtschuschny, loc. ¢t '
Moissan, Ann. Clui. Phys., 1899, (7], 18, 28u; Compt. rend., 1898, 127, 534, Riedel
describes an alloy obtained by heating Ca and As with sand as a chluent, sce German
Patent, 300152 (1916). ‘
}2 Soubeiran, dnn. Chun. Phys., 1830, [2], 43, 407.
'* Lebeau, ibid., 1902, [7], 25, 470; Compt. rend., 1899, 129, 93.
" Guérin, ibid., 1935, 200, 1210, '
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finally caleium oxide and arsenic; in order to obtain the arsenide,
rapid heating to 1500° to 1600° C. is necessary. If the heating is slow,
loss ol arsenic occurs.

The arsenide is obtained as a crystalline mass, small fragmeunts of
which are transparent and reddish-brown in colour. Its density is 2-5,
and it is harvder than calcite. It is readily attacked by the halogens, but
the higher the atomic number of the latter, the higher the temperature
necessary for reaction to occur. It remains unchanged in dry air or
oxygen at the ordinary temperature, but when heated in the latter it
burns brilliantly to form arsenate; if the oxygen supply is limited,
however, arsenious oxide and avsenic may be produced.  With oxidising
agents there 1s vigorous heat evolution. Hydrogen does not attack
the arsenide, even at 700° to 800° C. Water decomposes it in the cold
with formation of caleium hvdroxide and evolution of arsine; it is
conscquently unstable in moist air. It is attacked by sulphur or
hydrogen sulphide at dull red heat. Cold concentrated sulphuric acid
is reduced to sulphurous acid. The gaseous halogen acids react at red
heat giving arsenic and a calcium salt. Fuming nitric acid does not
attack it in the cold, but there is a rapid reaction on heating. Carbon
and boron are without action at 1000° C., but the former can decompose
it completely at the temperature of the electric furnace. Many metallic
salts are decomposed when heated with the arsenide.

The presence of small amounts of arsenic in calcium retards the
absorption of nitrogen by the latter.?

Cerium Arsenide.—Hirsch 2 obtained an alloy of cerium and
arsenic by adding the latter in small amounts to cerium melted under
a layer of sodium chloride. The reaction appeared to be exothermic
and a soft, somewhat pyrophoric alloy remained, which did not decom-
pose on being kept.

Chromium Arsenides.—Two arsenides, of composition CrAs and
CryAs,, respectively, have been obtained.? The monarsenide is formed
when the sesquiarsenide is heated in hydrogen at 480° to 500° C. Its
density at 16° C. is 6-35, and X-rayv examination shows that it is
hexagonal in structure.* It is insoluble in acids. The sesquiarsenide
is prepared by heating finely divided chromium with excess of arsenic
at 7007 C. in a sealed exhausted tube, the product being powdered and
again heated. The resulting compound is not changed in composition
by prolonged heating in hydrogen at +00° C., but above that tempera-
ture it loses arsenic and passes to the monarsenide. Chromium sesqui-
arsenide is a grey powder, of density 6-2 at 22° C.; it is insoluble in
acids.

Cobalt Arsenides.—Cobalt alloys readily with arsenic and several
compounds have been prepared. On the freezing point curve?d there is
a eutectic point at 916° C. and 30 per cent. As, and maxima occur at
026° C., 959° C. and 1180° C., corresponding respectively with CozAs,
(837 per cent. As), Co,As (389 per cent. As) and CoAs (about 55 per

b Ruff and Havtmann, Zelsch. anorg. Chem., 1922, 121, 167.

= Hirsch, Trans. Amer. Electrochem. Soc., 1911, 20, 57; J. [nd. Eng. Chem., 1911, 3,
880; 1912, 4, 65.

3 Dicckmann and Hanf, Zedsch. anorg. Chem., 1914, 86, 291. See also Dieckmann,
Y AWl 1O 1
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cent. AsY The carve cannot be obtained for higher pereentages of
arsenic nl\‘.'ing' to volatilisation of the latter. The existence of a fourth
arsenide. Co.As,, which dissociates without melting at 10147 C., is also
indicnted.  Allovs containing from 12 to 16 per cent. As undergo a
franstormation on cooling. heat being evolved at temperatures ranging
from 2300 to 330 (., and a maxinumm heat development occurs at the
composition Co,As, when the transformation point is 352° C. The
(-iun{gv is necommanied by a considerable increase in volume and the
allov ix sometimes disrupted.  The transformation temperatures for
the definite arsenides CogAs, and CoyzAs, are respectively 828° and
915 . Allovs containing up to 38 per cent. arsenic are magnetic ;
with more than this proportion they are non-magnetic. The addition
ol arsenic to cobalt causes increased hardness.  Other arsenides of
composition Co,As,, Cols,, Co,As; and CoAsy have been described.?

Tri-cobalt Di-arsenide, Co,As,, may be prepared ® by the action ol
arsenic trichloride on metallic cobalt at 8007 to 1400° C. ; or by heating
mixtures of arsenic and cobalt in hydrogen or carbon monoxide at this
temperature. It 1s also formed when powdered cobalt is heated in
hvdrogen containing arsenic vapour, and when cobalt arsenate or
arsenite is reduced by hydrogen at 900° C. Its density is 7-82 at 0° C.
When strongly heated it loses arsenie. It is only slowly attacked by
fused alkali, or by hot concentrated hydrochloric or sulphuric acid. It
dissolves readily In nitric acid or aqua regia, and reacts vigorously with
oxvgen, sulphur or chlorine.

Cobalt Monarsenide, CoAs, is obtained when the previous compound
1s heated at 600° to 800° C.,° when cobalt is heated to 275° to 335° C.
In arsenic vapour,* or when the clements in equal molecular proportions
arc heated for not less than a day at 730° C.3 It is a grey crystalline
powder, of density 7-62 at 0° C.,, tarnishing slightly in the air.®
It melts at 1180° C. When strongly hcated in hydrogen it loscs
arsenic. It resembles the arsenide CogAs, in chemical properties.  The
lattice structure resembles that of the corresponding manganese and
iron arsenides, the metal atoms forming zigzag chains, thus differing
from nickel monarsenide, in which the metal atoms form straight
rows.”

Di-cobalt Tri-arsenide, Co,As,, is formed when cobalt monarsenide is
heated at 400° to 600° C., or when cobalt is heated with arsenic tri-
chloride at the same temperature. According to Beutell and Lorenz,8
it is formed when cobalt is heated in arsenic vapour at 345° to 365° C.,
but it slowly undergoes decomposition below 400° C. to form the
di-arsenide, CoAs,. It also decomposes when heated above 600° C.
The density is 735 at 0° (.

Cobalt Di-arsenide, CoAs,, is formed when cobalt is heated in arsenic
vapour at 385° to 405° C.8  Its density is 6-97 at 0° C. Tt is grey in
colour, slightly oxidised by air, and decomposes above +00° €. This

3 ! Beutell and Lorenz, Centr. Min., 1916, pp. 10, 49. See also Gehlen, Schueigger's
J., 1815, 15, 501: 1817, 20, 353; Berthier, Ann. Chim. Phys., 1836, 2}, 62, 113; Kopp,
Annalen (Suppl.), 1864, 3, 289; Rammelsberg, Pogg. dnnalen, 1866, 128, 441; Neues
Jahrd. Min., 1897, ii, 45. * Ducelliez, Compt. rend., 1908, 147, 424.
¢ Ducelliez, loc. cit. * Beutell and Lorenz, loc. cit.
® Fylking, Arkic Kemi, 3in., Geol., 1935, 11, B, No. 18, 1.
¢ Nee Tammann and Bredemecier, Zeitsch. anory. Chem., 1924, 136, 337.
? Fylking, loc. cit. See also de Jong and Willems, Physica, 1927, 7, T4
¢ Beutell and Lorenz, loc. cuf. ’
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arscnide occurs in two forms in Nature, smaltite (cubic, p. 10), an
important ore of cobalt, and safflorite (rhombic, p. 12).1

Cobalt Tri-arsenide, CoAs,, is found in Nature as the mineral siut-
terudite (p. 10), and is formed when cobalt is heated in arsenie vapour
at 450° to 618° (.2

Copper Arsenides.—Investigation of the {rcezing point curve of
the system Cu-As confirms the existence of the two arsenides, CuzAs
and CuzAs,® and there is evidence of the formation of the arsenide
Cu,As.  An arsenide of composition CuzAs, is also known. The
addition of arscnic to copper lowers the freezing point uniformly up to
14 per cent. As, when a steep fall occurs, reaching a minimum at 685° C.
and yielding a eutectic mixture with 19-2 per cent. As corresponding
approximately with CuzAs.  As the proportion of arsenic is increased,
the curve rises until, at 747° C., the first compound, CuyAs, containing
28-4 per cent. As, crystallises out.  This is soon followed by the erystal-
lisation at 807° C. of a second compound, CuzAs,, with 82-2 per cent. As.
The freezing temperature then falls to a minimum at about 693° C., the
eutectic mixture containing approximately 35 per cent. of As. With
more arsenic the curve rises to 740° C. and, according to Hiorns, the
arsenide, Cu,As, with 37-34 per cent. As, separates; Friedrich, however,
could not obtain this compound. Bevond this point the curve begins
to fall, but with more than 13 to 41 per cent. As, alloyvs could not be
obtained by fusion, the cxcess of arsenic rapidly burning off.*

Many arvseniferous minerals contain arsenides of copper in a more
or less pure state. They are found in various localitics, but especi-
ally in Michigan and Chile. The more important ave domeykite, CusAs,
and the allied mincrals argento-domeykite, (Cu, Ag),As, mohazckite,
(Cu, Ni, Co),;As, and stibio-domeykite, Cuy(As, Sb): also algodonite,
Cugds, whitneyite and darwinite, CugAs (see pp. 10, 12).

The influence of small quantities of arsenic on copper has already
been described (p. 35). The thermal conductivity of Cu—-As allovs has
been investigated,® as also has the clectrical behaviour at temperatures
as low as 1-26° Abs., obtained by means of liquid helium; ¢ whether or
not the alloys are supraconductive at thesc temperatures has not been
definitely determined. The structure of various Cu—As alloys has been
mmvestigated by means of the X-rays.”

Tri-copper Adrsenide, CuyAs, has been prepared by melting a mixture
of copper and arsenic under a layer of fused boric acid ;8 by subjecting
an intimate mixture of the clements in the required proportions to a
pressure of 6300 atm.;® by heating copper in arsenic vapour;*® by

» For other minerals containing cobalt arsenides, see p. 13.

2 Beutell and Lorenz, loc. ci.

3 Hiorns, J. Soc. Chem. Lnd.; 1906, 25, 617; IFricdrich, Metallurgie, 1905, 2, 477; 1908
5, 530.

! See also Bergman, © De arsenico,” Stockholm, 1777; Berthier, dnn. Chim. Phys.,
1836, [2], 62, 113; Wess, 1bed., 1923, [9], 20, 131; Kordes, Zeitsch. anorg. Chem., 1926,
154, Y7.

° Hanson and Rodgers, J. Inst. Metals, 1932, 48, 37; Engineering, 1932, 133, 354.

S Wilhelm, Phd. May., 1930, [7] 10, 500: Meissner, Franz and Westerhoil, dan.
Physile, 1933, 17, 593.

T Katoh, Zeutsch. Krist., 1930, 76, 228; Bull. Chem. Soc. Japan, 1930, 5, 275.

$ Descamps, Compl. rend., 1878, 86, 1023.

¢ Spring, Bull. Acad. roy. Bely., 1883, [3], 5, 234; Ber., 1883, 16, 324.

0 Koemg, dmer. J. Sci., 1900, [4], 10, 4395 1902, [4], 14, 414, Proc. Amer. Phil.
Soc., 1903, 42, 219; Zeitsch. Kryst. Min., 1901, 34, 67; 1903, 38, 529.
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heating a mixture ol copper and the hemi-arsenide, Cu,As ;1 by the
action of arsine on an aqueous solution of potassium cuprochloride,
excess of Cut ion being avoided, otherwise precipitation of copper
oceurs ;& and by the action of hydrogeu at high tcmpeyature and
pressure on copper zu'sen:atc.s By hycntl.ng copper or a suitable alloy
at about 600° . in arsenic vapour Koenig * obtall}ed brxlh‘ant crystals
corresponding in composition with the various forms of domeykite
enumerated above. )

The density of CuyAs is 6-7 to 775 the dpns1ty calculated from
crystallographic data 3 is 8-22. The hzu'dnc>§s is 3:0 to 35 on Mohs’
scale.  The specific heat is ¢ 0-0919. On heating, sublimation occurs at
3145° to 370° C.7 The arsenide decomposes on strong heating.® It is
completely reduced when heated in hydroge}.]‘g It is stable towards
hydrochloric acid, but is attacked by nitric acid.®

" The arsenide CuzAs, has been prepared by passing a current of
.arbon dioxide and arsenic vapour over finely divided copper heated to
the temperature of boiling sulphur; ' by the action of copper on arsenic
trichloride or on arsenic dissolved in hydrochloric acid; 3* and by the
action of cuprous chloride on arsenic. Lustrous regular crystals of
densitv 7-56 are obtained. These tarnish on exposure to air. When
heated it loses arsenic and vields CuyAs, which at a higher temperature
also decomposes.  CuzAs, dissolves in nitric acid. It is readily attacked
by chlorine or bromine.*

" The hemi-arsenide, Cu,As, was described by Descamps? as being
formed when the black precipitate, resulting from the addition of
arscnic to a solution of a copper salt, was fused under borax; according
to Koenig, 1 it is formed, with CuzAs, when arsenic vapouris passed over
heated copper. Hiorns described it as being formed by fusing the
elements together (see above),*® but Iriedrich did not observe this to be
the case. Koenig described it as a grey crystalline mass of density
771 at 21° C.

Tri-copper Di-arsenide, CujAs,, is formed when arsine acts on a
solution ot copper sulphate,!™ or on dry copper sulphate or chloride; 18
by subjecting a suitable mixture of the powdered elements to a pressure
of 6500 atm.;!® by reducing cupric arsenite with fused potassium

Koenig, loc. cit.
Brukl, Zeitsch. anorg. Chen., 1923, 131, 236.
Ipatiev and Nikolaev, J. Russ. Phys. Chein. Soc., 1926, 58, 664, 636, 692, 64S.
Koemy, loc. eit.
Katoh, loc. cit.
Sella, Ges. Wiss. Gatt., 1891, p. 311.
Joly, Chem. News, 1913, 107, 341; Phil. Iag., 1914, {6, 27, 1.
8 Granger, Comnpt. rend., 1903, 136, 1397; Bull. Soc. chim., 1903, [3], 29, 729.
Cornu and Redlich, Centr. 3an., 1908, p. 277.
Wright, Proc. Amer. Phil. Soc., 1903, 42, 237.
1 Granger, loc. cil.
® Reinsch, J. malt. Chem., 1841, [1], 24, 244; Paul and Cownley, Pharm. J., 1901,
[4), 12, 136. )
12 Granger, loc. cit.
1 Descamps, loe. cit.
15 Koemg, loc. cit.
¢ See also Gehlen, Schweigger's J., 1815, 1 .
Y Dumas, dnn. Chin. Phys., 1826, (21, 355; 1830, |2], 44, 239.
S Kane, Proc. [Irish Acad., 1810, 1, 182; Brukl, Zeusch. anorg. Chein., 1923,
131, 236.
¥ Spring, loc. cif.
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evanide ; 1 or by the action at 100° C. of a solution of arsenic trichloride
in hydrochlorie acid on copper. It is obtained as a brittle bluish-grey
cryvstalline mass of density 6-01.

Arsenides of gallium and germanium have not heen prepared.

Gold Arsenides.—Allovs containing up to 25 atoms per cent. of
arsenie have been prepared by fusing together gold and an alioy rich in
arsenic.®  The freezing point curve reveals a cutectic point at 665° C.
with about 46 atoms As percent.  Severalarsenides have been described.
Descamps,t by adding mctallic arsenic to a solution of aurie chloride,
obtained a dark red deposit somewhat richer in arsenic than corresponds
to the composition AuyAs. This product when fused with potassium
evanide is converted into a vellow arsenide, AugAs,, of density 16-2.
The monarsenide, Auds, was prepared by Brukl® by dropping a
solution of sodium chloraurate into an atmosphere of arsine. This
arsenide is stable towards dilute acids and alkalis.  Concentrated nitric
acid reduees it to spongy gold. At high temperatures 1t decomposes
with alimost complete loss of arsenic.

Indium arsenides have not been reported.

Iridium Arsenide, Irds,, has been obtained in a pure form by
heating iridium chloride with an excess of arsenic in a current of hydro-
gen.t It is also formed when an intimate mixture of the finely divided
metal and excess of arsenic is heated in an indifferent atmosphere. The
arscnide may be analysed by the method described under palladium
arsenide (p. 73).

Iron Arsenides.—The syvstem Fe-As has been investigated by
Friedrich,’ allovs containing up to 56 per cent. As having been examined.
The following compounds are indicated on the freezing point curve:
Fe,As, FeyAs,, Feds, and possibly FeyAs,. Thus the curve falls from
the freezing point of iron (1535° C.) to a eutectic point at 30 per cent.
As ¢ and 835° €., and rises to a maximum at 10-1 per cent. (Fe,As) and
919° C.  Less distinct maxima ocecur at 51-7 per cent. As (i.e. FezAs)
and 964° C., aud at 57-3 per cent. As (l.e. FeAs) and 1031° C., the latter
point being obtained by extrapolation of the curve of solidification
times. A reaction hetween the solid products occurs at 800° C. in all
alloys containing 40 to 536 per cent. As, the maximum development of
heat taking place with 47-2 per cent., corresponding with the formation
of Fe As,.

The above conclusions were confirmed by micrographic examination
of the alloys, which werc etched by means of a hot solution of iodine in
potassium iodide. Alloys containing more than 40 per cent. As were
non-magnetic.  Those formed in the ncighbourhood of a maximum
were brittle. A study of the EDLE. diagram 7 of Fe-As alloys con-
taining 6 to 56 per cent. As indicated the formation of Fe,As and Fe;As,.
The effect of adding small quantitics of arsenic (up to 8 per cent.) to

I Descamps, loc. cit.

2 Schleicher, fniern. Zeltsch. Mctullographie, 1914, 6, 18. See also Bercman, *De
arsenico,”” Stockholm, 1777; Hatchett, Phil. Trarns., 1803, 93, 43; Laversidge, Chem.
News, 1894, 69, 152; Arnold and Jetferson, Engiicering, 1896, 61, 176.

8 Brukl, Zeitsch. anorg. Chem., 1923, 131, 236.

1 Wohler and Bwald, Zeitsch. anorg. Chem., 1931, 199, 57.

5 Friedrich, Meiallurgie, 1907, 4, 129.

¢ Oberhotier and Gallaschik (Stakl w. Eisen, 1923, 43, 398) obscrved the eutectic
noint to be at 20-3 ner cent. As.
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iron was examined by Obcrhoffer and Gallaschik,? who observed that
on cooling the change point of the § mixed crystals with liquid to ,
mixed crystals (which they recorded as 1440° C.) was depressed 80° by
the presence of 0-5 per cent. As and remained constant with further
addition. The change point on heating was not affected.  With more
than 3 per cent. As no change point could be detected.  The maximum
solubility of arsenic in 3-iron is 0-9 per cent. and in y-iron 6-8 pcer cent,
Micro-examination confirmed the thermal data and revealed homo-
geneous mixed cerystals up to 6-67 per cent. As. The alloy with 7-29
per cent. As showed traces of eutectic.

A comprehensive X-ray investigation has been made of Fe-Ag
alloys containing up to 56-9 per cent. As,? the highest content obtainable.
The alloys were prepared by dropping pellets of arsenic into molten
pure iron contained in a magnesia crucible in an atmosphere of nitrogen.
The displacement of Fe lines indicated that a-iron will hold approxi-
mately 5 per cent. of arsenic in solution at room temperature. With
increasing arscnic the first compound indicated, Fe,As, has a simple
tetragonal lattice with «=3-627 A. and ¢=3-973 A., two molecules
forming the unit cell. The As atom is surrounded by 4Fec at 240 A,
4Fe at 260 A, and 1¥e at 2-41 A. The Fe-As distances are less than
those calculated from the normal atomic radii. The arsenide FeyAs,
could not be found in slowly cooled alloys, but quenched ailovs of
the proper composition, when examined microscopically, presented an
appearance suggesting high-temperature stability (above 795° C.) for
FeyAs,, the compound breaking down at lower temperatures into Fe,As
and FeAs. The avsenide FeAs has a simple orthorhombic lattice with
a=33866 A., b=6-016 A. and ¢=5-128 A., cach unit cell containing four
molecules. The lattice structurc resembles that of the corresponding
cobalt arsenide. The crystal structurc of various mincrals containing
iron arsenide, for example, I6llingite, FeAs,, saltlorite (Co, Fe)As,,
rammelsbergite (Ni, Co, Fe)As,, and certain arseno-sulphides, including
arsenopyrite, has been investigated.® The conclusions as regards
Isllingite are not in agreement, and further study is desirable.  Buerger
gives the following structure : spacc group, ¥,*; two molecules in unit
cell, with dimensions ¢ =285, b =525 and ¢ =5-92 A.; the cffective As
radius 123 A.; Fe-As=2-35 and Fe radius 1-12 A., as in marcasite,
with which mineral I6llingite is isomorphous.

A metallographic and analytical examination? of the ternary
system Ni-Fe-As shows the formation of the crystalline double
arsenides 2Fe,As.Ni;As, and 1Fe,As.NijAs,.

Lron Subarsenide, Ye,As, is formed by melting a mixture of the two
elements in the requisite proportions. It melts at 919° C. A product
of the same composition is obtained when a mixture of borax and
arsenopyrite is heated in a carbon crucible and the product digested
with hydrochloric acid.$

1 Oberhotier and Gallaschik, loc. ¢it.

2 Uage, Zeilsch, Krist., 1928, 68, 4705 1920, 71, 134; Chein. Zentr., 1629, ii, 1889;
Nova Acta Soc. Sci. Upsalic 1929, 4], 7, 1. Sec also Vylking, <Arkis Kemi, Min.,
Geol., 1935, 11, B, No. 18, 1; Elander, Hage and Westgren, bol., 1936, 12, B, No. 1, L.

3 de Jong, Physica, 1926, 6, 325; Bueruer, Zeitsch. KNrist., 1932, 82, 165.

+ Guertler and Savelsbera, Metall v. Lrz, 1932, 29, 84.

® Friednich, Metullurgic, 1907, 4, 129, See also Percy, * Metallurgy of Lron and Steel,”
London, 1864, p. 74.

% Berthicr, A ni. Chimi. Phys., 1836, [2], 62, 113; Aun. Mines, 1837, [3], 11, 501.
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The conditions under which the formation of the arsenides Feyds,
and FesAs, may occur arc indicated on p. 65. The former was obtained
by Bmkl Las a black pr L(_Ipltdt(_ by the action of arsine on an alcoholic
solution of terrous ammonium sulphate.  The product was only slightly
attacked by concentrated hydrochlorie or sulphuric acid but was soluble
in nitric acid, aqua regia and bromine water.

Iron dMonarsenide, FeAs, may be obtained by heating iron in a
current of arsenic vapour at 3357 to 380° C.; 2 by heating a mixture of
the elements in a bomb tube at 680° C.,% or a mixture of iron, arsenious
oxide and carbon in an clectric arc furnace : # by the action of fused
potdsglum eyvanide on iron arsenate ; ® by reduction of the di-arsenide at
680° C. in a current of hydrogen;?® or by dropping a solution of a
ferrous salt into an atmosphere of arsine.®

It forms silver-white, rhombie crystals,” of density 7-83, and melting
point 1020° C. according to Hilpert and Dieckmann$® or 1031° C.
according to Friedrich.” It is non-magnetic. Steel-grev crystals of the
arsenide of density 7-94 have been found associated with tin sulphide
in the hearth of an old tin smelting furnace in Cornwall.10

The product, of density 7-22, which results when iron is heated in
arsenic vapour at 395° to 415° C.1tagrees in composition with the formula
Fe,As,. The existence of such an arsenide has not been confirmed,
however, although some forms of léllingite approach this composition.

Iron Di-arsenide, FeAs,, occurs as the minerals lollingite and
arsenoferrite (sce p. 10), and may be made artificially by heating iron
in arsenic vapour at 4807 to 618° C..1? or by heating a finely powdered
mixture of the elements in a bomb tube at 700° to 750° C.13  After treat-
ment with dilute hydrochloric acid the pure di-arsenide is obtained as a
silver-grey microcrystalline powder of density 7-38. It melts at 980° to
1040° C. It is insoluble in hydrochloric acid, whether dilute or con-
centrated, but is slowly oxidised by nitric acid, yielding arsenic acid.
Heated with concentrated sulphuric acid, sulphur dioxide is evolved.
When heated in air it burns, yielding arsenious oxide and ferric oxide
It is non-magnetic.

When the mineral lollingite is heated in vacuo it loses 23-§ per
cent. of arsenic, the residue (ontdmmo two unidentificd (011st1tucnts .
Arsenopyrite, treated similarly, clecomposcs at 675° to 6357 (.

Lead Arsenides.—An inv estlgamon of the system PPb—As reveals
no evidence of the existence of any delinite compounds.™ At its melting

1 Brukl, Zedsch. anorg. Chem., 1923, 131, 236.

¢ Beutell and Lorenz, Centr. JMan., 1916, pp 10,

3 Hulpert and Dieckmann, Ber., l()ll 44, 2373, )331.

¥ Lebeau, Conpt. read., 1399, 129, 47.

> Descamps, bid., 1878, 86, 1066.

o Brukl, loc. cit.

" de Jony, Physica, 1926, 6, 325; de Jong and Willems, 2bid., 1927, 7, 74; Hagg,
Zellsch. Krst., 1929, 71, 134; Chem. Zenir., 1929, ii, 1889.

s Hilpert and Dieckmann, loc. c.t.

Y Friedrich, loc. cit.

10 Headden, dAmer. J. Sei., 1898, (4), 5, 93.

1 Beutell and Lorenz, loc. cit.

12 Beutell and Lorenz, loc¢. cif.

' Hilpert and Dieckmann, loc. ¢ii. See also Bergman, ~De arseiico,” Stockholm,
1777; Gehlen, Schweigger's J., 1815, 15, 501; 1817, 20, 333.

't Monclova, Bull. Soc. frung. 3un., 1930, 53, 491.

¥ Friedrich, Metallurgie, 1906, 3, 41; ¢f. Heveock and Neville, Chem. News, 1890, 62,
280; Descamps, Compt. rend., 1878, 86, 1022,
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point lead does not dissolve any arsenic, I)}lt at I}ighcr temperatures two
lavers are formed ; 1 the lower layer consists of lead containing a small
quantity ol arscnic (h.ssol\'(.’d in it, and the upper la,ypr IS arsenic con-
taining a small quantity ol lead. At z}tmosphfrlct‘prcsspl‘c only up to
35 per cent. ol arsenic can be :}110)‘0([_ with lead. There is a cutectic at
2007 (. with 2:6 per cent. of arsenic. At this temperature the lead
retains in solution 0-045 to 0-05 per cent. As. The solubility of arsenic
in lead diminishes rapidly as the temperature is lowered a}_ld at room
temperature it is probably less than 0-01 per cent. As.  With arsenic-
rich alloys the primary crystals arc almost pure arsenic, so that the
solubility of lead in arsenic is practically nil.

The addition of small quantities of arsenic reduces the shrinkage of
lead during solidification and increases th(_: hardness and, in small d.egre‘e,
the compressive strength.® It has no effect on the rate of corrosion in
water.

The following arsenides have been described in the literature :
PbyAs, a malleable crystalline alloy obtained by heating arsenic with
molten lead for 20 hours ; ¢ PbgAs, crystalline plates found associated
with tin in Cornwall; 3 Pb,As, obtained by melting excess of arsenic
with Iead under fused boric acid and heating to a moderatc temperature; ¢
if the temperature in the latter case is kept as low as possible the product
has the composition PbgAs, ; if the mixture is heated strongly, Pb,As, is
formed ; 7 finally PbAs, obtained by rcduction of lead arsenate under
fused potassium cyanide.® The existence of none of these as a true
compound has been confirmed, however.

Lithium Arsenide, Li As, is formed when a mixture of the elements
in suitable proportions is heated to redness, or when lithium arsenate is
reduced by heating with charcoal in an electric furnace.® It is a dark
brown crystalline substance of great reactivity. It is attacked by the
halogen elements at the ordinary temperature with incandescence. It
burns vividly when heated in oxygen; it rcacts violently with nitric
acid, and at a comparatively low temperature it reduces many metallic
oxides.

Magnesium Arsenide, MgyAs,, may be prepared by heating
magnesium powder with a slight excess of arsenic in the absence of air ; 9
it is obtained as a grey, metallic, microcrystalline powder, of density
3-165 and melting point 800° C. It has also been obtained by heating
arsenic and magnesium filings in hydrogen 1%—this product was described

t Faruq, Proc. 15th Indian Sci. Congress, 1928, 176.

2 Bauer and Tonn, Zeitsch. Metallk., 1935, 27, 183.

3 Bauer and Tonn, loc. cit. For recent work on the influence of As on Ph and Pb
alloys, see Anon, ibid., 1932, 24, 306; Tammann and Dreyer, ibid., 1933, 25, 64; Wegner,
Hewals and Alloys, 1932, 3, 116; and for the preparation and uses of such alloys, see
Amer. Smelting and Refining Co., British Patent, 390330 (1933), Cunadian Patent, 334295
(1933): Deisches, Austrian Patent, 130903 (1931); Seljesaeter, U.S. Patent, 1722358
(1929); Canudian Patent, 311353 (1931).

* Koenig, Proc. Amer. Plal. Soc., 1903, 42, 219; Zeutsch. Kryst. Min., 1903, 38, 529.

® Headden, Amer. J. Sci., 1898, [4], 5, 95; Proc. Colorado Scient. Soc., 1901, 6, 80;
Stevanovic, Zeitsch. Kryst. Mun., 1905, 40, 326.

¢ Descamps, Compt. rend., 1878, 86, 1065.

" Descamps, loc. cit.; see also Stead, J. Inst. Metals, 1919, 22, 127; FEngineering,
1919, 108, 663; Spencer, Mining May., 1921, 19, 113; Brukl, Zeitsch. ancrg. Chem.,
1923, 131, 236.

8 Lebeau, Compt. rend., 1899, 129, 49; 1900, 130, 502.

° Natta and Passerini, Gazzetia, 1928, 58, 541.

0 Parkinson, J. Chem. Soc., 1867, 20, 125, 309.
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as a brittle, chocolate-brown mass with a metallie lustre @ by heating a
mixture of arsenie, magnesium and sand ;1 and by igniting the mixed
clements 2—the reaction m this case being very violent.

Magnesium arsenide decomposes rapidly on exposure to air. It
reacts with water and acids to vield arsine ; 3 with cthyl al(ohol at the
boiling point it also gives arsine, and at 2807 to 295° C. cthyl- and
dicthyl-arsines, with a trace of triethylarsine, are formed.* The crystal
structure of the arsenide has been investigated by the N-ray powder
method.” Tt resembles the corresponding zine arsenide and has a cubic
lattice containing two molecules of Mg, As, in the unit cell, the side of
which is 6-10 -\., the calculated density being 3-26.  The arrangement
of the atoms in the lattice represents an unusual type of structure which
is defined by the (‘o-ordinates As =(~1—, LO.EEH GHH (G5
and Mg=(} 0, 0), (0, 4, 0), (0, 0, }), (0, 3. %), (,, 0, 3), (4, %, 0). The
distance Mg \Iu is 303 AL, that of {5 Mg, 2:61 A., while that of As—As
is 4-31 A, From these data the radius of the Mg atom is calculated to be
1-525 A., and the atomic diameter of As 1-02 A.; these values correspond
roughly to the values for the neutral atoms (1-62and 1-16 A., respectively)
caleulated by Goldschmidt. The structure of magnesium arsenide is
not ionie.

Manganese Arsenides.—Threc of these have been deseribed :
Mn,As, MngAs, and MnAs. The hemi-arsenide, Mn,As, is prepared,
according to Arrivaut,® by heating a mixturc of arsenic and manganese
at 500° C.; combination occurs with incandescence. It is also formed
when the monarsenide is heated in the absence of air.? Hilpert and
Dieckmann 8 could not obtain the hemi-arsenide, but Arrivaut,? in an
investigation of the EM.I. diagram of Mn—As allov“ containing 6 to 53
per cent. As, showed the presence of the two arsenides \[n,As and
MnjAs,. The former is grey and non-magnetic and is stable at high
temperatures.  The thtm, trimanganese di- m.>enzdc, MngAs,, is obmmed
by heating the mixture of elements in a current of hydrogen at 700° to
800° C.20 When freshly preparved, this arsenide is tferromagnetic, but on
heating to about 45° (. it becomes paramagnetic ; on cooling it returns
to the ferromagnetic state. Each subscquent transition from the ferro-
magnetic to the paramagnetic state increases the intrinsic magnetisa-
11011 and the thermal properties are also affected. Thus the specific
heat of a specimen of the arsenide was observed 2 to change as shown in
fig. 6; the valuc increased slowly from 0-122 at 28° C. to 0-14 at 36° C.,
then rapidly rose to a maximum of about 0-8 at 42-2° C., falling steeply
to 0-13 at 45° (. (the critical temperature) and reaching a minimum at
about 46-5° C.  Thus heat is rapidly absorbed as the substance passes
from the ferromagnectic to the paramagnetic state. In the figure, the
curve B shows, in arbitrary units, the cffcct of temperature on the
Riedel, German Patent, 300152 (1916).

Natta, Giorn. Chim. Ind. Appl., 1926, 8, 367.
Parkinson, loc. ¢it. 4 Natta, loc. ¢it.
Natta and Passerini, lue. cit.
Avrivaut, b Intern. Cong. Appl. Chen., 1909, sect. ii, 100.
Wedekind and Veit, e, 1911, 44, 2663.
Hilpert and Dicckmann, ., 1911, 44, 2373.
Arvivaut, Chim. ot Jud. . Spee. Nos. 284-3, Scpt. 1925,
Arrivaut, 7th Lniern. Cong. Apple Chem., 1909, xecr.ai, 100,

1 .\'hocn Metalluryee, 1OVL 8, T34 Bates, Phdd. Mag., 1923, (71,6, 593; 1932, [7], 13,
393; 1933, (7], 16, 657; 1934, (7], 17, 783.
2 Batc;, Proo Roy. Soc., 1928, A 117, 680.
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1\:\gnvﬁ(: induction, and the curve € the rate of change of magnetie
nduction with temperature, also in arbitrary units. The latter sh%ws a
naximum at £2:2% (. and corresponds closely to the specific heat cur;*(;
Jates suggests that the changes are due to interaction between the spiﬂ
noment of one atom and the orbital moment of another. The density
dso changes ' from 6-26 to 6-20, and the course of the \'oluﬁlé
cruperature curve between 13° and 50° C. resembles those of the
ntensity ol magnetisation-temperature and  the specific heat-tem-
serature curvves.  The change is gradual and there is a temperature
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Jemperature, °C.
FiG. 6. The Effcet of Temperature on (A) Specifie Heat and (B) Magnetic Induction
of Trimangancse Di-arsenide, and (C) the Rate of Change of the Magnetic Induction
with Temperature.

hvsteresis. The transition from the pavamagnetic to the ferromagnetic
form appears to involve a series of irreversible mctastable conditions.
No volume change vesults from the application of a magnetic ficld.
Manganese Monarsenide. MnAs, was deseribed by Wedekind ? as
a black ervstalline powder formed by heating together manganese and
arsenic, the product being freed from excess of the former by treatment
with dilute hvdrochlorie acid, and of the latter by heating in chlorine.
Its density was 5-3 and it was stable only helow 4+00° to 130° C., further
heating causing loss of arsenie. A similar product may be obtained by
the action of arsenic trichloride on manganese.  Hilpert and Dieckmann
heated pure manganese inarsenic vapour under pressure,® but Bates,?
using the same method, foimd that the product contained nearly equal
parts of mangancse and arsenic and therefore corresponded  with
Mn,As,.  Arrivaut ® was unable to prepare the monarsenide, as the

U Smits, Gerding and Vermast, Zedseh, physikal. Che., Bodenstein Festband, 1931,
p. 357 fiee. Prar, chom., 1932, 51, 1178, .

2 Wedekind, Zeilsch. Elelirochem., 1906, 11, 8505 Ber. deul. physilal. Ges., 1907, 4,
412; Physikal. Zedsch., 1907, 7, 8053: Zeitsch. physilal. Clhem., 1004, 66, 614

3 [lilpert and Dicckmann, Ber., 1911, 44, 2373, 2831

1 Bates, Proc. Roy. Soc., 1928, A 117, 6S0.

5 Arrivaut, Chim. et Ind., Spee. Nos. 284-3, Sept. 1925.




THE METALLIC ARSENIDES. 71

mixture (containing 57 per cent. As) decomposed on fusion. There is
conscquently some confusion in the literature.  Wedekind's product was
non-magnctic.  The crystal structure of the so-called monarsenide has
been investigated.?

Mercury Arsenides.——Arscnic does not dissolve in mercury even
at the boiling point,? nor has an amalgam been obtained by the action
of sodium amalgam on moist arsenious oxide ® or by eclectrolvsis of a
solution of arsenic trichloride using a mercury cathode ; * in the latter
case arsenic is deposited on the surface of the mmcu"\' but does not
dissolve. Nevertheless, two arsenides of mercury, which appear to be
definite compounds, have been prepared.

Mercuric Arsenide, 11g,As,, may be obtained by passing arsine,
largely diluted with hydrogen, into an alcoholic solution of mercuric
chloride ; # the vellow chloromercurarsine, AsH,.HgCl, is first
formed, followed by the orange di- and brown tri-chloromercurarsines
.'\sII(I{gCl)Z and As(ITg(l),, and finally the arsenide is obtained as a
black microcrystalline powder. It may also be prcp’lred as follows : 6
10 g. of arsenious oxide are dissolved in 100 g. of concentrated h\'cho-
chloric acid and the solution treated with 10-63 g. of mercuric chioride
in 700 to 800 g. of dilute hydrochloric acid (1:35). After filtration,
60 ¢. of sodium hypophosphite are added and the mixture, shaken
from time to time, is kept for several hours; on heating to boiling, the
black precipitate of mercuric arsenide appears. Vortmann 7 electro-
Iysed a hydrochloric acid solution of mercuric and arsenic chlorides
after adding potassium iodide to prevent the formation of basic salts ;
much arsine was evelved and a brownish-black amalgam was obtained.

Mercuric arsenide forms microscopic mamellated crystals.  When
dry it oxidises readily in the air to arsenious oxide and mercury. On
heating it volatilises without melting, forming a sublimate of arsenic
and mercury and a little arsenious oxide. The arsenide is therefore
dried under diminished pressure.  When heated with an alkyl iodide,
a diavsonium mercuriodide of the type As,Rgl,.211gT, is formed.8

Mercurous -Arsenide, Hg,As, was obtained by Brukl? as a black
precipitate by dropping an aqucous solution of a mercurous salt into an
atmospherc of arsine in complete absence of air. It is readily oxidised,
and on keeping in air it vields mercury and arsenious oxide. It dissolves
in nitrie acid.

Molybdenum Arsenide, MoAs,, is formed ° by heating powdered
moelyvbdenum for 36 hours with arsenic at 570° C., the excess of arsenic
then being removed by sublimation. It is a black powder of density

Y de Jong and Willems, Physica, 1927, 7, 74; Oftedal, Zeitsch. physikal. Chein., 1928,
132, 208.

® Ramsay, J. Chem. Soc., 1889, 55, 331; ¢f. Bergman, “De arsenico,” Stockholm,
1777.

® Bottger, J. prali. Chem., 1834, [1], 3, 283; Lassaigne, J. Chim. Iéd., 1836, [2], 2,
6501 cf. DLanty bid., p. 650.

* Tammann and Hinnuber, Zeitsch. anorg. Chen., 1927, 160, 256: Ramsay, loc. cit.

> Partheil and Amort, Arck. Pharm., 1899, 237, 121; Ber., 1893, 31, 594; Brukl,
Zeitsch. anorg. Chem., 1923, 131, 236. See also Stromever, Comment. Soc. Gétt., 1808,
16, 141; Rose. Pogg. duinalen, 1340, 51, 423,

¢ Dumesnil, Compt. rend., 1911, 152, 868.

? Vortmann, Ber., 1891, 24, 2764.

8 Partheil, Amort and Gronover, drch. Pharm., 1899, 237, 127.

S Brukl, loc. cit.
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8-07 at 25° C. It resembles molybdenum phosphide in being insoluble
in concentrated hydrochloric acid or ammoniacal hydrogen peroxide,
but it is readily soluble in nitric acid, hot concentrated sulphuric acid
or aqua regia. .

Nickel Arsenides.—The {freezing -point curve of Ni-As alloys
containing up to 57-4 per cent. As has been studied.®  The freczing
point of nickel is lowered by addition ofarsenic until with 27-8 per ceut.
of the latter a eutectic point is rcached at 900° C. With 34-3 per cent.
of arsenic there is a maximum at 998° C., corresponding with the arsenide
Ni;As,. A sccond eutectic point is reached at 804° C. with 43-3 per
cent. of arsenic, and the curve then rises to anether maximum at 968° C.
and 36:0 per cent. of arsenic, corresponding with the arsenide NiAs.
Solid solutions are formed between the limits 0 to 55 per cent. and
33-5 to 85-7 per cent. of arsenic.  Alloys containing 33-7 to 56 per cent.
of arsenic undergo a transformation on cooling, with evolution of heat,
the maximum development oceurring at 43-5 per cent. of arscnic, thus
indicating the formation of a third arscnide, NigAs,. In addition, the
diarsenide, NiAs,, is known to exist, and a product obtained by heating
nickel in arsenic trichloride vapour approximated in composition to the
hemi-arsenide,? Ni,As, but its identity as a definite compound has not
been confirmed.

Pentanickel Di-arsenide, NizAs,, prepared by fusing together the
elements in the required proportions, is a hard, brittle compound.® 1t
1s non-magnetic,

Trinickel Di-arsenide, NigAs,, is formed by reducing nickel arsenate,
or a mixture of nickel oxide and arscnious oxide, with fused potassium
evanide ; * when reduced nickel is heated at 800° to 1.100° C. in vaporised
arsenie chlorvide ; 2 or when an alcoholic solution of nickel amimonium
sulphate is dropped into an atmosphere of arsine completely free from
air, the reaction vessel being repeatedly shaken.® The avscnide is a
grey substance which melts at 1000° €. TIts density is 7-86 at 0° C.
The crystals are tetragonal with a=345 A, and ¢=21-7 A, and a
superposed 2-dimensional overstructure having ¢ =6-9 A.8  The arsenide
is very stable and is only slightly decomposed at 1400° C. It is
attacked when heated in oxygen, chlorine or sulphur vapour. It
readily dissolves in acids and is attacked more slowly by alkalis.
According to Descamps,® when heated under fused horie oxide it
loses arsenic to yicld an arsenide Ni;As, but the existence of this arsenide
has not been confirmed.

Nickel Monarsenide, NiAs, is formed when reduced nickel is heated
at 400° to 800° C. in arsenic chloride vapour.2® It is identical with the
mineral niccolite or nickeline (p. 12), and has, like it, a red colour,  Its
density is 7-57 at 0° C.  When heated it commences to lose arsenic at

! Friedrich and Bennigson, Metallurgie, 1907, 4, 200.

= Granger, Arch. Sci. Genéve, 1898, {41, 6, 391.

* Friedrich and Bennigson, loc. cif.

* Descamps, Compt. rend., 1878, 86, 1022, 1063.

* Vigouroux, Compt. rend., 1908, 147, 426; Friedrich and Benmgson, loc. cit. ; ger
and Didi.cx', Compt. rend., 1900, 130, 914; Ball. Soc. chim., 1900, ‘M‘y. 23, 506; Wohler,
Awn. Chim. 1’/:3/.9., 1832, _2}, 51, 208%. N

¢ Brukl, Zeusch. anory. Clewm., 1923, 131, 236,

* Vigouroux, loc. ¢it.

S Laves, Fortschr. Mia., 1935, 19, 33.
° Descamps, loc. cit.
10 Vigouroux, loc. cit.
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1007 C. and is gradually converted into NigAs,.  The erystal structure
of nv(I\clx"c has l)ccn examined, but the results obtained are not con-
cordant.!

Nickel Di-arsenide, N1As,, occurs in Nature as chloanthite and ram-
melsbergdte (p. 12). It may be prepared by heating cither of the two
previously deseribed  arvsenides with arsenic in an atmosphere of
hvdrogen at decreasing temperatures ; the arsenic is absorbed and the
di-arsenide forms as a grey powdcr as the temperature falls below 1007 (.2

Rammelsbergite is readily oxidised by acrated waters, the oxidation
proceeding much more rapidly than in the case of niceolite and other
arsenide mmcmls; 3 the oxidation is accelerated by the presence of
iron pyrites, mangancse dioxide or platinum black.?

Niobium Arsenide, NbAs,, has been prepared ° by heating the
elements together in a sealed tube at 500° C.  The product, the com-
position of which corresponded more exactly with NbAs, gy, had density
7-28 at 25° C.

Palladium Di-arsenide, PdAs,—It was carly observed 8 that
palladium combines with arsenie with evolution of heat, a brittle fusible
allov being formed. The di-arsenide may be prepared * in a pure form
by he 1‘(111@ a mixture of palladium chiloride with an cxcess of arsenic in
a current of hydrogen. It melts at 680° C. with loss of arsenic.  The
ervstals have the pyrites structure, with «=5-970:20-004 A. It is
not ferromagnetic.® By repeated oxidation and reduction at +00° to
500° C. the arscnie is removed as arsenious oxide, leaving a residuc of
palladium ; this method may be used for the analvsis of the arsenides
of any of the mctals of the platinum group.

Platinum Arsenides.—Platinum and arsenic combine readily on
heating ; Gelilen observed ® deflagration when the spongyv metal was
heated with excess of arsenic.  The system Pt—As, up to about 28 per
cent. of arsenie, has been studied.’® There is a eutectic containing
13 per cent. of arsenic solidifying at 5397° C., and from the times of eutectic
solidification indications of the pr obable existence of the arsenide Pt,As,
were obtained.  The formaticn of an arsenide of composition PtyAs,
was described by Tivoli ' who, b\/ the action of arsine on aqueous
platinic chlovide, obtained black crvstalline seales which he considered
to be a hydroxyarsenide, PtAs(OFI). This substance could be dried at
130° C. without decomposition, but above that temperature it yielded
the arsenide in accordance with the equation :

6PtAS(OH) = As,0, + 2Pt As, + 31,0

L. Krist., 1923, 58, 212; de Jong, Physica, 1925, 5, 194; Chem. Zentr.,

1 Aminoft, Zeiisc
1925, ii, 2306.

* Vigouroux, loc. c¢it.: Beutell, Centr. JMin., 1916, p. 49.

8 Walker and Parsons, Unie. Toronio Geo! Studies, 1921, p. 12: 19253, p. 20.

1 Caumdmel. ihd., 1927, No. 24, p. 47,

5 Heinerth and Lxln, Ze, z/qh anory. Chem., 1931, 198, 163.

s Chenevix, Lhl. Trans., 1303, 93, +: Fischer, SNchweiygyer's J.. 1827, 51, 1920 Phil.
Mag., 1528, 121, 4. 230: Pogy. Annalon, 1347, 71. 431

T Woller and Ewald, Zeitseh. anory. Chew, 1931, 199, 57

S Thomassen, Zedseh. physilal. Clem., 1920, B, 4, 277,
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Wohler,? however, has shown that the product of the interaction of
arsine and an aqucous solution of platinic chloride or potassium chlor-
platinite is a mixture of variable composition, and he was unable to
obtain the hydroxyarsenide.

Platinum Di-arsenide, PtAs,, occurs in Nature as the rare mineral
sperrylite (p. 12), and may be prepared in the laboratory by heating a
mixture of the clements in a scaled tube at 270° C.2 The reaction is
explosive, but can be moderated by using a large excess of arsenic,
which is afterwards removed in a stream of carbon dioxide at 500° C.
The residual grey powder resembles natural sperrylite, and is attacked
with difficulty by concentrated nitric acid or aquaregia. The di-avsenide
has also been obtained ® in a pure form by heating platinie chloride with
an excess of arsenic in a current of hydrogen. The crystal structure has
been investigated * by the powder method ; ¢ =3-957 =0-003 A.

Potassium Arsenides.—Potassium combines with avsenic with
incandescence,” and the arsenide K;As may be obtained by heating the
elements in the correct proportions in a glass tube. The pure arsenide
is prepared ¢ by heating to redness in a closed iron vessel a mixture of
the clements con’mnnno an cxcess of potassium, the uncombined metal
being subsequently removed from the cooled product by means of liquid
ammonia ; the arsenide remains in the form of black crystals after
removing ammonia by heating in nitrogen. &nothe]' method of pre-
p(uatlon consists 7 in treating arsenic with an excess of ‘potassammonium,
NH;K, when a brick-red compound, K As.NH,, vesults; this, when
heated at 800° C. in vacuo, vields the black arsenide. The latter, like
other alkali arsenides, reacts with water to yicld solid arsenic mono-
hydride and some arsine (see p. 79). If the potassammonium is
heated with excess of arsenic, the product is an orange-coloured solid,
K,As, . NH;, which when heated in vacue a littie below 300° C. }xe](ls
a cinnabar-red arsenide K,As,.

Rhodium Arsenide, Rhis,, has been prepared in a pure form by
heating rhodium chloride with an excess of arsenic in an atmosphere of
hyvdrogen.® If fincly divided rhodium is heated with excess of arsenic in
an atmosphex e of an indillerent gas, the mxcmde produced is not pure.?

Ruthenium Arsenide, Ru.‘u.z, may be prepared in an exactly
similar manner to rhodium arsenide.  The method ol analysis desceribed
under palladium arsenide (p. 78) may be applied to both of these
arsenides.

Silver Arsenides.—A study of the system Ag—1\s gives no evidence
of the existence of any definite compound of the two clements.1 When
the mixtures were heated in scaled tubes it was observed that the
addition of silver lowered the melting point of arsenic to a eutectic point

* Wohler, Zeitsch. anorg. Chean., 1930, 186, 324.

2 Wohler, loc. ¢it.

3 Wohler and Ewald, Zeitsch. anorg. Chem., 1931, 109, 57.

* Thomassen, Amtwh physikal. Chem., ‘)7‘) B, 4, 277.

Davy, Phil. Trans., 1810, 100, 31; G"u} -Lussac and Thénard, dan. Chim. Phys.,
1810, (13, 73, 220; Gehlcn, Sch'wrziggm"s J., 1815, 15, 501; Soubeiran, J. Pharm. Chin.,
1830, [2], 16, 353.

g L(‘.bc&u, Compt. read., 1900, 130, 502; Bull. Soc. chim., 1900, [3], 23, 230.

" Hugot, Cowpt. rend., 1899, 129, 603.

5 Whohler and Ewald, Zeitsch. anorg. Chem., 1931, 1gg, 57.

¢ Wohler and Ewald, loc. cit.; ¢f. W ollasron Phal. Trans., 1804, 94, 419; 1829, 119, 1.

10 Priedrich and Lerou\ Metallurgie, 1908, 3, 193; HuI\e and Leroux, Zaé&ch anorg.
Chem., 1915, 92, 119. See also Hilpert and hcum”mn Ber., 1913, 46, 2220.
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at 340° C. and 25-1 atoms per cent. of arsenic. Solid solutions only
formed with from 0 to 6 atoms per cent. of arsenic. Alloys between
this composition and the cutectic undergo a transformation at 595° C.
due to a reaction between the solid and liquid phases, forming a new
solid solution with a limiting concentration of 10-53 atoms per cent.; a
sceond transformation occurs at 374° C. over almost the whole range of
composition and is due to a cutectoid decomposition of the solid solution.
There is a marked tendency to undercooling, which may suppress these
changes.  The alloys obtained are grey and brittle.

The arsenide Ag,As occurs in an impure form in Nature as huntilite
(p- 12). It mayv be prepared artificially by dropping an agqueous solution
of silver nitrate or acctate into an atmosphere of arsine.!  Spring ®
obtained products of composition AggAs and Ag;As by compressing
mixtures of the two eclements in powder form at 6500 atmospheres.
Descanips 3 gently fused silver arsenate with potassium cyanide and
obtained hard, brittle, white crystals of density 8-51 and of composition
AgAs, which lost arsenic on heating.  When fused under a layer of boric
acid at a high temperature this substance was converted into Ag;As,
the density of which was 9-531. Products of composition AgAs; and
AgAs, have also been desceribed,? but it is doubtful whether any arsenide
other than Ag,As exists as a chemical individual.

An X-ray study of the structure of Ag—As alloys has been made,®
and the results support those obtained by thermal examinations as
stated above.

Sodium Arsenide, NajAs, has been obtained in an impure state by
heating together sodium and arsenic,® or sodium and arsenious oxide ; 7
by the action of arsine on dry sodium or on a solution of sodium in
liquid ammonia ; 8 and by heating the product obtained by the action
of liquid ammonia on a mixture of the two elements.® Lebcau heated
a mixture of sodium and arsenie to redness, digested the product with
liquid ammonia to remove excess of sodium, and finally removed the
ammonia by heating in nitrogen. Hugot treated the mixturc of
elements with liguid ammonia and obtained a reddish-brown com-
pound of approximate composition Na;As.NII;. This, after heating
i a vacuum at 300° (., left the impure arsenide, some sodamide
remaining in the product.

Strontium Arsenide, SryAs, may be prepared by reduction of
strontium arsenate. This is best accomplished by rapidly heating with
carbon 1% to 1500° to 1600° C. If the heating is slow, reduction begins at
about 800° C. vielding first the arsenite, arsenic then being lost and
strontium oxide formed. Calcium arsenate behaves similarly (p. 60).
Strontium arsenide forms reddish-brown crystals, transparent in thin

Y Brukl, Zeitsch. anorg. Chem., 1923, 131, 236.

* Spring, Bull. Acad. roy. Belg., 1383, [3], 5. 229; Ber., 1883, 16, 324,

3 Descamps, Compt. rend., 1873, 86, 1022.

+ Hilpert and Herrmann, loc. cit.

> Broderick and Ehret, J. Phys. Chem., 1931, 35, 3322.

8 Gay-Lussac and Thénard, Ann. Chun. Phys., 1310, [1]. 73, 229; Landolt, J. prait.
Chem., 1853, [1], 40, 385; Annalen, 1854, 89, 301; Janowsky, Ber., 1873, 6, 220.

7 Saunders, Chem. News, 1809, 79, 66.
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i
sections, and of density 3:6 at 152 €. It decomposes in contact with
water, forming strontium hydroxide with liberation of arsine. It hurns
brilliantiv when heated in oxygen or sulphur vapour. It reacts with
fluorine at ordinary Lcmpcmt.mc with incandescence and formation of
arsenice trilluoride. Similav reactions oceur with chlorine at 160° (.,
with bromine at 200° (., and with iodine vapour at a higher temperature.
It is 2 powerful reducing agent and atta weks most metallie oxides and

oxidising agents. W }‘('n hcarcd with carbon in an clectric furnace it

vields strontium earbide.

Thallium Arsenide.—The freezing point curve of the thallium-
arsenic svstem was investigated by \Lmsuu 1 who was unable to isolate
any definite arsenide. The two elements alloy in all proportions, but
do not react chemically with cach other and do not form any solid solu-
tions. By fusing {ogothor thallium and arsenic in suitable proportions,
Carstanjen ® obtained a white erystalline mass which he considered to be
the arsenide T1,As. - The product was soft enough to be cut with a knife.
It acquired a vellow tinge when exposed to the air, and was readily
deconmposed by cold acids, arsine being evolved.

Tin Arsenides.—A study of the system Sn—As has been made?
over the complete range from pure tin to almost pure arvsenic.  The
clements alloy in all proportions and form two definite compounds,
Sn,As, and Snds, as shown by two distinet maxima on the fusion curves
and by photomicrographs.  Crystals of the former have been isolated.t
The melting point of tin is not lowered by the addition of arsenie.
Gehlen observed ° a vigorous action when powdered arvsenic was stirred
imto the molten metal, heat and light being evolved. He also obtained
alloyvs by heating white arsenic with tin.® Arscnides other than the
above have been described : for example, Sn,As,, obt(,m(‘d by heating
a mixture of the two clements under fused boric acid ;7 Sn. &34, b\
subjecting the mixture of elements to high pressure; s 5114:&50 and
bnsis 1% The existence of none ol these as chemical compounds has
been confirmed, however.

The alloys of tin and arsenic are v ery hard and readily erystallise.1?
When the arsenic is not present in excess they are white, sonorous and
brittle, and attacked by hydrochloric acid with liberation of arsine.
When heated strongly, arsenic volatiliscs.  The electrical conductivity of
thin rods, of’ composition Sn,As;, SnAs and SnyAs,, has been measured 12
between —81° and 400° €. In cach case it passes through a maximum,
at 257, 0% and —25° C. respectively.,

Tungsten Arsenide, W As,—When tungsten and arsenic are

= Mansuri, J. Dust. Metals, 1922, 28, 153.

* Carstanjen, J. palt. Chem., 1867, [11, 102, 65, 129.

¢ Mansur, J. Chem. Soc., 1923, 123, 214; Parravano and de Cesaris, “tti R. dcead.
Linced, 1911, [5), 20,1, 5393; Lntern. Zeitsch. Metallog., 1912, 2, 1; Kordes, Zetsch. unory.
C /l(m 1926, 154, 03.

P Stead, J. Noe. Chen. Lud., 1897, 16, 200 J. Tust. Metals, 1919, 127.

> Ge 11(n, Schweigger's J., 1815, 15, 501, Sce also V ogel, J 1/)/1/{‘ C/mn ,1835,117, 6,
3451 Beruman,  De arscnleo,” Stockholm, [777.
50 Bulles, German /’uh ni, 6214 (1889).
anps, Compt. rond., 1878, 86, 1063,
, Durl 1883, 16, 5‘4 Bull. Acad. 1oy, Bely., 1883, {37, 5, 220.
oliboix aud Dupuy, Compt. rend., 3911, 152, 1312,
Y Headden, Ao J. Se, L8us, [4, 5, 955 Proc. Cu/w/ulu Sei. Soe., 1901, 6, 80.
1 Puschin, J. Russ. J)/(J Chem. Soc., 1906, 39, 52
1 Padoa, (lu tu, 1925, 55, 975; lJH 57, 399.
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heated together in a sealed tube at 620° for 5 days, a product ol com-
position W Asj.g5 and of density 10-905 at 25° (. is obtained.! Decfacqz 2
described the di-arsenide as a black crystalline mass of density 6-9 at
187 C.  This product he obtained by heating purce tungsten hexachloride
in a current of arsine, the temperature heing maintained at 150° to
200° C. for a time and then gradually raised to 350° C. The arsenide
is stable in air at the ouhndry temperature ; at red heat it is readily
oxidised, leaving a residue of vellow tungstic anhyvdride. It readily
combines with chlorine, sulphur and phosphorus when heated. It is
quite insoluble in water, carboun disulphide and the usual organic
solvents ; solutions of hvdrofluoric and hydrochloric acids have no
action upon it, but nitric acid and aqua regia oxidise it on warming.
Fused alkalis and alkali carbonates act upon it, forming arsenate and
tungstate. Tungsten chlorarsenide, W,AsCly, is obtained by heating a
mixture of tungsten hexacliloride and liguid arsine in a scaled tube at
60° to 75° C.* It forms bluish-black, hygroscopic crystals, and is readily
decomposed by water, acids and alkalis.

Uranium Arsenide, U,As,, may be obtained * by passing hydrogen
over a fused mixture of sodium uranous chloride and sodium arsenide.
It is a greyish powder which readily burns in the air. Somectimes it is
obtained in a pyrophoric condition. An aluminium-containing product
results when the aluminothermic process, using an oxide of uranium and
arsenious oxide, is emploved. The purest arsenide is obtained, in the
crystalline form, when a mixture of hydrogen and arsenic vapour is
passed over sodium uranium chloride. It is rapidly decomposed by
nitric acid.

Zinc Arsenides.—Arscnic readily alloys with zine, and arsenides of
composition ZnyAs,® 7Zn,As,5 ZngAs,, ZnAs® and ZnAs, have been
described. A thermal study of the system Zn-As has shown, however,
that only Zn As, and ZnAs, exist.® Both arc brittle and the\‘ melt at
1015° and 771° C., respectively. Zrizine diarsenide may be prepared
by melting zine in arsenic vapour and hydrogen,® by subjecting zine and
arsenic in applopuatc proportions to a pressurce of 6300 atmospheres, 2 or
by heating the mixture of elements at 800° C. out of contact with air. 11
A compact but fragile crystalline mass, of density 5-578, is obtained.
The crystal structure has been investigated by the X-ray powder
method,? and is found to resemble that of magnesium arsenide (p. 69).
According to Natta and Passerini, it has a cubic lattice containing two
molecules of Zn ?As, n the clcmentan cell, with @ =3-81 A.and a caleu-
lated density of 5-854. The arrangcment ‘of the atoms in the lattice is
the same as in the case of the magncesium compound. The distance

1 Heinerth and Biltz, Zeitsch. anorg. Chem., 1931, 198, 16S8.

2 Defacqz, Compt. rend., 1901, 132, 138.

8 Defacqz, loc. cit.

' Colani, Compt. rend., 1903, 137, 382; Ann. Chim. Phys., 1907, [3], 12, 39.

> Descamps, Compt. rend., 1878, 86, 1065.

¢ Koemg, Proc. Amer. Phil. Soc., 1903, 42, 219.

* Vogel, J. prakt. Chem., 1835, [11, 6, 345.

8 Triedrich and Leroux, Metallurgie, 1906, 3, 477: Heike, Zcitsch. anorg. Chem., 1921,
118, 264; Kordes, ibid., 1926, 154, 93.

9 Descamps, loc. cul.

10 Spring, Ber., 1883, 16, 324.

1 Natta and Passerini, Guzzelte, 1928, 58, 541.

12 Natta and Passerini, loc. cit.: von Stackelbere and Paulus, Zeitsch. physikal. Chem.,
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7n-7Zn is 2-90 A., that of Zn-As 2:532 A. and of As-As 411 A. The
atomic radius of zine is calculated to be 1-45 A. and the atomic diameter
of arsenic 1-19 A., values which correspond roughly with those for the
neutral atoms, it being concluded that the structure of the arsenide is
non-ionic, a conclusion which is confirmed by the value of the heat of
formation, which is 80-3 calories per mole. This is low in comparison
with that of zinc blende which, though containing only one atom of
zine in the molccule, has a heat of formation of 43 calories per mole.
According to von Stackelberg and Paulus, the arsenide crystallises in
the tetragonal system, with eight molecules in the unit cell, and space
group D;-

The hardness of Zn As, is approximately 3 (Mohs’ scale). At 672° (.
it undergoes a reversible transformation,® a-ZngAs, == -Zn,As,.
With dilute sulphuric acid arsine is evolved. B

Zinc Di-arsenide, ZnAs,, 1s prepared by heating zinc and arsenic
together in suitable proportions. It is grey in colour and of hardness
approximately 3. It dissolves in acids with cvolution of arsine.?

1 Heike, loc. cit.
2 Vogel, loc. cit.  Sec also Fischer, Zeitsch. Eleltrochen., 1929, 35, 502,



CHAPTER V.
ARSENIC AND HYDROGEN.

UxpeR ordinary conditions of temperature and pressure, arsenic does
not combine dircetly with hydrogen unless the latter 1s in an activated
or nascent condition. Three hydrides are known, however, two of
which, hyvdrogen monarsenide, AsH or As,II,, and the di-arsenide,
As,H or As,il,, are solid at ordinary temperatures, the third being the
gaseous hydride, arsine, Asiy, which is the most stable.

Arsenic Subhydride (or Hydrogen Di-arsenide), As il or As,H,,
was obtained by Moser and Brukl * as a red amorphous powder by the
oxidation of arsine by means of stannic chloride in the presence of
hydrochloric acid. It appears to be more stable than the monarsenide,
but in the presence of moist air it gradually decomposes. It is insoluble
in water, even when boiling, and is unaffected by hvdrochloric acid,
but it decomposes vielding arsenic when boiled with concentrated
alkali solution or when heated with the fused alkali. When heated
alone, it breaks up into arsenie, hydrogen and arsine. It is oxidised to
arsenic acid by hydrogen peroxide, bromine or nitric acid.

Arsenic Monohydride (or Hydrogen Monarsenide), AsII or
As,H,.—The formation of a solid product, which was apparently an
arsenide of hydrogen, during the electrolysis of water using an arsenic
cathode, was [irst observed by BDavy.? Other obscrvers,® however,
could not obtain more than a trace of such a product by this means.
Olszewsky * obtained it by employing platinum electrodes in an aqueous
solution of arsenious oxide. Wecks and Druce ? produced it in more
satisfactory vield as a brown amorphous powder by clectrolysis of a
normal solution of sodium hydroxide, using a platinum anode and an
arsenic cathode, the latter being suspended in a porous pot. The
current density was 100 milliamperes per sq. em. and the monarsenide
was deposited around the cathode, arsine being simultancously evolved.

Similar brown products may be obtained by the action of water on
sodium,® potassium  or calcium ® arsenide, thus :

2Na,As +611,0 =6NaOH + As,H, +2H,

Moser and Brukl, Monatsh., 1924, 45, 25.
Davy, Plul. Trans., 1510, 100, 31.
Magnus, Pogg. Annalen, 1829, 17, 526: Soubeiran, Aun. Chim. Phys., 1830, [27,
43, 107. o

! Olszewsky, Arch. Pharm., 1878, [3], 13, 563.

3 Weeks and Druce, Rec. Trav. chiin., 1925, 44, 970.

8 Gay-Lussac and Thénard, *Recherches physico-chimiques,”™ Tars, 1811, 1, 232.
Sce Janowsky, Ber., 1873, 6, 216.

" Reckleben and Scheiber, Zedsch. anory. Chem., 1911, 70, 255.

S Thoms and Hess. RBer deut. Pharm. Gee 10920 20 4R2

1
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Avsineis also evolved.  When dilute mineral acids arc used, the resulting
solid appears to be mainly arsenic.’ . N

The hvdride is frequently obtained by partial decomposition of
arsine, as by the atmospherie oxidation of an aqucous solution,? or by
the influence on the gas of the silent clectrie discharge.®  Gascous
arsine mav also undergo deconiposition 1):\" thg p_rolong‘ed' actign .of air,*
chlorine, nitrie oxide,® nitrie or sulphuric acid,” mercuric chioride ® or
phosphorus pentachloride.” In the last case the reaction may be
represented by the equation :

2AsH, +2PCl, =2PCly + 4HCL + As, 1T,

This reaction does not proceed in carbon tetrachloride solution.0
Retgers 1 stated that the solid hydride resulted when arsine was heated
or when the flame of arsine impinged on a cold plate; but other ob-
servers 12 maintain that arsenic alone is produced. A solid hydrogen-
containing product has also been obtained by tl.le actio_n of zine, in the
presence of sulphuric and nitric acids, on arscnious oxide,'® and by the
action of arsine on solid potassium hydroxide,** followed by the addition
of water. A good yield (up to 93 per cent.) of the hydride in a com-
paratively pure state may be obtained by mixing an cther solution of
stannous chloride with a solution of arsenic trichloride in dilute hydro-
chloric acid.t®  The reaction is :
2AsCl; +48nCl, + 2HCl = As,H, +45nCl,

The composition of the solid products obtained by the carlier
investigators varied within wide limits, and various formulx, for
example AsH, 1% AsIIY and As,H,'® were suggested. The products
were undoubtedly indefinite mixtures containing arsenic, and later
workers have found considerable difficulty in obtaining the hydride in
a purc state. That the composition of the latter corresponds to the
empirical formula AsIl was established by Janowsky ' and has been
conlirmed.®  As,H, is usunally taken as the molecular formula in order
to conform with valency considerations, the structure ILAs : As.X being
assumed.

1 Wiederhold, Pogy. -lnnalen, 1863, 118, 615; Lngel, Compt. rend., 1873, 77, 1547.

2 Moser and Brukl, Monatsh., 1924, 45, 26.

3 Ogicer, Ana. Chim. Phys., 1880, [3], 20, 17.

1 Brunn, Ber., 1889, 22, 3205.

3 Gay-Lussac and Thénard, loc. cit.; Wiederhold, loc. cit.; Soubeivan, Awi. Chini.
Phys., 1830, [2], 43, 407.

8 Brunn, loc. cit.

* Humpert, J. prakt. Chein., 1863, [1], 94, 392

§ Dumas, dnn. Chim. Phys., 1826, [2], 33, 3535.
Janowsky, Ber., 1875, 8, 1636.
Moser and Brukl, Jonatsh., 1924, 45, 26.

il Retgers, Zeitsch. anorg. Chem., 1893, 4, 429.

12 Reckleben and Scheiber, loc. cuf.

3 Blondlot, Ann. Chim. Phys., 1862, [3], 64, 4306.

1+ Reckleben and Scheiber, loc. ¢id.

5 Weceks and Druce, Chem. News, 1924, 129, 31; Weeks, 1bid., 1924, 128, 54: Druce,
Chen. Listy, 1925, 19, 156; Montignie, Bull. Soe. chim., 1935, [5], 2, 1020.

16 Soubeiran, loc. cit.

17 Janowsky, loc. cit.

; L{gicr, Ann. Chim. Phys., 1880, [5], 20, 17; Wiederhold, Pogy. Annnlen, 1863,
118, 615.

** Reckleben and Scheiber, Zeitsch, anorg. Chem., 1911, 70, 2535; Moser and Brukl,
loc. ¢it.; Weeks and Druce, loc. cit.
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The properties of hydrogen monarsenide are little known, many of
those aseribed to it being reallv the properties of elementary arsenie.
t is a brown, amorphous powder, stable in air at ordinars temperatures,
but undergoing oxidation onheating at 707 to 807 (. it cannot therelore
be dried In an oven and a vacuum desiceator is gencrally used. It is
only slightly soluble in water, 1 litre at 20° C. dissolving 0-35 gram.?
It is oxidised by boiling water. It is insoluble in alcohol and ether and
also in hvdrochloric and sulphurie acids. It dissolves in hot dilute
nitrie acid, in hot or cold concentrated nitrie acid, or in aqua regia,
arsenie acid being formed.  When heated in vacuo it decomposes into
arsenic and hydrogen.  On boiling with ammoniacal silver nitrate, out

B

of contact with air, silver is precipitated according to the equation : 2
AsLH, +642,0 =As,0; +12A¢ + H,L,0

This reduction is accomplished also by arsine, arsenious oxide and
arsenie itsclf.  The monarsenide also reduces Fehling's solution.® It
reacts with the halogens, sulphur and phosphorus. With phosphorus
trichloride it yields arsenic trichloride and phosphide, thus—

3As,H, +4PCl; =6HCl +-2AsCl, + 4AsP
and with sodium, hydrogen is liberated :
As,H, +6Na =2Na,As + H,

Arsenic Trihydride (Arsine, Arseniuretted Hydrogen), AsH..

This gascous hydride of arsenic was discovered in 1775 by Scheele,!
who obtaimed it by the action of aqucous arsenic acid on zine.  In 1798
Proust® observed the reaction, which soon becanie the basis of the most
important method ¢ of arsenic detection and estimation, namely, the
liberation of arsine, admixed with hydrogen, upon the addition of dilute
sulphuric or hyvdrochloric acid to zine in the presence of arsenious acid.
The zinc may be replaced by magnesiun,” and it is evident that the
reaction is between the nascent hydrogen produced and the arsenic
compound. The rcaction is inhibited by the presence of mercuric
chloride.®  If the zinc is replaced by iron, very little arsine is produced,
and it has been stated that, with iron, the gas is not formed at all,®
especially if commercial sulphuric acid containing nitric acid is employed.
Investigations of a large number of cascs of poisoning in the steel
industry, however, reveal 1% that arsine 1s generated by the action of
5 per cent. sulphuric acid on steel, the arsenic being derived from
impurities in both the acid (especially when made from sulphide ores)
and the steel. A sample of air (25 litres) taken at the surface of the
acid in a pickling tank contained 0-006 mg. AsH,, while 10 fect away
Weceks and Druce, loe. cit.

Reckleben and Scheiber, loc. cit.

Montignie, loc. cit.

Schecle, " Opuscule,” 1775, 2, 26.

Proust, dnn. Chim. Phys., 1798, [1], 28, 213.

5 Marsh, Edin. Phal. J., 1836, 21, 229,

Draper, Dingl. poly. J., 1372, 204, 320; Adwmer. Chenust, 1372, 2, 456.

S Viutali, Boll. Chun. Farm., 1905, 44, 49.

9 Buchner, Repert. Pharm., 1835, 50, 234: 1837, 59, 23; Dupasquier, Compi. rend.,
1842, 14, 511.

¢ See J. Ind. Hyg., 1928, 10, 137.
VOL. VI : IV.
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the quantity present was negligible. Laboratory experiments show 1
that crude dilute sulphuric acid acts on iron in the presence of reducible
arsenic compounds, cven at atmospheric temperatures, to produce
arsine, and at higher temperatures extremely dilute aecid will so react -
moreover, the small amounts of nitric acid present in technical sulphuri(’:
acid do not prevent the reaction. Thiele * found that the vield of arsine
is much increased in this reaction by the addition of a little antimony
trichloride, and stibine, SbH,, is not formed. “

Tt was soon found that arsenic itsclf in the presence of zine and
dilute sulphuric or hydrochloric acid gives a mixture of arsine and
hydrogen,® and that the yield of the former is increased if an alloy of
zine and arsenic, or zinc arsenide, is used, it being possible to obtain a,
gas containing as much as 99 per cent. arsine?® (sec p. 84). Other
metallic arsenides or alloys with arsenic yield arsine on reacting with
water or dilute acids ; thus the action of water is sulficient in the case
of the arsenides of the alkali metals,® calcium arsenide,® Ca,As,, or
aluminium avsenide,” Al;As,, almost pure arsine being produced. An
alloy of potassium, antimony and arsenic has been used successfully.8
Less pure products are obtained by warming arsenic alloys with tin or
iron and dilute acids.?

The reduction of arsenic compounds to arsine by nascent hydrogen
may also beeffected in alkaline medium ; thus in the presence of caustic
alkali with zine,!® aluminium?® or sodium amalgam,'® and also in
ammonia or ammonium chloride with zinc.'

The combination of arsenic with dry nascent hydrogen was observed
by Vowmnazos,' who obtaincd a mixture of hydrogen and arsine by
heating rapidly to 400° C. in a round-bottomed flask a mixture of three
parts of powdered arsenic with eight parts of dry sodium formate. The
addition of sodium hyvdroxide or lime to the mixture prevents the
formation of sodium oxalate and hence of carbon monoxide.  Arsenious
oxide, sodium arsenite or arsenic acid may be used in place of arsenie,
but the yields are small. The gas is also formed 1if arsenic vapour is
passed over heated sodium formate.  Also, if the sulphide or phosphide
of arsenic is heated with the formate, hydrides of both components of
the arsenic compound ave formed; but with mctallic arsenides the
hydride of the non-volatile component is not formed.

The hydride is also produced by the action of activated hydrogen

1 Leymann and Weher, Chunue et [ndustrie, 1930, 24, 832.

2 Thiele, Apoth. Zeit., 1890, 5, 86;  Analytische Beitrage zur Kennlnrs von Antimon
und Arsen,” Halle, 1890, p. 25.

3 Soubeiran, Ann. Chim. Phys., 1830, [2], 43, 407; Thicle, loc. cit.

1 Yogel, J. pralt. Chem., 1835, [1], 6, 345.

5 Davy, Phil. Trans., 1810, 100, 31; Gay-Lussac and Thénard, dnan. Chim. Phys.,
1810, [11, 73, 229; * Recherches physico-chimiques,” Parvis, 1811, 1, 232; Janowsky, Ber.,
1873, 6, 216; 18753, 8, 1638. R
% Lebeau, dnn. Chim. Phys., 1902, (7], 25, 470; Moissan, < Traité de Chime minérale,”
Paris, 1904, 1, S17.

7 Fonzes-Diacon, Compl. read., 1900, 130, 1315.

8 Sérullas, J. Physique, 1820, 98, 136; Edin. Phil. J., 1821, 4, 389.

9 Janowsky, loc. cit.

10 Eloitmann, Annalen, 1851, 77, 127; Hager, Jahresber., 1872, p. 901; Reichardt,
Arch. Pharm., 1883, 3], 21, 592.

1 Gatchouse, Chen. News, 1873, 27, 189; Johnson, ibid., 1878, 38, 301.
2 Davy, ibid., 1876, 33, 58.

* Himmelmann, Jehresber., 1868, p. 8S1.

" Vournazos, Ber., 1910, 43, 2264; Compt. read., 1910, 150, 464,
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on arsenic,! and in small quantities, with other reduction products, by
the action of hydrogen under pressure on heated arsenites and arsenates.?

Electrolytic methods for the production of arsine have been in-
vestigated by a number of workers,? and in the reduction of arsenites and
arscnates the mercury electrode has been recommended.  The efficiency
of such processes, however, 1s low. Thus, using solutions of arsenic
acid in 2N-sulphuric acid containing up to 180 milligrams of elementary
arsenic in 10 c.c., the efliciency under the best conditions, calculated as
the percentage of the hydrogen produced at the cathode which was con-
verted to arsine, was tound by Llovd * to vary between 1-71 and 141
per cent.  In these experiments the arsenic acid was admitted to the
cathode during periods varying from 20 to 60 minutes and, when
measured by a commutator method, the overvoltage of the mercury
cathode fell during this addition to a value representing the overvoltage
of arsenic. Some arsenic therefore appears to be deposited on the
mercury, but the amount is extremely small and if the cathode is put
into pure sulphuric acid solution the normal cathodic overpotential of
mercury is quickly re-established. With uninterrupted current, the
decrease in overvoltage 1s less and varies directly with increasing
concentration of arsenic acid. By using a zinc amalgam cathode, or
by adding zinc sulphate, the decrease in overvoltage is diminished and
the vield of arsine is greater. The reduction is also facilitated by in-
creasing the current density, the concentration of the acid electrolyte
and the time of the electrolysis. Lloyd ® obtained the high vield of
60 per cent. of arsine from 4N-hydrochloric acid solution by employ-
ing alternating current electrolysis with an arsenic cathode, using a
source of continuous current and a revolving threc-point commutator.
The optimum anodic and cathodic current densities were 14 and 525
milliamps. per sq. em., respectively.

Arsine is formed also during the clectrolysis of concentrated aqueous
solutions of sodium acctate made acid with acetic acid and using an
arsenic cathode.® At constant potential difference the vield rises with
inereasing current density, but never attains a high value, and the
electrolytic method is greatly inferior as a mode of preparation of arsine
to the usual method of acting upon metallic arsenides with dilute acids.

When fused borosilicate glass is drawn out so as to expose a fresh
surface, a garlic-like odour may be observed ; 7 this has been ascribed
to the formation of arsine by reduction of arsenic present in the glass.

Preparation of Pure Arsine.—The gas was obtained in a very
pure state by Lebeau ® and Moissan ® by the action of water or dilute
acid on calcium arsenide. The moisture was completely removed from
the gas by cooling to —20° C. and then passing through a serics of tubes

1 Paneth, Matthies and Schmidt-Hebbel, Ber., 1922, [B], 55, 775.

2 Ipatiev and co-workers, Ber., 1926, [B], 59, 1412,

3 Thorpe, J. Chemn. Soc., 1903, 83, 974; Sand and Hackford, /bid., 1904, 85, 1018;
Thomson, Chem. News, 1909, 99, 157; Harkins, J. Admer. Chene. Soc., 1910, 32, 513;
Ramberg, Lunds. Univ. drrslr. NI, 1918, {21, 21, 1; Aumonier, J. Soe. Chem. Ind.,
1927, 46, 341.

* Lloyd, Trans. Faraday Soc., 1931, 27, 89.

> Lloyd, Trans. Faraday Soc., 1930, 26, 15; Sand and Lloyd, J. Chem. Soc., 1926,

. 2971,
P 8 Hlasko and Maslowski, Rocz. Chem., 1930, 10, 240 (in French).

© Elsey, Science, 1927, 66, 300.

S Lebeau, dnn. Chim. Phys., 1902, [7], 25, 470.

Y Mowssan, = Traité de Chimie minérale,” Paris, 1904, 1, S17.
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containing metaphosphoric acid ; the gas was then vliquoﬂcd by means
of a mixture of acetone and solid carbon dioxide. Natta and Gasazza 1
used pure zine and arsenious oxide with aqueous h):d}'g(}thl‘lg acid,
dried the gas with calciu.m chloride au‘d ol?tzun('d SOh'dI['ICd arsine by
surrounding with liquid air. The use ol drying agents is liable to cause
slight decomposition of the gas;* .thlS is true of a]ka.h. hydroxides,
calcium oxide, concentrated sulphurie acid, calcium chloride, and also
of phosphorus pentoxide. The action 1s least with the last two agents,
and when any quantity of the gas is to be prepared, hydrated and
weathered calcium  chlovide and phosphorus pentoxide may he
employed. ) L

Robertson and his co-workers 3 prepared the pure liquid by the
action of aqueous sulphuric ag-id on an alloy of zine a,nd. arsenic. The
apparatus used is illustrated in ﬁg. 7, the procedure being as follows.
By means of a pump attached at N the apparatus to the right of the tap
D was evacuated. The tubes E and O contained phosphorus pentoxide,
and the U-tube F calcium chloride. Hydrogen was introduced through
C, passing by way of the trap G, containing mercury and aqueous copper
sulphate, to the copper sulphate bubbler H, whence it escapgd to the flue
through S until the generating flask A was deemed to be free from oxygen.
The alloy, of approximate composition 53 per cent. Zn, 47 per cent.
As,* was introduced into A, a 200-ml. flask, which was then sealed with
wax and hydrogen again passed for several minutes.  Aqueous sulphuric
acid (30 per cent.) was run in from B and the flask warmed. After the
gas had been evolved for a short time, the tap ) was opened and the
receiver L was immersed in a mixturc of solid carbon dioxide and
chloroform contained in a Dewar {lask M. When the evolution of gas in
A ceased, D was closed and all the uncondensed gas was pumped olf at
N. The liquid arsine in L was then allowed to cvaporate, the gas
passing through the mercury and copper sulphate trap K to escape
through H until samples taken from N showed complete absorption in
copper sulphate solution. A little more gas was sent to waste and the
middle fraction from L collected in the gas reservoir P, control samples
being taken at R and tested for complete absorption in copper sulphate
solution.

Robinson and his co-workers » prepared purc arsine in pure hydrogen
by slowly dropping (during 2 hours) a solution of arsenious oxide (20 g.)
in freshly boiled hydrochloric acid (250 c.c. acid : 50 c.c. water) on pure
magnesium turnings (30 g.) in a 750-c.c. round-bottomed (lask cooled in
water. The reaction products passed through aqucous potash into
successive tubes containing potash pellets, fused calciumn chloride and
phosphorus pentoxide, and thence to a vessel immersed in liquid air.
The pure arsine was finally obtained by careful fractionation.

Physical Properties.—Pure arsine at ordinary temperatures is a
colourless gas, with an obnoxious odour. It is extremely poisonous, its
physiological effects being discussed on p. 290.

1 Natta and Gasazza, Gazzelia, 1930, 60, 851.

* Reckleben and Lockemann, Zeitsch. anal. Chem., 1908, 47, 105; Guttich, - Ueber
Bestummung fiir Arsen- und Antimon-wassersioff,” Leipzig, 1909.

® Robertson, Fox and Hiscocks, Proc. Roy. Soc., 1928, A 120, 160.

* Prepared as described by Cohen, Zeitsch. physikal. Chem., 1893, 25, 483.
* Durrant, Pearson and Robinson, /. Cheir. Soc., 1934, p. 730. For the preparation

of arsine by the action of ammonium bromide on sodium arsenides in liquid ammonia,
see Johnson and Pechukas, J. Amer. Chem. Soc., 1937, 59, 2063,
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Fra. 7.—-Robertson’s Apparatus for the Preparation of Pure Arsine.
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The vapour density was determined by Dumas,! who found the value
2695 (air=1; theory AsH,;=2-692). o

The wiscosity of the gas has been determined ® to he 00001470 at
0° C.: 0-0001352 at 15° C.; and 0-0001997 at 100° C. Rankine has
used these values to calculate the < mean collision area,” that is the
average arvea presented by the molccule in all possible orientations,
which determines the frequency of molecular collisions ;  the value
obtained was 0-985 x 1079 sq. cm.

The gas is somewhat soluble in water, 100 volumes of the latter
dissolving 20 volumes of arsine.? It is ‘not absorbed by aqucous
alkalies, or by aleohol or ether; but it is rapidly absorbed by turpentine,
and slightly by fixed oils.?

The trihydride is slowly decomposed by witraciolet light, hydrogen
and a brownish-black deposit, which is probably arsenic but may
contain hydrogen,® being formed.  The ultraviolet absorption spectrum
is a continuous onc,’ showing no diffuse bands such as are observed with
phosphine. The limit of the absorption depends on the conditions of the
experiment—Ilight intensity, pressure, and length of tube.  There appears
to be a regular gradation in the nature of the absorption spectra of the
gaseous hydrides of the Group V B elements, that of ammonia showing 6
a scries of predissociation bands between A2100 and 1700 A., phosphinc
showing two7 or three® morc diffuse bands between 2320 and 2200 A .,
while stibine resembles arsine in giving only continuous absorption.

The infra-red spectrum between A 15,800 and 16,600 A. has been in-
vestigated ; ¢ there is a very weak band at 16,300 A.

The heat of formation of arsine from ervstalline arsenic is — 36,700
calorics. 10

The magnetic rotatory power of the gas has been examined 1* and the
Verdet constant at 0° C. and 760 mm. found to be 68 x 10-6 minute of
arc. The molecular rotation is 44 x107° radian (A =578 pw).

The dielectric constants of arsine have been determined 2 at three
temperatures and at three frequencies, the following being the mean
absolute values at 1 atm. pressure :

L,°C . . T 16 100
e ... 100251 1-001916 100146

From thesc figures the value of B in Dcbye’s cquation, e-1
=N( + B/T), may be calenlated and is found to be substantially zcro,

U Dumas, dwn. Chin. Phys., 1826, [2]. 33, 357; 1830, 44, 239.

? Rankine, Trans. Faraday Scc., 1922, 17, 719; Rankine and Smuth, £roc. Phys.
Sac., 1922, 34, 181.

3 Berzelius, “Traité de Chimie,” édit. frang., 1846, 2, 249; Soubeiran, Auwn. Chim.

Phys., 1830, [2], 43, 407. * Gmelin, © Hundbook of Chemustry,” 18350, 4, 268.
® Cheesman and Emeléus, J. Chem. Soc., 1932, p. 2347; Simmons and Beckman,

J. Amer. Chem. Soc., 1936, 58, 454. ¢ Lictson, wlstrophys. J., 1926, 63, 73.
* Cheesman and Emeléus, loc. cif. S Melville, Nature, 1932, 129, 546.

® Robertson and Tox, Proc. Roy. Soc., 1928, A120, 161, 189; Norrs and Uneer,
Phys. Revicw, 1934, (2], 45, 68. o

10 QOgier, Ann. Chim. Phys., 1880, (5], 20, 17.

1t de Mallemann and Gabriano, Compt. rend., 1934, 199, 6U0.

12 Watson, Proc. Roy. Soc., 1927, A 117, 43.  Scc also Schlundt and Schacler, J. Physical
Chem., 1012, 16, 253, ’
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so that as far as its dielectric constant is concerned, arsine resembles the
permanent gases.  The variation of the dielectric constant with pressure
justifics the assumption that e — 1 is proportional to the density, at least
to a first approximation; thus at —47° C., using arbitrarv uniis, the
caleulated values being derived on the above assumption, Watson gives
the following figures :

1
p (mm.). ‘ (e - 1) calc. i (e =1) obs.
|
‘ | 1
669-5 : 701 ; 701
606 ! 633 ‘ 633 :
105 120 ; 120 i
‘ 2055 212 ‘ 212 =
; 103-3 i 106 i 106
; 81 84 i 82 :
} 62 ‘ 64 61
i 42 ‘ 13 ‘ 10

23 i 24 21

The gas may readily be liquefied (sce p. 84), the colourless liquid
having the following physical properties as determined by Robinson
and his co-workers.!

—
Physical Properties of Liquid Arsine.

B.pt. . . . . . . - 38:5° C. i
M.pt. . . . ) A A S G
Density at b. pt . . . . 1-621 i
Mol. heat of vaporisation . . . 4310 calories
Coeflicient of expansion at b.pt. . Co 195 x10-? .
Mol. vol. at b.pt. . . . co 1811 ',
Mol. diameter . , 8:69 x 109
Surface tension, o, at b pt . Co 21-98 5
do/dt . . . 0-18 ,
Ramaax Shields constant K . . 210
Trouton’s constant . . . . 2026

Mean mol. parachor . . . . 1042

Olszewsky 2 found the boiling point to be —354-8° (., and by cooling
the liquid to —118-9° C. he obtained a white crystalline mass which
melted at —113-5° C.3 Thesolid arsine is quite stable in air at —170° C.4

* Durrant, Pearson and Robinson, J. Chem. Soc., 1934, p. 735.

2 Olszewsky, Monatsh., 1834, 5,127; Phil. Jag., 1893, [5], 39, 118. See also Stromeyer,
Comanent. Soc. Gott., 1803, 16, 141.

¢ Johnson and Pechukas (J. Amer. Chem. Soc., 1937, 59, 2065) give the following
values: B.pt. —62-4° C., m.pt. -116-3° C., latent heats of vaporisation and fusion
4165 and 675 calories per mol., respectively; also the vapour pressure of the solid
and lquid has been measured at — 138° to —63° C.. and the densitv of the liquid at
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The density of the liquid at various temperatures is as follows : 1

e _ S0 b -2 . —10 - 60
L d ajece. . S0 1445 0 1301 | 1-362 0 14625
! bR MY A ;

| !

The vapour pressures arc given in the following table :

| |

i - Ty v
. Vapour T erafure. | vyapour
AR ature ; emperature BN
Tempe t‘atuu,_‘ Pressure, Obsecrvers. L4 C( >, Pressure, Observers,
C. i mn. : 1 atm. 3

-92:5 1163 D, P.&RY  -16:6 LI,
~Te8 3355 - -30-6 '
-60-6 6979 -17-8
C-585 . T6T0 -122
| 548 ca 760 0.2 0 .
Lo-390 0 T60 12 10
; ’-594‘ :

T14-4 " 15-1

The Ramsav-Shiclds and Trouton constants indicate that arsinec is a
normal liquid and differs from phosphine and to a greater extent from
ammonia in not being associated.

The surface tension vavies with temperature as follows : 4

£°C. .. —60 . =30 . —40 . =30 -20
o, dvnesjem. . 22:20 2040 18-60 16-81 ' 15-08

S O SV

The liquid is a very poor conductor of electricity.

The structure ot solid arsine has been investigated ® by X-ray mecthods
at =170° C. It crystallises m the cubic system and is isomorphous with
phosphine.  Its clementary cell containg four molecules, with a di-
mension of 6-40 2: 0-02 A a volume of 2:62 x 1076 c.c. and density
(caleulated) of 1-96. The position of the As atom corresponds to a face-
centred cube.

The dielectric constants and molecular rotations of solid and liquid
arsine have been determined ¢ from the temperature of liquid hydrogen
to the boiling point over the frequency range 0-3 to 50 kilocyeles.  The
molecule rotates freely down to 30-1° Abs.

Chemical Properties.—Arsine in the pure state is fairly stable,
but in accordance with its endothermic nature it undergoes gradual
decomposition into arsenic and hyvdrogen cven when kept in a sealed
tube in the dark.  Under the latter conditions black particles of arsenic

P Durrant, Pearson and Robinson, lue. ¢/t

< Olszewsky, loe. clit.

F Faraday, Phil. Trans., 1845, 135, 135.

* Durrant, Pearson and Robinson, loe. ¢f.

5 Natta and Gasazza, loc. cit.

¢ Smyth and MeNeight, J. Awmer. Chein. Sve., 1936, 58, 1723,
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become visible after about 8 days.?  The decomposition is accelerated
by exposure to light, by passing the gas through glas% wool or cotton
wool,” by the presence of alcohol,” and especially by gently warming ;
a sublimate of arscnic is rapidly obtainable at 230° C.,? the formation of
this sublimate being made use of in Marsh’s test (p. 317,. At 3007 C.
the amount of decomposition rcaches 95 per cent. after 3 days and is
practically complete (99-93 per cent.) after 7 days.*  The decomposition
1s catalyvsed by the film of arsenic which forms on the walls of the
containing vessel, and until the walls are uniformly covered a velocity
constant for the reaction is unobtainable.? In the presence of a gas
which may react with the arsenic film, such as hydrogen sulpln(k or
oxvgen, the decomposition is scmlbl\' retarded.” The gas may be
dccompo@cd explosively by detonation with mercury fulminate.’ The
partial decomposition of arsine to form the solid hydride has been
described on p. 80.

In contact with air or oxygen the gas may be ignited cither by a
flame or by the electric spark. It burns with a bluish-white flame and
is oxidised according to the equation

2AsH,; +30,=24s,0, +3H.,0

This quantitative relationship was observed by Dumas 7 and Soubeiran.$
With excess of oxygen the hydride explodes violently, but if the supply
of oxygen is insufficient the hydrogen is first oxidised and the arsenic
liberated, and this takes place also in the spontancous oxidation of
arsine by oxvgen at ordinary temperatures. Exposure of the mixed
cases to fB- or y-rays results in the formation of arsenious acid: ®

2AsIL, + 80, =2H,As0,

The aqueous solution in contact with air gradually deposits the solid
hydride (see p. 80), but if the water is free from dissolved oxygen the
solution appears to be stable.’®  Avrsine may be completely oxidised by
prolonged shaking with hydrogen peroxide solution:1! arsenic is first
deposited and is then gradually oxidised to arsenious or arsenic acid.
The gas reacts vigorously with the halogens. When mixed with
chlovine a flame is produced and arsenic and hy drogen chloride are
formed ;12 with cxcess of chlovine arsenic trichloride 1s produced, and
in the presence of water arsenious and arscenic acids result.  Bromine 13
reacts similarly, the oxidation in the presence of water to arsenic acid
being quantitative™  With liquid chlorine, arsine reacts at tempera-
tures as lowas —1.£0° C., forming reddish products, apparently containing

t Vogel, J. prakt. Chenn., 1835, [11, 6, 345.

2 Lockemann, Zetsch. angew. Chen., 1905, 18, 491; Zeitsch. unal. Chem., 1934, 99, 178.

¢ Brunn, Ber., 1888, 21, 2546; 1889, 22, 3203.

! Echeandia, * Ucber den Gang des Arsen- und Antimon-wasserstoff-zerfalles,” Berlin,
1909.

3 Cohen, Zeitsch. physilal. Chem., 1896, 20, 303.

& Berthelot, Compt. rend., 1881, 93, 613; Ann. Chamn. Phys., 1882, [5], 27, 191.

© Dumas, dun. Chim. Phys., 1326, [2], 33, 3555 1330, [2], 44, 28Y.

S Soubeiran, (bid., 1330, [2], 43, 407.

* Reckleben and Lockemann, Zedsch. anory. Chein., 1915, 92, 145,

10

Brunn, loc. cit.
Reckleben and Lockemann, Zedsch. anal. Chem., 1903, 47, 105.

1+ Berzelius, Ann. Chon, Phys., 1817, (2], 5, 179: 1819, [2], 11, 225; Soubeiran, ibid.,
1830, [2], 43, 407; Vogel, J. prakt. Chein., 1835, [1], 6, 345.

1 Simon, Pogg. Annalen, 1837, 41, 563.

3 Reckleben and Lockemann, loc. cid.

1

=



90 ARSENIC.

the unstable hydrochlorides AsH,Cl and AsHCI,.1 With iodine, arsine
rcacts slowly in the cold but more rapidly on heating to vield arsenic
iodide and hydrogen iodide ; * with lodine and water the oxidation
appears to ploceed m two staO(’%«

AsH, +381, +3H,0 =HAsO; + 6HI

and then if the solution is rendered alkaline with potassium hy drogen
carbonate the oxidation to arsenatc [ollows :

I,AsO, + 1, + H,0 =H AsO, + 211

An alcoholic solution of iodine is decolorised by arsine, some arsenious
acid being formed in solution, and after passing the gas for some time
a black plempltate appears.  Admixture of arsine with hydrogen
chloride results in the formation of a brown cloud of arsenic ; ® aqueous
hydvochloric acid and arsine vield arsenic trichloride.$ A1151110 reacts
quantltatn ely with iodine monochloride in aqueous solution with
liberation of iodine, thus :

AsTI, + 8ICI + 4H,0 = H ASO, + 41, + SHCl

The reaction may be applied to the volumetric detcrmination of arsine.?

The oxidation of arsine may be accomplished by means of the halogen
oxvacids and their salts,® although not so rcadily as with the halogens
themselves.  Hypochlorites and hypobromites cause complete oxidation
to arsenic acid, but side reactions are liable to occur, especially if the
gas is present in excess.  Chloric acid slowly oxidises arsine to arsenious
acid ; a trace of silver nitrate catalyses the reaction. Chlorates are
quite inactive. More complete oxidation results with solutions of
bromic acid and bromates, iodic acid and iodates, especially in the
presence of catalysts. The reactions are of the type represented by the
equation 8

5AsH,; + 8HBrO, =53H,;AsG, +4Br, +4H,0

Perchlorates even in the presence of a catalvst have only slight action.
Periodates act like iodates, but much more slowly, the reaction being

AsH, +4HIO, = H,AsO, + 4HIO,

When sulphur is heated with arsine, hydrogen sulphide is formed
and a sublimate first of arsenic and then of arsenic sulphide is produced.®
The reaction proceeds slowly at 100° C. and at lower temperatures in
direct sunlight. Iydrogen sulphide does not react with arsine in the
absence of air at the ordinary temperature even in direct sunlight, but
on admission of air a deposit of arsenious sulphide is rapidly formed *°
whether the reactants are in the gascous condition or in aqueous

-

Stock, Ber., 1920, 53, 837.
Soubeiran, loc. cit.: Jacobsen, Ber., 1887, 20, 1999.
Thoms and Hess, Ber. deut. Pharm. (es., 1920, 30, 483,
Simon, loc. cit.
Janowsky, Ber., 1873, 6, 216.
¢ Napoli, Arcr. J. Sei., 1354, [2], 18, 190
Kubina, Zatsch. anal. Ckcuz 197&) 76, 3
Reckleben and Lockemann, ch cil.; Iauon, Chem. News, lb//, 35, 235.
Gay-Lussac andThLmrd Ann. Chin. Phys., 1810, [11, 73, 229; * Recherches physico-
chinigues,” 1811, 1, 232 *oubelmn Ann. Chom. Phys., 1330, [2). 43, 407: Jones, Chemn.
News, 1878, 37, 36
10 Brunn, Ber., 1888, 21, 2548; 183Y, 22, 3205; Myers, dnnalen, 1871, 159, 127.

e s

-

o »




ARSENIC AND HYDROGEN. G

bt

solution. If the mixture of gases is heated, separation of arsenious
sulphide commences at about 230° C., but the reaction is incomplete
even at higher temperatures.! It has alreadys been stated (p. 80) that
arsine is itself acted upon by air or oxygen with formation of the solid
hydride or arsenic, according to conditions, and also that the gas itself
commences to decompose at 230° C.  In the above reactions, thercfore,
the formation of arsenious sulphide appears to be a sccondary reaction
following the liberation of arsenic. Arsine may be entirely removed
from hydrogen sulphide by passing the impure gas over  liver of
sulphur > (potassium polysulphides) heated at 350° to 360° C. The
absorption of the arsine may be represented thus : 1!

2AsH, + 3K,S , = 2K,AsS, + 31,8

Concentrated sulphuric acid is coloured brown when arsine is passed
into it, brown flakes of arsenie, which may contain the solid hydride,
separate,? and the liquid is found to contain hydrogen sulphide and
arsenious sulphide. If the sulphuric acid is heated to 160° to 180° C., the
passing in of arsine may result in the formation of an arsenical mirror.
In spite of this reaction, according to Lyttkens and Lenz 3 hydrogen
containing arsine as an impurity may be dried by concentrated sulphuric
acid without any loss of arsenic. Dilute sulphuric acid, even when hot,
has little action on the gas. Sulphur trioxide* reacts with formation
of sulphur dioxide, arsenic and arsenious oxide ; while sulphur dioxide 2
also recacts, forming arsenic and arsenious sulphide.

Nitrie acid,® nitrous acid 7 and nitrogen peroxide ¢ decompose the
gas with liberation of arsenic, which then undergoes oxidation, as also
does the hydrogen. Fuming nitric acid produces explosion and {lame.
Potassium nitrite in alkaline solution,® aqueous ammonium nitrate ?
and concentrated aqueous ammonia in the presence of air© also de-
compose the gas. Phosphorus, when vaporised in arsine, reacts to
form arsenic phosphide and phosphine.!* Phosphorus trichloride also
produces arscnic phosphide together with hydrogen chloride,*? while
phosphorus pentachloride first vields the trichloride and the solid
hydride (sce p. 80). Phosphorus pentoxide has little action and may
be used for drying the gas (p. 84). Hypophosphorous acid 3 is without
action on arsine. Arsenic trichloride causes deposition of arsenic with
liberation of hydrogen chloride.r* If arsinc is passed into a solution of
arsenious oxide in hydrochloric or sulphuric acid, arsenic and water are
produced.t?

1 von der Pfordten, Ber., 1884, 17, 2897.

* Soubeiran, loc. cit.; Humpert, J. prakt. Chein., 1865,[1], 94, 392; Forbes, Chem. News,
1891, 64, 235; Ber., 1891, 24, 2451.

3 Lyttkens, Zeitsch. anal. Chem., 1883, 22, 147; Lenz, bid., p. 148.

Aimé, J. Pharm. Chun., 1852, (3], 21, 84.

5 Parsons, Chem. News, 1877, 35, 235; Ber., 1877, 10, 233.

* Stromeyer, Comment. Soc. Gatiingen, 1808, 16, 141.

© Parsons, loc. cit.

8 Bozenhardt, dpoth. Zig., 1906, 21, 580.

¥ Bergstrom, J. Physical Chein., 1925, 29, 168.

10 Reckleben, Lockemann and Eckavdy, Zedsch. anal. Chem., 1907, 46, 671.

I Soubeiran loc. ¢it.

12 Janowsky, Ber., 18375, 8, 1636.

13 Parsons, (oc. ¢it.

M Janowsky, Ber., 1873, 6. 216.

¥ Tivoli, Chem. Zentr., 1837, p. 10975 Chen. Zeil. Rep., 1887, 11, 217; Guzzelta, 1884,
14, 487; 1889, 19, 630.
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On mixing liquid boron chloride with liquid arsine in an atmo-
sphere of hydrogen at —80% C. white prismatic crystals of the additive
compound, boron arsenotrichloride, BCl, AsIL,;, are obtained.! The
hydrogen may be passed first through the arsine and then throueh
the boron chloride, the entrained arsine being suflicient for the reaction,
The product dissociates at —40° C., or il it is kept in a scaled tube
at room temperature it decomposcs into borvon chloride, arsenic ang
hydrogen. With water it forms boric and hydrochloric acids, with
liberation of arsine. A similar product, boron arsenotribromide
BBr,.AsH,, is obtained ? as a white amorphous substance when hovron
bromide is slowly dropped into liquid arsine at -80° to -100° C., o
strcam of dry hydrogen being passed through the apparatus, from
which all oxygen and moisture has previously been removed. The
arsenobromide decomposes on heating, but by carcful sublimation in
a scaled tube it may be obtained in a crystalline form. At 0° C. slow
decomposition into boron bromide and arsine is appavent, and if the
latter is removed as it is formed by passing an indifferent gas through
the apparatus, the decomposition is accelerated and some arsenic is
deposited. Tt is completely decomposed into boron bromide, hydrogen
and arsenic if kept in the dark for some weeks in a sealed vessel at
ordinary temperature. It is readily oxidised in air or oxvgen, and
under certain conditions it is spontancously inflammable.  There is no
action in oxygen helow —40° C., but above this temperature, in a
limited supply of oxygen, the products are borie oxide, hydrogen
bromide, arsenic tribromide and arsenic. It decomposes in contact
with water, boric acid, hydrobromic acid, arsine and some frec arsenic
being formed. Concentrated nitrie acid causcs oxidation with almost
explosive violence ; concentrated sulphurie acid does not appear to
recact.  Ammonia reacts at 10° C. to form the compound 2BBr,.9NH,.
The arsenobromide is insoluble in carbon disulphide, but dissolves in
boron tribromide.

When arsine is passed over a heated metal, such as the alkali and
alkaline earth metals, zinc or tin, the decomposition of the gas is acceler-
ated and the arsenide of the metal is formed. 1 platinum is used, the
removal of arsenic from the gas is complete.?  The action of sodium or
potassium on avsine in liquid ammonia vields 1 the dihydrogen arsenide
(MH,As).  Ileated alkali hydroxides in the solid form quickly decom-
pose the gas, forming arsenites, and at higher temperatures arsenates
and arsenides of the metals.®  The aqueous and aleoholie solutions have
no appreciable action.  When the gas is passed over heated caleium
oxide the amount of decomposition is nol more than that due to the
action of heat alone.  Ieated barvium oxide, however, is converted into
a dark brown mixture of barium arsenite and arsenate, hydrogen being
liberated.”™ The gas is absorbed by soda-line.8
The common salts of the alkali and alkaline carth metals have little,
Stieber, Conept. rend., 1932, 195, G10.
ﬁtock, Jer., 1920, 53, 837.
l)rzlpul‘, Amer. Chemast, 1372, 2, 156.

J'olmson and Pechukas, J. Amer. Chea. Soe., 1937, 59, 20068,
Soubewran, Ann. Chim. Phys., 1830, |21, 43, 107.

Schenkel and Ricker, Jahib. prakt. Lharm., 1849, 19, 257; Dragendorf, Juhresber.,
1866, p. 215.

7 Soubeiran, loc. cit.
8 Guareschi, diti dccad. Torino, 1916, 51, +, 39, 263.
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if anv, action on arsine, but aqueous solutions of alkali persulphates.
chromates, dichromates and neutral ferrievanides absorb the gas to a
slight extent. Potassium permanganate® in neutral or acid solution,
and lerrievanides in alkaline solution, oxidise the gas slowly and in-
completely.  The main reaction with potassium permanganate may be
represented thus : 2

2RKMnO, + AsH, =3n,0, + K,HAsO, + H,0

Salts of the heavy metals, both in the solid condition and in aqucous
solution, generally rcact with formation of the metallic arsenide.  Thus,
dry copper chloride or sulphate ® vicelds the arsenide, CujAs,, and the
mincral acid. In aqucous solutions of these salts, and in a solution
of cuprous chloride in hydrochloric acid, absorption of arsine is only
partial.¥ No precipitation occurs with ferric salts;> stannous and
stannic salts are decomposed, a vellowish-brown precipitate being
formed with stannic chloride. Zinc salts are only slowly decomposed.
A concentrated neutral solution (80 per cent.) of cadmium acetate is able
to absorb 40 times its own volume of the gas ; ® the absorption is rather
slow. Salts of gold, platinum and rhodium give precipitates of the
metals. By heating pure tungsten hexachloride in a current of arsine,
the temperature being maintained at 150° to 200° C. for a time and then
gradually raised to 850° C., a black crystalline mass of tungsten di-
arsenide is obtained ; © by heating the hexachloride with liquid arsine
in a sealed tube at 60° to 75° C. bluish-black hvgroscopic crystals of
tungsten chlorarsenide, W,AsCl,, are formed.8

The action of arsine on silver and mercury salts has attracted much
attention owing to the important application to analytical methods for
arsenic (p. 319). The action of arsinc on a dilute aqueous solution of
silver nitrate has long been known to vield metallic silver, arsenious acid
and nitric acid.® With more concentrated solutions the introduction of a
few bubbles of arsine produces a decp lemon-yellow coloration, the liquid
also acquiring an acid reaction. The coloration disappears after one
or two days, silver is precipitated and the colourless solution contains
arsenious and arsenic acids.?? If a rapid stream of arsine be passed into
a concentrated solution of silver nitrate at 0° C. the whole liquid solidifies
to a yecllow crystalline mass which rapidly blackens with separation of
silver. Lassaigne represented the reaction with the dilute solution by
the equation

AsH, +6A¢NO, +3H,0 =H,As0, +6Ag ~6HNO,
but although the absorption of arsine is complete, the theoretical

* Reckleben and Lockemann, Zeidsch. anal. Chem., 1908, 47,105, 126; Parsons, Chem.
News, 1877, 35, 235; Schobig, J. prakt. Chem., 1876, [2], 14, 289.

2 Jones, Chein. News, 1878, 37, 36.

8 Dumas, dnn. Chim. Phys., 1826, [2], 33, 355; 1830, [2], 44, 289; Simon, Pogy.
Annalen, 1837, 41, 463; Kane, Proc. Irish Acad., 1840, 1, 182.

! Riban, Compt. rend., 1879, 88, 531; Dowzard, J. Chem. Soc., 1901, 79, T15.

5 Soubeiran, loc. c¢it.

8 Wilmet, Compt. rend., 1927, 185, 1136.

* Defacqz, Compt. rend., 1901, 132, 133.

8 Defacqz, loc. cit.; Ann. Chun. Phys., 1901, [7], 22, 233.

¢ Soubeiran, Awn. Clim. Phys., 1830, [2], 43, 418; Lassaieme, J. Chim. Déd., 1839,
16, 685; 1840, 17, 440. '

1 Reichardt, dreh. Pharm., 1880, (3], 17, 15 Poleck and Thummel, ibid., 1884, [3],
22, 1; Ber., 1883, 16, 2435.
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amount ol silver is not at first precipitated unless the solution is alkaline.!
In ncutral solution the reaction

AsH, +3Ae¢NO,; =Ag,As +3HINO,
also oceurs,? followed by :
Ag,As +3A¢N0, + 3H,0 =H,3A50; + 6Ag + 3HNO,

The vellow substance produced with more concentrated solutions is
silver nitrato-arsenide,® Ag,As.3A¢NO,, which is formed thus :
AsIL, + 6AeNO,; =Ag;As.3AeNO,; + 3HNO,
This compound does not scparate from dilute solutions because it is
decomposed by water :
Ag,As.34gN0, +3H,0 =H;As0,; +6Ag +-3HNO,

In alkaline or ammoniacal solutions,? salts of arsenicacid are also formed,
probably owing to both of the following reactions :
H,As0, +24¢N0, + H,0 =2Ag + H3As0, + 2HNO,
and
AsH, + 84¢NO,; +4H,0 =8Ag + H;AsO, + 8HNO,
Fused silver nitrate is coloured first yellow and then black by arsine, the
reaction being similar to that in solution.

When arsine is passed into an aqucous solution of mercuric chloride,
a vellow to brown precipitate results. This was deseribed by Rose 3 as a
chlorarsenide of mercury, AsHg,Cl,. A similar precipitate is obtained
from an alcoholic solution, and this was investigated by Partheil
and Amort,® who passed in arsine largely diluted with hydrogen.
The first product was shown to be yellow monochloromercurarsine,
AsH,.HgCl, followed by an orange di- and a brown tri-chloromercur-
arsine, AsH(HgCl), and As(HgCl),; f[inally black mercury arsenide,
Hg,As,, was formed. The first two, in the presence of excess of mercuric
chloride solution, yield arsenious acid, hydrochloric acid and mercurous
chloride, while the third yiclds arsenic and mercurous chloride.  With
water, the trichloromercurarsine decomposed to form arsenious and
hydrochloric acids and mercury. Franceschi? also obtained the
dichloromercurarsine by the action of arsine on an ether solution of
mercuric chloride. The dry salts, mercurous and mercuric chlorides,
arc both attacked by arsine and coloured yellow to brown; mercuric
bromide reacts similarly.

When arsine is passed into a solution of potassium mercuric iodide
containing excess of potassium iodide, a brown crystalline precipitate of
triiodomercurarsine, As(Hgl),, is obtained.® The gas also precipitates

* Reckleben and Lockemann, Zeusch. ungew. Chem., 1906, 19, 275; Krépelka and
Fanta, Coll. Czech. Chem. Coman., 1937, 9, 47.
* Reckleben, Lockemann and Eckardt, Zedsch. anal. Chem., 1907, 46, 697; Pozzi,
Ind. Chim., 1914, 6, 144.

¢ Poleck and Thiimmel, loc. ¢it.

* Reckleben and Lockemann, Zeusch. anal. Chenm., 1908, 47,126 ; and with Eckhardt,
loc. cud.: Preis and Rayman, Listy’'s Chemické, 1887, 11, 34.

* Rose, Pogy. Awnaler, 1837, 41, 463; also Mayengon and Bergeret, Compt. rend.,
1574, 79, 118; Vitaly, L'Orosi, 1893, 16, 397: Boll. Chim. Farm., 1903, 44, 49.

¢ Partheil and Amort, Ber., 1898, 31, 594; Arch. Pharm., 1899, [3], 37, 121.

* Franceschi, Boll. Chim. Farin., 1890, 29, 317; L’Orost, 1890, 13, 289.

¢ Lemoult, Compt. rend., 1904, 139, 478.
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from acqueous or alcoholic solutions of mercuric cyvanide unstabic
reddish-brown  substances which gradually undergo decomposition,
especially in daylight, with liberation of mercury.?

According to Lebeau,® arsine does not enter into the composition
of compounds analogous to the metal-ammines, and the latter in
ammoniacal solution react with arsine to produce arsenides of the
metals.

The activity of palladium as a catalyst in the determination of
hydrogen by combustion is unaffected by the presence of traces of
arsine.®

! Hodgkinson, Chem. News, 1876, 34, 167.
2 Lebeau, Bull. Soc. chim., 1900, [3], 23. 231, 340.
3 Vallery, Compt. rend., 1927, 185, 538.



CITAPTER VL
ARSENIC AND THE HALOGENS.
ARsSENIC AND FLUORINE.

Arseyie forms two fluorides, Asl', and AsEF;, both being produced
by direet combination of the clements at Oldllldlv tcmpmalme 1 The
rcaction renders the mass incandescent.  The trifluoride is a colourless
liquid, and the pentafluoride a colourless gas, both of which fume in
contact with air.

Arsenic Trifluoride, AsY,, is formed when fluorine reacts with
arsenic \‘richloride 1 or with the arsenides of the alkali or alkaline earth
metals ;2 by the action of anhydrous hydrofluoric acid or of acid
fluorides on arsenious oxide ; by the action of certain metallic fluorides,
for example silver or lead fluoride on arsenic trichloride,* or of am-
moniun fluoride on arsenic tribromide ; > and by the action of iodine
pentatiuoride on arsenic.®

The usual method of preparation is that employed by Dumas, who
first discovered the compound in 1826, namcly, by the addition of
concentrated sulphurie acid (2 parts) to a mixture (1 part) containing
equal weights ol calcium fluoride and arsenious oxide.”  The trifluoride
is colleeted in a lead receiver immersed in ice water and rectified by
distillation on a water-bath at 65° C. It is best kept in a platinum
bottle.

Arsenic trifluoride is a colourless mobile liquid with an odour resem-
bling that of silicon tetrafluoride. It fumes in air owing to its rapid
reaction with water vapour (sec below). A drop on the skin evaporates
rapidly, leaving a painful burn similar to that produeed by hvdrofluoric
acid.  According to Thorpe,® the density at 0° to 4° C. is 2:6659 and at
the boﬂmn pomt 2-4197, the latter temperature being 60-1> C. Earlier
workers gmeb.pt. 63°to 64° C. The liquid solidifies to a crystalline
mass 1% at -8-3° C. The volume change on heating is expressed by the
cquation 1

7o(1 +0- 0014%9 0- 000()00> )1 0 )

* Moissan, Aun. Chim. Phys., lel, (6], 24, 224; " Le ﬂzwr et ses (U)II‘[/(}‘/\” (Paris,
1900).
Lebeau, Bull. Soc. chim., 1900, [3], 23, 250; Compt. rend., 1900, 130 o(;’
Dumas, dnn. Chim. Phys., 1826, [2], 31, 438; Quart. J. Sci., 1827, 22, 211.
Moissan, loc. cit.
MacIvor, Chem. News, 1874, 30, 169; 1875, 32, 258.
Moissan, Compt. rend., 1903, 136, 7865 1902, 135, 56-4.
Dumas, loc. cit. See also Unverdorben, Pogg. Luwnualen, 1826, 7, :
lue. cit.; Thorpe, Proc. Roy. Soc., 1877, 25, 122, Moissan, loc. cof.
Thorpe, /. Chem. Soc., 1880, 37, 141, 327.
Unverdorben, loc. eit.: Maclvor, loc. cit.
Moissan, Compi. rend., 1884, 99, S74.
Thorpe, loc. e,
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The heat of formation of liquid arsenic trifluoride has been obtained *
indirectly by determining the heats of dissolution of the trifluoride and
of a mixture of arsenious oxide and sodium {luoride in about one litre of
normal sodium hydroxide solution. The value obtained was 198,300
calories.  Assuming Trouton’s constant to be 21, the heat ot vaporisa-
tion is about —7000 calories, so that the heat of formation of gaseous
arsenic trifluoride 1s 191,300 calories.

The molecular volume in the liquid and gaseous states has been
measured 2 and from the results the radii of the atoms constituting the
molecule have been calculated.

The liquid is a poor conductor of clectricity, but some decomposition
duc to clectrolysis occurs, a gas which attacks platinum being liberated
and arsenic deposited on the cathode.®

The Raman spectrum of arsenic trifluoride consists of four lines
with the following frequencies : zwq (1) 707, w, (1) 341, w,(2) 644, and
wy (2) 274 em~t; a pyramidal molecule 1s indicated.?

The trifluoride readily reacts with water, and a trace of the latter is
sufficient to cause the liquid to show an acid reaction.  If more water be
added there is a slight heating effect and, according to Dumas, hvdro-
fluoric and arsenious acids arve formed. Berzelius concluded® that
hydrofluoarsenic acid was the product. The solution reacts with tin
and zinc and also attacks glass. The liquid trifluoride itself when
heated in a glass vessel readily attacks the latter, thus : 8

1AsE, +3510, =245,0, + 351F,
Admixture of the trifluoride with alcohol or ether, or with fixed or
volatile oils, causes some decomposition.”  Ammonia readily combines
to form a white powder, arsenic triamminotrifluoride,® As(NH,),F.,;
this compound is decomposed by water.”  Phosphine reacts differently,
vielding hydrogen f{luoride

AsF, +PH; =AsP + 3HF

With the chlorides of phosphorus there is an interchange of halogens,
thus—
Asl, + PClLy = AsCL; + PT,
3AsE; +3PCl =5As(l —dPF 10
and this is also the case with silicon tetrachloride,™ thionyl chloride 12
and thiophosphoryl chloride,® thus :
4AsE; + 35101 = £AsCl, + 381k
2AsE,; +350Cl, —:ZAsLl + .SSOI
AskE, o+ PSCL, = AsCl ~Pbb

Sulphur chloride and carbon tetrachloride do not rcact in the cold.}

1 Yost and Sherborne, J. Amer. Chem. Soc., 1935, 57, 700; Yost and Anderson,
J. Chem. 1)/ZJ~ 1934, 2, 624: Yost and Sherborne, ibid., 1934, 2, 125.

i}

2 Ruff and co-workers, Zeiisch. anory. Chem., 1932, 207, 46.

3 Moissan, loc. cit. 1 Yost and Sherborne, Zoc. ¢t
3 Berzehu_\ < Lehrbuch der Cheine” (Dresden, 1826), 2, i, 45.

5 Moissan, loc. c¢it. * Cf. Unverdorben, loc. cit.

B
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Besson, Compt. read., 1390, 110, 1=
Moissan, Compt. rend., 1885, 100 .
Thorpe, J. Chem. Soc., 1880, 37, 3385.

' Mossan,  Le fluor et ses composés ™~ (Paris, 1900).

2 Moissan and Lebeau, Coinpt. rend., 1900, 130, 1436.

Thorpe and Rodger, J. Chem. Soc., 1888, 53, 766; 1889, 55, 306.
VOL. VI.: IV.
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Silico-chloroform at ordinary temperaturc rcla(tts vigorously, two
simultaneous reactions apparently taking place:

(i) Ask, = SiHCL, = AsCl, +SillF,
(i) $ASF, = 3SITICL, = 2AsCl, +8SiF, +311CL+ 275

Arsenie trifluoride reacts with bromine to form a crystalline substance ;
iodine dissolves in the liquid yielding a purple-red solution ; the nature
of these products has not been elucidated.

Arsenic Pentafluoride, As¥F;, may be prepared by the interaction
of arsenic and fluorine in a platinum vessel,? or by the action of bromine
and antimony pentafluoride on arsenic trifluoride.® The reagents
should be dry, and if the reaction in the second case is carried out in a
glass vesscl, the apparatus should be in one piece and well dried. The
bromine is added to the mixture of fluorides at —20° C. and, after cooling
in liquid air, the arsenic pentafluoride is obtained by heating on a water-
bath at 53° C., the gas passing through a reflux condenser to a receiver
surrounded by liquid air. The product contains bromine, which is
removed by passing the gas over molten sulphur.

Arsenic pentafluoride 1s a colourless gas at ordinary temperature. It
condenses to a pale vellow liquid of boiling point —52-8% C. and freezes
to a white solid of melting point —-79-8° C. The vapour density
corresponds with a mol. wt. 169-5 (Ask'; =169-9). The density curve of
the liquid is represented by

D =3-305 — 0-00534(273 +1)
The density of the solid is 8:02 at —91° C.  Vapour pressurc determina-

tions for the solid and liquid have been made,? the rcsults being as
follows :

Solid Ask, : | |
t(°C) . . =1167 -106-1 -984: -91-7 -87-3 -82:7
Vop. (mm.) . ¢ 1-3 6-3 18-3 42-2 69-8 i 114-7
Liquid Ask; : i |
t(eC)y L -T2 —712 —651 —611 -568 —53
Vop. (mm.) . 1802  266-4 386-0 1 4879, 6047  747-9

| v | : 1

In contact with moist air the gas gives dense white lumes. It
dissolves in water with evolution of heat. It also dissolves in alcohol,
ether and benzene ; and in aqueous alkali and arsenic trifluoride, some
heat being developed. In contact with paraftin oil or wax, charring
gradually occurs ; sugar and paper, il moist, are also blackened. Tur-
pentine vapour gives a black cloud on contact with the gas. When
heated in contact with silicon, silicon tetrafluoride and arsenic are
formed. The gas attacks dry glass when heated, silicon tetrafluoride
and probably arsenic pentoxide being produced. With phesphorus,
some phosphorus trifluoride is formed. 7The gas reacts with iodine in

L Ruff and Albert, Ber., 1903, 38, 5.

* Ruft and others, Zeutsch. anorg. Chem., 1932, 206, 39.
Rufl, Graf and Heller, Ber., 1906, 39, 67.

Ruff and others, loc. ¢it.
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the cold.  The metals mercury, zine, lead, bismuth and iron are con-
verted to fluorides ; copper is attacked only on heating.  Tungsien is
not affected by the gas.

Arsenic Nitrosyl Hexafluoride, Ask, NOL, was obtained by
Rufft by passing nitrosyl fluoride through arsenic trichloride, the
mixture being kept cool. When absorption was complete, any nitrosyl
chloride was removed by storage over fused sodium hydroxide in a
vacuum. The product consists of white crystals, stable in dry air even
at high temperature. It is decomposed by water and consequently
is unstable in moist air; it is also decomposed by caustic alkali and by
concentrated hydrochlorie acid. On warming with antimony penta-
fluoride, arsenic pentafluoride is produced thus :

ASF,.NOF +SbF, = AsF; + SbF,.NOF

The following fluoarsenates have been described by de Marignac.?
Potassium hexafluoarsenate, 2K¥F.2AsF;.H,0, obtained by addition of
hydrofluoric acid to a solution of potassium arsenate, vields small
rhombic crystals, stable when dry but decomposed by water. The
crvstals have axial ratios ¢:d:¢=0-8401:1:2:5172. When heated,
the crystals melt and decompose, giving off water and hydrogen fluoride.
The aqueous solution of the salt on crystallisation deposits rhombic
plates of potassium oxytetrafluoarsenate, KF.AsOF . H,0. A solution of
potassium hexafluoarsenate containing excess of potassium fluoride and
hydrofluoric acid, on crystallisation deposits rhombic ervstals of potuss-
twm heptafluoarsenate, 2KF. As¥F, H,0.  The axial ratios of these crystals
are @ :b:e=0-8847 : 1:0:6453. The arsenate is stable in dryv air. By
repeatedly crystallising this salt from its aqueous solution, or by crys-
tallising a solution of the oxyvtetrafluoarsenate in dilute hydrofluoric
acid, a crystalline mass is obtained to which the formula +KF.Ask;.
AsOF,;.3H,0 has been ascribed.

A crystalline ammonium hexafluoarsenate has not been obtained.
A mixturc of ammonium arsenate and hydrolluoric acid on evaporation
vields a gum-like mass.  Arsenious oxide dissolves in a boiling solution
of ammonium [luoride, but on cooling the arsenious oxide scparates
from the solution.”

ARSENIC AND CIHLORINE.

One compound only of these two elements has been isolated, namely,
arsenic trichloride, which at ordinary temperatures is a colourless oily
liquid.  Although a substance reported to be arsenic pentachloride has
been described in the literature (see p. 110), evidence of the existence of
such a compound is not forthcoming.

Arsenic Trichloride, AsCl,, was discovered in 16438 by Glauber,?
who obtained it by heating in a retort a mixture of white arsenic, common
salt and sulphuric acid; a thick oil, which he designated butter of
arsenie, collected m the receiver.®  The compound is produced in many
reactions and is usually formed when arsenic and its compounds are

Y Rufl, Zeitsch. unory. Chem., 1903, 58, 325.

2 de Marignac, Bull. Soc. chine., 1867, (2], 8, 327; dich. Sci. Genére, 1867, [2], 28, 5.
3 von Helmholt, Zeitsch. anorg. Chem., 1893, 3, 150.

! Glauber, " Furni noee philosophic,” Amsteledami, 1643, p. 74.

 For a review of earlyv literature on the distillation of arsenic trichloride, see Terénvi
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¢hlorinated.  The more important methods of formation and prepara-
tion are as follows. ] ) .

(1) By diveet action of chlorine on arsenic. W ]1(:11 })()\Vd(‘l"(‘(T: arsenice
is sprinkled into chlorine gz}s,l or into liquid c~]1lom1§ near its bpxhng
point.? union occurs with mcand.cscen(‘e and a \\'h1ft,c'cl(>ud of the
trichloride is formed. If the gas is passed over arsenic in a tube con-
nected with a recerver immersed in a freczing mixture, the powder which
condenses is vellow, owing to excess of chlorine ; the latter mayv be
removed by distillation from powdered arsenie.  The rcaction is
accelerated 'b\j the addition of a tracc of l)l‘plnin(} or of a!kali halide.3
When chlorine is passed into a solution of yellow arsenic in carbon
disulphide, brown arsenic is fivst precipitated, which is then converted
to arsenic trichloride.?

In order to obtain specimens of arsenic trichloride sufficiently pure
for atomic weight determinations, Krépelka fractionally distilled threc
times i nitrogln the product from the reaction of pure metallic arsenic
and drv chlorine. The distillate was then fractioned in vucuo, the
middle Traction being filled into bulbs.3 '

(2) By the action ol chlorine compounds on arsenic. The tri-
chloride is produced by the action on arsenic ol boiling hydrochloric
acid in the presence of oxygen,S or by gently heating arsenic with the
chloride of animonium,” magnesium,® aluminium?® or mercury.20 A
convenient mcethod of preparation is to heat a mixture containing
arsenic (1 part) and mercuric chloride (6 parts). Other compounds
which may be used are sulphur monochloride, ! sulphuryv] chloride,!2
chlorosulphonic acid,®? phosphorus pentachloride and phosphorus OX\V-
chloride.’3

(3) By the action of ¢hlorine and chlorine compounds on arsenious
oxide. Chlorine reacts with the heated oxide to form arsenic trichloride
and arsenic pentoxide.r  The gus also reacts with the aqueous solution
or suspension.  When chlorine is passed into a well-agitated 70 to 80
per cent. suspension of arsenious oxide at 60° to 70° (., about 20 per
cent. of the latter is converted to the trichloride and the remainder to
the pentoxide.r® A saturated solution of arscnious oxide in concentrated
hydrochloric acid when heated with concentrated sulphuric acid viclds

Y Davy, Pl Trans., 1812, 102, 169; Dumas, dnn. Chim. Phys., 1826, |27, 33, 351.

* Thomas and Dupuis, Coimpt. rend., 1906, 143, 282.

3 Jacobson, British Patents, 181385, 190688 (1922).

! Thiele, = Ueber die allotiopen Modifikationen des Arsens,” Berlm, 1910.

> Rrépelka, Collection Czcchoslon. Chen. Commnnicalions, 1930, 2, 235. See also
Baxter and co-workers (J. dmer. Chemn. Soc., 1933, 55, 1034), who distilled the product
20 times.

¢ Napol, dmer. J. Sew, 1854, [21, 18, 190; Chein. Zentr., 1854, p. 842; Ditte and
Metzner, Compt. rend., 1892, 115, 936.

© Selmi, Ber., 1880, 13, 379; Jakresber., 1884, p. 1699,

s T'Hote, J. Pharm. Chim., 1884, [3], 10, 234; Comnpt. rend., 1884, 98, 1491,

¢ Rutt and Staib, Zedsch. anorg. Chein., 1921, 117, 191,

W Capuame, J. Pharm. Chim., 1839, {21, 25, 523; Ludw 1w, Avch Pharm., 1859, [2],
97, 23; Selmi, loc. ¢if.
" Wohler, Annalen, 1850, 73, 884; Chevrier, Compl. rewd., 1865, 63, 1003; Oddo and
Serra, Gazzeita, 1899, 29, ii, 353.

* Heumann and Kéchlin, Ber., 1882, 15, 413, 1736.

¥ Baudvimont, Ann. Chim. Phys., 1364, [4], 2, 11; Reinitzer and Goldschmids,
Monatsh., 1881, 1, 427,

¥ Weber, Pogg. dnnalen, 1861, 112, 624; Bloxam, J. Cheim. Soc., 1863, 18, 62.

15 Cambi, Giorn. Chim. Ind. Appl., 1924, 6, 527,
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the trichloride,r and the latter is also produced when a mixture of
arsenious oxide and sodium chloride 2 or lead chloride ? is heated with
concentrated  sulphuric acid. An optimum yield (85 per cent. of
theoretical) is oo’tamcd when the reactants in the proportions As. Oh
99 ¢., NaCl 261 g. and cone. H,80, 213 c.c. are slowly heated (3 to -
hours) to 180° C.* Dry hvdrogen chloude itsclf heated with arsenious
oxide yvields arsenie trichloride.?  The following may also be used
as chlorinating agents: ammonium chloride,® silicon tetrachloride,”
phosphorus trichloride,® phosphorus pentachloride  and phosphorus
oxvchloride.t®  If chlorine is passed over a heated mixture of arsenious
oxide and sulphur,® or into a suspension of these two substances in
arsenic trichlovide at the boiling point of the latter, 12 chlorination occurs
and these are suitable mcthods of preparation. Sulphur monochloride
itself may be used,*® but sulphuris deposited, and to avoid this Partington
recommends !t passing chlorine into a mixture of arsenious oxide and
sulphur monochloride, the reaction being

15,0, + 35,01, +9Cl, =8AsCl, + 650,

Two-thirds of the requisite amount of arsenious oxide are first added
and the remainder after the reaction has progressed for a time, the gas
being passed continuously.  The arsenic trichloride may he distilled off
and does not require purification. The reaction is somewhat violent,
however.  Arsenic trichloride may also be prepared conveniently by
passing carbonyl chloride over a mixture containing 80 per cent. of
arsenious oxide and 20 per cent. of carbon heated at 200° to 260° C.;
the vield is almost quantitative.??

(4) By the action of chlorine and chlorine compounds on arsenic
yentoxide.  Arsenie trichloride is formed when chlorine is passed over
1 ) . , ) 1
the heated oxide.X®  Ivdrogen chloride reacts at ordinary temperatures,
but not at —20% C.1*  Aqueous hydrochloric acid, or sulphuric acid and
a metallic chloride, also reacts with the oxide or with alkali arsenates to
produce avsenic trichloride. The reaction with hvdrochlorie acid is
greatly influenced by catalysts such as ferrous sulphate!® or chloride,?
potassium bromide * or iodide,® hydrobromic acid.?* methyl alcohol 2

L Davy, Phil. Trans., 1812, 102, 169.

2 Dumas, dan. Chim. Phys., 1828, [2], 38, 337.

3 Selmi, Ber., 1830, 13, ¢ Riv. Chim. Med. Furm., 1834, 2, 441,

* Tseng, Hu and Hsu, S¢ .me Nut. Univ. Peling, 1935, 5, 317.

5 Wallace and Penny, Phil. Mag., 1852, [4], 4, 361; Wallace, ibid., 1358, [4], 16, 358.

5 de Luynes, (omp[ rend., 1857, 44, lo.J{. 3 Rauter, Annalen, 1892, 270, 250.

8 \[mha&h:, Jahresber., lbe p. 280; Jena. Zeit., 1870, [1], 6, 239.

¢ Hurtzig and G(uthu, Jnualw, Ib)9, 111, 172,

10 Reinitzer and Goldschmidt, IMonatsh., lb\l 1, 427.

't Oddo and Glachery, Gazzetta, 1923, 53, L 56.
2 Miller and Witherspoon, U.S. ]’zic“f 1852183 (1932).

1 Prinz, Annalen, 1884, 223, 3537; Oddo and Serra, Guzzelta, 1899, 29, i, 355.

1t Partington, J. Chem. Soc., 1929, p. 2577.

15 AMillican, Baude and Boyd, J. Ind. Eng. Chem., 1920, 12, 221.

16 Weber. Pojg. dunalen, 1861, 112, 624,

17 Rose, Po,q. Anualen, 1841, 52, 64; Liebix and Wohler, t6id., 1327, 11, 149.

18 Classen and Ludwis, Ber., 1883, 18, 1110, 19 Fischer, dinalen, 1881, 208, 182.

20 Gooch and Phelps, ctmers J. Seil, 1394, [31, 48, 216; Zeitsch. anory. Chen., 1894,
7. 123,

U Gooch and Danner, duer. J. Sei., 1892, [3], 42, 308; Zeutsch. wiorg. Chem., 1894,
6, 268. 22 Bottger, Oesteri. Chem. Ztg., 1924, 27, 24.

# Friedheim and Michaelis, Ber., 1895, 28, 1414; Duparc and Ramadier, Helv. Chim.
Acta, 1922, 8, 552,
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or pyrogallol,! and by this means arsenic may be completely removed
from solution as the volatile chlopdc; Arsenic acid and arsenates
heated with phosphorus pentachloride * or ammonium chloride® algg
vield arsenic trichloride. When an arsenate is reduced by the action
of a hydrazine salt in the presence of aqueous hyvdrochloric acid
and po“’fassium bromide, arsenic trichloride a.n(_l clcmentarg arsenic are
formed. The latter may be reduced to a minimum by increasing the
concentration of the acid to 53-3N, when the trichlovide is practically
the sole product.* ' .

(5) By the action of chlorine and .Chlorme compounds on the
sulphides of avsenic. By passing (:]][01‘11]6 over the. dry sulphides,
realgar or orpiment, at 130° to 1:1-()C C., ’r11601:et1ca} yields o:f arsenic
trichloride and of sulphur dichloride are obtamcdx’_ The trisulphide
reacts with hydrogen chloride in the cold,® but chlovination by means
of hvdrochloric acid is difficult, only a small quantity of the chloride
being volatilised.” The reaction is Jacilitated by the presence of ferric
chloride,® cuprous chloride or potassium antl.monyl tartrate.? Other
chlorinating agents, effective with the Sl,ll})hld(‘.%;. arc sulphur mono-
chloride,® a mixture of ammonium chloride and nitrate,!* and mercurie
chloride.1? o

Physical Properties.—Arsenic trichloride 1s a colourless, transparent
oily liquid at ordinary temperatures. The following wvalues for the
deilsit\j,m specific cohesion, surface tension** and moiccular surface
energy were determined by Jiger: 13

| L ,

| Temperature, > C. -21:0° 00" . 20-8° ‘

| | ‘

| Demsity . . . .. 2245 2205 2165 2105 2051 1-068
| Spec. Cohesion (sq. mm.) . 3-08 3-83 371 354 340 . 321
i Surf. Tension (dynes per cm.). . 438 414 394 - 366 | 342 310

| Mol. Surf. Energy (ergs per sq. cm.) 8184 782:0 7543 713H 6783 6324

The parachor is 212-0.%¢

1 Bottger, loc. cit.

2 Hurtzig and Geuther, Annalen, 1859, 111, 172,

3 Rose, Pogy. Annalen, 1862, 116, 453.

* Kubina, Zeitsch. anal. Chem., 1929, 78, 1; Kubina and Phehia, il . 1928, 74, 235,

* lonescu and Soare, Bul. Chim. Soc. Romana Slivnle, 1932, 35, 25.

& Kelley and Smith, Amer. Chem. J., 1896, 18, 1096.

* Gmelin, “ Handbool of Chenustry,” London, 1830, 4, 2745 Schnndi. “treh. Lhuarm.,
1917, 255, 45; Tyfe, J. prakt. Chem., 1852, 55, 103; Beckurts, Arch. Phari., 1884, (3],
22, 654.

$ Schneider, Pogy. Ainalen, 1852, 85, 433; Fyte, loc. cd.; Rickher, N. Jahibuch
Pharr., 1871, 36, 9; Clark, Ber., 1891, 24, 921.

" Rammelsberg, Sutzungsber. K. Alad. Wiss. Berlor, 1381, p. 79,

10 Baudrimont, Compt. rend., 1867, 64, 369.

11 Fresenius, Zeitsch. anal. Chem., 1886, 25, 200,

12 Ludwig, Arch. Pharm , 1839, [2], 97, 33.

# For carher determinations of density, see Pierre, Awn. Chon. Phys., 1843, [3], 15,
3255 Wallace and Penny, Phil. Mag., 1852, (4, 4, 361; Haagen, Pogy. Annalen, 1367,
131, 117: 1868, 133, 295.

1 See Lovenz and Herz, Zeitsch. anorg. Chem., 1921, 120, 320.

15 Jager, ibid., 1917, 101, 174.

% Henley and Sugden, J. Chem. Soc., 1929, p. 1058.
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At the boiling point, 129-6° (. at 760 mmn.,* the density is 1-91813.  The
density at different temperatures referred to water at 4% C. may i
represented by the cquation 2

D =2-20511 - 0-0018568 —0-0000027

The liquid may be usced as a solvent for the ebullioscopic or crvo-
scopic determination of molecular weights, the ebullioscopic constant
being 6-5 to 7-25.% Beckmann used it in this way for determining the
molecular weight of sulphur,* but when this method is al)ph(‘d to
solutions of the halides of phosphorus, antimony, titanium or tin in
arsenic trichloride, or to solutions of any of these halides in one another,
the molecular weights obtained are abnormally small, presumably
owing to the halogen atoms being readily interchangeable so that, on
mixing, reciprocal conversions occur with formation of mixed halides ;
the latter, however, cannot be isolated in solid or gaseous form.5 Alcohol
and ether mix readily with arsenic trichloride, the liquid becoming
warm ; turpentine, olive oil and certain resins also dissolve in the
liquid,® as do many organic substances, often with formation of com-
pounds (see p. 103).

The molecular volume of the liquid © at the ordinary temperature
i1s 92-4 c.c., and the ratio of this value to the sum of the atomic volumes
of the constituent elements® is 1-33.  From measurements of density
and coefficient of expansion at low temperature (—194° C.) the mole-
cular volume at 0° Abs. has been calculated ® to be 67-7 c.c.

Vapour pressure determinations at various temperatures have been
made, but the results obtained by different investigators are not in
agreement.’®  The following are probably the most reliable values :

[ I D B - ‘ i

\
, Temperature, °C. 7 0 25 = 35 50 100 1296
¢ Vap. press.. mm. - 2-44 11-65 | 19-33 . 40-90 | 301 = 760

The specific heat of the liquid is * 0-1760+.  The thermal expansion
with rise in temperature may be represented by the cquation : 13

©=1+0:0009913380 + 0-0,8491462 + 0:0,275516°

© being unity at 0°C. The heat of vaporisation according to Regnault
is 69-741 calories, but Beckmann gave the value 41-31 calorics. The

1 Thorpe, dnnalen, 1876, 182, 201: Proc. Roy. Soc., 1877, 25, 122: .J. Chem. Soc., 1880,
37, 141, 327. Tor other determinations of b.pt., see Jvrer loc. cit.; Pierre, loc. cit.;
Haa{_ren, loc. cit.; Biltz and Meinecke, Zeisch. anorg. Cbem 1923, 131, 1; Baxter,
Bezzenberger and Wilson, J. Admer. Chem. Soc., 1920, 42, 1386 W alden, Zeitsch. physikal.
Chein., 1903, 43, 420. ? Jager, loc. cit.

3 de Kolossowsky, J. Chion. phys., 1926, 23, 353. See also Raeder, Agl. Norske
Videnskab. Selskabs Skrifter, 1929, No. 3, 1: Zeiisch. anorg. Chem., 1933, 210, 145.

4 Beckmann, ibid., 1906, 51, 96.

3 Beckmann, loc. ci.; Walden, 2bid., 1902, 29, 371; Garvelli and Bassani, A#ti R.
Accad. Lincei, 1901, [5]. 10. 2535: Raeder, loc. cit.

S Davy, Phil. Trans., 1812, 102, 16Y. * Rabmowitsch, Brr., 1925, 58, B, 2790.

S Saslavsky, Zeitsch. anory. Chem., 1925, 146, 315.

¢ Biltz and co-workers, Zeitsch. unory. Chem., 1932, 203, 277

10 See Maier, " Fapor Piressures of the Cominon I etullic Chlorides.” Washington, 19245,
p. 42, 1 Baxter and co-workers, J. Amer. Chem. Soc., 1920, 42, 1336.

12 Regnault, Mém. Paris Acad., 1862, 26, 200; Phil. May., 1853, 1], 5, 473.

13 Beckmann, loc. cit.
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molecular heat of vaporisation has heen caleulated 1 to he 7429 cals
at 0° €., 7200 cals. at 30° €L and 6680 cals. at 100° €. The Spectiﬁg.-
heat of the vapour? is 0-1122¢ The critical temperature has been
estimated ® to be 356° €. The heat of formation of the liquid is 71,390
calorics.? ’

The vapour density of arsenic trichlovide was found by Dumas 5
to be 6:301 (air=1), which valuc agrees with that requived by the
formula AsCl, (=6-27). ¢

Arsenic trichloride may be solidificd by cooling. It forms white
nacreous, acicular ervstals of melting point =16° C.¢ The solidiﬁcatim;
is accompanied by an appreciable decrease in volume.

The refractive index of the liquid for light ol various waveleneths
has been determined as follows =7 °

S .

L2740 2080 3940 | 4800 . 3800 . 7680
%o .. LTST 173023 L 164340 161940 160395 - 1-59262

~

The specifie refraction $ is 0-2732 and the vefraction equivalent 49-30,
The absorption of light by a 0-01N-solution ol arsenic trichloride in
N-hydrochloric acid has been examined,? and it has been observed that
the molecular extinction cocflicient varvies fromy 53 to 30 as the wave-
length of the incident light deercases from 3570 to 2270 A.

The Raman speetra of arsenic trichloride and of its solutions in
various oreanic solvents have been investigated ;19 on admixture, the
Raman frequencies of the solvent, for example benzene, carbon tetra-
chloride, methvl or cthyl alecohol, remain unchanged, but those of the
arsenic trichloride are altered.  The deviations are attributed to the
polar character of the molecule and it is suggested that, for the fre-
quencies of one component of a bhinary mixture to be altered by the
other, the latter must have a considerable dipole moment, and in the
former the linking between the parts of the molecule participating in
active vibrations, in this case As CL must be weak.  The constants of
the AsCly molecule caleulated from the results agree with those derived
from clectron diffraction data.  The free energies of formation of hquid
and gascous arsenie trichloride, at 237 ., arce respeetively  —63,190
and = 62,718 calories 500 to 1100 calories.!t The value for the
clectron polarisation, £ =30-21 has heen derived from measurements
of the refractive index, and it has been shown mathematically, both

1 Baxter and co-workers, loc. il See alzo Maicer, luc. cit.

* Regnaalt, loc. cil.

4 Guldbery, Christicna Vid. Selsk., 1882, p. 20.

1 Thomsen, Ber., 1883, 16, 39, Sce also Berthelot, dnn. Chon. Phys., 1877, [5], 15,
209; Berthelot and Louguinine, Compt. rewd., 1875, 81, 1011, 1017, 1072,

> Dumas, Adnn. Chom. Phys., 18328, 121, 38, 337.

6 Haase, Ber., 1893, 26, 1052: Biltz and Memecke, Zedsch, anorg. Chem , 1923, 131,
1; Smith and Hora, J. _Lwer. Chem. Soe., 1901, 26, 6325 Besson, Compl. rend., 1889,
109, 940; 1890, 110, 1238,
T Nticfelhagen, Dessertation, Berlin, 1905,
8 Huaagen, Pogy. Apnalen, 1867, 131, 1175 1865, 133, 200,
¥ Macbeth and Maxwell, J. Chem. Soe., 1923, 123, 370.
10 Brodskii and Sack, J. Chew. Physics, 1935, 3, 4495 Brodsku, Sack and Besugli,
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from encrgy considerations ! and the Raman and N-rav spectra® that
the stable form for the molecule is a threce-sided pyramid with the
arsenic atom at the apex, the distance between the arsenie and chlorine
atoms being 2-20 A, The atomic radius of the arsenic 1s 1-21 AL

Liquid arscnic trichloride when anhydrous is a very poor conductor
of clectricity, the specific conductivity ® at 07 C. being 11 x 1077 mho.
The solution of the chloride in liquid hydrogen sulphide conducts
electricity # (see p. 108), as also do solutions in certain organie solvents.
Thus, in ethyl ether 3 the conductivity is very small up to 10 per cent.
of trichloride, but then ncreases to a maximum at 94 per cent. con-
centration : the temperature cocfticient of the conductivity is negative
at all concentrations.  The decomposition potential of a 68-81 per cent.
solution of arsenic trichloride in ether at 18° (. is 1-22 volts. On
electrolysis, arsenic is quantitatively deposited at the cathode. From
a systematic study ¢ of the viscosity and conductivity of the solutions of
concentrations from 23 to 100 per cent. AsCl, and over the temperature
range 0° to 50° (., it has heen shown that the compound AsCl,.(C,H;),0
is formed and acts as the electrolyte.  Similar investigations of solutions
in monochloromethyl cther,” henzene,® nitrobenzene and pyridine ® in-
dicate the formation of the fon\mg (ompounds. AsCl,.CHLCLO.CHg;
2AsCL.CeHg s AsCL2CH NO,; AsCL.C;HLN (see p. 108). The de-
composition potential of the solution in nitrobenzene is 0-78 volt.1°
Viscosity measurements of solutions in anisole ! indicate the formation
of the compound AsCl,.C,H;0CH,, but the solutions arc non-conducting.

Arsenic trichloride appears to be a good ionising solvent for binary
salts, although cobalt iodide is an exception.?>  The dieleetric constant 12
1s 12-:8.  From measurements of the dielectric constants and densities
of solutions in benzene, the dipole moment *® of arsenie trichloride has
been calculated to be 2-15 x 10718 es.u. ;. the value previously obtained
by Bergmann and Engel * was 1-97 x 10718 e.s.u.

The dangerous physiological effects of arsenic trichloride are
described in Chapter XI. The vapour is readily adsorbed by fibres
such as hair and wool, and also by rubber.

Chemical Properties.—Arsenic trichloride vapour reacts with
hydrogen when the mixture is subjected to an electric discharge, a
brown deposit, thought to be a mixture of arsenic and a subchloride,
being formed on the walls of the containing vessel.’>  The vapour also
rcacts with oxyvgen when a mixture of the two is passed through a tube

1 Bergmann and Engel, Zedisch. physikal. Chem., 1931, Abt. B, 13, 232, 247,

2 Coster and Klamer, Physica, 1934, 1, 889.

3 Walden, Zewsch. physikal. Chem., 1903, 43, 437: 1904, 46. 103; Zciisch. anorg.
Chem., 1900, 25, 209. Sce also Biliz and Klemm, bid., 1926, 152, 276.

! Quam and Wilkinson, Proc. Iowa dcad. Sei., 1925, 32, 324,

® Ussanovitsch, Zeitsch. physikal. Chem., 1929, 140, 429; J. Gen. Chem. (U.S.S.R.),
1935, 5, 996.

¢ Terpugov, J. Gen. Chem. (U.S.S.R.), 1932, 2, S68.

T Terpugov, ibid., 1934, 4, 235.

8 Schulgina, bid.. 1934, 4, 225.

9 Kondratenko, ibid.. 1934, 4, 244, 246.

10 Finkelstein, Zedsch. physdeal. Chene, 1025, 115, 303.

I Terpugov, J. Cen. Chen (ITN.N.RD, 1034, 4. 222, See also Ussanovitsch, ibid.,
1932, 2, 443,

12 Walden, loc. c(t.

3 Smith, LProc. Roy. Soe., 1932, A 136, 251, 236.

1t Bergmann and Engel, Zeitsch. physikal. Chem., 1931, Abt. B, 13, 232

15 RBeszon and Fournier Cow nt 2»end. 1910 120 Q792
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heated to redness, an oxyehloride and chlorine l?cing pl'QdU(tOd.l Water
in small quantity also produces the oxychloride ; \\\'1*(11 more water
arsenious oxide is precipitated, while with an excess of water arsenious
and hvdrochlorie acids are formed, the heat of the rcaction being as
follows : 2

AsCl + Aq. =H,A50, aq. +3HCl aq. + 17,600 calories

The solution is similar to that obtained by dissolving arsenious oxide in
aqucous hydrochloric acid. When the qu}lid 1s distilled, all the arsenic
passes over into the distillate 3 and by this means the element may be
separated from antimony and tin. ) . '
The trichloride reacts violently with fluorine to form the trifluoride.4
Chlorine dissolves readily at low temperatures without reaction (sec
p. 110), the gas being expelled on warming.” Jodine also dissolves
without reaction,® the solubility increasing with temperature, thus :

" Temperature, © C. ) . . 0 ! 15 ! 920
Grams lodine per 100 grams AsCl; .~ 842 © 11-88 | 36-89

Concentrated hydrochloric acid also dissolves the trichloride, about
100 g. of the latter dissolving in 1 litve of acid at 100° C.7  Dissolution
in hyvdriodic acid is accompanied by evolution of heat and the triiodide
is formed.® Ethyl iodide reacts similarly.? Double decomposition
reactions occur when arsenic trichloride is heated with phosphorus
trilodide, stannic lodide or germanium iodide, the rveactions being
complete.10  Similarly, potassium iodide heated with arsenic trichloride
in a sealed tube at 240° C., and potassium bromide at 180° to 200° C.,
form respectively arsenic triiodide and tribromide.r!  Stannous chloride,
added to the solution in hydrochloric acid, causes reduction to arsenic
(see p. 29). Arsenic trichloride may be completely separated from
germanium chloride by extraction with concentrated hydrochloric
acid.’>  Ammonium, sodium and cobaltic chlorides react with arsenic
trichloride to form additive compounds ; with magnesium, zinc and
chromic chlorides there is no reaction.!?

Ammonia is rapidly absorbed by liquid arsenic trichloride to yield
a pale vellow solid which 1s usually described M as arsenic tetrammino-
trichloride. AsCL,.tNH,. but which IIugot? stated to be a mixture of

1 Berthelot, Compt. rend., 1878, 86, 863.

2 Thomsen, Zeitsch. anorg. Chein., 1883, 16, 39.

3 Dupasquier, J. Pharm. Chin., 1841, [3], 27, 717.

* Moissan, " Le fluoir et ses composés™ (Paris, 1900), p. 190.

> Janowsky, Ber., 1873, 6, 219: 1875, 8, 1636; Mayrhofer, Annnlen, 1871, 158, 326.

¢ Sloan, Chem. News, 1881, 44, 203; 1882, 46, 194.  Cf. Gramp, Ber., 1874, 7, 1723.

* Treadwell and Mussler, Zelr. Chon. Acta, 1922, 5, 818; Wallace and Penny, Phil.
Mayg., 1852, [4], 4, 361.

S Hautefeuille, Compt. rend., 1867, 64, T04.
Kohnlein, Annalen, 1884, 225, 176.
Karantassis, dwsi. Chim., 1927, 8, 71: Compl. vend., 1933, 196, 1394,

't Snape, Chen. News, 1896, 74, 27: Bamberger and Philipp, Ber., 1881, 14, 2643

12 Alhson and Muller, J. dimer. Chen. Soc., 1932, 54, 2833,

13 Montignic, Bull. Soe. chim., 1935, [5], 2, 1365.

1 Persoz, dun. Chim. Phys., 1830, |2], 44, 320; Rose, Poyg. Annalen, 1841, 52, 62;
Besson, C'lompt. rend., 1889, 109, 940; 1890, 110, 1258.

> Hugot, Compt. rend., 1895, 121, 206; 1904, 139, 54.
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7

ammonium chloride and arsenic triamide. The product is readiiv
decomposed ;- on heating, the substance completely volatilises, ammonia
being lirst cvolved ; ! on heating with water, ammonia, ammonium
chloride and arsenious oxide are formed. Heating with concentrated sul-
phuric acid also causes decomposition.  The addition of chloroplatinic
acid to the aqueous solution does not cause precipitation of all the
ammonia present.? Liquid ammonia also reacts with arsenic trichloride.?
Hydroxylamine forms an addition compound.* A boiling alcoholic
solution of the trichloride dissolves hydrazine hydrochloride, apparentlyv
forming a complex salt.?> Nitrogen peroxide reacts to form nitrogen
oxychloride and arsenic pentoxide.® There is no reaction with nitrogen
sulphide.”

Phosphorus dissolves in arsenic trichloride on warming ywithout
reaction and is deposited on cooling.® If the mixture is heated in the
presence of aluminium chloride at 130° to 150° C. for 40 minutes, a
brownish-red compound of composition AlAs;Cl, results,® from which,
however, aluminium chloride can readily be removed by water or
ammonia, leaving a residue of finely divided black arsenic. If the
compound is heated to 190° C. in the absence of air, it turns black as
arsenic trichloride and aluminium chloride distil off and a bright grey
mixture of arsenic and arsenide remains. It has becen suggested that
the arsenic is co-ordinatively bound, and that the compound mayv be

3
formulated Al< , analogous to the ammoniated compound

- (NH,)
AI<
Cl,

mdohmtc character. possibly arsenic phosphide, AsP, but more probably
a mixture containing the free elements.’ Pl 1osphoxus trichloride, unlike
the triiodide (sce p. 106), causes reduction to arsenic,! as also do hypo-
phosphorous and phosphorous acids,’* while phosphorus pentachloride
combines to form unstable double compounds?!® of composition
PCl;. AsCl; and PCl AsCL. A solution of arsenice trichloride in nitro-
benzene is reduced to arsenic by the action of vellow phosphorus,
antimony or bismuth.!
Arsine reacts to vield arsenic, thus:

ASH, + AsCl, = 2As + 31

Arsenious oxide dissolves in the boiling trichloride to form arsenic
oxvchloride, AsOCI (sce p. 109). Arsenic trisulphide vields thiochlorides.t¢

Phosphine reacts to produce a brown substance of

-

Pasteur, J. Pharm. Chim., 1848, [4], 13, 395. 2 Rose, loc. eit.

Gore, Proc. Roy. Soc., 1872, 20, 4++1: 1873, 21, 140; Hugot, luc. cut.

Montignie, Bull. Soc. chim., 1933, [5], 2, 1365.

Ferratiny, Gazzetta, 1912, 42, 1, 138.

Geuther, J. prakt. Chem., 1873, [2], 8, 854.

Darvis, J. Chem. Soc., 1906, 89, 1575.

Davy, Phil. Trans., 1812, 102, 169.

Rutl and Staib, Zewsch. anorg. Cheni., 1921, 117, 1915 of. Ruff, Ber., 1901, 34, 1753.
1 Besson, Conpl. rend.. 1339, 109, 940: 1880, 110, 1258. 11 Gc—ut.her, loe. it
12 Janowsky, Ber.. 1873, 6, 219 1875, 8, 1636; Engel, Compt. rend., 1873, 77, 1543;

Thiele, Awnalen, 1391, 265, 55.
13 Cronander, Bull. Soc. chim., 1373, [2], 19, 499; Ber., 1873, 6, 1466.
't Finkelstein, Zeitsch. phyé-z/:u/ Chem., 1923, 115, 303. 15 Janowsky, loc. ci.
1% Quvrard, Compt. rend., 1893, 116, 1516.
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Sulphur is unattacked at room ’.[on}pc-r;xfurc,l dissolves readily in
hot arsenic trichloride and is deposited unchanged on cooling.?  The
reaction with liquid hydrogen sulphide has been investigated ® at
temperatures from ~77° C. up to voom temperature. Thiohydrolysis
oceurs and arsenious sulphide is preeipitated 111}11\0(11;1’:01_\' at all tem-
peratures. The reaction differs from that with water. where the
soluble acid is formed, the thio-acid not being produced.  The specific
conductivity of the saturated solution of arsenic trichloride in liquid
hvdrogen éhlphidc, after standing until equ.ilibrium Is attained, is
11:51 x10-7 mho.* Gaseous hydrogen sulphide reacts with arsenic
trichloride to give a yellow precipitate of a thiochloride, As;S,Cl,,
if the reactants arve quite dry, but il water is present arsenious
sulphide is precipitated.® v

Selenium and tellurium are attacked at room temperature, arsenic
being liberated and selenium monochloride or tellurhmm tetrachloride
formed.®

Many carbon compounds, e.g. hydrocarbons, ketones, orgauie acids,
bases and esters, dissolve in arsenic trichloride with formation of
additive or complex compounds. The organic derivatives of arsenic
are described in Volume XI, Part I1, of this Series.  Trialkyl arsines ave
formed by the addition of alkali to the double salts obtained by the
interaction of zine dialkyls and arsenic trichlovide—

37nR, +2AsCly = 2R As =370,
or by treating Grignard reagents with the trichloride : 7
3RMgCl + AsCly =RyAs +3MgCl,

Free arsenic is also produced owing to the reducing action of the arsine.
If the tertiary avsine is heated with arsenic trichloride under pressure
at a high temperature, the following reaction takes place—

R,As +2AsCl, =3RAsCl,

and similar products may be obtained by heating arsenic trichlonde
with mercury diaryls or with aryl mercuric ¢hlorides :

R,Hg +2AsCl, =2RAs(l, + HeCl,
RHpCl +AsCl, =RAsCl, + He(1,

Additive compounds are formed with aniline, piperazine, hexamethylene-
tetramine and quinoline ; # with pyridine, the two compounds, AsCl,.
CH,N (mupt. 138-9° C.) and As(1,.2C, LN (m.pt. 61° (.), have been
isolated.? Addition’ of arscnic trichloride to dry 1: t-dioxan gives an
oxonium compound, (C;HO,),.2AsCl, (m.pt. 62° C.).10

1 Montignie, Bull. Soc. chim., 1936, [5], 3, 190. 2 Davy, loc. cit.

3 Ralston and Wilkinson, J. diner. Chem. Soc., 1928, o, 238; Biltz and Keunccke,
Zeitsch. anarg. Chem., 1925, 147, 171; Rufi, loc. cif.

* Quanm and Wilkinson, Proc. Town Acad. Sei., 1923, 32, 324; J. Liner. Chem. Soc.,
1925, 47, 989; Ralston and Wilkinson, loc. ¢it.

5 Ouvrard, Compt. vend., 1893, 116, 1516: 117, 107.

7 See Dyke and Jones, J. Chem. Sue., 1930, p. 2426,
Chem., 1933, 214, 355, 363.

$ Montiunie, Bull. Soc. chim., 1935, {51, 2, 1365.  Sce also Schiff, Compt. rcad., 1863,
56, 1095; danalen, 1864, 131, 116; Grozsmann, Zcilsch. physilead . Chran., 1907, 57, 545.

® Shirey, J. dmer. Chem. Soc., 1930, 52, 1720; Gibson and others, J. Chem. Sve , 1930,
p. 1710; Montignie, loc. cit.

¥ Doak, J. dmer. Pharm. Assoc., 1934, 23, 541.

5 Montienie, Toc. cit.
Also see Petzold, Zetsch. anorg.
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The trichloride dissolves in liquid cvanogen.t It combines with
cyanogen bromide when a mixture of the two is slowly heated in an
autoclave to 180° C., followed by cooling and keeping at 1207 C. for one
hour : 2 the product, of composition AsCL.2BrCN, decomposes on heat-
ing above 190° €. Arsenice trichloride reacts swith potassium thiocyanate
solution,® the latter being decomposed with liberation of ammonia,
but no precipitate is produced, whercas hoth tin and antimony are
precipitated as hydroxides under similar conditions ; the reaction with
exeess of potassium thiocyanate may be used to cffect a quantitative
separation of these two metals from arsenic.

Boron bromide reacts with the trichloride thus: 4

AsCly + BBr; =BCl; + AsBr, +25 calories

Many metals when immersed in arsenic trichloride precipitate
arsenic.  With sodium, magnesium, zine, aluminium, tin and lead, at
the ordinary temperature, a coating of arscnic innmediately forms on
the metal and slows down the reaction;® at 100° C. the reaction is
vigorous. With copper, plating occurs very slowly but the reaction
takes place more rapidly on heating. With irvon, cobalt, nickel, anti-
mony, hismuth, cadmium, mercury, silver and gold, the action is only
slight at temperatures up to 100° C. Platinum and molybdenum are
not acted upon. In acid solution magnesium precipitates arsenic and
liberates arsine ; ¢ cobalt © and nickel 8 yield arsenides.  Aluminium
in the presence of a little aluminium chloride behaves like phosphorus
(see p. 107) and when heated with the trichloride at 130° to 150° C.
produces the brownish-red arsenochloride, AlAs,Cl;, which with water
vields arsenic and aluminium chloride.? Finely divided reduced silver
heated with the trichloride in a sealed tube vields a productt® of com-
position 7Ag.2As{l;, which however is probably not a chemical entity ;
copper vields a similar product. A boiling solution of the trichloride in
toluene 1s reduced by potassium with separation of arsenic.'

Rubidium and cesium salts of composition 3RbCL2AsCl; and
3CsCL2AsCly; have been obtained in the form of trigonal crystals by
mixing saturated solutions of the alkali chloride and of arsenious oxide
in 20 per cent. hydrochloric acid and then adding concentrated hydro-
chlovic acid.??

Arsenic Oxychloride (drsenyl Chloride), AsOCl, may be obtained 13

! Centnerszwer, J. Russ. Phys. Chem. Soc., 1901, 33, 545.

2 Oberhauser, Ber., 1927, 60, B, 1434.

5 Miquel, dnn. Chim. Phys., 1877, (3], 11, 352; Dalietos, Prakiila (Alad. Athenon),
1931, 6, Y2; Chem. Zentr., 1931, i, 1687; Zeitsch. ancrg. Chem., 1934, 217, 331.

U Tarible, Thesrs, Parts, 1399: Compt. rend., 1901, 132, 206.

o Fuscher, Pogy. Awialen, 1826, 9, 261; Kahlenberg and Stemle, Zrans. Awer.
Electiochem. Soc., 1923, 44, 193; ¢f. Montignie, loc. cit.

5 Scubert and Schmidt, dunalen, 1892, 267, 237.

* Ducelliez, Compt. rend., 1908, 147, 424.

$ Grancer and Dicher, Bull. Sve. chuine, 1900, (3], 23, 508; Vigouroux, Cumpt. rend.,
1908, 147, £26; Arrvaut, bl 1931, 192, 1233,

¢ Ruil and Staib, Zedsch. anory. Chem., 1921, 117, 191,

10 Hilpert and Herrmann, Ber., 1913, 46, 2218, Monugnie (loc. cif.) states that a
compound 3Ag.AsCl; 1s formed at ordinary temperatures.

11 Vournazos, Zeisch. anoig. Chem., 1913, 81, 264; 1927, 164, 263.

12 Wheeler, 1bid., 1893, 4, 455; dmer. J. Sei., 1893, (3], 46, 88; Ducloux, Anal. Assoc.
Quim. Argentina, 1921, 9, 215.

1 Wallace and Penny, Phd. Muag., 1352, [4]. 4, 361; Wallace, ibid., 1358, [4], 16, 353;
Hurtzig and Geuther, Annalen, 18539, 111, 172,
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in soiution by passing hy drogen chloride into an aqueous suspension of
arsenious oxide, or b\ bmlmn together molecular proportions of arsenic
trichloride and arsenious oxide, the process heing continued in each case
until the oxide is dissolved. ()n agently dxshlhnu the solution until it
beeins fo foani the oxyvehloride separates as a brown viscous mass : if
the distillation is carried out at a higher temperature the deposit has
the composition AsOCLAs,0,. The monoh\ drate, AsOCLH, O may be
vbtained by allowing a soluhon of the trichloride in water to crystallise
slowlv. It separates in stellate aggregates.  With ammonium chloride
the oxvehloride reacts to form the double compound AsOCL2NH,CI.

Arsenic Pentachloride (?), AsCl,,—By the action of chlonnc on
arscnic trichloride at a low temperatulc Baskerville and Bennett !t
obtained a greenish-yellow liquid which they believed to be arsenic
pcllmcl}lorid(*. Pure solid arsenic trichloride was placed in a vessel
surrounded by carbon dioxide snow and saturated with chlorine, the
temperature heing -38° €. The liquid approximated in composition
to AsClL. It was soluble in carbon disulphide and in ether, and the
ether solution, on evaporation at —30° C., left vellow crvstals which
readily decomposed with slight rise in temperature. The formation of
this compound has not been confirmed, however, and its existence is
doubtful.

At ~23° (. almost sufficient chlorine is absorbed by arsenic tri-
chloride to produce the pentachloride,® but there is no evidence of com-
pound formation and the chlorine may be expelled by warming or by
passing a current of air through the liquid. If arsenic trichlorvide is
saturated with chlorine at 0° C. the mixture, on cooling, solidifics at
about -30° C. with considerable diminution in volume.®> 1If more
chlorine is passed into the liquid before solidification oceurs, there is
further absorption and the resulting vellow liquid may be cooled below
—60° C. without freezing. If this liquid is brought into contact with
water, the excess of chlorine is rapidly evolved aud the aqueous solution
contains tervalent arsenic only, so that again there is no evidence of the
formation of the pentachloride.  Solid arsenic trichlovide at —33° C.
not acted upon by liquid chlorine, and if the mixture is gently hcatcd
until the former melts, the two liquids mix without leclctlon

The freezing point curve of mixtures of chlorine and arsenic tri-
chloride is smooth and shows no indication of combination.t

ARSENIC AND BRoMINE.

Only oune bromide ol arsenic has been isolated ; this is the tribromide,
AsBry, and an inv estigation of the system AsBr ,—BI , gives no indication
of the formation of a higher bromide. The hcczmo pomt curve shows
a cutectic point at -34° C. and 81 atoniic per cent. oL bromine.?

Arsenic Tribromide, AsBr, was first obtained in 1828 by
Sérullas,® who added dry powdered arsenic in small quantities to

t Baskerville and Bennett, J. dwer. Chem. Sce., 1902, 24, 1070.  Scc also Dumas,
Awn. Chan. Phys., 1323, [2], 38, 337; Capitaine, J. Pharm. Chim., 1839, (3], 25, 524,
* Sloan, Chem. News, 1381, 44, 203; 1882, 46, 194, )
® Besson, Compt. rend., 1%‘) 109, 940: 169() 110, 1253.
¢+ Biltz and \Iemeche éeztodz anorg. Chem., 1923, 131, 1; Smith and Hora, J. “Lmer.
C/:» . Suc., 1904, 26, 632, See also Biltz and Joep, Ac:[ovlz anory. Chem. l%)h, 162, 32
* Bilez dnd Jeep, /ut~clz anorg. Chenm., 1927, 162, 32.
e Sérullas, dnn. Chun. Phys., 1828, [’}, 38, 318.
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bromine contained in a glass retort until no further action occurred.
On contact with the bromine the arsenic intlamed brilliantly, and on
distillation of the product, arsenic tribromide condensed in the recciver
in the form of prismatic crystals. A more convenient method * is to
pass bromine vapour over an excess of arsenic contained in a hard
glass tube. By repeated distillation of the product, very pure arsenic
tribromide may be obtained.?

The bromide may also be prepared (1) by adding arsenic powder to
a mixture of carbon disulphide and bromine (2:1 by weight) and
agitating the liquid until decolorised ; ® on evaporation, crystals of the
bromide remain ; (2) by heating a mixture of arsenious oxide, potassium
bromide and acetic acid at 100° C.;?* (3) by heating a mixture of
arsenious oxide and sulphur in a current of bromine vapour.?

Physical Properties.—Arsenic tribromide i1s a solid at ordinary
temperatures, crystallising in beautiful colourless rhombic prisms$
which possess a feebly aromatic odour 7 and are stable in dry air. In
the presence of moisture slight fuming occurs. The crystals melt
sharply at 31° C.8 The density ® at 15° C. is 3-66 ; after fusion and
resolidification, the product has density 3-54 at 25° C.20 The density
of the liquid at various temperatures may be obtained from the
expression

D =3-3972 — 0-002822( 6 - 25) + 0-00000243 (4 —25)?
The surface tension, o, and molecular surface energv, p, of the liquid at
various temperatures have been found *2 to be:

t, °C. . . 496 TES5 0 900 12140 1496 1650 179-7
g, dynes per ecm. | 49-6: 466 ; 418, 41-0  382. 37-0: 36-1
K. ergs per sq. cm. (1029-5° 980-5 ; 947-8 © 884-1 : 8356 8156 , S01-6
. I
o i i i ! i i

The parachor 1s 253-5.

The molccular volume at the ordinary temperature ¥ is 111 c.c., and
the ratio of this value to the sum of the atomic volumes of the con-
stituent elements ** is 1-21.  From measurements of density and coefti-
cient of expansion at —194° C. the molecular volume at 0° Abs. has
been calculated to be 76-1. The molecular weight determined by

t Jory, J. Pharm. Chim., 1900, [6], 12, 312.

® Baxter and co-workers, J. dmer. Chem. Soc., 1933, 55, 1054.

3 Nickles, J. Pharin. Chim., 1862, [3], 41, 143.

* Vournazos, Compt. rend., 1918, 166, 526.

> Oddo and Giachery, Guzzelta, 1923, 53, i, 56.

® The crystal structure has been investigated, sce Gregy and others, Trans. Faraday
Soc., 1937, 33, 852;: Brackken, Chemn. Zenir., 1936, i, 961.

" Walden, Zeusch. anorg. Chem., 1902, 29, 373; Zedsch. physikal. Chem., 1903, 43,
335; 1904, 46, 104.

¢ Tolloezko, Chemn. Zentr., 1901, 1, 989; Bull. Acad. Cracozie, 1901, p. 1; Tolloczko
and Meyer, Kosmos, 1910, 35, 64; Jager, Zeiisch. anorg. Chem., 1917, 101, 174; Pushm
and Lowy, ibid., 1926, 150, 167.

® Bodecker, Thesis, Leipzig, 1860.

10 Retgers, Zeitsch. physikal. Chem., 1893, 11, 342.
Jager, loc. cit.
** Henley and Sugden, J. Chem. Soc., 1929, p. 1058.
15 Rabinowitsch, Ber., 1925, 58, 2790.
1 Saslavsky, Zeusch. anorg. Chem., 1923, 146, 315.

3 Riltr and racvwarlrers sAd 1029 ~An O==
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ehuliioscopie and eryvoscopic methods B with bromine as solvent agrees
with the 1()1“1“1\ AsBr,.  The solation in bromine is a non- conductor of
clectricity ; on the other hand, the solution in liquid sulphur dioxide is
4o L(iwt().:’ the u[m\‘ lent u).ldu(tl\li\ of T mole of AsBr, in 101-4

and 9253 litres of the solvent heing respecetively 0-249 and 2-347. The
solw tion in liquid hydrogen sulphide also conducts clectricity.®  Arsenie
tribromide itscl may he used as a solvent in molecular \\(10ht deter-
minations : the cryvoscopic constant has been given values * ranging from
189 0 206. It behaves similarly to arsenic trichloride in for ming nn\cd
halides with halides of the clements of Groups IV and V3 (sce p. 103).
The ionising power of arsenic tribromide is somewhat less than that
of the trichioride.  The liquid boils at 2217 C. (760 mun.); ¢ at lower
pressures the following temperatures have been obsm\cd 109° C.
{20 mn),7 02° C. (1 mm.).b

The heat of fusion is 8-93 calovies per gram.?  The heat of formation
i‘\' : 10
As(eryvst.) +3Br(lig.) = AsBry(cryst.) + 45,500 calories

The following values for the refractive index for sodium, lithium and
thallium light, respectively, have been obtained : 1

?

| o FUR S

Temperature, ” N ny, 7y ;
. R ‘ JE
24 | 1-7849 1 1-7716 1-798:
30 l 1-7815 = 1:7678 1-7939
{ i

The value for the clectron polarisation,!? Py, is 41-97, and the stable
form of the molecule is a three-sided pyramid (¢f. p. 103).  The dipole
moment ¥ is 1-66 x 10718 esau. The dielectric constant ** at 20° C. is
3.4, and at 357 C. 9-3.

Arsenic tribromide dissolves in many organic liquids,® such as carbon
disulphide, methylene jodide 'S and benzene; in the last named the
decomposition voltage is 0-50 volt.1”  In solutions in dicthyl ether® the
electrical conductance at 18° C. rapidly increases with increase in the
bromide concentration up to 93 per cent., after which it quickly falls to

1 Finkelstein, Zeilech. physikal. Chem., 1923, 105, 10.

* Walden, Zeitsch. physikal. Chem., 1903, 43, 335; 1904, 46, 103; Zecitsch. anorg.
Chem., 1902, 29, 373.

2 Quam and Wilkinson, Proc. Towa Acad. Sci., 1925, 32, 324.

* Walden, loc. cit.; Garelli and Bassani, Atte R, Accad. Lincer, 1901, [5], 10, i, 2535;
Tolloczko, Bull. Acad. Cracovie, 1901, p. 1; Raeder, Zeutsch. anory. Chem., 1933, 210, 145.

> Raeder, loc. . § Walden, loc. cit.

7 Jager, loc. cil. 8 Walden, loc. cut.

* Tolloczko and Meyer, Kosimwos, 1910, 35, 64; * Radiszewsky’s Festband,” 1910, p. 641.

1 Berthelot, Compt. read., 1873, 86, 839.

it Borastrom, Bull. comm. géol. Finlunde, 1929, 87, 5

2 Beremann and Engel, Zedsch. physial. Chen., 9)1, Abt. B, 13, 232, 247,

3 Bervmann and Engel, loe. cit. See also Malone and lugmon J. Chein. Physics,
1934, 2, 99.

1o Walden, loc. cif.

¥ See Pushin, Bull. Soc. chim. Yugoslav., 1936, 7, 73.

Y Retyers, Zedsch. physikal. Chem., 1893, 11, 342.
Y7 Finkelstein, loc. cit.

s meont\gh, Zettsch. physilal. Chem., 1926, 124, 427; 1920, 140, 429. Sce also
Nickles, Coinpt. rend., 1859, 48, 837.
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the value for the pure bromide.  For high concentrations the tempera-
ture cocllicient is positive, but decrcases with falling concentration and
for concentrations below 75 per cent. is negative.  This effeet does not
appcar to be due to interaction between solvent and solute; if the
molecular conductivity is caleulated with reference to the bromide as
clectrolyte, the conductivity-concentration curve shows two maxima,
but 1if the cther 1s taken as the clectrolvte a normal curve results.  Tor
solutions in methyvlethyl cther® the speeific conductivity and its
temperature coctlicient are at a maximum for solutions containing the
two components in cquimolecular proportions, indicating the formation
of the compound AsBr,.CH,OC,H;. The solution of arsenie tribromide
in anisole is non-conducting.> The tribromide also dissolves in boron
bromide * and in phosphoryl chloride.?

Arsenic tribromide is itself a good solvent for certain halides.® The
following freezing points and densities at 15° C. of saturated solutions
have been determined :

j Solute. Density.
|
1 ShBr, 3-685 ;
[ ShI, 3:720
Znl, 37

Arsenice triiodide also dissolves, the saturated solution at 15° C. having
density 3-661.  Other soluble halides are potassium bromide, anhydrous
ferric and aluminium chlorides 8 and tetramethyl ammonium 1odide;
but the iodides of rubidium, cadmium, manganesc and cobalt, also
mercuric and stannic 1odides, and cobalt and stannic bromides, are
insoluble or only very slightly soluble in arsenic tribromide.  The liquid
also  dissolves pho»l)lwm‘\'l bromide and. very slightly, annmmonium
thiocyanate.  In the mixed solutions ol halides, the components may
react chemically (eft p. 106), but such is not alwayvs the casc; for
example, with antimony tribromide a continuous scries of solid
solutions is formed.”

Clemical Properiies.—Avsenic tribromide reacts with water i small
quantity to forni the oxybromide, AsOBr; in larger quantity arsenious
and hydrobromic acids are formed.S One p wt of the tribromide dissolves
in three parts of boiling water,® and on cooling the solution deposits
erystals ol arsenious oxide. The tribromide is less soluble in aqueons
h}cholnonnc acid. It dissolves in bromine, but does not combine

L Ussanovitzch and Rozentreter, J. Gen. Cham. (U.S.5.12.), 1932, 2, 864; Ussanovitsch
zmd Terpugov, Zeiwtsch. physilal. Chen., 1933, 165, A, 49,
Ussanovitsch, J. Gen. Chem. (U.S.S.R.), 1932, 2, 443.
Tarible, Comp/. rend., 1901, 132, 206.
Cady and Tatt, J. Physical Chemn., 1925, 29, 1057.
Walden, loc. cit.
The following ternary systems have been mvestizated electrochemically: AsBr—
AlBr,-C,H;  and AsBr,-AlBr-C,H.Br.  Compound formation is doubtful. See
l’lutm tov 'md Jakubson, Mem. Tnst. (J/um Ukiain. Lead. Ser, 1935, 2, 495 1936, 3, 131.

* Pushin and Lowy, Zeitsch. anorg. Chem., 1926, 150, 167.

¢ Sérullas, Ann. Chim. Phys., 1823, [2], 38 318: Wallace, J. pralt. Chem., 1839, [17,
78, 119.

¢ Wallace and Penny, Phil. Jay., 1852, [4], 4, 361.
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with it (see p. 110). Oxygen reacts with arsenic tribromide vapour at
red heat to form arsenious oxide, arscnic oxybromide, AsOBr, and free
bromine.!  Hydrogen sulphide passed over the tribromide at 150° (.
vields the bromosulphide, AsSBr (m.pt. 118° C.).2  Ammonia gas is
absorbed by arsenic tribromide to yicld a pale yellow solid of composi-
tion 3 ASBI‘“S.ISNI’I:E; if the bromide is in benzenc sol_ution the product,
according to Landau,*is a white precipitate of composition 2AsBr3.TNH3.
The latter can be ervstallised from hot absolute aleohol ; it is soluble in
cold water, but the solution decomposes on warming, as also does the
dry ammine, losing ammonia. The pale yellow triammino-compounnd
also decomposcs on heating vielding, at 300° C., nitrogen, ammonium
bromicde and arsenic. Organic amines react similarly with arsenic
tribromide. Phosphine ® vields hydrogen bromide and arscnic phos-
phide, AsP. )

Carhon tetrachloride is partially transformed into the bromide ¢ by
prolonged heating with arsenic tribromide at 150° to 200° €. Acetylene,
in the presence of aluminium chloride or bromide as catalyst, forms the
bromovinyvlarsines ¥ (CHBr : CH)AsBr, and (CHBr: CH),AsBr, and
with an increased quantity ol the catalyst 8 (CHBr: CH);As.  When
a mixture of arsenic tribromide and eyanogen bromide is slowly heated
in an autoclave to 180° C. and then cooled and kept for an hour at
120° C., the additive compound AsBr;.2BrCN is formed. It is decom-
posed when heated above 190° C.

Certain compounds with metals and metallic salts have been de-
seribed.  Thus, by heating [inely divided silver or copper with arsenic
tribromide in a sealed tube, substances of composition 3Ag.AsBr,
and 7Cu.2AsBr; have been isolated,” the latter probably containing
uncombined copper in solid solution. Smmilar products are obtained
by the action of arsenic vapour on silver bromide or cuprous bromide
at 500° C. Double dccomposition reactions occur when arsenic tri-
bromide is hecated with stannic lodide 1 or germanium iodide,* the
reactions being complete.  Sodium azide *? reacts with the tribromide in
acetone or methyl alcohol solution to [orin a white compound of com-
position Nag[AsBry(N,)g]. Rubidiun and caesium salts of composition
3RbBr.2AsBr; and 3CsBr.2AsBr, have been obtained 3 in the form of
trigonal eryvstals by a method analogous to that used for the correspond-
ing chlorides (scc p. 109).

Arsenic Oxybromide (Arsenyl Bromide), AsOBr, may be prepared
by dissolving arsenious oxide in molten arsenie tribromide and distilling
off excess of the latter; the remaining liquid separates into two lavers,
the upper one consisting of the oxybromide and the lower one a mixture

Berthelot, Compt. reid., 1878, 86, 859.

van Valkenburgh and Davis, J. Colo.-Wyo. Aead. See., 1929, 1, No. 1, 51,
Besson, Compt. rend., 1390, 110, 1238.

Landau, Thesis, Berlim, 1888.

Besson, loc. cit.

Gustavson, dun. Chun. Phys., 1874, |5], 2, 200.

See this Series, Vol. XT, Part 11, p. 56.

Schmidt, Bull. Scc. chim., 1927, |4], 41, 49.

Hilpert and Herrmann, Ber., 1913, 46, 2213.

Karantassis, Adnw. Chin., 1927, 8, 71.

Karantassis, Compt. rend., 1933, 196, 1894.

Vournazos, Zeitsch. ancrg. Chem., 1927, 164, 263.

Wheeler, ibid., 1893, 4, 431; Awmer. J. Sce., 1893, |3, 46, 88,

Wallace and Penny, loc. cit. See also Sérullas, loc. cit.; Berthelot, loe. cit.
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of the oxybromide and excess of arsenious oxide. The oxvhromide
scts to a brown buttery mass on cooling.  The hyvdrated form,
2AsOBr.3H,0, may be obtained | v evaporation over sulphuric acid of
a solution of the tribromide in aqucous hyvdrobromic A(l(l or by the
action of bromine on aqueous phenvlarsinic acid.! It is decomposed on
heating, vielding arsenious oxide and the tribromide.  If the solution in
dilute aqueous hydrobromic acid is cooled. a compound of composition
2A50B1.345,0 . 12H,0 is obtained.?

ArseNIC axD IoDINE.

The existence of two iodides has been established : arsenic diiodide,
AsI, or As,I,, analogous to the corresponding phosphorus compound,
and arsenic triiodide, AsI,, which is the more important. 1In addition,
a moniodide, AsI, and a pentiodide, AsI;, have been described. The
binary system As—I has been investigated, 5 hut the freezing point curve
oives no indication of the formation of cither of the two latter iodides.
The oxyiodide of arsenic, AsOI, has not been isolated.*

Arsenic Moniodide (?), AsI, was described ® as a chocolate-brown
substance resulting from the action of an excess of arsinc on an alcoholic
solution of iodine, and Schiff ¢ claimed to have obtained it by the
addition of boiling alcohol to arsenic trianilino-triiodide. The identity
of these products has not been confirmed.

Arsenic Diiodide, AsI, or As,I, may be prepared 7 by heating a
mixture of arsenic (1 part) and iodine (2 p‘uts) in a scaled tube at 250° C.
for about 8 hours.  After cooling, the tube is placed vertically and the
dark red product again heated to 150° C., when the diiodide sublimes
into the upper part of the tube: or the dilodide may be extracted from
the product by mecans of carbon disulphide and crystallised trom the
latter in an atmosphere of carbon dioxide. A modification of this
method was emploved by Karantassis,® who heated a fincly powdered
mixture of the clements in a scaled retort from which the air had been
displaced by pure dry hvdrogen : the mixture was kept at the boiling
point for two hours and pure arsenic diiodide was obtained from the
product by careful distillation. The diiodide is also formed by heating
i a scaled tube at 150° to 190° €. a mixturc of arsenic and arsenic
trilodide in carbou disulphide solution : 9 the reaction is not complete,
however, some triiodide remaining undecomposed.

Arsenic dijodide crystallises i thin prisms of a deep cherry-red
colour. In air they are rapidly oxidised ® and become opaque and
brick-red.  The crystals, when purified by carveful distillation, melt at
130° C., but the undistilled product, as generally prepared, melts at
about 120° €. owing to the presence of dissolved arsenic.t The boiling
point1fin an atmosphme of hydrogen or carbon dioxide is 3757 to 3807 (.

-

Michachs, Ber., 1877, 10, 625. 2 Wallace, Phil. Mag., 1838, [4], 16, 358
Jager and Doornbosch, Zeitsch. unorg. Chem., 1912, 75, 261. )
Plisson, dun. Chom. Phys., 1828, [2]. 39, 265; Zinno, Repert. Pharm., 1873, [3], 22,

Ry

385; Wegner, dnnalen, 1374, 174, 129, Also sec p. 119.
> Gopel, Adrch. Pharm., 1349, [2], 60, 129, 141: Meurer, ibid., 1847, [2], 52, 1.
6 Schift, Compt. rend., 1863, 56, 1096.
7 Bamberger and Phihpp, Ber., 1331, 14, 2644,
S

Karantassis, Bull. Soc. chim., 1923, [4], 37, 833.
Bamberger and Philipp, loc. cit.
10 Karantassis, loc. ¢it. Cf. Frank, Thesis, Berne, 1912, p. 19.
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The crvstals dissolve in earbon disulphide and chullioscopic measure-
ments indicate ! that the molecular formulais As, Ty they also dissolyve
in cther, aleol:ol and (~Mm-utmlm. When .(:\‘pos(*_d to air, these solutions
darken in colour owing to the formation of the tritodide, and the diiodide
cannot he recovered by evaporation owing to complete decomposition.
Boiling acctic anhydride also dissolves the erystals but, on cooling, a
vellow substance which appears to contain a derivative of the triiodide
separates. The diiodide is ulso decomposed by pyridine with separation
ol arsenic, the tritodide being found m solntion.

The addition of water or alkalt to the erystals, or to the aleoholic
solution, canses blackening, the tritodide and arsenie being formed ; the
decomposition is aceclerated by warming. Concentrated sulphurie acid
and [uming nitvie acid have little action in the cold but, on heating,
iodine vapour is expelled, and with the latter acid, iodic and arsente
acids are formed.

Arsenic Triiodide, AsT;, mayv be prepared by gently heating a
mixture of the elements.? The combination Is accompanied by evolu-
tion of heat and, on cooling, the tritodide can be obtained by erystalhsa-
tion from carbon disulphide or xyvlol.  The clements may be heated
under a rellux condenser in the presence of a solvent such as carbon
disulphide, cther or chloroform, until the colour due to Iree 1odine has
disappearcd® (the removal of the Jatter is aceclerated by having a small
excess of arsenie present) ;1 the solution is then decanted and cooled,
and the tritodide which separates is reerystallised. The product, which
is a pharmaccutical preparation, should contain not less than 99 per
cent. Ast

Many other methods of preparvation have been employed. For
example, the triiodide is formed when arsenions oxide,® or a mixture of
this oxide with sulpher,® is heated iniodine vapour ;- or when arsenious
oxide is heated with iodine,” hydriodie acid,® a mixture ol potassium
jodide and aectic acid,? or a minture of potassium todide and potassium
hydrogen sulphate?  When arsenie disulphide and iodine, in the pro-
portions TAs,S,: 31, are heated together, arsenic trifodide is formed.
When arsenic trisulphide is fused with an excess ol iodine, the product
is soluble in carbon disulphide and the solution on evaporation deposits
arsenic tritodide, then a sulphiodide and linally sulphur with excess of
sulphide the product is the sulpbiodide, AsS, 0 I asolution of jodinein
carbon disulphide is added to arsenie di- or tri-sulphide, the tritodide
and sulphur are formed.  The triiodide is also produced when a mixture
of the wrisnlphide and merenrvie jodide is heated ;7 when hydriodic

! Hewitt and Winmill, J. Cheune. Soc., 1907, 91, 962,
2 Sérullas and Hottot, J. Pharm. Chim., 1828, (21, 14, 49, 164, 598; Plsson, ibid
1828, (2], 14, 46, 592; Thomson. Lancct, 1838, p. 1763 Repeit. Pharm., 1839, [2], 17, 360;
Bette, dunalen, 1840, 33, 349; Gopel, Areh. Phaiin., 1819, {21, 60, 120, 141
8 Nickles, J. Pharim. Chim., 1862, (3], 41, 147; Bamberger and Philipp, Ber, 1881,

14, 2644.
sk duer. Mineral., 1930, 15, 263.
> Brame, Compt. rend., 1851, 33, 57Y.
& Oddo and Grachery, Guzzeltn, 1923, 53, i, 56.
" Richter, Apoth. Zitg., 1911, 26, 728, 742,
8 Bahcock, Avck. Pharin., 1877, [31, 9, 455.

Vournazos, Zeitsch. anorg. Chem., 1927, 164, 263.
Copel, loc. cil. v
Schneider, J. piali. Chen., 1886, [2], 34, 505: 1887, [21]. 36, 493.
3 Duflos, Pharmadol. Chein , Breslau, 1842, p. 133
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acid reacts with arsenic trichloride ;1 and when arsine acts upon iodine,
cither dry 2 or in alcoholic solution.®

Commercial arsenic  trilodide frequently  contains  considerable
impurity, and samples prepared from arsenic and cther solutions of
iodine have been found to contain up to 30 per cent. of {ree arvsenic
owing to the premature stopping of the reaction.*  This mayv be avoided
by preparing the iodide by the action of potassium iodide on arsenious
oxide 1n hydrochloric acid solution.  Free iodine may also be present as
an impurity.®  The following procedure, recommended by Pat eu.osto 6
vields a product of 998 per cent. purity : 2 g. of arsenious oxide are
treated with 30 c.c. of hydrochlorvic acid (dens. 1 -19) and to the p'oduc't
is added a solution made by heating together 10 g. of potassium iodide
and 10 c.c. of water.  The mixture is allowed to react for about 5 minutes
and the resulting precipitate is collected on ashestos and dried in a
vacuum.  The arsenie trijodide is extracted by repeated washing with
carbon disulphide: when the latter is removed by cyaporation in a
vacuum, fine hexagonal plates of the pure tritodide remain. The pure
p‘olu(t may also be obtained 7 by relluxing a mixture containing

-~

26-5 g. of arsenious oxide, 5-27 g. of sulphur and 102 g. of iodine at

200° . for 14 hours, subsequentl\' extracting at 90° C. with mustard oil

and 1ecrv<tdlhsmo 1ap1dl\' from carbon d]sulplhde by cooling in liquid
air.

Physical Properties.—Arsenic triiodide crystallises in orange-red
hexagonal plates. The structure 8 is a layer lattice and there are six
melecules perunit cell. The iodine atoms are in hexagonal close packing,
cach arsenic atom being surrounded by sixiodine atoms. The distances of
closest approach of iodine atoms are 4-28 and 4-13 A, and of arsenic and
iodine about 2-97 A.  The dimensions of « and ¢ are, respectively, 7-187
and 21-3904 A, When fused or sublimed, the colour is brick-red.® The
crvstals are odourless and of density 1 £-374.  The melting point,?
according to Madson and Krauskopf,? is 138-6° C.; the boiling point 3
is 394° to £14° C.

There are indications that the triiodide exists in two polymeric forms.
The ordinary red form, when sublimed in a vacuum, gives a vellow
sublimate which slowly changes to orange-red at mdman t(mpcm“ulcs
the vellow form is also obtained by cooling to a low temperature b\‘
means of solid carbon dioxide and aleohol, the product changing to the

t Hautefeuille, Compt. read., 1867, 64, 704; Bull. Soc. chim., 1867, [2], 7, 189. See
also Bamberger and Philipp, loc. cit.

: Hmson, Compt. read., 1868, 67, 56. See also Jacobsen, Ber., 1887, 20, 1999; 1888,
S46.

8 Meurver, ich. Phaim., 1847, (2], 52, 1.

Bryant, Pharm. J., 1’*3), 130, 175.

Husa, J. Awmer. Pharm. dssoc., 1931, 20, 1024.
]At\mo\o Rev. fac. cien. quim. La Plata, 1930, 7, 43
Madson and Krauskopf, Rec. Trav. chim., 1931, 50, 1005.

8 J_)AJ.(I\]\GH Zeusch. Krist., 1930, 74, 67; 75, 574; Heyvworth, «bid., 1930, 75. 57
Phys. Revicu 103 1, [2]. 38, 351, 1792: Greve and others, Trans. Faraday Soc., 1637,
33, 852: ¢f. luLd.ldmIn Zelseho Kryst. 3in., 1874, 3, 214,

9 Bctte Annalen, 1340, 33, 349.

WoSchroder, © Dichtapiocdsinessargin,” Heldelberg, 1873.

T See also Sloan, Chom. News, 1882, 46, 194; Carnelley. J. Chem. Suc., 1884, 45. 409;
Horiba and hxou)\, Report Osada Celebration, Kyotd, 1927, p. 2749; Jager and Doornboseh
found the f.pt. to be 140-77 C., see p. 120.

12 Madson and Krauskopt, luc. cuf.

15 Carnelley and Williams, J. Chem. Soc., 1880, 37, 125.
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orange form as the temperature rises.  The two forms possess different
vapour pressures, and for this reason the results obtained in deter mina-
tions of the vapour pressure of the solid are irrcgular and discordant.
The following values for the vapour pressure of thc orange form have
been obtained : 1

‘ | s
Tcmp., ° (. . 1135 .BL 73 85-60 130 98 1 4379 1160-39 1%’ 41
Vap. press.. mm.  0-000 0-013 0-203 0O- 706 1-158 2 777 7-891

The T/logp curve shows the melting point ol this variety to be
about 144° C.  The molecular heat of vaporisation is 19,200 calories.

The vapour density * is 16-1 (air =1) corresponding to the molecular
formula AsI, (15-8), but the vapour, which is yellow, generally contains
the pxoducts of thermal decomposition (see below). The heat of forma-
tion, according to Berthelot,? is (As, 81gas) 28,800 calovies and (As, 3so1ia)
12,600 calories. From measurements of density and coefficient of
expansion at low temperatures the molecular volume at 0% Abs. has
been calculated * to be 93-2, a value which corresponds with that
similarly derived for the molecular volume of phosphorus triiodide.

Arsenic triiodide is soluble in carbon disulphide, alcohol, cther,
chloroform, benzene, toluene and the xylencs.”> The solution in carbon
disulphide ¢ omduall\' darkens owing to absorption of oxygen and libera-
tion of iodine.5 With aleohol at 150° C. et hyl iodide is formed. Tn
methylene 1odide ® the tritodide dissolves to the extent of 174 parts of
AsI, in 100 parts of solvent at 12° €. The dipole moment in various
solvents has been determined.”

The triiodide dissolves frecly in water to give a vellow solution with
an acid taste and reaction.®  The concentrated solution is fairly stable
and the triiodide may be recovered by distilling off the solvent.?

In the solid and liquid forms, arsenic triiodide is a non-conductor of
electricity, but some ol its solutions are weak couductors;!® thus, a
saturated solution in allyl isothiocyanate at 60° C. has a conductivity of
1-14 x 10~* mho.

Chemical Properties.-—When heated above 100° C. arsenic triiodide
dissociates slowly into its clements; above its melting point this
decomposition hecomes more rapid.t  In air, the products are arsenic,
arsenious oxide and iodine, and the action plmccds slowly even below
100° C. and is vapid at 200 C.; at higher temperatures the triiodide

burns with a pale blue flamc.2? Ileated in an atmospherc of nitrogen in
Homba and Inouye, Report Osala Celebration, Kyotn, 1927, p. 279.
Wurtz, “ Dictwonnaire de Chunie,” Paris, 1868, 1, 463.
Berthelot, Compt. rend., 1878, 86, 862.
Biltz, Sapper and W unnenbem, Awf\clz anorg. Chem., 1932, 203, 277.
Retgers, bid., 1893, 3, 344.
Schnmdcr J. 707r1/J Chem., 1886, [2], 34. 505, 1887, [2], 36, 498.
Malone :md Ferguson, J. C/mm. Physics, 1934, 2, 99.
8 Plisson, dAwie Chim. Phys., 1828, (2], 39, 265; J. Pharm. Chii., 1828, {2}, 14,
46, 592.
. Iia)mborgcr and Philipp, Ber., 1881, 14, 2644; Richier, Apoih. Zig., 1911, 26,
(28, T42.
10 Mathews, J. Physical Chem., 1906, 9, 641.
11 Madson and Krauskopt, Rec. Trav. chim., 1931, 50, 1003.
Berthelot, loc. cit.
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a scaled tube, it dissociates appreciablyv at 165° C. Although the: aqueous
solution appears to be stable and does not darken on exposure o air, if

allowed to evaporate slowly in an open vessel crystals of an o_\_\'lod.de,
2:&501.3.&5203.12H20,1 remain. It has been shown,? however, that a
very dilute aqueous solution of arsenic triiodide is almost completely
hyvdrolysed and is essentially a solution of arsenious acid and hydriodic
acid in cquilibrium with a small quantity of the triiodide. In freshlv
prepared solutions this equilibrium is reached within a few minutes, and
for an approximately 0-1N-solution the pH value is 1-1, which is the
same as that of a 0-1N-solution of hydriodic acid. In the presence of
an excess of hydriodic acid spontaneous evaporation leaves only the
trilodide.r  Solutions in many organic solvents, for example acctone,
benzene, glacial acetic acid, are unstable,® decomposing with liberation
of iodine, as in the case of carbon disulphide solutions mentioned above ;
the decomposition is accelerated by the presence of water or oxvgen,
but is apparently unaflected by light. When sulphur is added to a
solution of arsenic triiodide in carbon disulphide, orange-coloured
erystals of a sulphiodide of melting point 104° C. and of composmon
AsI,.3S, separate ; * this compound crystallises in the trigonal system,
the dnnenswns of the unit cell, which contains onc molecule, bcmo
a=14-2, b =246 and ¢ =448 A.

Dry hydrogen sulphide in the cold does not react with arsenic tri-
iodide. At 200° C. some of the latter volatilises and is carried away by
the gas stream, while the remainder is converted ¢ to a cryvstalline
iodosulphide, As,S;I. The aqueous solution with hvdrogen sulphide
vields a precipitate of arsenic trisulphide.”

Ammonia is slowly absorbed by the triliodide and a voluminous
vellow substance is produced$ which, if kept over sulphuric acid,
loses ammonia until the composition corresponds with the tetrammino-
triiodide, AsI;4NH;. At 0° C. more ammonia can be absorbed to vield
the dodccammmo compound, AsI 12NH,;.  If ammonia is passed into
a solution of the triiodide in benzcnc or ether, a voluminous white
precipitate, of composition 2AsT,. 9N, is tormed.? The existence of
these ammines as definite compounds has not been established.’ With
phosphine, arsenic phosphide is produced :

AsI, + PIL, = AsP - 3HI

Cryoscopic and ebullioscopic measurements indicate that the halides
of phosphorus, arsenic, antimony, titanium and tin readily undergo
reciprocal interaction with 111tu1c11an<»c of halogen atoms and that mixed
halides can be formed** (sce p. 103). Melting and | reezing point curves
are, however, gencrally of the cutectic or mixed crvstal types, without

t Wallace and Penny, Phil. Jlay., 1852, [4], 4, 361.
* Cocking, Quart. J. Pharm. l’lzzumucoi 1929, 2, 409; Husa, J. dwmer. Pharm.
Assoc., 1930, 19, 1237.
3 Madson and RKrauskopt, loc. ¢it.
v Auger, Compt rend., 1908, 146, 477.
Hovtwl Zoiteoh  ohoreiled (D 1G22 v 12 =1
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maxima corresponding with compound formation, and the mixeq
halides have not been isolated. The molecular weight of the triiodide
caleulated from the lowering of the freezing point of arsenic tribromide 1
agrees with the formula AsI 45 but in dntlmon\' trichloride the vesult is
abnomml the molecular weight being about half the normal value.
This has been attributed * to the reaction

3ShCl, +AsI; =AsCl; +3ShbClLI

resulting in an increased number of solute molecules. The system
Asl, PI has been investigated ;% an 150(‘111101})1101:% series of crystals
is fmmcd with a transition pomL at 73:5° C.  According to I\amntqssn
double dccomposltlon occurs hetween arsenie triiodide and stanmg
chloride, but there is no reaction between the triiodide and phosphorus
trichloride. With stannic iodide,” arsenic triiodide forms a cutectic at
106-2° C. the composition of w In(h is 1Snl, : 0-6936As1; By mixing
together a saturated solution of lead 10(11de and a Doﬂmn sa’rumtcd
solutlon of arscnic triiodide in hydriodic acid, the Lompound 3PhI,.
AsI,.12H,0 has been obtained.® This is decomposed by water, alcohol
or ether. ~ The anhydrous salt may be obtained by heatlncr at 45° C.

Donovan’s solution, Liquor Arseni et Hydrargyri Iodedz a well-
known pharmaceutical plepamtlon is an aqueous solution containing
about 1 per cent. each of mercuric 1odide and arsenic triiodide. O\\mn
to hydrolysis of the latter (sec p. 119) the solution, which is colour]ess or
very pale vellow, consists essentially of arsenious acid, mercuric hydro-
gen iodide, HHgI, . and hydviodic acid, the pH of the freshly pr oparcd
solution being? 1-2to 1-3. On ]\ccpmc, the solution deteriorates owing
to oxidation to arscnic acid, both by the air in contact with the solution
and by the oxidising action of iodine and water ; free iodine appears in
the solution only after a long time. The oxidation is accelerated by
light, that of wavelengths betyween 3200 and 4600 A. being most active.?
Therefore, in dispensing, the solution should be freshly prepared or, if
not used immediately, kept in a well-filled amber bottle, preferably in
a vefrigerator. The stahility of the solution may be increased 2 by
replacement of the air in the bottle by an inert gas, replacement of
25 per cent. of the water by honey or syrup, the addition of calcium
carbonate or of sodium bicarbonate to cnsure the most favourable
pH (6:5 to 7-5), or by the addition of 0-1 per cent. of terpin hydrate or
of an excess of potassium iodide.

Arsenic triiodide forms unstable complexes with the alkali halides. !
The rubidinm and cesium compounds,* 3RbI.2As1, (pscudo-hexagonal,
a:c=1:2486)and 3CsL.2AsT, (1 10xagonal bipy ramids, @ ¢=1: 2 -488),
arc formed in an analogous manuer to the corresponding chlorides
Walden, Zeitsch. anorg. Chem., 1902, 29, 376.

Tolloczko, Bull. Acad. Cracocie, 1901, p. 1.
Jager and Doornbosch, Zeilsch. (L/[O/f/ Chem., 1912, 75, 261.
1\,11<1ma\< , Ani. Cliiie., 1927, 8,
Wasiléelt, J Russ. Phys. Chen. A\,m.., 1912, 44, 1076: 1917, 49, SS.
Mosnier, A:m Chine. Phys., 1897, 7], 12, 374.
Husa, J. dwmer. Pharu, dssoc., 1931, 19, 1287.
Husa and Enz, ihd., 1930, 19, 328.
Schulze, [/ml 1")6 15, 4645 Husa and YEnz, loc. e/l 5 dhed., 1930, 19, 1228: Husa,
loc. cit.; dbid., Il Cocking, Quart. J. Phearm. 1’//mm(uu/ 1929, 2, 409; Morton
and batcwn Lbzrl 193{ 7, 447; Acwn, Amer. J. Pharm., 1930, 102, 132,
0 \1c1\1e\ J. Pharm. Chim., 1862, 3], 41, 147.
g W hcoler, Zeitsch. aiorg. Clwm , 1893, 4, 455.
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methyl

(sec p. 109). Sodium azide reacts with arsenic trifodide i me
N5k

alcohol or acetone solution * to form the compound Na[AsI,

Boron tribromide dissolves in arsenie triiodide.?

Arsenic Pentiodide (?), AsI,.—When a mixture of arsenic and
jodine in the requisite proportions i1s heated in an atmosphere of carbon
dioxide in a sealed tube at 150° C., a brown crystalline product is
obtained.® The crystals, which melt at 70° C. and have density 3-93,
are soluble in water, carbon disulphide, alcohol, ether and chloroform.
The solution in carbon disulphide vields, when allowed to crvstallise, a
mixture of arsenic triiodide and 1odine.  The latter is readily lost from
the pentiodide, and heating at 100° C. in nitrogen in a scaled tube brings
about the decomposition. Like the triiodide, the pentiodide dissolves
boron tribromide.*

The fusion curve ol mixtures of arsenic and iodine shows no evidence
of the formation of a pentiodide, but there is a entectic, of freezing point
71-5° C., which has the approximate composition of this substance.?
The absorption spectrum of the solution in carbon disulphide is similar
to that of a mixture of the triiodide and iodine.?

A scries of double compounds of arsenious oxide and the iodides
of bivalent light and heavy mectals has been deseribed.®  The compounds
are obtained in crystalline form by saturating hot moderately con-
centrated solutions of the iodides with arsenious oxide and allowing to
cool. The following have been prepared :

Bel,.3A5,0,.8H,0

Mg(or Ca or Sr)I,.3A5,0,.12H,0
Bal,.3A5,0,.9H,0

7ml,.3As, O 10H,0

Mn(or Fe 01' Co)I,.+As,0,.1211,0
Nil,.4As5,0,.10H,0

Also All, 6%5 ,0,.18(7)H,0

These compounds resemble in properties the arsenites of the metals,
the characters of the iodides being suppressed.  They are moderately
stable in dry air but tend to becomie oxidised on keeping.  With the
exception of the magnesium compound they arc slightly soluble in
water, the solution apparently containing a complex salt with a simple
metallic cation. When heated with water they undergo partial decom-
position into the iodide and arsenious oxide.

Similar compounds of the alkali metals are also known, but except
in the case ol the lthium salt,” Lil.2As,0,.31,0, prepared as above,
the crystals are anhvdrous. Thus a solution containing ammonium
dihydrogen arsenite, ammonium lodide and arscnious oxide yvields$
I“(‘\Aoondl prisms of composition NI, L.2As,0,, stable up to 150° C.
The sodium salt, Nal.2As,0,, cry Stdlhses from a hot solution containing
sodium iodide dll({ arsenious oxide or sodium arsenite; it is (l(‘(om-

L Nournazos, Zedsch. annig. Cheni, 1927, 164, 263.

Tarible, Thesis, Pars, 1\‘)“ [T r'//lA rend., 1961, 132, 206.
Sloan, ( e News, 1852, 46, 194,

Tarible, lue. edt.

Quercigh, At deead. Ist encto, 1912, 70, I, 667.
Weinland and Gruhl, Adrch. .[’/zruuz 1917, 255, 467.
Weinland and Gruhl, loc. cit.

udorll, Ber., 1886, 19, 266S; 1888, 21, 3051.
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posced by water.  Two potasstum salts arve known : KI.As,0,, which
separates in vellow plates from a hot solution containing ~p(')tassiuin
iodide and arsenic trilodide in dilute hydriodic acid,* and also KI.24s,0
prepared analogously to the sodium salt.?  The rubidium shali?:
RbI.As,0,, and the cesium salt, CsL.As,04, have been obtained by the
method used for the corresponding potassium salt.! .

A complex bromiodide of mercury and arscnic, AngGBrpI% pre-
sumably the arsenic salt of the acid HI(HgBr,),. prepared by addition
of hydriodic acid to a benzene solution of mercuric bromided, has been

obtained.?
Wheeler, dmer. J. Sci., 1893, [3], 46, 83; Zcitsch. wnorg. Chem., 1893, 4, 457.

1
2 Rudorff, loc. ¢if.; Schiff and Sestini, 4nnalen, 1885, 228, 72.
3 Vournazos, J. prakt. Chem., 1933, 136, 41.



CHAPTER VIL

THE LOWER OXIDES OF ARSENIC AND THE
METALLIC ARSENITES.

Two well-defined oxides are known : arsenious oxide, As,0, and
arsenic pentoxide, As,0;.  The former is the most important compound
of arsenic, being the form in which the element is most used. A
suboxide, As,0, and a tctroxide, As,O,, have been described, but the
existence of neither as a pure compound has been established.

Arsenic Suboxide (2), As,0, was considered by Berzelius ! to con-
stitute the superficial dark brown film which forms on arsenic owing
to oxidation. IRetgers? stated that the brown deposit which accom-
panies the mirror formed by sublimation of commercial arsenic was
the suboxide. It was looked upon ? as an intermediate product in the
oxidation of arsenie, but the material so described was undoubtedly a
mixture of arsenic and arsenious oxide * or, in some cases, merely the
amorphous variety of arsenic.

Arsenious Oxide (.Irsenic Triovide), As,0, or As,04. also known as
white arsenic, arsenie, flowers of ursenic and arsenious acid, was known to
the Arabian alchemists of the twelfth century.  Roger Bacon described
it > as a white, transparent substance resulting from the sublimation of
a mixture of orpiment and iron filings. It is obtained commercially in
large quantities by the roasting of arseniferous mincrals, a method of
production known from carly times, the product being called Hutten-
rauch (furnace smolke) by Basil Valentine.  When arsenopyrite (mis-
pickel), FeAsS, is heated in air below red heat, arsenic sulphide vapour
15 liberated, but at a higher temperature arscenious oxide and sulphur
dioxide are cvolved, leaving a residue of ferric oxide, sulphide and
arscnate.  Likewise. 1ollingite produces arsenious oxide at a bright red
heat. But although some arsenic ores are thus treated for arsenic alone,
almost the whole of the world’s supply is produced as a by-product in
the treatment of ores for gold, copper, lead and tin, ete.

In 1914 the annual world production of white arsenic was about 10,000
tons.  Germany was the foremost producer, but the production of the
United States and Canada was of increasing importance; England, which
in the prosperous days of Cornish tin mining had produced even more than
Germany, was still an important producer. In vecent vears the annual
production has expanded until, since 1933, it has reached more than

b Berzelivs, dun. Chin. Phys., 1811, [ 1], 80, 9: 1817, 2], 5, 179: 181Y, [2], 11, 237,
2 Retgers, Zesch. anorg. Chene, 1893, 4, 4035 sce also von Bonsdortt, L /rst., 1835,
. 09,

- Mitchell, dumer. J. Sei., 1831, 1], 19, 122.

1 Geuther, dnnalen, 1887, 240, 217. See also Thomson, dnn. Chim. Phys., 1815,
1], 93, 289; Buchner, Rep. fur Pharm., 1825, 21, 23.
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70,000 tons,? the lead being t 'zlkcn by Sweden and the United States,
The outputs for 1033 aud 1931 of the principal countrics concerned are
shown in the following table.r  The available ligures do not distinguish
hetween erude and refined white arse nie, such divi lsmn being practically
impossible, for w hat is designated ““erude arsenic” in some countries
contains as much as 98 per cent. As,O, and compares fav ourably with
the refined product exported [roni other sources.

WORLD PRODUCTION OF WHITE ARSENIC, 1933-34,
IN METRIGC TONS

; Country. : 1933. : 1934,

| Australia . : 1,804 :

| Belgium- Lu\cmbm'n L(ouomm Lmon . 2579

} Bld/,ll . . . . . . 322 29 ‘

i Canada . . . . . . 666 747

| I'rance . . . . . . 6,886 7.508
Germany . . . . . o 2,662 2,752 |
Japan . . . . . 2,375 2734
Mexico . . . . . . 1,697 7.860
Sweden . . . . . . 88,446 % 28,618 * |
Turkey . . . . . . 762 * 6,596
United Kingdom . . . - 1231 188 ¢
United States . . . . . 10,702 B S

L\pxemd as arsenic content of ore.
- White arsenic and arsenic soot.

Swedcn, which produced virtually no arsenic prior to 1926, has
rapidly become the dominant producer, and the smch‘inw works and
clectrolvtic refineries recently crected at Boliden on the Gulf of Bothnia 2
are able to deal with 400,000 tons of orc per anmhn; they produce
refined copper, gold, silver and white arsenic. The ove used is a
mixture of chalcopyrite, avsenopyrite and ivon pyrites containing only
2 per cent. of copper, small quantitics of eold and silver, and some lead,
zine and antimony.  The arsenic content averages neariy 11 per cent.
and the annual preduction is now more than 40,000 tons—more than
world requirements.  This production on such an unprecedented and,
at present, unmarketable scale of so toxic a substance presented an
interesting problem both [rom the cconomic and metallureical points
of view. At fivst the crude avsenical fume was vendered innocuous by
mixing with cement and water and allowing the mixture to harden
before dumping,® or the coudensed product was placed in large conercte
evlinders and sunk in deep water in the Guif of Bothnia.  This method
of chsposal, however, proved too expensive and the producet is therefore
stored in huge conerete structures,

b See van Siclen and Gevey, ™ Meserals Yearhook” 1S B of /m- «. 1936, p. 500.
2 Palén, Euy. and M. J 1932, 133, No. 6, 339: l\lu and Gerry, " Menerals Year-
booL, U.S. Bureaw of I ines, ‘Jo‘l~o3 p- 3233 Siclen and ¢ erry, loc. cal.

® Lindblad, -lmerican Pu/euls, 1822103 (1931), 1720351 (J"")) Swe
74722 (1932).

ish Patent,
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In the preliminary roast the arsenic is almost completely removed
from the ore, less than 1 per cent. remaining in the caleines.  The gases
are cooled below 1507 €., livst 1n large chambers of sheet iron equipped
with air-cooled jackets, where about one-third of the arsenious oxide
condenses, the rest being caught 1n Cottrell * treaters 7 of the plate
type.t These are chambers packed with wertical collecting plates of
corrugated iron; the gas flow is horizontal across the lface of the
p]ai(s and the latter ave cleaned by tapping with = knockers,” where-
upon the condensed dust falls into hoppers. From these, the dust passes
in clesed cars or by screw-conveyors to a belt-convevor which runs in an
underground tunnel to an elevator which carries the powder to the top
of the arsenic storage into which it is discharged through slots in the
rool.

In the United States? about 90 per cent. of the white arsenic
produced is recovered as a by-product in the smelting of copper ores,
the remainder being obtained from lead, gold and iron concentrates.
No ores arc now minced directly for arsenic, the above sources being
sufticient to satisfy existing demands.  The chief producing states are
Montana, \\'hu' e arsenic occurs chiclly as enargite, and Utah, where the
dcposits contain arsenopyriie and scorodite. The roaster ])Lmts vield
flue dusts containing about 20 per cent. of As,0,. Lead * bag-house
dust  carries from 30 to 40 per cont. As,0.,. The dust is smelted in a
reverberatory furnace, producing a matte, and the gases are passed
through a hot Cottrell ** treater maintained at a temperature which
precipitates the dust but allows the arsenical fume to pass on to a cold
Cottrell ** trecater 7 where it is condensed, vielding a product containing
70 per cent. As,O,. This crude product is resublimed until the desired
colour and purity arc obtained, and in the final stages reverberatory
type furnaces with iron hearths, heated both below and above, are
cmployed and smokcless fuel is used in order to prevent contamination
ol the product with soct. The fumes are condensed in * kitchens,”
which are long chambers divided into compartments, and the white
arsenic linally obtained contains 99-9 per cent. As,0,.3  This constitutes
refined white arsenice, but crude white arscniv,  black dust 7 oand
“treater dust 7 are also marketable products. ]’art of the latter is
made directly into sodium arsenate or = weed-killer 7 (see p. 159).

In Cornwall and Devon the ores used contain arsenopyrite mixed
with iron and copper pyrites, tin ore, zinc Monde, galena, cte. Before
roasting, the ores are \0},(1 ated as far as possible by hand, and tinstone
is removed by washing the “m‘l\' powdered material.  The roa sting 18
conducted in” a reverberatory firnace having a revolving [loor over
which a number of serapers ave 1L\0d. The ove, which contains 10 to 30
per cent. As, 1s miroduced through a hopper on to the floor, which
revolves once every 12 minutes or so. It is heated to dull redness for

* See Hayward, “Outlive of Melallurgical Practice,” van Nostrand, 1929, p. 58, for
description and :LCLIOHJI diagrams of Cottrell ~treaters.”

2 Tyler and Petar, Elecirochen. Soc. (Pmpvmﬂ 1932, 61, 431; Gerry and Mevyer,
Bur. Min., > 3oncial /u'~()l'1((\ of .S 1931, 1, 9; Tyler and Gerry, — Minerals Yeai-
bool:,” 192‘2—33; Hayward, =~ Quilinc of 1[((!1/’71)//1«/1[ P/czc/uz “van Nostrand, 1929, p. 319.

3 For methods of roasting arse mLal ores to form dbumtes, sce Lindblad, American
Patents, 1729351 (1924), 1763435 (1930): Coolbaucrh and Read, American Palent, 1597018
(1926).  For further methods of procedure, sce Doremus, Trans. Lmer. Electrochen. Soc.,
1919, 35, 187; Williams, Lng. M J., 1920, 110, 671 Young. «bid., 1924, 117, 757;
Bassett and Sadtler, Amesican Putent, 1528004 (19235); Tafel and Lampe, Metall u. Erz,
1935, 32, 183.
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about 10 hours and the arsenious oxide, with some sulphur and carbon
collects in the [lues and condensing chambers as dark grey arsenic soor
This is relined by reealeination with smokeless fucl and condensed in
zigzag chambers (of which there are scveral types), the product of the
first chamber being reground and recalcined.  In the other chambers
crystalline white arsenic collects and this is ground and passed tln‘ou(rh
leather pipes into casks under conditions which prevent cscape. Al)obut
60 per cent. of the arsenic in the ores is thus recovered, the remainder
being lost in the slimes formed during the carly treatment.

Special methods of treatment are [requently necessary in order to
purify the crude oxide or [lue dust from the less volatile antimony oxide
and also from metallic and other constituents. A {lue dust containine
up to 6 per cent. of antimony, if volatilised in a tube furnace in a slo{-\:'
current of air and condensed in baffled lues maintained at about 350° (.
gives in the zonc neavest the furnace a vitrcous deposit containingé
small amount ol arsenious oxide and most of the antimonious oxide, and
beyond a erystalline deposit of arsenious oxide of high purity.l Puri-
fication may also be accomplished 2 by heating the dust under pressure
at 150° C. with water, dilute sulphuric acid or dilute alkali solutions ; on
cooling, after concentration, the pure arscnious oxide ('rystallises,land
the deposition may be assisted by stirring the solution in the presence
of a large amount of powdered arsenious oxide.  Another method ® for
removing antimony oxide consists in converting the avsenic to the
trichloride, which is then repeatedly shaken with concentrated hydro-
chloric acid, in which antimony ftrichloride is more soluble than the
arsenic compound.  The Jatter may then be hydrolysed to the oxide by
slowly adding to a considerable guantity ol boiling water.  Lead and
cadmium may be removed by heating with alkali solution to about
200° C. under pressure.?  The arsenic and lead pass mto solution and
the latter is precipitated by passing in carbon dioxide.  The arsenious
oxide is then crystallised from the alkali and any alkali hydroxide
removed by hydrolysis.

Arscenious oxide may be preeipitated from acid solutions containing
arsenic acid by treatment with reducing agents,® for example, by pussin::r
sulphur dioxide under pressure into the agitated liquid.  Precipitation
may be assisted by concentration or cooling, or by addition of fincly
divided arsenmous oxide to the well-stirred solution. i

The removal of small quantities of arsenic from metals and oves is
a commereial problem which may be mentioned at this point. The
Harris process ol soltening lead,® used inseveral vefineries, 1s based on
the principle that such impurities as arsenies antimony and tin may
castly be oxidised and in the presence of certam alkali salts can be con-
verted mto arsenates, antimonates and stannates. Certain [luxes, such
as sodium nitrate, sodinm hvdroxide, sodmm ehloride or fead oxide, are
added to the molten lead, the presence ol an oxidising agent and an
alkall salt being essential. The alkaline slag obtamed is fused @ and

U Read, Tod. Eng. Cheme, Y928, 20, 975 American Patent, 1631496 (1928).

2 Norddeutsche Aftinerice, Britesh Patent, 368316 (1930).  See also Schopper, dwmerican
Patent, 1921706 (1933), and Gardner, Amerean Patent, TT35935 (1930).

¢ Foulk and Horton, J. clmer. Chom. Soc., 1929, 51, 2416,

T Kubel, German Patent, 310750 (1928).

5 Norddeutsehe Affinerie, Britush Patent, 372139 (1932), addition 1o 368316 (1930).

o \Winter, fSng. Mo J., 1928, 125, 725, 809, 893,

T Hall, dwerccan Patewt, 1747709 (1930).
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poured in a thin stream into a saturated solution of sodium chloride
containing suflicient sodium hydroxide to give a liquid of density 1-4.
The mixture is agitated at 90° C. and the hot alkali arsenate solution
separated by decantation from the insoluble residue of sodium stannate
and antimonate. On cooling, the solution deposits trisodium ortho-
arsenate.  Another method? of extracting the sodium arsenate from
the alkaline slag is to digest the crushed slag with cold water, which
dissolves out most of the stannate ; the residue is then leached with hot
water, which dissolves all the arsenate and the remaining stannate, and
this solution, when concentrated and cooled, deposits the arsenate.
Arsenical tin may be treated in a similar manner;? the molten metal
is mixed with sodium hydroxide and chloride and small quantities of
sodium nitrate added from time to time. The slag, containing sodium
arsenate, 1s skimmed off and the latter recovered by boiling with water
and evaporation of the clear solution.

From iron and manganese ores traces of arsenic may be eliminated ®
by heating at a temperature above 500° C. in an atmosphere containing
carbon dioxide mixed with certain reducing gases, such as hydrogen,
carbon monoxide or hyvdrocarbons, of such composition that the ores
are reduced to lower oxides, but not allowing the formation of the
metals or carbides; the arsenic is expelled as arsenious oxide. To
climinate arscnic from tungsten ore the latter may be roasted, or
free sulphur may be added and the mixture heated to above the boiling
point of sulphur and sufficiently high to volatilise the major portion of
the arsenic present.

Arsenic-bearing orves or materials may be mixed with carbonaceous
material and ignited in a current of air under low pressure in order to
volatilise the arsenious oxide.r  Other methods of de-arsenising depend
on converting the element into volatile sulphide ? or, in the case of metals,
into some compound, such as calcium arsenide, insoluble in the molten
metal ; 8 or again, finely ground ores may be agitated with carbon
dlsulphlde until the arsenic compounds arc dissolved.?

Sulphur may be freed from arsenic by treating it in the molten state
with (‘ompounds such as lime or sodium sulphldc which react to form
compounds insoluble in the sulphur and which may be separated by
settling and filtration; $ or the sulphur may be treated in the vapour or
liquid state with chlorine or sulphur dichloride in excess, to form arsenic
chloride, which may be removed by distillation and by scrubbing with
air or an inert gas under reduced pressure.®  Other mcthods consist in

1 Heberlein, Awmerican Patent, 1779272 (1930). Perkins, Hanson and O’Harra
(dinerican Patent, 1756007 (1930)) give a method for extracting as calcium arsenate.

2 Harris, Lnglish Patenis, 257023 (1923), 273440 (1926). See also Little, American
Patent, 1670307 (1928); FltLpd[ll(_lx and Elford, Proc. Australusian Inst. Mining Met.,
1930, 78, 81.

3 Vereinigte Stahlwerke A.-G., French Patent, 730749 (1932); Selivanov and others,
Chemacal Abstracts (Amer.), 1932, 26, 5044,

+ Hills, dwmerican Patent, 1713127 (1929); Kirmsc and Schopper, dmerican Puaient,
1718825 (1929).

° Grondal, Swedish Patent, 68506 (1929); Dalén, Swedish Patent, 68610 (1929);
Cheluishev, Tzvetiurie Metal., 1931, 6, 1225; Chimie et Industrie, 1932, 27, 1081.

5 Skorchellett: and Shultin, Soobshcheniyn Vsesoyuznogo Inst. etal., 1931, Nos. 3
and 4, 67. For climination from copper, see Eddy, Trans. dmer. Inst. Min. Mei. Eng.,
1931, p. 104.

* Sanders, dmerican Patent, 1581475 (1926).

S Levy, British Patents, 350573~4 (1930): French Patents, 7129456 (1931); German
Puatent, 576251 (1933).
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treating sulphur vapour with a molten alkali sulphide or polysulphide,
or with alkali or alkali carbonate which, with sulphur, forms sulphides;
or again. the sulphur may be digested with a solution of ammonia,
ammonium sulphide or ammonimmn carbonate, preferably under pressure
at 1207 to 1307 (.1 _

The principle of flotation has been applied to the extraction of
arsenice concentrates from vesidual sands obtained in the trecatment of
vold ores.?  The sands contained about 3-8 per cent. of arsenic in the
form of small grains of arsenopyrite, associated with pyrites and some
quartz and felspars.  The best results, whereby 96 per cent. of the
arsenic was recoveved, were obtained with the following flotation agents
in acidulated medium : (1) thiocarbanilide (in solution in o-toluidine)
with turpentine, (2) the same reagent containing xanthate, (3) the same
reagent with xanthate and pine o1l.?

Polymorphism and Physical Properties of Arsenious Oxide.

Two distinet crystalline varvieties of white avsenic ave well known,
namely, the octahedral (a-) form and the prismatie (8-) form.* The
existence of a third crystalline (y-) form has been suggested by Smits
and Beljaars (vide infra).  An amorphous form of the oxide also occurs
as vitreous white arsenic.  The conditions of formation of the a-, 8-and
amorphous varictics may be demonstrated ® by heating ecither the
octahedral or the vitrcous form in a sealed tube fixed vertically, the
temperature being maintained at about 400° C. at the lower end and at
about 200° C. near the top. The oxide sublimes and condenses in the
cooler upper part of the tube as the octahedral form, in the hot lower
part as the vitreous form, and in the middle region as the prismatic
form.  When the octahedral crystals are heated, some volatilisation
occurs at about 100° to 125° C. and, as the temperature rises, they
sublime without melting ; under the pressure of its own vapour, how-
cver, fusion occurs at about 272° €. (261 mm.),% and if the tempera-
ture is maintained at a somewhat higher level, starlike masses of the
prismatic form gradually appear.” This change of the octahedral to
the prismatic variety is extremely slow, several days being required
for completion ; in the presence of moisture, however, which acts as an

b 4 > .
accelerator, the change has been observed aflter heating for a few
hours at 166° €. The melling point of the prismatic crystals is
approximately 315°

VI.C., Freneh Patend, 737664 (1932).

* Truslevich, Trectionee Metal., 1932, p. 192 Brit. Chemical Abs., B, 1933, p. 1062;
Chemical Abs. (dmer.), 1933, 27, 4303.

 For methods of removing arsenie from sulphide roasting gases, sce Klencke, German
LPatent, 533232 (1429); Ikebe and Otamy, Japunese Patent, 90844 (1931); Pouthier,
(Jéufq ciedd, 1931, 99, 263: from sulphuric acid, see Lang and Muller, German Patent,
J42781 (1929), Weinstock, German Patent, 578034 (1933).  Also see Briish Patents, 349472
(1929), 349715 (1930); Belgiun Patent, 374258 (1030).

4 Smits and Beljaars, in their origimal papers, designate the prismatic as the a-form
and the octahedral as the 3-form. v Debray, Bull. Soc. chom., 1864, [2], 2, 9.

¢ Smits and Belyaars, Proc. K. Alad. Wetensch, Amstordam, 1931, 34, 1141, This
temperature was obtamed from the intersection of vapour pressure curves ol solid and
hquid.  Nee also Rushton and Daniels, J. Lier. Chon. Noc., 1926, 48, 384.  Lor tempera-
ture-pressure fusion curves for the octahedral and vitreous modifications, see Tammann
and Batz, Zeitsch. anorg. Chem., 1926, 156, 94.

* Welch and Duschak, =~ The Vapour Pressure of Arsenic Troowide,” Washinuton, 1915.
These authors gave 251° C. for the m.pt. of octahedral arsenious oxide.
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The relation between the octahedral and prismatic modifications
has not yet been satisfactorily elucidated. The tormer is the stable
form at ordinary temperatures and the latter at higher temperatures ;
the transition point according to Rushton and Daniels is 250° C. and
according to Smits and Beljaars 200° C., but the prismatic form is
persistent at much lower temperatures and the change from octahedral
to prismatic may be monotropic. Interesting information has been
obtained from measurements of the vapour pressure of the oxide.
The following values have been obtained :

‘ “ ! | ! !

| Tewmp., ° C. - | 6o-61 | SI-S6 - 101-105 | 117-124 | 119126 149-152
I Vap. Press.! (mm ). ,2'4><10'7§2~5><10“"§4-6><10*"; 19 x 1073 2-25010-3" 26 » ]9~
| | ! | : i i :

'Temp.,°C. . . .l o120 1 1333 165

I Vap. Press.? (mm.). 0-00 001 | 0027
i | i i
: S
i l‘unp °C. . co240-8 1 2531 0 2686 290-9  306-8
! Vap. Press.? (mm ! 63 ! 122 244 65+ 100-6

% ! [

According to Welch and Duschak,* the last set of results refers to
the vitreous modification, the following being the values for the octa-
hedral form, which is unstable at the given temperatures :

. Temp., ¢ C.. . w 100 120 140 . 160 180 200 240
Vap. Press. (mm.) 0-000266 : 0-00130 " 0-01035 | 0-0473 = 0-136 0-653 RS

and for the vitreous form :

" Temp., ©C. . . 260 250 300
¢ Vap. Press. (mm.) . 137 383 39-1

'

Rushton and Daniels,® from vapour pressure determinations of both
solid and liquid over the range 220° to 520° C., derived the following
equations :

For the octahedral form, log p= —(6670/T") +13-728
For the liquid form, log p=—(2722/T) + 6-513

The latter equation holds for any sample above 315° C.

Smits and Beljaars ¢ investigated the vapour pressure between 240°
and 380° C. and found the following values. The oxide was prepared
by repeated sublimation at 320° C. under reduced pressure, followed by
heating at 200° C. for 6 to 8 hours. Each sample was maintained at the
temperature indicated for 20 minutes.

Smellie, J. Soc. Chem. Ind., 1923, 42, 466T.

Niederschulte, * Ueber den Dainpfdrucl: fester Korper,” Erlangen, 1903.
Stelzner, = Ueber den Dampfdruck: fester Kérper,” Braunschweig, 1901.

Welch and Dus chak, loc. cut.

Rushton and deblx loc. cit.

Smuts and Beljaars, Proc. K. dkad. Wetensch. dmsterdam, 1931, 34, 1141, 1318.
VOL. VI.: IV, 9
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Phase: Octahedral Crystals (a). i

Temp.,°C. . . . 239-8 | 2532 264-8 2700
. Vap. Press. (mm.) . . 45 " 9-8 18-3 23.4
! i
: — |
Phase: Liquid.
- — : g : : —
! \ !
Temp,®C. .. L2734 2037 03074 3189 | 3332 | 3681
Vap. Press. (mm.) S0 0 430 509 L TTL 1025 | 1886
| i : ) i N B
Phase: Supercooled Liquid.
Temp., © C. . . . . . - 265-9 | 243-5
Vap. Press. (mm.) . . . . . 22:9 ]‘ 12:7

From the vapour pressure-temperature curves, fig. 8, the melting
point of octahedral arsenious oxide is found to be 272-1° C. By not

200,

Vapour Pressure, mm.
N &
S 3

T [}

3
T

0 o —

200 300 400
Temperature, °C.

Tic. 8.—Vapour Pressure Curves of Arsenious Oxide.

heating the samples too long, the following points on the metastable
vapour pressure curve, M, were obtained :

! Tvemp., °C. . . 2783 293-4 | 309-0 \ 3189 326-7
f Vap. Press. (mn1.) . 375 68-0 111-2 | 1229 94-1
| ‘ .

As seen in the figure, this curve passes through a maximum and decreases
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to cut the liquid-vapour line.  On prolonged keeping of the octahedral
form at a temperaturc above 2587 C. a product was obtained which
melted at 289-6° C. and was considered to be a new y-form ; this vielded
abnormally high vapour pressure values :

. Phase: v-form.

| ‘ i : ; ‘ ' T

' Temp., ° C. . 243102638 12742 2703 2846 2898 2051 3100 3157
Vap. Press. (mm.) | 394 5700 657 692, TH2 TTT0 804 TTT 759

The following values for the prismatic variety were obtained :

i
- Phase: Prismatic Crystals (j3) t
. o T ‘ T
| Temp.,, ©C. . 2431 | 2534 | 2638 | 2742 2793 . 2846 2808 | 2951
i Vap. Press. (mm.)! 49 | 76 ;. 117 | 172 214 248 311 372
| ‘

After partial distillation of the prismatic crystals, a residue was
obtained which on heating gave abnormally low vapour pressures
(curve L), thus:

| | | |
| Temp., ° C. .| 2638 2742 4 2
| Vap. Press. (mm.) 2:3 1 961

i

but, on cooling, the B curve was followed. The above product, if partly
sublimed in a closed vessel, vielded a sublimate having the high vapour
pressures of the y-form. It is therefore concluded that the prismatic
form behaves as a mixed crystal phase in internal equilibrium which is
disturbed by partial distillation.

The following stable triple points were determined: a-S-vapour,
about 200° C. (0-26 mm.);: B-liquid-vapour, 312-3° C. (66-1 mm.);
and the metastable points, a-liquid-vapour, 272-1° (. (26-1 mm.);
a-y-vapour, 258-4° €. (13:9 mm.); y-liquid-vapour, 289-6° C. (40-7 mm.).

The following thermal values were also obtained :—Molar heats of
sublimation : a-As,0;, 29,833 ; B, 23,676 ; v, 21,130 calories. Molar
heats of fusion : «, 15,099 : S, 8942 ; ~, 6396 calorics. Molar heat of
vaporisation : 8, 14,734 calorics.2

The octahedral form of arsenious oxide crystallises in the cubic
system. It is produced whenever the vapour is condensed on a cold
surface under conditions of rapid cooling ; it also results by the slow
transformation of the vitreous modification.? It may be obtained by
crystallisation from a hot saturated aqucous solution of the latter ;
the erystallisation may be attended by the emission of flashes of light,
easily scen in a darkened room.® This is the case when crystallisation
takes place from solutions containing hydrochloric acid, or a mixture

1 For thermal values obtained by calculation using the Clausius-Clapeyron equation,
see Rushton and Daniels, J. dmer. Chem. Soc., 1926, 48, 384.

2 Hausmann, Annalen, 1850, 74, 188; von Fuchs, Schweiyger's J., 1833, 67, 429.

3 Rose, Pogy. Annalen, 1835, 35, 481.
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of hvdrochloric and nitric acids, even when the latter is in sufficient
quaxitity to causc complete o_\'idat.ion. of the arsenious oxiglc. The
phenomenon persists after recry's‘tnlhsatlon‘1 and has been attributed to
triboluminescence, since light is also emitted when the crystals are
crushed 2 or well stirred with a metal rod.  The cmitted rays exhibit
no electrical properties and the spectrum is continuous. The pheno-
menon has been investigated by Bhatnagar and his co-workers,® who
suggest that during crystallisation a small quantity of the solution forms
a dispersed phase in the crystal and, according to the physical con-
ditions existing, microcrystallisation takes place more or less rapidly
with the emission of light.

When exposed to filtered ultraviolet light, the pure oxide does not
exhibit any characteristic fluorescence suitable for its identification.

This cubic modification is the stable form of the oxide at ordinary
temperatures and occurs in Nature as arsenile or arsenolite (sec p. 8),
usually accompanying ores of lead, iron, cobalt, nickel, silver, ete. 1t
is a product of the decomposition of arsenical ores. It is frequently
found also as a greyish crust on native arsenie, its presence being due
to superficial oxidation. The crystals are isomorphous with senar-
montite, a cubic variety of antimony trioxide, and a study of the crystal
structure, based on powder photographs, shows that the space-lattice
in both cases is of the diamond form. The molecules preserve their
identity in the crystal and possess the 24-fold symmetry of the regular
tetrahedron ; the four arsenic atoms are associated with the four corners
of the tetrahedron and the oxygen atoms with the six edges.> This is
in accordance with the experimental evidence (see p. 136) which suggests
that the molccule of the oxide agrees with the formula As,O4 The
unit cube contains® cight molecules and the side @ =11-0457 = 0-0002 A.;
the shortest distance between the arsenic and oxygen atomsis 2:01 A.,and
the calculated density is 3-877. The As—As separation is? 3-20 =0-05 A.

When either arsenolite or senarmontite is sublimed on to mica, it is
deposited in octahedra, respectively isotropic and bivefringent, oriented
so that similar dimensions of the crystal meshes coincide,® for example :
As,04 1354, Sb,O4 13-64, mica 13-66 A. Such orientation appcears only
to occur with minerals of ionic structure ? and when both substances
concerned have heteropolar linkings,'¢ so that the phenomenon is said to
provide evidence of this type of linking.

The actual density of the cubie crystals, according to Baxter and
Hawkins, ™ is 3-874 at 0° (., 3-865 at 25° (. and 3-851 at 50° C., but lower
values have usually been obtained ; 12 the density of the natural product

! Baudrowsky, Zeitsch. physikal. Chen., 1895, 17, 234,

* Guinchant, Compt. rend., 1905, 140, 1101, 1170; Gernez, dbid., 1903, 140, 1134.
See also Trautz, Zeitsch. physikal. Chem., 1905, 53, 1.

3 Bhatnagar, Mathur and Budhiraja, bid., 1932, A, 163, 8.

* Kutzelnigg, Zeiisch. anorg. Chem., 1932, 208, 29. This is contrary to reports by
Lenz, Zeitsch. anal. Chem., 1915, 54, 27; and Eihner, Chem. Zitg., 1931, 55, 593, 614,
635, 655. 5 Bozorth, J. Awmer. Chem. Soc., 1923, 45, 1621.

Lihl, Zeitsch. Krist., 1932, 81, 142: Passerini, Gazzelta, 1928, 58, 775.
7 Maxwell and others, J. Chem. Physics, 1937, 5, 626.
Hocart, Compt. rend., 1933, 196, 1234.
Royer, ibid., 1933, 196, 282, 10 Friedel, bed., 1933, 196, 284.
Baxter and Hawkins, J. dmer. Chemn. Soc., 1916, 38, 266.
Taylor (3:529), Phil. Mayg., 1801, 9, 482; Gubourt (3-695), J. Chim. mid., 1826,
1, 2, 55, 106; Karsten (3-720), Schweigger’s J., 1832, 65, 394; Winkler (3-628), J. prakt.
Cheum., 1885, [2], 31, 247,
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usually varies between 3-70 and 3-72. The hardness is 1-5. The com-
pressibility. B, under pressures up to 9000 atm. has been determined
with the following results :

At 30°CL B ({e. ~ AV T, ) =02-49 x 1077y ~272-f x 107122
At75°C. B 92-88 x 10~ —250-5 x10712p>

This very high compressibility is to be expected from the structure of
the crvstal which, as seen above, is molecular rather than ionic and
morcover contains large open spaces between the atoms.  The refractive
indices at 17° C. arve 1-755 for sodium light and 1-748 for lithium light.?
Klocke observed ® that for yellow light the sublimed crystals exhibit
double refraction, but this could not be confirmed by Brauns.*

The crvstals on heating volatilise without melting, but when heated
under pressure liquefy with initial formation of the vitrcous form.
The speclﬁc heat is 2 0-1279, and the molar heat 8 over the range 3° to
+1° C. is 28:83. The coeflicient of cubical expansion 7 is 0-00011 from
0° to 25° C., and 0-00012 from 25° to 50° C.

The heat of formation is as follows : S

2As(eryst.) +30 = As,0,(octahedral) +154,670 cal.
From EDMLF. measurements at 25° and 45° C. of the cell
As(metallic) | As,0,(octahedral) + HCIO,(0-22 - 0-94M) | H,

Schuhmann? derived the frec energy and heat content of arsenious oxide.
The clectrode, which consisted of arsenic deposited on platinum, was
immersed in a mixture of perchloric acid and arsenious oxide and the
E.ALF. was found to be, at 25° C., —0-2340 volt 1% and, at 45° C., — 02250
volt. The free energy of formation at 25° C. of As,0, (octahedral)
from metallic arsenic and oxvgen was computed to be — 137,300 calories,
and the heat content, derived from the measurements at the two
temperatures, was found to be —153,800 calories, in fair agreement
with Thomsen’s value,* -154,700 calories, obtained by an indirect
method. Experiments with an adiabatic calorimeter, in which heat
changes as smallas 1 - 5 x 107 calories pergram-hour could beregistered,
revealed no continuous heat evolution from arsenious oxide.?

The heat capacity of the oxide has been investigated 3 at tem-
peratures from about 57° to 296° Abs., and the entropy at 25° (., in
gram-calories per degree, 1s calculated to be 25-6.

The crystals dissolve slowly in cold water, more readily in boiling
water, and the solution is feebly acidie (see p. 138).

1 Bridgman, Proc. dmer. dead. Arts Sei., 1932, 67, 345.

2 Des CIOl\Eau\, Mém. Paris Acad., 1868, 18, 311; “Manuel de Iinéralogie,” Paris,
1893, 13, 16.

3 Klocke, Neues Jahrb. M in., 1880, i, 82.

t Brauns, " Die optischen Anomalien der Krystalle,” Leipzig, 1891, p. 191.

5 Regnault, Adun. Chan. Phys., 1841, 3], 1, 129.

5 Russell, Phys. Zeit., 1912, 13, 60.

“ Baxter and Hawkins, loc. cit.: Fizeau, Compt. read., 1363, 60, 1161.

§ Thomsen. " Thermorkemistyy™ (Longmans, Green and Co.), 1908, p. 227; de Passillé,
A Chon. 1936, 1117, 5. 830 Berthelot (" Zhermockimie,” Paris, 1897, 2, 117) eave
148,900 calories.

¢ Schuhmann, J. e, Chem. Soc., 1924, 46, 1444,

10 Cf Neumann, Zedsch. physikal. Chen. 1394, 14, 193,

1L Thomsen, /oc. . Kee also Berthelot, loe. cdf.

L Swientoslawski and Bartoszewicz, Bull. dead. Polonaise, 1934, A, p. 6Y.
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The prismatic crystals, which belong to the monoclinie system
occur naturally as claudetite, rhombarsenite or arsenophyllite .I(p. 8,).
They sometimes occeur in thin plates, and there may he penctratio
twins.  The artificially  produced crystals were fivst observed b
Wahler,® who discovered them in the arvsenical sublimate of a furnace
in which cobalt ores werce roasted for the manufacture of cobalt blye,
The prismatic oxide is frequently formed in this way during the roasting
ol arvsenifcrous minerals 2 if the condensation takes place at temperat:
tures above 250° (., and it has heen found to occur in mines in which
arsenopyrite has heen decomposed by combustion.  The oxide may
also be obtained in this form from solution if ervstallisation takes plaée
at a high temperature or if a hot solution is cooled rapidly ; thus it may
be obtained from a boiling saturated solution of the oxide in aqueous
alkali,® or rom a hot solution in arsenic acid ; ® also by the addition of
ammonia to a boiling saturated ammoniacal solution of the oxide and
rapidly cooling.”  Prismatic crystals have also been separated from the
solution resulting from the action of nitric acid on silver arsenite.®

The crvstallographic clements are given as® «:0:¢=04010:1:
0-3445 and f=86° 3. The cleavage on the (010) face is perfect. The
optical axial angle 2II = 66° 14/ for red light and 653° 21" for vcllow light,
The erystals exhibit strong double refraction.?®  The optical character
i1s negative. The density of claudetite 1s 385 to 415 and the hard-
ness 2-5.

The vitreous or amorphous form of arsenious oxide, * white arsenic
glass,” may be prepared by heating ordinary white arsenie, preferably
under slight pressure but not at a temperature sufficiently high to
volatilise too large an amount, and condensing the fume at a tempera-
ture just above the point of fusion, say 350° to 400° C. It is sometimes
formed cven below 315° €., the melting point of the monoclinie erystals. it
The operation is generally performed i a cast-iron bell-covered pan ;
the vitreous arsenie colleets as a layer in the bell and by continually
adding arsenious oxide to the pan the process is continned until the
layer 1s about one inch in thickness.t2 When freshly formed, it is
transparent, but it gradually becomes opaque owing to transformation
to the octahedral form 1 and in this state it resembles porcelain.  The

1 Des Cloiseaux, Compt. rend., 1887, 105, 96: Schmudt, Zeitsch, Kryst. 3in., 1888,
14, 575; 1890, 17, 515.

Wohler, Al Cln. Phys., 1832, 121, 51, 201,
Ulrvich, Jeahresher., 1858, p. 173: Schenver-Kestner, Bull. Soc. ek, 1868, [2], 10,
344 Groth, Pogy. ALenalen, 1869, 137, 414,

1 Claudet, J. Chem. Soe., 1868, (21, 6, 179; Bull. Soe. chim., 1868, (2], 10, 230; Zenzen
and others, Arkic Kewmi Mo, Geol., 19 8, 20; Hintze, =~ Handh. der Mincralogie,”
Leipzig, 1904, 1, 1230,

5 Pasteur, J. Pharm. Chim., 1848, [3], 14, 399; MHirzel, Zeitsch, Phamn., 1852, 4, 81;
Wohler, Annalen, 1857, 101, 365; Nordenskjold, Pogy. Annalen, 1861, 114, 612

¢ Scheurer-Kestner, loc. .

© Hirzel, Toe. cif.

8 Kuhn, Arch. Pharu., 1852, [2]. 69, 267.

9 Schmidt, Zeitsch. Kryst. M., 1888, 14, 579: 1890, 17, 515.

10 Des Cloiscaux, “ Manuel de Minéralogie,” Parvig, 18393, 2, 364.

11 Rushton and Damels, J. clwer. Chem Soe o, 1926, 48, 384

2 Sims and Terrill, British Patent, 9076 (189 Souheur, German Palent, 159541
(1908);  Thorpe, = Dictwonary of Applied Chemistry,” 1912, 1, 298, Ior methods of
purification, see also Chapi, J. Tud. Eny. Chem., 1918, 10, 522; Vié, Chem. Trade J.,
1921, 68, 85; Linville, U.8. Patent, 1372332 (1921); Suchy and Michel, U.S. Patent,
1532454 (1925); Collins and others, J. Jud. Eng. Chem., 1927, 19, 1370.

13 von Puchs, Schwcigger’s J., 1833, 67, 429; Hausmann, dnnalen, 1850, 74, 188.
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arsenic glass may be kept in the transparent condition by excluding aix,
or by confining it in thoroughly dricd air, hydrogen or carbon dioxide.?
When placed in boiling water octahedral crystals rapidly form at the
surface of the arsenic glass.2 The latter often appears to retain its
transparency under cold water, in which it is more soluble than the
octahedral form ; according to Winkler,® however, transformation to the
octahedral takes place thus—on being immersed in water the vitreous
arsenic is dissolved at the surface and the laver of solution so formed
deposits crystals of the less soluble variety ; dissolution of the vitreous
and deposition of the octahedral is repeated towards the interior until
the transformation is complete. The change is retarded by the presence
of alcohol.* If a trace of iodine is added to a piece of vitrcous arsenie
while undergoing transformation, the latter is coloured more intensely
than the octahedral form and the progress of the change may thus be
observed.? The heat of transformation of vitrcous arsenic to the
octahedral form is 2400 calories,® and the heat of transformation of the
monoclinic to the vitreous is 1200 calories.”

Unlike the octahedral form, vitreous white arsenic on heating melts
before volatilisation begins.®  The density of the glass has been variously
given ® as 370 to 3-88; Winkler found the density under water to be
3-7165 at 12-5° C. but under petroleum 4-6815. The glass is brittle and
its hardness is comparable with that of Iceland spar.1®

Colloidal arsenious oxzide may be obtained in a highly dispersed con-
dition by the vaporisation of arsenic in the electric arc and oxidation of
the funie in a current of air.’* The size of the particles thus obtainable
corresponds with the upper limit of the colloidal state (100 pp).

In smoke prepared by volatilisation of arsenious oxide, the particles,
which consist almost entirely of octahedral crvstals, show onlv a slight
degree of aggregation.’? In aerosols prepared by rapidly cooling the
vapour of the oxide the number of particles per unit volume decreases
rapidly during the first hour, especially in concentrated sols containing
150 to 500 mg. per cubic metre. After a preliminary ageing period the
variation of mean particle weight with concentration is linear.’®

Dispersed in aqueous medium, arsenious oxide forms a negatively
charged colloid ; 1* the magnitude of the charge decreases on increasing
the concentration of hydrogen ion, but there is no reversal. The
coagulating effect of positive lons increases in the order Li, Na, K, Mg,
Ca, Ba, Al If an alkali chloride is first added to the negative sol, the

L Winkler, J. prakt. Chem., 1885, [2], 31, 247. See also Kruger, Kastner's drch., 1824,
2, 473.

2 Regnault, Ann. Chim. Phys., 1841, [3], 1, 144.

3 Winkler, loc. ¢it.  See Bussy, J. Pharm. Chim., 1847, [3], 12, 321.

4 Christison, Pogg. Annalen, 1835, 36, 49+: Rose, ibid., 1841, 52, 454.

5 Brame, Ann. Cham. Phys., 1853, (3], 37, 221.

8 Berthelot, “ Thermochimie,” 1897; Favre (J. Pharm. Chim., 1853, [3], 24, 241, 311,
412) gave 2700 calories.

“ Troost and Hautefeuille (Compt. rend., 1869, 69, 48) gave 1300 calories.

8 VWohler, Annalen, 1842, 41, 155.

9 Taylor, Phil. ag., 1801, 9, 482; Herapath, ibid., 1824, 64, 321: Guibourt, J. Chem.
Med., 1826, 1, 2, 55, 106; Karsten, Schwegger’s J., 1832, 65, 394: Filhol, Ann. Chim.
Phys., 1847, [3], 21, 415.

10 Hausmann, A«nalen, 1850, 74, 188.

11 Kohlschutter and Tuscher, Zeitsch. Elektrochem., 1921, 27, 225.

12 Patterson, Whytlaw-Gray and Cawood, Proc. Roy. Scc., 1929, A 124, 523.

13 Winkel and Jander, Kolloid-Zeitsch., 1933, 65, 290.
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jonic antagonism increases with the series Ca, Ba, Al.l. If a salt of the
metal of higher valency is first added, then a slight ionie antagonism
is shown with the alkalt salt, but it disappears with time.

Arscnious oxide is not appreciably volatile at ordinary temperatures,
but vapour is emitted at 100° C.2 Vapour density determinations ¢
indicate that at lower temperatures the molecules are mainly As,0,
but, as the temperature rises, dissociation occurs, w.hich is appreciable
at 850° C. and practically complete at 1800° C., simple As,0, mole-
cules being formed. The following values for the vapour density
(Theory : AsOg=13-76) were obtained by Biltz: 3

T T T T | T —

Temp., °C. . - 518 ! 769 851 1039 1256 14301584 1782 1800
Vap. Density |13-92'13-62 13-15 12:76 12:36 941 8-81 . 7-32 . 6-03 |

The vapour is odourless. )

The molecular weight, determined ebullioscopically by dissolution
of the octahedral crvstals in nitrobenzenc, agrees according to Biltz 3
with the formula As,0g Determinations in water, which yields a slightly
acidic solution, indicate that the solute molecules contain only one atom
of arsenic,® apparvently existing as the very weak acid HjAsO; or
HAsO, (vide infra). When arsenious oxide is reduced with zine dust
in the presence of carbon disulphide, the product consists in part of
the vellow modification of arsenic ; Erdmann? therefore suggested the
following related formulae (¢f. p. 132) :

0]

As=As O:As —As: 0O
! i and |
As=As O:As

As: O
No”

The X-ray spectrum has been investigated by Robinson,® who also
examined the sccondary and tertiary radiations emitted by the oxide
under the influence of molybhdenum K rays as primary X-radiation.?
Whiddington 1 estimated the frequencies of high-speed electrons ¢jected
from the oxide by impinging X-rays.

Arsenious oxide is not a very polar substance chemically, and it
would be expected to have a rather small molecular moment.  That this
is so was shown by Clark,™* who lound the electrostatic moment to be
1-3 %1072 electrostatic units.  This value was not affected by varving

* Freundlich and Tamchyna, Kolloid-Zeudsch., 1930, 53, 238.

* Taraday, Pogg. Annalen, 1830, 19, 551.

3 Selmi, Jahresber., 1878, p. 1049; cf. Mitchell, Aumer. J. Sei., 1831, 19, 122.

 Mitscherlich, Annalen, 1834, 12, 165; V. and (. Meyer, Ber., 1879, 12, 11165 1830,
13, 609, 1112, 1195, 1282: Bull. Soc. chim., 1880, [2], 33, 114.

® Biltz, Zedsch, physikal. Chem., 1896, 19, 385; Chem. Zentr.. 1893, 1, T70.
; ¢ von Zawidzki, Ber,, 1903, 36, 1427; Ball. Soc. chiin., 1003, [3], 30, 11621 Bilz,
oc, e,

* Evdmann, Zeitsch. anory. Chem., 1902, 32, 4533,

$ Robinson, Phil. Hag., 1925, |61, 50, 241.

¢ Robinson and Cassie, Proe. Roy. Soc., 1026, A 113, 232,

10 Whiddington, Phil. Mag., 1922, [6], 43, 1116.

1 Clavk, Proc. Roy. Soc., 1929, A 124, 689.
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the strength of the eleetric ficld, so that it appears to be a permanent
characteristic of the molecule.  The moment 1s of the right order to
conform with Debye’s theory of permanent dipoles.  There was no
evidence of any definite orientation of the molecules save parallel or
antiparallel to the ficld.

In the solid state arsenious oxide is a very poor conductor of
clectricity.?

The rate of dissolution of arsenious oxide in water is extremely slow
and solubility data have been very discordant,? probably due in part to
insuflicient time having been given for saturation, but also owing to
the difference in solubxllt} of the crystalline and amorphous varicties
and to the tendency of the latter to pass into the octahedral form. The
following figures are reliable, however, having been obtained by con-
stantly agitating mixtures of the pure octahedral oxide and water in a
thermostat, saturation being approached from above:; periods of 10 to
1t days were nccessary for the attainment of equilibrium and the
arsenic was determined iodometrically.?

SOLUBILITY OF As,0; IN WATER.

Grams As,0, Grams As,O,
per 100 grams H,O. per 100 grams H,O.

Temperature, ° C. Temperature, © C.

‘ 0 i 1-21 482 3-43

15 | 1-66 62 ‘ 145
25 2:05 75 | 562 |
39-8 2:93 98-5 8-18 i

From these results \ndexson and Story deduced the following

equation for the solubility at §° C
S'=1-21+0:0210 +0-000505 6>

Schnellbach and Rosingt after 131 davs’ agitation of the oxide with
water, the tube being revolved end over end, found the solubility at
25° C. to be 2:03 g. in 100 o. H,O. For the more soluble vitreous form
Winkler? determined the solubility in 100 c.c. of water to be 37 g.
at the ordinary temperature and 11-86 ¢. at the boiling point. Small
octahedral crvstals were deposited in the former case within 12 hours
(¢f. p. 131) and the solubility gradually diminished until, after 3 or 4
weeks, it approximated to that of the octahedral form.  For the mono-
clinic erystals Claudet © found the solubility in 100 parts of water to be

1 Bleekrode, Jakresber., 1378, p. 148: Beijerinck, Neures Jakrh. Min., 1897, 11, 442,

® See, for example, Rose, Poyg. Aunnalen, 1835, 36, 494; Taylor, Phil. Mag., 1837,
[3], 14, 182, Buchner, Bull. Noc. chaa., 1873, (2], 20, 10: Clayton, Chem. News, 1891,
64, : 27 Chodounsky, Cher. Listy, 1888, 13. 114: Chem. Zentr., 1889, p. 569; Winkler,
J.opralt. Chem., 1355, [21. 31, 247: Wood. .J. Chem. Sor., 1908, 93, 412: Schreinemakers
emd de Baat, Lroc. Abad. Ainsterdam, 1916, 17, 111

Anderson and Stovv, Jo cieers Chen. Noeo 1023, 45, 11040 The data elosely agree

\\nh results of Bruncr and Tolloczko, Zedseh. nmm, Chesn., 1903, 37, 456.

U Rehnellbach and Rosim, J. [mu Pharm. ssoe., 1929, 18, 1230.

> Winkler, loe. cit. Ree AIsn Buchner, No Reperte Pharim., 1873, 22
o TO™) (17 o~ 44~ _ I U T Y 28 1T Ol O~ 1171 1

265: Bull.
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1-75 parts at the ordinary temperature and 2-75 parts at 100° C.  The
rate of dissolution of arsenious oxide is accelerated by the presence of
acid or alkali.l

The density and refractive index of aqueous solutions increase
linearly with = concentration.?  The following values have been
determined : 3

1 ! ;
Concentration, g. per 1. |1-796  3-212 15:060 [7-184 l1013 11285 14-368
D (25° C.) . . 10014 |1-0025 ;1-0039 {1-:0057 ; 1-0080 ; 1-0102  1-0113
n (22°C.) . . 1133309 1-33326 1-33340( 133376 1-33417  1-33430 1-33469

Increase in temperature causes a slight decreasc in refractive index.
The heat of dissolution * of the octahedral formis —7550 calories at 18° C.
The velocity of crystallisation from supersaturated solutions corresponds
with 3 —dec/dt =ke*, where ¢ is the concentration; the temperature
coefficient for the interval 0 to 25° C. is zero.

Arsenious oxide is soluble in a number of organic liquids. Thus,
100 parts of absolute alcohol dissolve at 15° C. 0-025 part, and at boiling
point 3-402 parts of the octahedral form. The solubility is increased by
the addition of water.® The vitreous modification dissolves to the
extent of 1060 parts per 100 at 15° C. and addition of water decreases
the solubility. Esters of arsenious acid may be obtained by heating,
with stirring, a mixture of the oxide and an alcohol in the presence of a
hydrocarbon such as benzene, toluene or xylene.”

At 25° C. 100 grams of glycerol very slowly dissolve 20-8 grams of the
oxide.® In ethyl malonate the solubility in 100 g. is 0-058 g. at 15° C.
and 0-061 g. at 100° C.° Arsenious oxide is volatile in ethy] malonate
vapour, 0-09 ¢. having been obscrved to be carried over during the
distillation of 100 g. of the cster. The oxide dissolves in warm ethylenc
glycol, but no definite chemical compound is obtainable from the
solution.’® The vitreous form dissolves slightly in ether, carbon di-
sulphide, fatty oils and turpentine.

The absorption spectrum of 0-IN aqueous solutions of arsenious
oxide differs from that of aqueous solutions of alkali arsenites.** This
is characteristic of weak acids, the un-ionised molecules of which appear
to be capable of absorbing more light than ionised molecules ; there is
little or no difference in the absorption spectrum of a strong acid and its
salts.

The aqueous solution of arsenious oxide is colourless and sufficiently
acidic to cause a slight reddening of litmus,'2 the pH of the saturated

1 Drucker, Zeitsch. physikal. Chem., 1901, 36, 173, 693.

2 Birstein and Kronman, Rocz. Chem., 1934, 14, 975.

3 Anderson and Story, loc. cit.

* Thomsen, Ber., 1874, 7, 935, 1002;  Thermochemische Untersuchungen,” Leipzig,
1882, 2, 236.

5 Birstein and Kronman, loc. cit.

¢ Girardin, J. Pharm. Chim., 1864, [3], 46, 269; Bull. Soc. chim., 1863, [1], 3, 438.

7 Pascal and Dupire, Compt. rend., 1932, 195, 14.

8 Schnellbach and Rosin, loc. cit.

% Zappi and Manini, Anal. Asoc. Quim. Argentina, 1929, 17, 90,

10 Englund, Svensk Kem. Tidslr., 1928, 40, 278.

1 Wright, J. Chem. Soc., 1914, 105, 669. The extinction coefficient of the aqueous
solution has been measured by Ghosh and Bisvas, Zeitsch. Elektrochem., 1924, 30, 97.

2 Bussy, Phil. Mag., 1847, [3], 31, 151.
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solution being 1 approximately 5. The solution is a poor conductor of
electricity, there being only slight ionisation, and the purity of the oxide
may conveniently be determined by measuring the conductivity of a
saturated solution. The most common impurity is arsenic pentoxide,
which 1s indicated by the reaction of the solution to methyl orange or
methyl red.?  The oxide, even in the most dilute solutions which can
be examined cryoscopically, is believed® to contain some associated
molecules and in addition to be converted almost completely into the
weak acid HAsO, or H;AsO,. The following values for the molecular
weight in aqueous solution have been obtained : * by the boiling point
method 92-5, and by the freezing point mecthod 99-17. This supports
the view that at 0° C. the trioxide 1s in the hydrated form, probably as
metarsenious acid, ITAsO,. With increasing concentration, however,
association increases to a himiting value corresponding with As,0,,% and
evaporation of the aqueous solution vields only crystals of the oxide
itself. Titration with standard alkali appears to indicate that the
solute behaves as a monobasie acid, the salt produced being NaH,AsO,,
and although the clectrical conductivity increases on dilution, the
increase is accounted for by hvdrolysis and is not due to further
ionisation of the acid.

Orthoarsenious acid, I;As0,, corresponding to phosphorous acid, has
not been isolated, although alkali salts of the type M;AsO, are known
(see p. 172); even these in solution appear to behave as salts of a
monobasic acid.® Walden suggested that the acid in solution was
dimetarsenious acid, H,As,0, or HO.OAs: AsO.OH, but as already
mentioned (p. 136), the solute molecule appcars to contain only one
arsenic atom.

The solution obtained by neutralisation of an aqueous solution of
arsenious oxide with sodium hydroxide exhibits the same electrical
conductivity and freczing point depression as an aqueous solution of
sodium metarsenite, NaAsQ,, of the same concentration.” Conductivity
measurements also suggest that the potassium salt produced by
neutralisation must be of composition KAsO,, since the difference
between the limiting equivalent conductivity, corrected for hydrolysis,
of a neutral aqucous mixture of 1 mol. of KOH with 0-53 mol. of As,0O,,
and that of a similar mixture of sodium hydroxide with arsenious oxide,
1s equal to the diffcrence in the ionic mobilities of K+ and Na*. From a
mixture of equivalent amounts of potassium hydroxide and arsenious
oxide a salt may be crystallised which, according to cryoscopic measure-
ments, appears to exist in aqueous solution as K,As,0,. The con-
ductivity of an aqueous solution of tripotassium arsenite, K;AsQO,, is
not the same as that of a mixture ol aqucous arsenious oxide and
potassium hydroxide in the molccular ratio 1As,0,:6KOH and of
corresponding concentration.

Assuming the formula H,AsO, for the acid, Goldfinger and

3 The reaction with various indicators is mentioned by Flickiger, drck. Pharm.,
1884, [3], 22, 605; Thomson, Chem. News, 1884, 49, 119; 1883, 52, 18, 29; Favrel,
J. Pharm. Chim., 1893, [5], 28, 301; Bull. Soc. chim., 1893, (3], 9, +48: Cohn, " Indicators
and Test-papers,”” New York, 1899. 2 Kolthoft, Pharm. Weelblad, 1919, 56, 621.

3 Roth and Schwartz, Ber., 1926, 59, [B], 338s.

' Anderson and Story, J. dmer. Chem. Soc., 1923, 45, 1102.

° Birstein and Kronman, Rocz. Chen., 1934, 14, 975.

* Walden, Zeitsch. physikal. Chem., 1888, 2, 56.

T Cormatecrt and Maver 2774 10922 160 205
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von Schweinitz ! caleulated the fivst dissociation constant, Iy, from the
neutralisation curve to he 2 x 10710 to 8 x 10719 whereas spcbtroscopic
determination of the ionic concentrations in the presence of varvine
amounts of alkali gave 1 x 107 to 6 x107* for the second clissociétioﬁ
constant.  The long wave limit of continuous absorption in molecylay
solution is 2680 A. for H,AsO7 and 2800 A. for HAsO]. Cernatescu
and Mayer 2 deduced the dissociation constant ol arsenious acid from
the hydrolysis constants of the sodium and potassinm salts to he
9 %1071, Wood 3 obtained the value 6-3 x 10710 from the velocity of
saponification of methyl acctate in the presence of sodium metarsenite,
but by the clectrical conductivity method the mean value found was ¢
265 x 10710, a discrepancy attributed to the presence of slight impurity
and the fact that air was not excluded from the conductivity cell.  The
following values for the molecular conductivity, p, and for the ionisa-
tion constant, %, were obtained (¢=concentration of the solution of
metarsenious acid):

n N K 0
: | : : !
\

i

e - 0-195N 0-086N | 0-0542N ' 0-0385N |
o . .1 00553 00634 00756 . 0-0824 |
L X100 . 386 239 200 ' 169 |

The view that aqueons arsenious oxide behaves as a weak monobasie
acid is supported by the obscrvation of Thomsen 3 that the heat of
neutralisation of 1 mole ol As,O, with 2 moles of NaOH was 13,780
calories and that the addition of a further 4 moles of NaOX liberated
only 1800 calorics.  The neutralisation curve, whether determined con-
ductometrically ¢ or potentiometrically,™ indicates the veplacement of
one cquivalent of hydrogen only, as also does the curve obtained by
plotting the depressions of the [reezing point against the composition
of the mixtures during ncutralisation.®  These methods, however, are
not able to decide between the formule HHAsO, and H;AsO,.

The acidity of arsenious acid in aqucous solution is increased by the
addition of mannitol, sorbitol or g-mannitan, probably owing to the
formation and superior ionisation of an acid of the type HAsD, (D
representing the diol residuc).?  When sublimed arsenious oxide s
heated with water on a watcr-bath for 5 hours, the dissolved acid has
less than the normal acidity, but by boiling the solution for 7 hours
under a reflux condenser it attains its original acidity.

Arsenious oxide in solution exhibits a slightly amphoteric character,
but its basic nature is extremely feeble. By determining the solubility

L Goldfinger and von Schwemnitz, Zedsch. physdal. Chew., 1932, B 19, 219.

* Cernatescu and Mayer, loc. cit.

3 Wood, J. Chom. Soc., 1908, 93, 411, Tlus value agrecs with that of Hughes (ibid.,

1928, p. 491), who obtamned &, —=6 x 10-1 from pll mecasurements of half-neutralised
buffer mixtures.

2 Of. von Zawidzki (Ser., 1903, 36, 1427), who gave 210 x 1071, The clectrical con-
ductivity of aqueons solutions of arsenious oxide was also investigated by Bleckrode,
Proc. Roy. Soc., 1877, 25, 3222 Phil. Mag , 1878, (5], 5, 375, 439: Bonty, dunn. Chin.
Phys., 1884, [61, 3, 475. )

5 Thomsen, Ber., ISTH, 7, 0355 = Chermochemische 1 nlersnehangen,” Leipzg, 1882,
1, 200. o Miolai and Masceiti, Guzzett, 1901, 31, 1, 93.

7 Botger, Zeitsch. physilal. Chem., 1897, 24, 293,

8 Cornee, Awnn. Chun. Phys., 1913, (8], 29, 490.
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in various concentrations of hydrochloric acid at 15° C. (approx.)
Wood ! obtained the curve shown in fig. 9. Irom the fact that the
first effect of the addition of hydrochloric acid is to cause a steady fall
in the solubility, it is evident that the acidic dissociation constant of
arsenious hydroxide is much greater than the basic constant. It is only
when the hvdrogen ions have reached such a concentration to make

20

18 I

41

12

10

Grams As, 03 in 100 c.c. of Solution

0 1 i 1 L 1 1 1 1 1 -
0 /2 3 4 5 6 7 8 9 W
Concentration of HCl(in Normalities)

Frc. 9.—Solubility of Arsenious Oxide in Aqueous Hydrochloric Acid of Varying
Concentration (Temperature 15° C., approx.).

the acidic lonisation of the hydroxide impossible that it becomes
possible to sce the ceffect which a further increase in the concentration
of hydrochloric acid has on the solubility of arsenious oxide by virtue
of the basic character of its hydroxide. Beyond the minimum of the
curve the increase in solubility can only be accounted for by the assump-
tion that the hydroxide possesses fecble basic properties. The basic
dissociation constant was calculated to be of the order of 1 x107.
The ionisation was considered to be

(1) As(OH), == AsO(OH), +H™

(i) As(OH); == As(OII); - OH~
The basic ionisation constant * at 25° C. in a solution having an ion
concentration of 0-1 equivalent per litre is given as

[AsO*[OH-]/H,As0, = 0-15 x 10-1t

1 Wood, J. Chem. Soc., 1908, 93, 414.
2 Washburn and Strachan, J. dmer. Chem. Soc., 1913, 35, 681.




Chemical Properties of Arsenious Oxide.

When pure hydrogen is passed over heated arsenious oxide reduction
to arsenic occurs with conscquent loss in weight and formation of
water ;1 the reduction becomes appreciable at 185° C. In aqueous
solution, and in the presence of acid or alkali, nascent hydrogen causes
reduction to arsine (see p. 81), and a similar reduction may be brought
about electrolytically, but the amount of arsine liberated depends u}'t;on
the nature of the cathode,? the following being givenin order of efficiency:
Pb, Zn, Cd, Sn, Ag, C (graphitc), Fe, Pt, Al, Au, Co, Ni and Pd ; in the
case of the frst five mectals, the reduction proceeds as a unimolecular
reaction. A polarographic investigation of the electro-reduction in
acid solutions of arsenious oxide, using the dropping mercury cathode,
has been made.? In 0-1N or N hydrochloric acid, the current-voltage
curve exhibits four sudden increases of current and two maxima. The
first rise is due to the clectro-reduction of arsenious acid to arsenic,
probably by the primarily deposited hydrogen. The second rise is very
steep and is due to the formation of arsine; it occurs at the more
negative potentials, the greater the concentration of arsenious oxide.
The third increase, which is followed by a prominent maximum, is
probably caused by absorption of positively charged dissociation
products of arsenious acid ; it is suppressed by the addition of small
quantities of dyes, the maximum practically disappearing on addition
of 0-:001M solutions of methylene blue and fuchsin hydrochloride. The
fourth increasc is attributed to the evolution of hydrogen from the
hydrogen ions of the strong acid. Similar results were obtained with
sulphuric and nitric acids at various concentrations, and the form of
the curve was unchanged by addition of potassium chlovide or
caleium chloride. Under the influence ol occluded hydrogen from
palladium or platinum, the reduction in aqueous solution produces
arsenic only.?

Fluorine reacts vigorously with arsenious oxide to yield a colourless
liquid consisting of arsenic trifluoride and oxyfluoride.” The oxide
becomes incandescent in hydrogen fluoride and if heated with acid
fluorides, ov with calcium fluoride and sulphuric acid, the trifluoride
may be distilled {rom the mixture.® The action of chlorine and hydro-
gen chloride has previously been mentioned (p. 100).  When chlorine is
passed into an aqueous suspension containing 70 to 80 pev cent. of the
oxide at a temperature ol 60° to 70° C., the absorption of chlorine is rapid
and exothermic, about 70 per cent. of the arsenious oxide being con-
verted to the pentoxide and the remainder to the trichloride.” VWhen
solutions of arsenious oxide in hydrochloric acid are boiled, the arsenic
volatilises, the amount escaping depending on the concentration of the
acid.®  With solutions containing less than 180 g. HCI per litre the

1 St John, J. Physical Chem., 1929, 33, 1438.

2 Thomson, Prec. Roy. Soc. Liden., 1909, 29, 84.

3 Kacirkova, Coll. Czech. Chem. Comm., 1929, 1, 477.

1 Gladstone and Tribe, J. Chein. Soc., 1878, 33, 306.

5 Moissan, " Le flucr et ses composés,” Paris, 1900, p. 136.

¢ Dumas, Ain. Chim. Phys., 1826, (2], 31, 433; Quart. J. Sci., 1827, 22, 211.

7 Cambi, Giorn. Chum. Iad. Appl., 1924, 6, 527. See also Weber, Pogg. Annalen,
1861, 112, 619; Bloxawm, J. Chem. Soc., 1865, 18, 3.

8 Hinds, Report Sth Internat. Cong. Appl. Chem., 1912, 1, 277.
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concentration of the arsenic remaining in the undistilled liquid rises,
although some arsenic passes over; the ratio, arsenic: acid, becomes
practically constant when the solution contains 185 g. HCl per litre
(i.e. TICL10H,0), but with more than this the concentration of arsenic
remaining rapidly falls.?  When such solutions are exposed to the air,
slight oxidation occurs.?

Oxidation is readily brought about by hypochlorites * and by
chlorates. In the latter case, in the presence of hydrochloric acid,
the reaction is independent of the concentration of the arsenious acid
and, according to Kubina,* reduction of the chlorate first to a hyvpo-
thetical intermediate product occurs, probably as follows :

C10; + (1~ +2H* — M,C10, + Cl

This reaction, which procecds at a measurable rate, is succeeded by the
following rapid reactions :

H,Cl0, +4C1™ + 4H* —= 5C1 +3H,0
and
3Cl, +3A570 +3H,0 —— 3As0T7 +6CI™ +6H™

The chlorine ion produced does not accelerate the oxidation, as might be
expected, owing to the high initial concentration of this ion.

Arsenious oxide and arsenites may be oxidised similarly by bromine
or bromic acid. In hydrochloric acid solution the reaction with bromine
may be represented by the equation

As,0; +2Br, +2H,0 == As,0; + 4HBr

and if the concentration of the hydrochloric acid is less than 24 per cent.
the reaction proceeds entirely from left to right.> Under such con-
ditions arsenites may be titrated accurately with bromine, the end-
point of the titration being unaffected by the actual concentration of
hydrochloric acid. If the latter exceeds 24 per cent., however, the
reverse reaction may take place, the equilibrium conditions depending
on the concentrations of arsenate, bromide and hydrochloric acid.®
The oxidation by means of bromic acid is extremely slow at ordinary
temperatures, but is accelerated by the addition of sulphurous or
sulphuric acid.” At 40° C., in the presence of an excess of H* ions, and
at lower temperatures in the presence of sulphuric acid, the reaction
proceeds at a measurable rate.® It is autocatalytic and of the second
order, according to the cquation da/dt=kaz(1—-2); in the presence of
0-1 mol. of sulphuric acid the velocity constant is 9-7 at 30-7° C. The
initial production of hydrobromic acid must be due to the interaction
of bromic acid with arsenious acid ; the latter, however, does not appear
to influence the reaction other than by acting as an inductor of the
reaction between hydrobromic and bromic acids. The action of the
sulphuric acid is proportional to the square of the concentration of H+ ion

Smart and Philpot, J. Soc. Chem. Ind., 1914, 33, 900.

Kessler, Pogy. Annalen, 1863, 118, 17.

Orton and Blackmann, J. Chem. Soc., 1900, 77, 830.

Kubina, Monatsh., 1923, 43, 439.

Manchot and Oberhauser, Zeitsch. anorg. Chem., 1924, 138, 357.
See also Francis, J. dmer. Chem. Soc., 1926, 48, 655.

Schilofl, Zeutsch. physikal. Chem., 1903, 42, 461.

Chodkowski, Rocz. Chem., 1923, 2, 183.
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and the addition of neutral sulphates, .\\.'hi(-h ‘1'0(111(*6 this concentra-
tion, retards the reaction. On the addition ol hydrogen bromide, the
reaction proceeds in accordance with the ['Ql‘ll]L.llﬂ. d@/dt =ka(b +a7)(‘1 -2),
where b is the concentration of hydrobromic acid and @ the initial
concentration of bromic acid; the velocity constant, ki, remains ag
before.  Hydriodic acid has a similar but chh greater effect.  Avsenic
acid, which is the final product of the rcaction, also acts as a positive
catalyst, although its clfcet is z_lbou‘t nine. times x_vgakcr \than that of an
cqui\:alent quantity of sulphurie zlcld._ lhe‘addltlc.m of ngutral halides
also accelerates the reaction, the relative cffects of potassium chloride,
bromide and iodide being as 1 :15 : 3000.

Vitreous arsenious oxide is coloured brown by iodine vapour, hut
the octahedral form appears to be unaffected.t

In hydrochloric acid solution arsenious acid is oxidised by iodine,
but the reaction is reversible owing to the reducing action of hydriodic
acid. The kincties of the reaction were first investigated by Rocbuck,?
who concluded that the balanced reaction could be represented thus—

H,AsO, +1; + H,0 == H;AsO, +2H" + 31" . . (i)

and assumed that the reverse reaction procceded in two stages :
H,AsO, +H7 + 17 =H,;AsO HI . . . (i)
H,AsO, HI =1,As0, + HIO . . (i)

From the recaction velocities in the neighbourhood of equilibrium he
determined the equilibrium constant [AsO?][I;]”[AsOf][I‘P[H*J? to
be 1-5 x10° and the temperature coclticient between 10° and 0° C. to
be 1-41. The equilibrium adheres to the requirements of the law of
mass action over a considerable range of concentration,® and Roebuck’s
views are confirmed by recent work. Licbhaltsky ! considers that,
over a sufficient concentration range, the equilibrium constant, &y, ex-
pressed as [H AsOJ[H7 I3[ [ H;AsO,] is cqual to kyky derived
from the velocity equations (a) —dIyjdt = ko 1; ][I, A0, ]/ [E" [17]2 and
(0) +dlyjdt =k [H AsO,[H J[17]. Both the forward and the reverse
rcactions are concerned with the rate-determining step

HIO + H AsO, =H A0, + 117 + 17 . . (iv)
which can be interpreted by assuming that the concentration of hypo-
iodous acid is governed by the relatively rapid equilibrium

I, +H,0 ==1I" =217 + HIO . . . (v)
which is the sum of the cquilibria
T e 1,217 . : . . (vi)
and
IL,-H,O=H"+1"+HIO . . . (vil)

since I3 1s not hydrolysed dirvectly, while I, and 1,0 react with moderate
speed.  Thus the rate of the latter hydrolysis is the limiting rate realised

t Brame, Auie. Chim. Phys., 1853, [3], 37, 221; Compt. rend., 1844, 19, 1107.
® Roebuck, J. Physical Chem., 1902, 6, 365.

8 Washburn and Strachan, J. Awmer. Chem. Soc., 1913, 35, 681.

! Liebhafsky, J. Physwcal Chem., 1931, 35, 1648.
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and /y; =63 x 1073, so that the cquilibrium constant by =1-5 x 10~

The addition of neutral salts, such as chlorides and bromides of the
alkall and alkaline carth metals, at concentrations from 0-5 to 3N. also
nitrates ol sodium and potassium, causes the reversal of reaction (vii),?
and conscquently considerably reduces the rate of oxidation of arsenious
acid, whilst augmenting slightly that of the reduction ol arsenic acid,
thus shifting the equilibrium point in the direction of arsenious acid
formation. The effect of sulphates is much less than that of correspond-
ing chlorides.  The maximum effect is obtained with lithium chloride,
that of the other alkali chlorides being in the order K, Na, NH,.2
Jozelowicez studied the reaction at 25° C. in the presence of excess of
hydriodic acid and found the heat of reaction (i) under thesc conditions
to be —1640 calories, while the heats of reactions (vi) and (vii) {from left
to right were respectively — 4300 and -23,200 calories. Washburn and
Strachan ® found the heat of the reaction between arsenious acid and
lodine to be 1360 calories, the effect of temperature being represented
by log;y K= —1-3495 +-0-00372¢, and the free energy of the reaction
RT log, K =5690 +5-42T joules for ionic concentrations of about 0-1
equivalent per litre.

Under appropriate conditions either the direct or the reverse reaction
represented in equation (1) may proceed to completion, and the reactions
are therefore applied to the volumetric estimation of arsenites and
arscnates respectively.  Thus an arsenite is oxidised quantitatively to
arsenate if the hydriodic acid is removed as quickly as it is formed and
the solution kept approximately neutral. This is best accomplished by
adding sodium bicarbonate to the arsenite solution ; sodium hydroxide
and carbonate could not be used owing to their reaction with iodine. On
the other hand, the reduction of arsenate to arsenite by means of
hydriodic acid proceeds to completion in strongly acid solution.*  The
action of the acid is not catalytic, but appears to be similar to that ol a
neutral electrolyvte 3 as mentioned above, causing reversal of reaction
(vii). The reducing action of the hydriodic acid is augmented by the
presence of potassium iodide. In a solution containing 25 per cent. of
the latter salt and 36 per cent. of hydrochlorie acid the reaction is
complete in 5 minutes if the reacting mixture 1s heated to 100° C.6 In
cmploving this reaction for the determination ol arsenic acid, the libera-
tion of 1odine from hydriodic acid by means of atmospheric oxygen should
be prevented by the addition of a small quantity ol sodium bicarbonate
previous to the addition of the potassium iodide.”  Pure arsenious oxide
may be used as a trustworthy standard for iodometric estimations.®

Solubility data at 25° C. for solutions of arsenious oxide in aqueous
alkali halides have been obtained.?

Aqucous arsenious acid is readily oxidised by hypoiodites,1¢ iodates 11

b Joretowicz, Rocz. Chem., 1932, 12, 441, 787.

* Bobtelski and Rosovskaja-Rossienskaja, Zeitsch. unory. Chem., 1930, 190, 346.

¢ Washburn and Strachan, loc. cit.

! Kolthoft, Pharm. Weekblad, 1919, 56, 621.

> Bobtelski and Rosovskaja-Rossienskaja, loc. cut.

8 Wlavre T Phoarn (himm 1020 71 21 RS- Rull Soe oo 10920 (43 >~ 44()

as the concentrations of IT7and I7 ions decrease. At 07 C. Jy =08 . 10!



146 ARSENIC.

and periodates. The oxidation by. ioFlip _acid or iodgtes is an induced
reaction which proceeds with rapid initial acceleration owing to the
catalvtic effect of the I7ion produced. The reaction appears to proceed
according to the following scheme,* the [irst reaction only occurring at
a measurable rate :

(i) 10; =217 + H" —— HIO + 210~

(i) 210~ +2As0F — 2As07 + 217
and

HIO + AsOF —— AsOF + HT + 17

The induction period of the rcaction may be curtailed * by (1) the
presence of an excess of iodic acid, (2) an increase in thg concentrations
of the reactants, (3) the addition of a trace of arsenic acid, (4) the
addition of a mineral acid and (5) exposure to sunlight. On the other
hand, the period may be prolonged by the addition of mercuric chloride
or by violent shaking. The proportion of the iodine liberated increases
with the arsenious acid concentration and passes through a maximum.
The iodine appears on the surface of the solution even though the latter
may be covered with benzene (or occasionally it appears at a nucleus on
the glass). The reduction of periodate to iodate by means of arsenite
is a bimolecular reaction and is of the frst order with respect to both
components.? At 25° C. it proceeds according to the velocity equation

d[107]/dt =5-5[10;][AsO7)]

the units being minutes and gram-molecules. The reaction velocity
is independent of the concentration of II™ ion over the range
[H¥] =1-3 1072 to 3-4 x 1077,

Arsenious oxide in the solid state is not affected by oxygen under
ordinary conditions,* but if subjected at high tempecrature to oxygen
under pressure oxidation to the pentoxide results. Thus, if heated at
400° to 480° C. with oxygen at pressures of 130 to 180 atm., oxidation
occurs, but is incomplete; the amount oxidised increases with the
temperature.’  According to Razuvaev and Malinovskii,® at 200° to
300° C. the optimum pressure for oxidation by air is 60 to 80 atm., and
under these conditions the reaction is complete in about 20 minutes ;
finely divided iron has a weak and copper a strong catalytic effect.
In the presence of potassium iodide or activated carbon, a suspension
of the oxide in water is oxidised by air or oxygen at 130° to 140° C. and
4 to 5 atm. pressure.” The usually accepted reaction is

As,0,; +0,=A5,0;

but Reissaus,’ from a study of the cffects of heat on the oxide and
metallic arsenites both in the absence and presence of air or oxygen,
concluded that direct oxidation was not involved, but that the change
was invariably based on the reaction :

5A5,03 —>3A5,0; + £As

Kubina, Monatsh., 1923, 43, 439.
Sanyal and Dhar, Zeitsch. anorg. Chem., 1924, 139, 161.

Abel and Furth, Zesch. physikal. Chen., 1923, 107, 303.

Berthelot, Compt. rend., 1877, 84, 408.

Matignon and Lecanu, wbd., 1920, 170, 941.

® Razuvaiev and Malinovski, J. Appl. Chem. (U.S.8.R.), 1932, 5, 25.

? Boller, British Palent, 445468 (1934); American Patent, 1999053 (1935).
¥ Reissaus, Zeitsch. angew. Chem., 1931, 44, 959.
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Arsenious oxide is formed subscquently from the arsenie liberated and
then undergoes further decomposition: the arsenic thus acts as an
oxygen carrier. By thus heating arsenious oxide under pressure pure
arsenic may be prepared.

In neutral, weakly acid or weakly alkaline solutions, arsenious oxide
and arsenites are very stable towards gascous oxygen and such solutions
may be kept indefinitely without undergoing change, but in the presence
of an excess of alkali, oxidation readily takes place.r  For this reason
standard arsenious solutions containing alkali gradually diminish in
titre.  Thus a 0-IN solution of arsenious oxide in N sodium hydroxide
suffers a daily loss 2 cqual to about 0-176 per cent. of As,0,. The
oxidation rate is directly proportional to the alkalinity of the solution.
Weakly alkaline solutions (pH 7 to 9) have been found to be unchanged
after 18 months. Stable solutions are best prepared by dissolving
pure arsenious oxide in carbonate-free sodium hydrogen carbonate
solution ; in such solutions micro-organisms do not develop nor is
arsine produced.

An arsenical solution containing the equivalent of 1 per cent. of
arsenious oxide appears as an ofticial preparation in the British Pharma-
copeeia, 1932, under the name liguor arsenicalis or Fowler's solution. It
is prepared by dissolving 10 g. of the oxide in 100 c.c. of a 5 per cent.
potassium hydroxide solution, warming as may be necessarv, and
adding 500 c.c. of distilled water ; this solution is neutralised with dilute
hydrochloric acid and made up to 1 litre. This preparation is extremely
stable both to light and air, and is compatible with both acids and
alkalies. Fungoid growths, however, frequently develop,® the causes
apparently bemo contamination either of the water used or of the air
with which the solution has been in contact, and also a suitable »H
value which allows the mould to develop. The addition of preventive
agents, e.g. 0-25 per cent. of chloroform, has been recommended.?
Conductivity and potential measurements suggest that the arsenic is
present in solution as As,0; and not as potassium arsenite;?® dis-
solution in the potassium hydroxide results in the formation of some
potassium metarsenite, but this regenerates the oxide on neutralisation
with hydrochloric acid.5 This official solution replaces the * Fowler's
solution ” of previous editions of the Pharmacoporia, the (omposition
of which was similar to that introduced by Fowler about 1778 under the
name of Compound Spirit of Lavender. 1In this the arsenious oxide was
dissolved in aqueous potassium carbonate and compound tincture of
lavender added ; the liquid was thus reddish in colour and alkaline in
rcaction. Its disadvantage was its frequent incompatibility in modern
dispensing ; it also undergoes oxidation on keeping.” It was therefore
supplemented by a 1 per cent. solution containing hydrochlorie acid,
liquor arsenict hydrochloricus, and also by a simple 1 per cent. solution,

1 Kolthoff, Phairmn. Weekblud, 1919, 56, 621.

* Tananaev, Ukrawne Chem. J., 1930, 5, [Sci.?, 217.

3 Dyer, Pharm. J., 1932, 129, 559: 1933, 130, 5, 176, 215; Rae, ibid., 130, 339;
Milne and Rattray, ibid., 130, 246; Chemist and Druggist, 1933, 118, 418.

* Lum, Pharm. J., 1933, 130, 412.

5 Morton, Quurt. J. Pharm., 1933, 6, 1.

S Cf. Millar, Pharm. J., 1928, 120, 214, 224; Cheimist and Druggist, 1923, 108, 352.

© Lyons, Proc. Amer. Pharm. Assoc., 1909, p. 901; Reinthaler, Chem. Ztg., 1912,
36, 713; Delany, dustral. J. Phuarm., 1923, 4, 27; Danckwortt, Arch. Pharn., 1924,
262, ')().3’ Remders and Vles, Rec. Trav. chon., 1925, 44, 29; Trease, Pharmn. J., 1928,
120, 602.
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liguor acidi arseniost (B.P. Codex): the latter, however, deposits
octahedral crystals on keeping 2 to 3 weeks.?

Matignon and Lecanu ® obscrved that a concentlrated solution of
arsenious oxide in sodium hydroxide under an oxygen pressure of 30
atmospheres at 80° €. was oxidised to the extent of 10-9 per cent. after
5 hours. Under ordinary atmospheric conditions the absorption of
oxvgen by the arsenite occurs more readily in the presence of a second
casily oxidisable substance such as sodium sulphite ® or ferrous sulphate.
In the latter case the amount of oxygen absorbed depends upon the
quantity of sodium hydroxide present.t Manchot ° cousidered that the
oxidation of Fe = to Fe*=* involved the activation of 1 cquivalent of
oxyvgen which was used in the conversion of arsenite to arsenate, hut
Wicland and Franks 6 found that in the most concentrated solution of
arsenite obtainable, of which the pH was 6, the activation of only 0-88
equivalent occurred ; for solutions of pH 10, corresponding with the
metarsenite, NaAsQ,, activation corresponded with 0-6 equivalent, and
for more strongly alkaline solutions corresponding with Na,HAsO, it
corresponded with not more than 1 ecquivalent.” When alkalinity
corresponded with Na,AsO, activation exceeded 1 cquivalent owing to
spontaneous oxidation of the arsenite independent of the influence of
the ferrie salt.  This catalytic action of readily oxidisable substances,
{rom which it would appear that one chemical change is able to promote
another of the same type, is probably duc to the formation of inter-
mediate compounds. The addition of a cerous salt dissolved in con-
centrated potassium carbonate solution to an excess of agucous potass-
m arsenite results in the induced oxidation of the latter, which acts
as oxygen acceptor.®  The cerous solution passes to the quadrivalent
ceric state and, according to Baur,® 2 molecules of oxygen are fixed on
the arsenite for 1 molecule on the cerium.  In the presence of glucose,
however, the cerous salt exerts purely a catalytic action and under
suitable conditions a very small quantity can elfect the atmospheric
oxidation of an unlimited quantity of the arsenite; 12 this is due to the
more profound reducing action of the glicose, which continually con-
verts the cerie salt to the cerous state, in which the cerium is again
capable of fixing atmospheric oxyeen.  These reactions have been
imvestigated from the standpoint of the relative oxidation potentials
of the reacting substances.

Another interesting example ol induced oxidation is the veaction
between chromic acid and a manganous salt in the presence ol arsenious
acid.’  The chromic acid is reduced to a chromice salt, while the man-
ganous salt is oxidised to the manganic state and the arsenious acid to
I Franklin, Pharm. J., 1930, 124, 50.  Cf. Kunight, ibhed., 1923, 121, 396.

* Matignon and Lecanu, Compt. rend., 1920, 170, 941,
Mohr, dnnalen, 18533, 93, 384; Jonssen, Lee. Trar. chon., 1923, 42, 855, Jorissen
and Behnfante, 1bid., 1929, 48, 711; Miitra and Dhar, Zeidsch. wnory. Chem., 1922, 122,
146; Palit and Dhar, J. Phys. Chen., 1926, 30, 039,
Gire, Compt. rend., 1920, 171, 174.
Manchot, Zeitsch. anory. Chern., 1901, 27, 420.
Wiecland and Franks, Annalen, 1928, 464, 101.
Cf. Gire, loc. cit.
Goard and Rideal, Proc. Loy. Soc., 1924, A 105, 135.
Y Baur, Zeitsch. anorg. Chemn., 1902, 30, 25; Ber., 1903, 36, 3038, ¢ Tneler and Wild,
ibid., 1903, 36, 2642.
i:‘ éob, Ann. C’h.i'uz. Phys., 1900, [7], 2o, 205; Comp{. rend., 1902, 134, 1052, -
oard and Rideal, loc. cit. 12 Zwerina, Zeitsch, anory. Chem., 1928, 170, 389.
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arsenie acid, probably in accordance with the equations:

1) CI.VI - _X-\UI —_ (‘rIV N \SV
(2) Cr™ +Mnif=Cy™ 4+ Mn™

The relation of Mn¥ oxidised to As™ oxidised is known as the ““in-
duction factor,” and is found to be about 0-5 at the beginning of the
reaction, whatever amount of manganous salt may be present ; but the
value diminishes as the action procceds, for as the chromate concentra-
tion falls, the tervalent manganese is reduced by the terve alent arsenic to
an increasing extent. The presence of a trace of potassium iodate
produces great irregularity in the induction factor and lowers its initial
value to about 0-25.

A further example of an induced reaction consists in the atmospheric
oxidation of an ammoniacal solution of arsenite, which is brought about
by the addition of cobaltous sulphate, the latter also being oxidised.?

The oxidation of arsenites by exygen in the presence of sodium
hydroxide is affected by the presence of other types of catalysts (sce
p- 175).  Thus in the presence of copper sulphate and with less alkali
than corresponds with Na,AsO . the velocity of oxidation is very small,
but with an increased amount of sodium hydroxide present, copper
hydroxide or oxide is formed and the action is accelerated, and indeed
copper oxide itself may be used as catalyst.2  With an excess of sodium
hydroxide and a suitable quantity of copper oxide, normal sodium
arsenite may be completely oxidised to arsenate in a few hours.
Similarly the presence of an excess of sodium carbonate facilitates
oxidation.®

On the other hand, an aqueous solution containing an alkali di-
hydrogen arsenite and sodium hydrogen carbonate is extremely stable
towards oxygen and at ordinary temperature no oxidation can be
observed after 4+ months, although slight oxidation occurs on heating.*
Shilov and Pevzner,” in studyving the atmospheric oxidation of potassium
dihydrogen arsenite, found that salts of copper, iron and manganese,
frec ]OJIHC and titanic acid were ineffective as catalysts, whilst chromates,
molybdates and cerium salts were only slightly effective. Complete
oxidation was possible, however, in the combined presence of oxides of
nitrogen and hydriodic acid. Into a column filled with glass beads,
aqueous solutions of the arsenite and potassium lodide were introduced
dropwisce.  Into the same column were introduced air, hyvdrogen
chloride and nitrous acid. The addition of these components could be
regulated and by proper adjustment of the ratio of the ingredients and
the velocity of the gases through the column, complete oxidation to
arsenate was attained.  In view of the ready oxidation of arsenious acid
by iodine {p. 141), the following series of reactions appears possible :

21INO, - 2HI=2H,0 +1,+2N0 . . (i)
L, + KIL,ASO; + H,0 = KH,As0, S2HL .. (D)
2N0 =0, —IIOO H\O LHNO, . - (i)

1 Pavlinova, [/./(11/11 Umn J. lLJ){J 4 +75.

® Kato and Murakam, J. Noc. Chem. Lad. Japaz, 1930. 33, 226.

3 Crofts, Canadiasi J. Lud | 1858, 3, 126: Chen. (fuz, 1858, 16, 121: McDonnell, bid.,
1859. 17, 4145 J. pralt. L/um., 1860, [1}, 79, 502: Ludwiyg, Arch. Pharm., 1839, (2], 97,
27; Vogel, Repert. Pharm., 1873, 22, 577.

+ Remnthaler, Chen. Zig., 1912, 36, 713; ¢f. Mohr, dnnalen, 1833, 93, 384.

5 Shilov and Pevzner, J. Chem. Ind. (U.S.S.R.), 1930, 7, 759.
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\V_(' have already seen, however, that equation (i) becomes reversed |
acid medium, and the prevention of this reversal here appears to ]m
due to the removal of the hydriodic acid according to equation (i) *

Tingle ' observed that a solution of arsenious oxide in aqueous

aleohol, after boiling for 26 hours, was oxidised to arsenic acid, but
this was denied by Edgerton.? Kessler® observed that when So,dium

arsenite was undergoing oxidation by chromic acid, oxidation by
atmospherie oxyvgen occurred simultancously. y

Arsenious ox';(l(i is oxidised to the pentoxide by hydrogen peroxide
and by ozonc 11 in alkaline solution the oxidation by ozone is in-
complete?

' By CXpOosing an agueous so]utiop of zu‘scniqus acid to X-rays oxida-
tion to arsenie acid ocenrs accompanied by the liberation of an equivalent
amount of hyvdrogen.t

When heated with sulphur, arsenious oxide yields the disulphide or
trisulphide according to the proportion of sulphur emiployed (see pp. 240
241); sulphurdioxideisalso produced.” An aqueous solution of ar'senious’
<>.\'1d<_- or of an arsenite is (-olot}rcd ycllow on passing hydrogen sulphide
and in the presence of an acid a precipitate of arsenic trisulphide is
produced ® (see p. 284). The addition of arsenious oxide in small
quantity (0.2 per cent.) to aqueous sodium carbonate increases the
amount of hyvdrogen sulphide that can be absorbed by the solution,?
but on regencerating with air the whole of the hydrogen sulphide is not
evolved.  Arsenious oxide is soluble in aqueous sulphuric acid, the
solubility varving somewhat irregularly with the acid concentration
and the temperature ;19 the oxide may be recovered either by erystallisa-
tion or by distillation of the acid. It also dissolves readily in fuming
sulphurie acid T and from the solution sulphato-compounds of the type
As,0,080, may be obtained (sce p. 284), thus indicating a base-like
tendeney in arsenious oxide ; but the products have not the properties
of metallie sulphates. The presence of arsenious oxide retards the
oxidation ol sodium sulphite.t?

When dry arsenious oxide is fused with sodium thiosulphate a
mixture of the di- and tri-sulphides results.?®  In aqueous solution and
in acidificd solutions of arsenites the addition ol aqueous sodium thio-
sulphate eauses the precipitation of arsenious sulphide alter a sharply
defined induetion period, the duration ol which is in inverse pro-
portion to the thiosulphate concentration and practically independent

vrPinele, Jo cbwers Chem. Soc., 1911 33, 1762,

2 [daerton, S clwer. Chene Socl, 1913, 35, 1769.

4 Kessler, Pogy. dwenalen, 1861, 113, 11,

1 Schonbein, 1hid., 1818, 75, 361.

v Schonbein, loe. cit; Sorct, Compt. reed., 1854, 38, 445; Thénard, ibid., 1872, 75,
1714, 458 Ladenburg, Bor, 1903, 36, 115,

6 Pricke and Hart, J. Chem. Physies, 1935, 3, 596.

T Berzelius, Schwcwggers J., 1822, 34, 165 Poyy. Awaalen, 1826, 7, 1, 137; Nilson,
Ahad. Handl, Stockholnd, 1871, 10, 25 Ocfeors. Alad. Stockhobn, 1871, 28, 303; J. prakt.
Cthem., 1876, 121, 14, 159; Marckwald and Foisik, Ber., 1910, 43, 1710.

8 Brandes, Braades ek, 1828, 25, 2649 Remschy Jo prakt. Chem., 1838, [1], 13,
133 Lassaione, J. Chin, Méd, 1842, 12, 8, 5845 Becker, ek, Pharm., 1847, 156, 287;
Lefort. and Thibault, Charm. J . 1882, (3], 13, 301,

U Picters and Smeets, Chem. Weekblad, 1932, 29, 73.
o Chodounsky, Chem. Listy, 1888, 13, 114.

1t Sehultze-Sellae, Ber., 1871, 4, 109,

12 \Moureu and others, Compt. rend., 1928, 187, 917.
1 Faktor, Pharm. Post, 1905, 38, 527.
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of the concentration of the acid.? The nature of the acid, however,
influences the time, a longer period being observed with hyvdrochloric
acid than with acetic acid. This reaction may be emploved for the
experimental demonstration of induction periods and of the relation
between concentration and reaction velocity.  There is evidence of the
formation of intermediate unstable thio-compounds. Thus, from a
solution containing arsenious oxide in hydrochloric acid, potassium
chloride and sodium thiosulphate, a white compound,® potassium
arsenothiosulphate, K;As(S,0,);, may be precipitated by means of
alcohol. This compound in aqueous solution 3 deposits arsenious
sulphide ** after a shorter or longer time according to concentration and
temperature,” 7.e. after an induction period. It is stable when dry but
on heating decomposes thus :
2K ;As(5,0,); =As,5, +83K,80, + 350, +35

In alkaline solutions of arsenites, thioarsenates are formed, which may
be crystallised out, while sulphite or bisulphite remains in solution,
thus: ¢
NazAsO; + Na,5,0,;=Na;As0,S +Na,S0,
and
Na,HAsO; +Na,5,0,; =Na;As0,S + NaHSO,
A small quantity of arsenic is precipitated in each case. Sodium
dihydrogen arsenite yields a considerable precipitate of arsenic and
also of the red disulphide. The polythionates react similarly to thio-
sulphates, yiclding sulphite, thioarsenate and arscnate.® The per-
sulphates also cause oxidation to arsenate.® Sodium hydrosulphite
added to an aqueous solution of arsenious oxide precipitates brown
arsenic; if the solution is strongly acid the precipitate also contains
arsenious sulphide and sulphur.” Arsenious oxide heated at 120° C.
in a sealed tube with sulphur monochloride yields arsenic trichloride,
thus : 8
2A5,0, +68,Cl, =4AsCl; +350, +9S

Arsenious oxide appears to undergo no change when heated in
gaseous ammonia;? it 1s insoluble in liquid ammonia,!® but dissolves
readily in hot aqueous ammonia. Heated with solid ammonium chloride,
arsenious chloride and ammonia are produced.’* With nitrogen iodide
the following reaction occurs: 12

3As,0, +2N,H,I; + 6H,0 =3As,0, + 4NH,; +6HI

1 Vortmann, Ber., 1889, 22, 2308; Forbes, Estill and Walker, J. dmer. Ckem. Soc.,
1922, 44, 97.

2 von Szilagyi, Zeitsch. anorg. Chem., 1920, 113, 75.

3 See also Foerster and Stuhmer (ibud., 1930, 206, 1) and Kurtenacker and Czernotzky
(ibad., 1928, 175, 367) on the catalytic influence of arsenious acid on the decomposition
of thiosulphates to polythionates.

Weinland and Gutmann, ¢6id., 1898, 17, 409.

5 Gutmann, Ber., 1905, 38, 1728, 3277; 1907, 40, 2818; 1908, 41, 1650.

S Grutzner, Arch. Pharm., 1899, 237, 507; Newbery, J. Chem. Soc., 1925, 127, 1751.
“ Brunck, Annalen, 1904, 336, 281.

8 Oddo and Serra, Gazzettz, 1899, 29, ii, 353.

9 Bachmann, Amer. Chem. J., 1888, 10, 42.

0 Gore, Proc. Roy. Soc., 1872, 20, 441; 1873, 21, 140; Franklin and Kraus, dmer.
Chem. J., 1898, 20, 820.
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In alkaline solution, oxidation may be brought about by hydroxylamine
or nitrie 0\1de~ thus with the Tormer the {'0110\\1)10 reactions oceur
concurrently :
Na,AsO, + NH,0H =Na, ‘st +NH,
.SRHZOH NII; +N SII Ko

With nitric oxide the reaction appears to be termolecular‘i’
NayAs0, ~2N0 =Na AsO; +N,0

the velocity increasing with inereasing concentration of alkali hydroxide.
A similar change occurs when an excess of sodium arscnite is added to a
fresh solution of nitric oxide in a strongly alkaline solution of sodium
sulphlte Nitrous acid acts cxtxcmdy 510\\1}7 ona solution of the oxide
in aqucous sulphuric acid : the reaction speed is at a maximum ¢ when
the sulphuric acid is of density 1-39 to 1+47.

In the fincly divided state, arvsenious oxide can be oxidised with
oxygen under pressurc in the presence ol nitrie acid, which acts as oxygen
carrier.”  The oxidising action of the nitric acid usually ccases when
reduction to nitric 0x1do has occurred, but nitric acid is 1cgcnelatcd by
oxygen under pressure, thus :

4NO +30, +2H,0 =1HNO,

The oxidation of the arscnious oxide is practically quantitative at 90° C.
with nitric acid of 40 to 60 per cent. concentration and the oxygen
under 20 atm. pressurc; the rate of the oxidation and of re-formation of
nitric acid inereases with rise in temperature and with increase in oxveen
pressure.  Increasc of acid concentration accclerates oxidation, hut
retards regeneration.  Nitric acid alone also brings about 0\1(L1t10n
oxides of mt] ogen and nitrous acid being formed as Intermediate pro-
ducts.®  Itis suggutcd that the nitrous acid produces nitrogen trioxide,
which determines the rate ol oxidation :

2{INO, =N,0, +H,0
N,0, —H‘-\AO,_II,ASO +2N0

The speed of the reaction is thus proportional to the concentration of
arvsenious acid and to the squarc ol the concentration of nitrous acid
present.  The elfect of the presence of mercuric salts on the velocity of
this oxidation is peculiar;® at a concentration of 7-7 x 108 mol. per
litre the reaction is complctely inhibited, but with diminishing con-
centration the inhibiting cffect becomes less marked until, at 7-7 x 107°
mol. per litre, there is a definite positive catalytic effeet which becomes
more marked at the cxtremcl\' low concentration of 7-7 x 10~ mol. per
litre. The retarding eflcct of the mercuric salt may be overcome by
the addition of a small amount of halogen acid to the nitric acid.? The

Gutmann, Ber., 1922, 55, [B], 3007.
Klemenc, ibid., 19253, 58, [ B], 402.
Gurmann, loc. cil.
Bailey, 620d Ann. Rept. on Alkali, ete. Works, 1926, p. 12.
Askenasy, Elod and Zicler, Zeitsch. anory. Chem., 1927, 162, 161.
Lunge, Ber., 1878, 11, 1229; Geuther, Annalerw, 1838, 245, 96.
Abc] Schnud and Weiss, Zeddsch. physilal. Chem. , 1930, 147, A, 69.
Klemenc and Pollak, Zitsch. anory. Chem., 1921,
Schéller, bid., 1924, 141, 231,

9 Smith 'md ]Iiller, Ind. Eng. Chem., 1924, 16, 1168.

O

° , 115, 131. b‘cc also Klemenc and



oxidation by nitrie acid mayx be facilitated by the addition of a small

quantity of iodine or potassium iodide.!

Phospnoms converts arsenious oxide to phosphide 2 {scc p. 236).
When an aqucous solution is heated with phosphorus to 200° C., a
precipitate of arsenic and arsenic phosphide is formed.? A mixture of
the dry oxide with phosphorus trichloride heated to 120° (. in a sealed
tube reacts as follows : 4

6PCl, +5\5,0,=3P,0; + 6As(Cl, + +As

The addition of phosphorus trichloride to an aqucous solution precipi-
tates brown amorphous arsenic; the rcaction does not occur if the
trichloride is [irst dissolved in water, nor when phosphorous acid is
used.? The rcaction, which accords with the equation

3PCL, 4+ As,0, +9HL,0 =2As = 3H PO, + 9H(1

is very delicate and is able to detect the presence of 0-000075 ¢. As per e.c.
Phosphorus tribromide and triiodide react similarly, but more slowly ;
in the latter case the precipitate is contaminated with red phosphorus.
The reaction proceeds also when an aqueous solution of the tribromide
or triiodide is used.  Phosphorus oxychloride vields arsenic trichloride 8
at 250° (., thus:

As,0, +2P0OCL; =2AsClL; + P,0;

Phosphorus pentachloride also reacts to wvield arsenie trichlorvide.?
Avsenious oxide in aqueous solution 1s reduced by hypophosphorous
acid, cspecially on boiling, when phosphine is liberated and brown
arscnic precipitated.® The reduction is readily brought about by
aleium hypophosphite dissolved in 10 parts of hydrochloric acid
(dens. 1-126), this salt being preferable in use to the sodium salt and
providing an extremely scnsitive reagent, although in the presence of
slight traces of arsenic the brown colour may appear only after the
lapse of 20 to 30 minutes.? Arsenious oxide dissolves in arsenic tri-
chloride to form an oxychloride.10

Carbon brings about reduction of arsenious oxide at a temperature
below red heat,!* while in carbon monoxide reduction begins at 60° C.12
The numerous reactions of arsenious oxide with organic compounds are
deseribed in Vol. X1, Part I, of this Sevies.  Silicon tetrachloride heated
for 30 hours at 270° to 280° (. with the oxide vields arsenic tri-
chloride,®® whilst silicochloroform when heated with the oxide in the
presence of aqueous sodium hyvdroxide or sodium hydrogen carbonate

1 Latimer. American Patent, 1974747 (19:
2 ]>m/0111‘~ Ann. Chim. 1)]IJ3 , 1817, [2].
3 Oppenheim, Bull. Soc. chiin., 1864, (2],
1 Michaelis, Jenaische Zeitsch., 1870, [1],
S KNen, J. Proc. Asiatic Soc. Bcn(/ul_ 1‘31‘), 13 )fn
6 Remnitzer and Goldschmidt, Jonatsh., 1831, 1, 427.  CJ. Michaclis, loc. cit.
* Hurtziz and Geuther, dnnalen, 1859, 111, 172.
Fischer, Pogg. Annalen, 1827, 9, 260; Janowsky, Ber., 1873, 8, 1636; Engel, Compt.
rend.. 1833, 96, 408; Thicle, Apoth. Zty., 1890, 5, 86: Rupp and Muschiol, Ber. deut.
pharin. (les. 1923, 33, 620 Deussen, Avch. Pharm., 1926, 264, 355.
¢ Rupp and Muschiol, loe. cit.
o Wallace and ]’onny, Plol. Mag., 1852, [4], 4, 361: Hurtzig and Geuther, loc. cit.

1 Berzelius, clan. Chim. Phys.. 1517, [2]. 5, 179; 15 9, (2], 11, 225; \O"Cl Dingl.
poly. J. 1857, 144. 159: Pereea, Liv. Chin. Alpp/A, 1919, 4, 174.

2 Tay and co-workers, Polyt. Jing., 1910, 10, 72.

13 Rauter, Annalen, 1392, 270, 236; J/17uc>b<r ., 1892, p. 646.
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causes reduction to arsenie, thus :?

As,0, + 8SiHICl, +9NaOH =3Si(OH), + 9NaCl - 2As

Reduction to arsenic also results on heating with boron nitride.2

When heated to redness with an alkali metal or with zine or alu-
minium, reduction of the oxide readily occurs.®* The production of
hvdrides bv the action of metals on the dissolved oxide has been described
(§ee Pp- 80, 81). Rcaction with various metallic oxides, hydroxides
and carhonates results in the formation of arsenites and arsenates.
Certain hvdroxides, however, particularly thosc of ivon, aluminium,
chromium, magnesium, manganesc and zine, have the power of removing
arsenious oxide from solution, although no chemical combination appears
to take place. The action was first observed by Bunsen and Berthold
in connection with ferric hydroxide ; they suggested the use of the
latter as an antidote for arsenical poisoning (see p. 298), the removal of
arsenic being attributed to the formation of a hydrolysed ferric arsenite.4
The formation of such a compound could not be demonstrated, however,
and Biltz showed ¢ that the phenomenon was one of rcversible adsorp-
tion. He observed that the amount of arsenious oxide adsorbed from
solution diminished with the ageing of the ferric hydroxide, and sug-
gested that at equilibriwm the distribution of the oxide between the
hydroxide and water could be represented by the usual adsorption

. 1 . . . . .
isotherm, ClszQ/", where C; is the concentration of arsenious oxide

in the ferric hydroxide, C, the concentration of arsenious oxide in
solution, and & and n are constants. Later workers have shown that
this relation is not quite true,” and that for samples of the adsorbent
prepared under different conditions and of different ages, whilst there
is little variation in the value of n, & varies between wide limits. Thus
in an investigation by Boswell and Dickson it was found that 1/n varied
only from 0-183 to 0-284, but that £ varied from 33-3 to 200. Sen$
observed that the adsorptive power of a sample of ferric hydroxide after
ageing four months was diminished by 30 per cent. If the hydroxide
is prepared by the addition of ammonium hydroxide to a solution of a
ferric salt the adsorptive capacity is greater than if prepared by addition
of a ferric salt to ammonium hydroxide.” Also the adsorptive power
decreases the higher the temperature at which the hydroxide is pro-
duced,'® and with specimens preparcd at 75° and 100° C. the amount of
adsorption deviates greatly from the relation expressed above.

Both arsenious acid and sodium arsenite arc strongly adsorbed by
ferric hydroxide. The amount adsorbed from a given volume of solution
Ruff and Albert, Ber., 1903, 38, 2234.

Mbser and Eidmann, Ber., 1902, 35, 535.

Gay-Lussac and Thénard, *‘Recherches physico-chimiques,” Paris, 1811, 1, 516;
Gehlen, Schuweigger's J., 1813, 15, 501; 1817, 20, 333; Frémy, Conpl. rend., 1870, 70,
66; Berger, 1bid., 1920, 170, 1492.

+ Bunsen, Pogg. Annalen, 1834, 32, 124; Gubourt, J. Chun. léd., 1839, 15, 306;
Reychler, J. Chim. phys., 1909, 7, 362; 1910, 8, 10; Oryng, Kolloid-Zeitsch., 1918, 22,
149.

® Stavenhagen, J. prakt. Chem., 1895, [2], 51, 1.

¢ Biltz, Ber., 1904, 37, 1766, 3138; J. Chun. phys., 1909, 7, 370.

7 Mecklenberg, Zeitsch. physikal. Chem., 1913, 83, 609; Boswell and Dickson, J. Amer.
Chem. Soc., 1918, 40, 1793.

8 Sen, J. Physical Chem., 1927, 31, 419.

® Clavera, dnal. Fis. Quim., 1926, 24, 168.

10 Yoe, J. Amer. Chem. Soc., 1930, 52, 2783.
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increases with the initial concentration, and for a given concentration
the adsorption increases with the volume.!  The amount of adsorption
depends also on the quantity of ferric hydroxide employed, but in a
decreasing ratio.? The curvature of the adsorption isotherms depends
therefore on these factors. Adsorption takes place very rapidly, but
the time taken for the limiting valuc to be reached appears to vary
with conditions, from one to twelve hours being recorded.  Tempcerature
has little influence.

Sodium hydroxide is adsorbed appreciably by ferric hyvdroxide and
the presence of the alkali in solution diminishes the amount of arsenie
adsorbed. On the other hand, salts such as potassium or ammonium
chloride have no effect on the adsorption. The ferric hyvdroxide,
especially when fresh, is liable to become peptised by arsenious acid
in certain dilutions.  Apparently peptisation results when a definite
quantity of arsenious acid has been adsorbed by cach particle.®  Excess
of arsenious acid, however, causes flocculation.

Colloidal saccharated iron is sometimes used in place of ferric
hydroxide as an antidote in arsenical poisoning, but its adsorptive
capacity depends on the alkalinity of the medium.* Thus a commercial
preparation containing 0-75 per cent. of sodium hydroxide was found to
adsorb 12-57 per cent. of arsenious oxide (reckoned on the amount of
iron present); addition of alkali increased the adsorption until, with
1-28 per cent. of sodium hydroxide present, there was a maximum
adsorption of 27 per cent. The addition of acid correspondingly
diminished the adsorption. A gel of ferric magnesium hydroxide, if
prepared without boiling, also adsorbs arsenic from sodium arsenite
solutions.?

Ferrie hydroxide is far from being the best adsorbent for arsenious
oxide. According to Boutaric and Perrcau,® the most active hvdroxides
are those of zine and manganese, while the following are in order of
decreasing adsorptive activity : cadmium, chromium, iron, aluminium
and magnesium. The last two adsorb arsenic from Fowler's arsenite
solution (sec p. 147) but not from sodium cacodylate.” Aluminium
hyvdroxide behaves similarly to ferric hydroxide: the presence of
potassium chloride has no cffect upon the equilibrium, which is
reversible, nor does sucrose or alcohol affect the adsorption. If the
aluminium hydroxide gel is boiled with water for 15 minutes, the
adsorptive power at the ordinary temperature is greatly reduced.®
Adsorption of arsenious oxide by chromium hydroxide is much greater
than by ferric or aluminium hydroxide and the action differs from that
of the two latter gels in that the cquilibrium is not reversible and, in
fact, no true equilibrium can be attained.® Morcover, arsenious acid
is adsorbed to a greater extent than is sodium arsenite, whereas in the

1 Sen, loc. cit.; Boutaric and Perrcau, J. Pharmn. Chim.. 1928, (8], 8, 211.

2 Lockemann, Terk. Ges. deut. Naturforsch. Aerzte, 1911, 11, 25; Boutaric and
Perreau, loc. cd.

3 Boutaric and Perreau, Rer. gin. Colloid., 1928, 6, 1.

4 Herboth, -drch. Pharm., 1926, 264, 181. Cj. Mannich and Rojahn, bid., 1924, 262,
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casc of aluminium hydroxide no difference is observed.  Zirconium
hvdroxide exhibits considerable adsorptive power,! as also does suitably
prepared wood charcoal.? B

After an extensive study of the adsorption of arsenious oxide by
metallic hydroxides,® Sen concluded that this type of adsorption
resembles that of cations by mangancse dioxide, and that the chemical
affinity between the adsorbent and the substance adsorbed plays an
important part, thus differing from adsorption by charcoal. It has been
observed that soils having a high absorption capacity for bases also
absorb the arsenite ion from solutions of G-001 to 0-01N concentration.*
The absorption increases with time, without reaching an end-point, and

the process follows the normal adsorption cquation Clzlgc_l)"”-_ The

addition of ferric oxide or calecium carbonate to the soil considerably
inereases the capacity for absorption, but such salts as caleium sulphatuc
or copper sulphate have no cffect.

The reducing power of arsenious oxide has becu the subject of much
investigation, especially in regard to its reaction with the more important
oxidising agents. Arsenious acid and arsenites undergo oxidation in
the presence of chromic acid or dichromates.® With a mixture of
potassium dichromate and sulphuric acid, the oxidation of arsenious
acid proceeds at a ratc nearly proportional to the first power of the
concentration of the dichromate,® to the (irst power of the concentration
of the avsenious acid and to the 1-4th power of that of the sulphuric
acid: the inexactuess of the proportionality is probably duc to incom-
plete ionic dissociation of the dichromate and to the influence of the
hydrogen ion concentration on the dissociation of the arsenious acid.
Between 0° and 10° C. the temperature cocllicicnt is low, the increase
in the rate of oxidation over this interval being only 26 per cent. If
potassium iodide is added to the mixture of arsenious acid, dichromate
and sulphuric acid, an induced reaction occurs in which the arsenious
acid acts as the inductor and the iodide as the aceeptor of the oxidation.”
Under these conditions the rate at which the chromic acid is reduced
cquals the sum of the rates at which it is reduced in solutions of arsenious
acid and potassium iodide scparately, the former reaction being retarded
as much as the latter is accclerated. The temperature cocflicients of
the single actions and the joint action arc cqual.

The oxidation of arsenious oxide or arsenites by means of potassium
permanganate has atiracted considerable attention owing to its
analytical applications. It was carly rccognised that the course and
speed of the reaction and the nature of the products depended on con-
ditions of temperature, acid concentration and the nature of the ions
present.’  In ncutral or alkaline solution the oxidation proceceds slowly,

1 Sen, Zeitsch. anorg. Chem., 1928, 174, 75.

Dubinin, J. Russ. Phys. Chene. Soc., 1926, 58, 1187.

Sen, loc. cit.; J. Physical Chem., 1927, 31, 419, 686, 922, 1840.

schev, Zeitsch. Pflanz. Dung., 1933, 30 A, 156.

ler, Pogy. Annalen, 1853, 95, 204; 1863, 118, 17; de St Gilles, Compt. rend.,
, 46, 424; Feiz)l and Weiner, Zedseh, anal. Chem., 1924, 64, 302.

S de Lury, J. Phys. Chem., 1907, 11, 47. 7 de Lury, ibid., 1907, 11, 54.

S Bussy, Compt. vend., 1847, 24, 774; Kessler, Pogy. dnnalen, 1853, 95, 204; 1863,
118, 17; de St Gilles, Compt. rend., 1858, 46, 4241 L. Chom. Phys., 1859, [3], 55, 385;
Lenssen, J. pralt. Chem., 1859, [11, 78, 107; Waitz, Zeitsch. anal. Cheni., 1871, 10, 174:
Vanino, bid., 1895, 34, 426: Kuhling, Brr., 1901, 34, 404; Deiss, Chem. Zet., 1910, 34,

237: Trautmann, Zeitsch. anal. Chem., 1911, 50, 371: Moser and Perjatel, Monatsh.,
1012, 33, 751.
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but it is more rapid in acid solution. In aikaline solution the reduction
of the permanganate results in the precipitation of manvanese dioxide
according to the equation?

345,60, + 1 RMBO, =345,0; + 2K ,0 = M0,

but an excess of permanganate 1s necessary for the complete oxidation
ol the arsenious oxide. Some manganesc remains in colloidal solution
as manganic hvdroxide, and this is ]ncupl*ated if an electrolvte such as
potassmm sulphate be present.?  If the arsenite is in excess, reduction
proceeds further, the precipitate consisting of an indefinite mixture of
nanganous oxide and manganese dioxide ; in complete absence of air
the product is manganous hyvdroxide? These precipitates adsorb a
considerable quantity of arsenic from the solution. In slightly acid
medium a green colloidal solution of manganese dioxide may be
obtained ; * this on keeping deposits as a black precipitate containing
arscnic.

In the presence of a mineral acid the complete oxidation of arsenic
to the quinquevalent state by means of permanganate is diificult,
probably owing to the fact that whereas the permanganate is mpldly
reduced to the manganic condition, the complete reduction to the
manganous state usually occurs slowly.5  With sulphuric® or nitric
acid this is the case cven at 106° C., but with hydrochloric acid the
reaction proceeds more rapidly to completion.” Under the influence
ol certain catalysts, however, the reaction may be accelerated so that
it takes place practically instantaneously in the cold, and accurate
estimation of arsenious acid may thus be made by titration with per-
manganate. Suitable catalysts are potassiuni iodide, potassium iodate,
silver chloride,® 1odine chloride? and osmium tetroxide.l® In the
presence of hydrochlorie acid, the concentration of which should be
from 0-5 to 2N, the addition of one drop of 0-6025N solution of potass-
ium iodide or lodate to the portion to be titrated is sutlicient.**  In the
presence ol sulphuric acid, the latter should be at least 6-5N and should
contain about 1 g. of sodium chloride per 100 c.c., the same amount of
1odide being added.  The cffect ot the catalyst is presumably due to
the primary tormation of hypoiodous acid by the action of the tervalent
manganese on the iodide, thc hypoiodous acid immediately oxidising
the arsenious acid. The favourable cifect of the iodide is hindered by
the presence of such compounds as mercurie salts or hydrofluoric,
metaphosphoric and tungstic acids, which allow the formation of
undissociated or slightly ionised complexes.  The end-point of the

Feigl and Weiner, Zedsch. anal. Chen., 1924, 64, 302
2 Brauner, 16id., 1916, 55, 225.
Feigl and Weiner, loc. cel.
Geloso, Bull. See. chim., 1925, (4], 37, 641; Compt. rend., 1920, 171, 1145.
Lang, Zedsch. anal. Chen., 1931, 85, 176; Travers, Bull. Soc. chim., 1925, [4],
37, 456.

8 The mechanism of the reaction between arsenites and potassium permanganate in
dilute sulphuric acid solution is discussed by Oryng, Roczuiki Chem., 1927, 7, 334; Zeitsch.
anorg. Chem., 1927, 163, 195; Holluta, hud., 1923, 168, 361.

* Kolthoff, Pharm. Weekblad, 1924, 61, 733.

8 Lavg, Zeusch. anorg. Chem., 1926, 152, 197; Zeitsch. anal. Chem., 1931, 85, 176;
Cantoni, Anwull Chim. Appl., 1926, 16, 153.

¥ Swift and Gregory, J. ~luer. (/zcm Soc., 1930, 52, Y01.

W Gleu, Zedsch. anal. (/um 1933, 95, 305.

i Lang, loc. cut.
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titration mav be determined potentiometrically.®  If osmium tetroxide
is used as catalyst, a few drops of a 0-01M aqueous solution should be
added to each portion to be titrated. _

Quadrivalent cerium salts may be volumetrically determined by
arsenious acid in aqueous sulphuric acid solution using a manganese
salt as catalyst, with potassium iodate present as a promoter.>  Excess
of arsenious acid is used and back-titrated with permanganate. If
nitrie acid is present in place of sulphuric acid, an alkali chloride and a
trace of iodine are used to promote the action of the manganese salt.
Direct potentiometric titration with arsenious acid may also be
emploved. )

I arsenious oxide is heated in a sealed tube with ferric chloride in
aqueous hydrochloric acid (1-5 to 4N), reaction procceds according to
the equation ®

oFeCl,; + H,As0,; + H,0 == 2Fc(l, + H;As0, +2HCL

The equilibrium constant K as given by [H;AsO,][FeCl,]%/[H;AsO,)
[FeCLJHCI? is 0035+ at 107° C. and 0117 at 127° C. The forward
and reverse reactions are both termolecular and are accelerated by
hvdrochloric acid. The thermal value of the reaction from left to
l‘ié‘ht is 18,000 calories. Sarma? studied the reaction in aqucous
solution at 350° C. in the presence of potassium lodide as catalyst.
Equilibrium was attained in 10 hours. The reaction is bimolecular
in respect of the ferric salt and unimolecular in respect of the arsenious
acid. There appear to be two consccutive reactions—

(i) 9Fe+++ 1+ 21" =2Fe+ + 1,
(i) I, + H,As0, + H,0 =2HI + H,As0,

the latter being relatively slow, but inereasing with the concentration
of the catalyst. The heat evolved in the oxidation of 1 gram-molecule
of arsenious acid was found to be 13,600 calorics.

Silver nitrate in ammoniacal solution may be completely reduced to
silver by aqueous arsenious oxide. The reduction is hindered by the
presence of ammonium sulphate, owing to the decrease in concentration
of the hydroxylions ; ® neutral salts such as sodium sulphate or sodium
nitrate have no effect.  Similarly, auric chloride may be reduced to
cold.® At 20° (. an aqueous solution of vitrcous arsenious oxide
reacts 4 to 5 times as rapidly as an aqueous solution of the octahedral
form; 7 the greater rate of dissolution in water of the former variety
has been mentioned (p. 137), but from supersaturated solutions of the two
forms there is no appreciable difference in the rates ol deposition.  The
explanation of the inferior reducing power of the crystalline varicty may
be that there exist ““anisotropic molecules ** which only slowly lose their
anisotropic properties. An ammoniacal solution of arsenious oxide
heated with cupric sulphate in a sealed tube at 100° C. causes reduction

! For suitable cell combinations for the electrometric titration of arsenites with
permanganate, see Lang, Zeitsch. Elektrochem., 1926, 32, 454; also Hall and Carlson,
J. dmer. Chem. Soc., 1923, 45, 1613,

2 Lang and Zweflina, Zedsch. anal. Chem., 1932, 91, 3.

3 Jellinek and Winogradoft, Zeitsch. Elektrochein., 1924, 30, 477.

! Sarma, J. Indian Chem. Soc., 1930, 7, 31.

° Kohn, Monaish., 1923, 43, 367.

¢ Rose, Pogy. Annalen, 1849, 76, 734.

* Jenckel, Zeitsch. anorg. Chem., 1929, 182, 314.
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to the cuprous salt. The reduction is retarded by the prese l(*" of
ammonium salts, but is not affected by the presence of neutral salts
such as potassium chloride or nitrate.!

The reduction of arsenious acid by means of stannous chloride ha
already been described (p. 28), the well-known ** Bettendorit’s test”
depending upon the reaction.? In the presence of concentrated hydro-
chloric acid, a voluminous brown precipitate, consisting mainly of
vellow arsenic with small amounts of tin, is formed. Velocity measure-
ments lead to the view 3 that the reaction takes place between arsenious
and chloride ions and the complex H,SnCl,. Dilution with water
decreases the velocity and ultimately prev cnts precipitation.  The
reaction is endothermic.

Arsenious oxide exhibits considerable catalyvtic activity, which may
act either positively or negatively. The effect on many oxidation and
reduction reactions has been mentioned above. Other examples are
the increase in the rate of dissolution of zine by dilute acids and the
rctardation of the dissolution of marble. In the latter case a concentra-
tion of 0:005N As,O, reduces the velocity constant for the dissolution
of marble in 0-1N HCI by 12 per cent.®

Uses :of Arsenious Oxide.

The most important application of arsenious oxide is in the manu-
facture of arsenates, which are used extensively, in the form of poison
sprays or dusts, as insecticides to control the various pests which attack
fruit and v coetable crops. The most important arsenates in this respect
are those of calcium and lead. The former is effective in destroying the
boll weevil of the cotton fields, while the latter controls the codhng
moth, plum curculio, cabbage worm, potato beetle, tobacco hornworm
and other pests (see Chapter XII, p. 301). Emerald green (copper aceto-
arsenite), magnesium arsenate and manganese arsenate are also used
as insccticides. The refined white arsenic is usually emploved in the
manufacture of the above products, but the crude arsenical flue dust or
“treater” dust (sec p. 125) is used for the production of weed killers,
fungicides and wood preservatives, while sone is converted into sodium
arsenite for sheep dipping purposes. Railroads may be kept free from
grass and weeds by the judicious use of arsenical preparations.  Wood
preservatives may contain aqueous arsenious oxide,® copper arsenite
or acetoarsenite, or zinc metarsenite, such being useful for telegraph
poles, fenccs, mine props, cte. In India and in Germany arsenious
oxide is used with chromates and chromic acid, which fix the arsenic
in the wood. Emnierald green is used in preservative paints for such
purposes as the painting of the bottoms of ships to prevent weed and
barnacle growth. It is also used to a limited extent in the arts for
giving vivid green tints.

Kohn, loc. cit.
Bettendorft, Sitzungsber. Niederrhein. Ges. Bonn, 1869, p. 128.
Durrant, J. Chem. Soc., 1919, 115, 134.
Zwicknagl, Zeitsch. anorg. Chen., 1926, 151, 41.

® Jablezynski and Maczkowska, Zeitsch. anorg. Chem., 1931, 197, 292; Rocz. Chem.,
1931, 11, 13Y, and (in German) 152. See also Mourcu and others, Compl. rend., 1928,
187, Y17; Hahn, Zeitsch. anal. Chene., 1928, 73, 412; Adadurov and Dziskko, J. Phys.
Chem. (U.S.S.R.), 1932, 3, 48Y.

¢ Kamesam, Current Sci., 1935, 4, 409.
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In the form of arsenical soap arsenic is used ir} taxidermy to prevent
inscet damage. Tt has been stated, however, that skins treated with
arsenates do not drv-out well, and tend to heat when piled.t

Arsenious oxide is used in the glass industiy as a decoloviser, opacifier
and refining agent.?  When the oxide is added to cither soda-lime-
silica or pdtash—]ca(l o_\'idc—s_ili(-a olasses, the zu-sc‘ni(' 18 cither wholly
or mainly retained on melting.  Thus Turner 3 found that with the
former t_Gpc of glass and with 10 parts of arsenious oxide to 1600 parts
of sand, practically the whole of the arsenic remains in the glass when
melted in closed pots at 1400° C., while with 250 parts of the oxide to
1000 of sand the amount retained at 1350° C. was 78 per cent. and at
1400° (. 533 per cent. of the tota].addcd, phc amounts varving somewhat
with charging conditions. During melting, 40 to 70 per cent. of the
arsenious oxide, even in the absence of oxidising agents, is converted to
arsenic pentoxide or arsenates,? the solutions of }vhich in glass at high
temperaturcs are remarkably stable.  The arsenic exerts no beneficial
effect on the process of melting, the temperature of which is raised by
large amounts, and the time of mcl'ti_ng is p'rolonged. The rate of
melting may be accelerated by the addition of nitre. In batches rvich in
silica, addition of more than 2 parts of arsenic to 1000 parts of sand
tends to cause a surface scum. The green tint due to iron is delinitely
reduced by the arsenic, the improvement being continuous with in-
creasing proportions of the oxide. When the latter is added to the
extent of 150 to 250 parts per 1000 ol sand, an opalescent glass is pro-
duced, the degree of opacity depending on the amount of arsenious
oxide added. The latter is similarly employed as an opacifying agent
in the production of opalescent glazes.

A soda-lime glass rendered colourless by means of arsenic may turn
vellow under the influence of sunlight owing to conversion of ferrous to
ferric iron.®  Also a glass containing arsenic tends to darken in colour
if reworked ; ¢ the presence of the clement facilitates clarilying in lead
glasses, but is objectionable where these must be subjected to sub-
sequent heating. The presencc of arscnic in chemical glass Is un-
desirable because of its ready extraction by strong acids and alkalis.
Foodstulls, however, may be safely contained i suitable avsenic-
bearing elass without contamination.” In 6-hour boiling tests ® with
vinegar and a concentrated sugar solution, @ good soda-lime glass con-
taining 0-27 per cent. of arsenious oxide showed 1o loss of the latter
by extraction, and the amount cextracted under sinmilar conditions by
a 2N-sodium carbonate solution corresponded to only 0.2 per cent. of
the total loss of weight.

The temperature of devitrification ol glass is lowered by the presence
of arsenic. With a scries ol glasses made [rom soda-lime batches
containing from 0 to 230 parts of arsenmious oxide per 1000 parts of

1 Huc, " Halle auz Cuwrs,” 1926, pp. Y7, 129.

2 Turner and co-workers, J. Soc. Gluss Tech., 1926, 10, 3: 1927, 13, 65, 190, 205;
éﬁloih) and Sharp, Glass Iad., 1930, 11, 1535 Silverman, ©rans. Lleclrochem. Sve., 1932,

1, 12.

3 Turner and co-workers, loc. cit.; Tuener, J. Sovc. Chein. Lud., 1920, 48, 63T,
See also Heinrichs and Salaquarda, Glastech. Ber., 1926, 4, 130.

Silverman, loc. cit.; Eckert and Schnudr, Glustech. Ber., 1932, 10, S0,

Bloch and Sharp, loc. cut.

Bloch and Sharp, (ue. cil.

Turner and co-workers, J. Soe
. .. N 1
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Gluss Tech., 1927, 11, 180,
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sand a minimum devitrification temperature (5757 to 6007 C.) occurred
with a glass made from the batch in which 100 parts of the oxide had
been cmployed.  Devitrification of glasses with higher arseude content
is probably hindered by the increased hardness of the glass.

In weak solution, arsenious oxide is used in medicine (see p. 147),

In rvecent vears use of the oxide as a constituent of cement has heen
advocated,t especially in Sweden.  Thus, a mixture of Portland cement
(60 to 70 per cent.) and white arsenic (40 to 30 per cent.) heated to
200° to 250° C. affords a hydraulic cement of normal setting time and of
less solubility than ordinary cement, so that lime liberation is inhibited
and the resistance to water improved. Wooden structures exposed to
the action of sea water may be protected by spraving with a conerete
composed of white arsenic, cement and sand in the proportions 1: 3 : 12.
The arsenic makes the mixture elastic and helps the cement to adhere
to the wood. There is, however, danger in the too widespread applica-
tion of arsenic in the directions described above.

THE ARSENITES.

Aluminium Arsenite, AlAsO,, has been obtained by the addition
of barium arsenite 2 or potassium tetrarsenite,® K,As,0,.2H,0, to an
aqueous solution of aluminium sulphate. In the former case, after
filtration and concentration over sulphuric acid, rhombic pyramids
were obtained. The second method vielded a gelatinous precipitate
which after drying left a white powder. The arsenite decomposes on
heating, alumina and arsenious oxide being the sole products; * it is
slightly soluble in boiling water, readily soluble in acids and in aqucous
sodium hydroxide.

Ammonium Arsenites.—The solubility of arsenious oxide in
aqueous ammonia at 30° C. has been studied,® conmoniuin metarsenite,
NH,AsG,, has been separated, and evidence of the existence of ammon-
tum dihydrogen arsenite, (NH)H,AsO,, obtained.  The metarsenite has
been prepared in the form ol acicular crvstals by allowing ammonia
to react with an aquecous solution of arsenious oxide at 70” to 80° C.,°
and as rhombic prisms by the action of concentrated aqueous ammonia
on powdered arsenious oxide, warming the mixture until a clear solution
1s obtained and allowing to crystallise.” The product loses ammonia
on exposure to air. It is readily soluble in water, but on evaporation
of the solution arsenious oxide is deposited. Precipitation of the oxide
may be brought about by adding a little alcohol to the solution ; excess
of alcohol leaves the solution clear. The metarsenite is only slightly
soluble in aqueous ammonia. When concentrated aqueous ammonia
is poured on to arsenious oxide, the crystalline mass first formed was

1 Werner and Guertz-Hedstrom, ek, Tids., 1930, 60, +1; Shann, Zeinent, 1931, 20,
S$16; Stalhane, Werner and Grertz-Hedstrom, shmerican Patent, 1875397 (1932); Stalhane,
American Patent, 1800670 (1933): Assarsson, Zement, 1932, 21, 64.

* Thorey, Russ. J. Pharm., 1871, 10, 331.

¢ Reiwchard, Ber., 1894, 27, 1019.

Rushton, J. Physical Chem., 1932, 36, 1772.

Schreinemakers and de Baat, Proc. Adcud. dmsterdam, 1915, 17, 111. See also
Stamm, “Ueber die Loslichled von Ammonsalzen  wnd  Allalsalzen i wdsserigem
Anononialk,” Halle, 1926.

¢ de Luynes, J. prald. Chein., 1857, |13, 72, SU; Compt. rend., 18357, 44, 1354,

© Fischer, Kustner’s Aich., 1827, 11, 236.
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deseribed by Pasteur ' as ammoniwm pyroarsenite, (NH,)As,0.. The
crystals, oblique rectangular prisms, were obtained pure by Stein 2 after
washing with alcohol and ether and drying between absorbent paper
They are stable only in contact with the ammoniacal solution ; in aiy.
or when dissolved in water, decomposition occurs with loss of ammonia’
Stavenhagen,? who endeavoured to preparc the above arsenites coul(i
obtain only products of uncertain composition. ’

The variation of the specifie conductivity * and of the freezing
point ® of a solution of arsenious oxide progressively neutralised by
aqueous ammonia has been investigated, but evidence of compound
formation is not obtained.

Antimony Arsenite.—When powdered antimony is digested with
a concentrated aqueous solution of arsenic acid, and the solution then
diluted with water, a precipitate forms, which was described by
Berzelius ¢ as antimony arsenite. He obtained a similar product by
heating a mixture of arsenic and antimony pentoxide ; it remained as a
transparent vitreous mass. The exact composition of these products
docs not appear to have been investigated.

Barium Arsenites.—In an investigation 7 of the ternary system
Ba0-As,0,-11,0 in which the two oxides in varying proportion§ were
shaken with water at the temperatures 25° and 50° C., the solution and
solid phase subsequently being analysed, evidence of the formation of only
two arsenites was obtained : a basie metarsenite, Ba(OH)As0,.2H,0,
and an arsenite of composition 2Ba0.3As,0,.411,0. o

Barium Orthoarsenite, Bay(AsOy),, has becen prepared® by the
addition of potassium orthoarsenite to an aqucous solution of barium
chloride and drying the precipitate at 100° C. in a current of hydrogen.
It is obtained as a white amorphous powder, readily soluble in hot water
and in dilute acids.  When heated rapidly to about 730° C. it is decom-
posed into arsenic and the arsenate ; ¥ the mechanisim ol the reaction is
not understood.  Slow heating below 3007 C. causes loss of arsenious
oxide.

Barium  Dihydrogen Orthoarsenite, Ba(lI,As0;),.aq., s obtained,
according to Perper,® by adding an excess ol baryta water to aqueous
arsenious acid, by treating an ammoniacal solution of arsenious oxide
with excess of barium chloride, or by adding potassium pyroarsenite to
barium chlovide solution.  According to Stavenhagen and others,! this
salt is to be regarded as barium pyroarsenite, Ba,As,0;.a9. If the
precipitate is air-dried, it contains 8 molecules of water of crystallisation
according to Stavenhagen, and 4 molcceules according to Stein ; if dried
at 100° C. it retains 2 molecules.  Perper formulated the dihydrogen

1 Pasteur, J. Pharm. Chim., 1847, |3], 13, 395; Compt. rend., 1847, 24, 774

2 Srewn, Anualen, 1850, 74, 218.

3 Stavenhagen, J. prakt. Chen, 1893, (2], 51, 1.

4 Molati and Mascetuy, Guzzelte, 1901, 31, 1, 93.

5 Cornee, Compt. rend., 1909, 149, 676; <Lwn. Chun. Phys., 1913, [8], 29, 490; 1913,
[8], 30, 63.

& Berzelius, Poyg. dwnalen, 1826, 7, 285 Schwewyyer's J., 1821, 32, 162.

7 Story and Anderson, J. dmer. Chem. Soc., 1924, 46, 533.

s Stavenhagen, J. prakt. Chem., 1895, [2], 51, 17.

v Rat, Compt. rend., 1933, 197, 595 Rushton, J. Physical Chem., 1932, 36, 1772,

10 Perper, U Betrage zur Kenntnes der arsenigsauren Salze,” Berlin, 1890; Bloxam,
J. Chem. Soc., 1862, 15, 281.

U Stavenhagen, loc. cit.; Stein, Annalen, 1850, 74, 218; Filhol, ibid., 1848, 68, 310;
J. Pharm. Chim., 1848, 3], 14, 331, 401.
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orthoarsenite with 34,0, but stated that it lost water on exposure to
air.  When heated-to a high temperature it vields arsenic and barium
arsenate.! It isslightly soluble in cold water, more readily in hot water,
the solution having a slightly alkaline reaction.  Whether the products
obtained by the various methods described above are 1dcm1(>ul, and
what their exact constitution is, are problems which have not vet
been clarified. Further, Story and Anderson’s basic Tnﬂtamenue may
cqually well be formulated as barium monohydrogen orthoarscnite,
BallAsO,.2H,0.

Barium Metarsenite, Ba(AsO,),, may be obtained by warming
barium chloride with a solution of ammonium arsenite to which acetic
acid has been added until arsenious acid is on the point of precipitation.
The precipitate is then dried at 100° C.2 It is a white powder, ecasily
soluble in water, but it can also be obtained as a gelatinous mass 2 when
a mixture of barium chloride and potassium metarsenite in solution is
left to stand for a few hours. On strongly heating it decomposes to
form arsenate and free arsenic, but to a much less extent than is the
case with the orthoarsenite.*

Beryllium Arsenite.—Attempts to prepare definite compounds
of beryllium with arsenious acid have not been successful.® WWhen
beryllium hydroxide is precipitated from solutions containing arsenious
oxide, much of the latter is adsorbed.

Bismuth Arsenite.——When arsenious acid acts upon a solution of
sodium bismuth chloride, a white precipitate of approximate composi-
tion BiAsO,.5H,0 is formed.® The substance has not been obtained
pure. It is not decomposed by boiling aqueous alkali ; 7 it is soluble in
nitric acid.$

Cadmium Arsenites.—3VWhen a solution of cadmium chloride in
50 per cent. aleohol is treated with potassium orthoarsenite solution
neutralised with acetic acid, a white precipitate of cadmium ortho-
arsenite, Cd4(As0Oy),, is formed.? It is obtained anhydrous by heating
at 100° C. in a stream of hydrogen. It is slightly soluble in water,
easily soluble in aqueous ammonia or in dilute acids. Cadmium
pyroarsenite, Cd,As,0O;, is obtained as a white precipitate by adding
sodium metarsenite to a solution of cadmium sulphate.’® It is soluble
in acids, unattacked by alkalis, and on ignition decomposes, leaving a
residue of cadmium oxide contaminated with arsenic. A basic pyro-
arsenate, of composition Cd,As,0;.3Cd0.2H,0, is obtained as a gela-
tinous precipitate by the addition of sodium orthoarsenite to a solution
of a cadmium salt. The water may be removed by gently heating.
Strong heat causes decomposition. It resembles the pyroarsenite in
being readily dissolved by acids but unattacked by alkalis.

Calcium Arsenites. The ternary system CaO-As,0,-H,O, in-
vestigated at 0°, 25° and 99° C. by the method indicated undel barium
arsenites 11 (p. 16‘2), gives evidence of the formation of two arsenites,

1 Stein, loc. cit.; Rat, loc. cit.
® Stavenhagen, loc. cif.  See Bloxam, loc. cit.; Perper, loc. cit.; Reichard, Ber., 1894,

27, 1019. 3 Tilhol, loc. cit.
1 Rat, loc. cit. > Bleyer and Muller, Arch. Pharm., 1913, 251, 304.
°® Stavenhagen, J. pralt. Chem., 1590 (2], 51, 1.
7 Jassoy, Arch. Pharmn., 1883, [3 NYESH
8 Schnewder, J. prakt. Chem., 1879, [2}, 20, 419.
® Stavenhagen, loc. cit. 10 Reichard, Ber., 1893, 31, 2163; 1894, 27, 1019.

=

Story and Anderson, J. -lmer. Chein. Soc., 1924, 46, 533.
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Ca(OH)AsO, or CaliAsO,, which may be considgrcd to be éither g
basic metarsenite or calcium h.ydrogcn orthoqrscmte, and Ca(As0,)
caleium metarsenite.  When mixtures of arsenious oxide and quickliy

2
3 2010 . me
are heated, reaction commences at about 300° €. and at 465° (. cop-

siderable heat is evolved and caleium orthoarsenite, Cag(AsOQO, is
formed.r  An industrial process for the manufacture of this compoﬁnd 2
consists in treating a dry mixture of quicklime (3 moles) and arsenious
oxide (1 mole) with dry stean. 1t may also be obtained by precipitation
of dilute calcium chloride solution with potassium orthoarsenite,? or of
lime-water with boiling aqucous arsenious acid.*  Itisawhite amorphous
powder, which may be dried at 100° C. It is only slightly soluble in
water, but dissolves in acids. At red heat it decomposes with volatilisa-
tion of arsenic, leaving calecium arsenate. The latter is also formed
when the arsenite is heated in oxygen.®  Calcium dihydrogen arsenite,
Ca(I1,As0;),aq., is formed ¢ when excess of lime-water is added to
an ammoniacal solution of arsenious oxide, or when lime-water, or a
solution of calcium chloride, is added to aqucous ammonium metarsenite,
keeping the latter in excess. It is obtained as a white powder or as a
gelatinous mass, and contains 5 to 11H,0. It is fairly soluble in water,
the solution having an alkaline reaction. It is insoluble in absolute
alcohol.  Calcium monolydrogen arsenite is mentioned above.

Calcium Pyroarsenite, Ca,As,0;, is a white powder obtained by
slowly precipitating a solution of arsenious acid with excess of lime-
water, or by adding calcium chloride or sulphate to aqueous ammonium
arsenite, and heating the precipitate to 165° C.7  If the product is dried
in the air at the ordinary temperature, the monohydrate is obtained.
At red heat calcium arsenate is formed. The pyroarscnite is onlv
slightly soluble in water, 100 parts dissolving 0025 to 0-030 part of the
salt. It is more soluble in the presence ol alkali chlorides and some
ammonium salts, such as the nitrate, sulphate, acetate and succinate.®
It also dissolves in dilute acids.

Calcium Metarsenite, Ca(AsO,),, is an amorphous white powder,
anhydrous at 100° (., obtained by precipitation of calcium chloride
with ammonium arsenite in ammoniacal solution.” It is also produced
as a commercial preparation ? by the interaction of milk of lime and
arsenious oxide with vigorous stirring at 100° C., or by heating together
at 60° to 70° C. arsenious oxide and slaked lime.?*  This product is
somewhat impure, containing caleium arsenate and a trace of free lime.
Its solubility in water at 15° C. is about 0-04 to 0-05 per cent.  When
strongly heated in an inert gas it decomposcs, forming calcium and
arsenious oxides and a little arsenice.t?

A salt of composition CayAs,04.311,0, which may be regarded as

b Tammann, Zesch. anorg. Chem., 1925, 149, 63.

Altwegg and Dutel, dwmercan Patent, 1700756 (1929).

Stavenhagen, J. prakt. Chen., 1893, (2], 51, 1.

Kuhn, dreh. Lharin., 1852, (2], 69, 267.

Altweog, dwmerican Paleit, 1345873 (1923).

Perper, * Beurage zur Kennlies der arsencgscuicn Salze,” Berling 1890,

Simon, Pogg. Annalen, 1837, 40, 417; Stavenhagen, J. pralt. Chem., 18953, (27, 51, 1.

Giesecke, Schwegger’s J., 1825, 43, 359; Wach, ., 1830, 59, 272; Wittstem,

fepgert; Phari., 1848, 3], 1, 41; Zewtsch. anal. C:'/um., 189‘3, 2, L?_. ’ . .

. lzslﬁxeatoxml\m and Lutringsgauser, Mo, Ssyrye, 1930, 5, 8705 Chem. Zeati., 1931,
10 Bonvech, duvwokrusocknayu Proin., 1931, Nos. 4-3, 37; Chen. Zentr., 1932,1, 1408.
1 Rushton, J. Plysical Chem., 1932, 36, 1772.
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consisting of 1 molecule of pyro- combined with 1 molecule of met-
arsenite, CayAs,0;.Ca(As0,),, or as a derivative of a hypothetical
tetrarsenious acid derived thus—
2A5,0, +3H,0 =11;As,0,

has been prepared by adding a solution of the corresponding votassium

salt to a concentrated solution of caleium chloride.r "The white preeipi-
tnte, after washing with aleohol, may be dried in the air. At 1007 C.
it loses 1 molecule of water. It is somewhat soluble in water.

Chromic Arsenite, CrAsO,, was described by Neville 2 as a dark
green powder which separated when a concentrated solution of pure
chromic acid was boiled for some time with a saturated solution of
arsceniousacid. Stavenhagen 3 could notobtain it by this method. It may
be obtained, however, by digesting a concentrated solution of chromic
sulphate with potassium tetrarsenite ;* a precipitate containing the
arsenite and arsenious oxide slowly forms, and the former may be
isolated by dissolving in hydrochloric acid and reprecipitating with
aqueous ammonia. It is obtained as a dark green mass, soluble in
potassium hvdroxide solution and in dilute acids.

Cobalt Arsenites.—Several compounds have been prepared.
Cobalt orthoarsenite, Coz(AsO,),.4H,0, 1s obtained ? as a pink precipitate
when a solution of cobaltous chloride in 30 per cent. alcohol is treated
with a solution of potassium orthoarsenite which has been just neutralised
with acetic acid. The preeipitate is soluble in dilute acids. On
heating it turns black. A basic salt, of composition 7C00.As,0,, i
obtained when a solution of cobalt nitrate 1s treated with sodium
orthoarsenite,® the former being in excess ; the amcthyvst-coloured pre-
cipitate first formed contains combined water, which mayv be completely
removed at 150% C.

Cobalt Pyroarsenite, Co,As,0;, 1s obtained when a dilute solution of
cobaltous nitrate is precipitated with sodium metarsenite,®

200(N0,), +2NaAsO, + 11,0 = Co,A5,0; - 2NaNO, = 2HNO,

or with potassium pyroarsenite.” It forms as a violet-blue voluminous
deposit, which decomposes at red heat, arsenious oxide subliming and
leaving a dark blue residue. It dissolves in dilute acids and in aqueous
ammonia.

Cobalt Tetrarsenite, CozAs,04, is obtained as an amethyst-coloured
powder by the interaction of solutions of potassium hydrogen di-
arsenite and cobaltous nitrate.® It dissolves in dilute hydrochlorie
and nitric acids; also in caustic potash, in which it forms a blue solution
which decomposes on heating. In aqueous ammonia it gives a brown
solution, and in aqueous potassium cyanide a vellow one.

Copper Arsenites.—A natural arsenite known as #rippkeite, of
composition 72{u0.As,04, is found in the form of bluish-green tetragonal
erystals ® (@ :e¢=1:0-9160) associated with cuprite in Chile. By
Reichard, Ber., 1894, 27, 1019. See also Stein, Annalen, 1850, 74, 218.

Neville, Chem. News, 1876, 34, 220.

Stavenhagen, loc. cit. 1 Reichard, loc. cit.

Reichard, Chem. Zeit., 1902, 26, 1145; Zeitsch. unul. Chem., 1903, 42, 10.

Reichard, Ber., 1898, 31, 2163.

Girard, Compt. rend., 1852, 34, 918: Stavenhagen, J. praki. Chem., 1893, [2], 51, 1.
Girard, loc. cit.; Reichard, Ber., 1894, 27, 1019.

Damour and vom Rath, Zeitsch. Kryst. Min., 1880, 5, 245; Krenner, ibid., 1921,
56, 198: Larsen, Bull. U.S. Geol. Survey, 1921, p. 679.
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treating solutions of copper salts with arseniou's oxide under various
conditions products are obtained which contain more or less pure
arsenites.

Copper Orthoarsenite, Cuy(AsO,),.2H,0, was obtain({d by Sharples?
by boiling a solution of copper sulphate with arsenious oxide and
sodium carbonate, and drying the precipitate at 100° C. At 150° C.
it still retains water. It 1s soluble in dilute acids and alkalis and in
ammonia, but is decomposed by concentrated alkali. The anhydrous
salt was deseribed by Stavenhagen 2 as resulting when aleoholic solutions
of cupric chloride and potassium orthoarsenite were mixed, the pre-
cipitate being dried at 100° C. The product darkened in colour in
contact with water and its purity and identity are doubtful.

The pigment first prepared by Scheele® in 1778, and known as
Scheele’s green, is essentially cupric orthoarsenite containing excess of
cupric oxide, the composition varying with the mode of preparation. It
is best obtained by a method similar to that used by the discoverer.
Hot aqueous solutions of arsenious oxide and copper sulphate are
mixed and to the mixture is added, in small successive portions, a
solution of potassium carbonate, until the precipitate attains its maxi-
mum colour intensity. After filtration, the precipitate is washed with
hot water and dried at a moderate temperature. Similar products
are obtained by treating aqueous arscnious acid or potassium hydrogen
di-arsenite with a hot aqueous or ammoniacal solution of a copper salt.®
The use of this pigment, owing to its poisonous nature, is prohibited.
It resembles Emerald green, but is in every way inferior to that
pigment. Pigments prepared by slightly modified processes, but of
essentially the same composition, are known under many designations,
including Swedish green, Vienna green, Maitis green and Veronese green.
Bloxam ° stated that when the green precipitate was dried in the air,
its composition corresponded with copper pyroarsenite, Cu,As,O; or
2Cu0.As,0,, with 2-89H,0, and when dried at 100° C. to yicld Scheele’s
green it was CuHAsO, (copper monohydrogen arsenite). Other in-
vestigators ® maintain that the composition approximates more closely
to the normal orthoarsenite; but it is undoubtedly variable and the
amount of cupric oxide present increcases with the amount of alkali
used in its preparation.  The compound decomposes on heating, giving
off arsenious oxide and water and leaving a residue of copper arsenide
and arsenate.”

Efforts to prepare an improved Schecle’s green resulted in 1814 in
the production of Emerald green, cupric aceto-arsenite, the colour of which
is a nearly normal green, slightly verging upon bluish-green. It is
brighter and more opaque than Scheele’s green, and like it 1s extremely
poisonous. It is generally prepared by adding a solution of verdigris
in acetic acid to a boiling solution of white arsenic; on continued

Sharples, Chemn. News, 1877, 35, 89, 108; Proc. Amer. Acad., 1877, 12, 11.
Stavenhagen, J. prakt. Chem., 1895, [2], 51, 25.
Scheele, Svenska Akad. Handl., 1778, 40, 316.
Proust, Phil. Mag., 1808, 30, 337: Braconnot, Ann. Chim. Phys., 1822, [2], 21, 53;
Bloxam. J. Chem. Soc., 1862, 15, 281; Sattler, Zeitsch. angew. Chem., 1888, 1, 40;
Reichard, Ber., 1894, 27, 1020; 1897, 30, 1914.

5 Bloxam, loc. cif.

6 égsharples, loc. cit.; Stavenhagen, loc. cit.; Bornemann, Zeilsch. unorg. Chem., 1922,
124, 36.

* Proust, loc. cit.; Simon, Pogg. Annalen, 1837, 40, 440; 41, 424,
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chullition the Emerald greenis deposited. A mixturcor (onp er suly
acetic acid and potassium arsenite mayv also be emploved.  The product
must be washed free of soluble salts with boiling wa iter.  The pigment
is known also under the names Schweinfurt green and Paris green.

The composition ! approximates very nearly to 3Cu(As0O,),.Cal{C,H,0,),.
The pigment dissolves in boiling dilute mineral acids.  After boiling
for some time with a large excess of arsenious oxide solution, the sub-
stance suddenly becomes paler in colour and is converted to anhydrous
copper metarsenite,> Cu(As0,),, a grev ervstalline powder. The di-
hydrate, Cu(As0O,),.2H,0, was obtained by Stavenhagen® as a pale
green amorphous precipitate by adding a solution of arsenious oxide in
50 per cent. aqueous alcohol to a slightly acid solution of cupric chloride
in alcohol.  The precipitate was dried over sulphuric acid. At 100° C.
it lost 1 molecule of water ; above this temperature arsenious oxide was
also liberated.

Gold Arsenites.—Solutions of auric salts are reduced to the metal
by the addition of aqueous solutions of arsenious oxide. -Lurous ortho-
arsenite, AuzAsQO,, is obtained * by treatment of a solution of aurie
chloride with potassium tetrarsenite. It is a purple-red powder, which
blackens when heated or exposed to light. By adding potassium ortho-
arsenite to a solution of auric chloride in 50 per cent. aleohol, auric
arsenite, AuAs0;.2H,0, is obtained ® as a pale brown powder, which 1s
unstable in air at 01dmar\' temperatures and on warming rapidly
decomposes forming gold arsenide and gold. It is readily soluble in
water, dilute acids and aqueous ammonia.

Iron Arsenites.—Both ferrous and ferric compounds are known,
but the existence of ferrous orthoarsenite has not been established.®
Ferrous metarsenite, Fe(AsO,),, has been obtained * by the action of
potassium tetrarsenite, K,As,0,.2H,0, upon a dilute solution of ferrous
sulphate. It is greenish in colour, becoming brown on exposure to air.
It decomposes when heated. When a hot, saturated solution of
arsenious acid containing ferrous iodide is allowed to cool, crystals of
the compound Fel,.1+A5,0,.12H,0 are obtained, which slowly oxidise
in air, and in vacuo over concentrated sulphuric acid vield up all their
combined water. The iodide character of the salt is suppressed, from
which it may be inferred that the iodine has combined with the arsenious
oxide to vield a complex negative radical.s

Ferric Orthoarsenite, FeAsO,, was described by Reichard ® as a rust-
vellow powder obtained by adding potassium tetrarsenite to a dilute
aqueous solution of ferric chloride. A substance of similar chemical
composition has been found in a crystalline deposit formed during the
Deacon process of making chlorine. The crvstals of the pure salt are
monoclinie, their Cl\'stalloarap ric elements being : 10

a:b:c=09405:1:0-6234 £ =105°10-5

! Ehrmann, Annalen, 1834, 12, 92; Avery, J. Admer. Chem. Soc., 1906, 28, 1155.
Cf. Schiff and Sestini, dnnalen, 1885, 228, 91. * Avery, loc. cit.

3 Stavenhagen, loc. cil. TR euhard Ber., 1894, 277, 1019.

> Stavenhagen, J. prakt. Chem., 1895, [2], 51, 1.

¢ Sec Guibourt, J. Chim. Méd., 1839, 15, 306: Wiitstein, Repert. Pharmn., 1848, [3],
1, 41; Zetsch. anal. Chem., 1363, 2. 19; Viertelj. Phaim., 1866, 15, 185.

* Reichard, Ber., 1894, 27. 1019.

$ Weinland and Gruhl, Arch. Pharm., 1917, 255, 167.
Reichard, loc. cit. 0 Arzruni and bchutz, Zeitsch. Kryst. Min., 1894, 23, 529.
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The pentahydrate, ¥eAsOy51L,0,  found with  the preceding salt,
crvstallises in the thombie system.

" Ferrie arsenite is reduced to a slight extent when heated in an
inert atmosphere ; 1 if heated in hydrogen under pressurc it decomposes,
forming iron arsenide, iron oxide and arsenious oxide.?

On adding freshly precipitated ferric arsenite to potassium hydroxide
solution until no more dissolves, and subscquently evaporating, the
soluble potassium salt, 61{2().51’0203.9;\:5.20_.;._2}1{2(),.is obtained as a
reddish-brown amorphous substance, which dissolves in water, yiclding
an alkaline solution.?

Ferric orthoarsenite cannot be prepared divectly from ferrice
hydroxide and arsenious oxide.r The brown product obtained by
shaking freshly precipitated fervic hvdroxide with an aqueous solution
of arsenious oxide has been described ® as a basic ferric arsenite of
composition 4¥c¢,04.A5,045.51,0. A Si}l.lilal‘ subst_uncc is ohtained by
adding aqueous arsenious oxide or sodium arsenite to ferric acctate
solution. If ferric chloride, sulphate or nitrate is used, the ferric salt
is not completely precipitated.  The product is oxidised in moist air,
and decomposes when heated. It is very doubtful whether this is a
chemieal individual, however, for it has been shown that the removal
of arsenious oxide from the solution by the ferric hydroxide is due to
adsorption, the amount removed depending upon the conditions and the
age of the adsorbent.  This subject is discussed more fully on p. 154.

When a mixture of ferrie oxide and arsenious oxide is heated, a
mixture of orthoarsenite and orthoarsenate is formed ¢ above 223° C,
and above 600° (. the latter is the sole product.

Ferric Pyroarsenite, Fey(As,0;5);.7H,0, has been deseribed 7 as a
vellow substance obtained by adding ferric hydroxide to a hot satur-
ated solution of arsenious oxide in concentrated sodium hydroxide.
On cooling, cxcess of arsenious oxide separates, and after keeping
for 24 hours a vellow precipitate of the above composition is formed.
The existence of the pyroarsenite has not been confirmed, however.

Lead Arsenites.—An investigation ol the ternary system PhO-
As,0,-H,0 at 25° C. gives evidence of the formation of the metarsenite,
Pb(AsO,),, oniv.® Several other well-deflined arsenites are known,
however.

Lead Oithoarsenite, Phy(AsO,),, is obtained as a white precipitate on
adding a solution of basic lead acctate to a boiling agucous solution of
arsenions oxide,” cr of potassium tetrarsenite,® or by the action of an
alkali plumbite on an alkali arsenite.®  When dricd in a dark air oven the
arsenite remains white, but when exposed to light some specimens turn
brown, a change which has been attributed to reduction of the lead to
suboxide,*but some arsenate and Irce arscnic are formed.  All speeimens

» Rushton, J. Physical Chem., 1932, 36, 1772.

* TIpatiev, Ber., 1926, 59, B, 1412.

8 Dobbin, Pharm. J., 1904, (4], 18, 585.

1 Stavenhagen, loc. cit.

® Bunsen and Berthold, T'hesis, Gottingen, 1834; Simon, Pogg. Ainalen, 1837, 40, 442;
von Fehling, Awnalei, 1850, 74, $7.

8 Dubrovin, J. Appl. Chene. (17.8.8,R.), 1936, 9, 1049,

© Guibourt, loc. cit.

$ Story and Anderson, J. Amer. Chein. Soe., 1024, 46, 533.

¢ Kiihn, Arch. Pharm., 1852, (2], 69, 267.

10 Reichard, Ber., 1894, 27, 1019: Filhol, J. Pheiin. Chim , 1848, [3], 14, 331, 101.
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of the orthoarsenite are not photo-sensitive.® A\ drv mixture of
litharge and arsenious oxide is remarkably sensitive, arsenic being
liberated in the reaction which occurs ; and when the arsenite is pre-
pared from lead hydroxide by heating with arsenious oxide and dilute
aqueous sodium hydroxide, the product is also light-sensitive.  The
commiercial product and those obtained by the methods deseribed above
arc not sensitive. It has been suggested that in the latter case the salt
has the composition 3Ph(CH),.45,0,. No other metallic arsenite has
been observed to be photo-sensitive.  Lead arsenite may be wsed as a
light-sensitive agent in photographic, photometric and actinometric
compositions, the exposcd negative being developed by dry heating or
wet reduction; ® other light-sensitive substances may be admixed.

When a mixture of litharge and arsenious oxide is heated, for.nation
of lead orthoarsenite begins at 250° (., but oxidation occurs,® and with
rising temperature inercasing amounts of the orthoarsenate are for med,
the latter being the sole product ahove +50° .

The Swedish mineral finnemanite * contains lead orthoarsenite in
combination with lead chloride, the composition being 3Pb;(AsO;),.
Ph(l, (sce p. 15). Tt occurs in dark grey or black prismatic ervstals
belonging to the hexagonal system and of axial ratio a: ¢ =1 : 0-6880.

Lead arsenite is I‘L‘idl]} obtained by an electrolyvtic process.” The
catholvte may be a 15 per cent. solution of sodium hydroxide or of a
sodium salt, or a 30 per cent. solution of potassium hyvdroxide, the
cathode being of nickel.  The anolyte is a solution of an alkali arsenite
neutralised towards phenolphthalein by means of acetic acid, and the
anode is of lead. The cathode space is separated by a diaphragm of
vegetable parchment.  Ormont obtained a current vicld of 97 per (Cnt
and the average energy vield amounted to 1 kg. per kilowatt-hour.

The monohydrate, b, 3(As0,).. H,0, was described by Stavenhagen,®
who obtained it by dl)mg in alr the precipitate resulting from the
addition of potassium orthoarsenite to a dilute aqueous solution of lead
nitrate.

Lead Pyroarsenite, Pb,As,0;, 1s a white powder formed by decom-
posing normal lead acctate with ammoniacal avsenious oxide solution,?
or with potassium tetrarsenite 8 or pyroarsenite.? According to Simon, 10
it is also formed by the combination ot arsenious oxide vapour with lead
oxide; Stav enhagm 11 however, found the product to be merely a
mixture of oxides. Yhen heated, lead pyroarsenite fuses to form a
vellow glass. It liberates ammonia from ammonium salts even in the
cold.

Lead Metarsenite, Ph(AsO,),, is formed from a hot saturated solution
arsenious oxide in ammonia by addition of a ncutral lead salt.?? It

—

of
Xeissaus, Zellsch. angew. Chem., 1931, 44, 939.
Reissaus, German Palent, 540888 (1930).

Dubrovin, J. dppl. Chem. (U.S.S.R.), 1936, 9, 104Y.
Aminoff, Geol. For. Forh. Stockholm, 1923, 45, 160.
Ormont, Ulraine Chein. J., 1926, 2, 20.
Stavenhagen, J. pralt. Chemn. , 1895, (2], 51, 1.
Bloxam J C/zcm Soc., 1ab". 15, 281,
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forms microscopic prisms of density ! 5-85 at 23° C., very slightly
soluble in water. When heated in an inert atmosphere it décom%ose@
readily into lead oxide and arsenious oxide.?

A tetrarsenite, I’E)3As409.3HQO, was described by Bloxam but could

not be obtained by Stavenhagen.
A colloidal solution of lead arscnite has been obtained by the folloy-
ing n‘mthod. A solution of lead acetate is trcated with a 10 per cent,
solution of sodium lysalbinate, and after washing the precipitate with
hot water, it is gllSSOl\fC(l in a dilute aqueous solution of sodiun hydroxide
containing sodium dihydrogen arsenite. The liquid, after keeping for
some hours, is filtered and dialysed until the outside liquor is free ?l‘om
arsenic.  The solution in the dialyser is concentrated, mixed with
alcohol and cther, and dried over sulphuric acid in a vacuum. A pale
yellow horny mass remains, which dissolves readily in water to form a
sol.3

Lithium Arsenite.—A study of the ternary system Li,0-As,0,-
11,0 at 25° C. reveals the existence of lithium metarsenite, LiAsO,,
which is soluble in water without decomposition.* i

Magnesium Arsenites.—An investigation of the ternary system
Mo0O-As,0,~H,0 at 25° C. gave no evidence of chemical combination,?
but. considerable adsorption of arsenious oxide by the magnesium
hydroxide oceurred (sce p. 155).  Combination of the two oxides occurs
on heating ; © at the melting point of arsenious oxide some metarsenite
is formed, and at a higher temperature a basic arsenite of composition
Mg ,(As0,),.3Me0 is produced.

Magnesium  Orthoarsenite, Mgy(AsOy),, is obtained as a white
precipitate, easily soluble in water and in dilute acids, by adding to a
solution of magnesium chloride in 50 per cent. alcohol a solution of
potassium orthoarsenite made just ncutral with acetic acid.” It is also
formed when a solution of potassium tetravsenite is added slowly to an
aqueous solution of a magnesinm salt.8  When hcated in an inert
atmosphere the salt decomposes forming arsenious and magnesium
oxides.?

Muagnesium. Pyroarsenile, Mo, As,05.411,0, is produced by double
decomposition hetween barium pyroarscnite and magnesium sulphate.1
It is o white, granular, hygroscopic, amorphous powder, soluble in water
and diliute acids: on heating it undergoes decomposition and darkens in
colour.  Bloxam ' obtained a product which he described as the pyro-
arsenite by precipitating magnesium sulphate with ammonium arsenite
and heating the precipitate; but Stavenhagen 10 could not obtain the
salt by this method.

Magnestum Tetrarsenite, Mo yAs,04011,0, is formed when a solution
of magnesinnm sulphate or magnesia mixture is added to an aqucous
solution of arsenious oxide.™

b Shafarik, loe. cif.

¢ Rushton, J. Physical Chem., 1932, 36, 1

3 Dexheimer, Theses, Erlangen, 1919, p. 56
Sehrememalkers and de Baat, Ree. Trav. chin., 1920, 39, 423. .
Story and Anderson, J. mer. Chem. Soc., 1924, 46, 533.  Sce also Iilhol, loc. cit.
Tammann, Zedsch. anary. Chen, 1925, 149, 68. See also Simon, loc. cit.
Stavenhagen, loc. ¢if. Nee also Stein, Aunalen, 1850, 74, 221,
Reichard, loe. cit.
2ushton, oJ. Physical Chem., 1932, 36, 1772,
10 Stavenhagen, J. prakt. Chem., 1893, (2], 51, 20. ) ) )
1 Bloxam, ibid., 1862, (1], 87, 118. 12 Perper, Thesis, Berlin, 1890.
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Manganese Arsenites.—The orthoarsenite, Mn,{As0,),. oceurs in
Nature as the mincral armangite, and is associated with Icad in trigonite
(sce p. 16). X-ray examination of Swedish armangite showed that it
contains a hexagonal cell of 9 molecules, with ¢ =13-44 and ¢ =872 A2
The arsenite has been obtained as the frihydrate, Mnz(AsO,),.3H,0, by
adding a solution of potassium orthoarsenite, made nearly neutral with
acctic acid, to a solution of manganese acetate.> The pale rose-coloured
precipitate is washed with aqueous alcohol and dried in hydrogen over
sulphuric acid. In the air it rapidly darkens in colour. JManganese
tetrarsenite, Mn;As 0. 5H,0, 1s precipitated when potassium tetrarsenite 3
or ammonium arsenite * is added to a solution of a manganese salt.
The pure compound is white, but in contact with air it rapidly turns
reddish-brown. It loses 1 molecule of water at 100° C. and the remainder
at 130° C., while at a higher temperature it decomposes. By adding a
slight excess of sodium metarsenite to manganese sulphate solution
Reichard 3 obtained a precipitate of empirical composition Mn;As,Oy,
which, if a chemical individual, mav be considered a basic orthoarsenite,
Mny(AsO,),.2Mn0. It is decomposed on heating.

Mercury Arsenites.—Jlercurous Orthoarsenite, Hg,AsO,, may be
obtained by treating a solution of mercurous nitrate with one of sodium
orthoarsenite > or with a solution of arsenious oxide in 30 per cent.
alcohol ; ¢ in the latter case the mercurous nitrate solution should be
acidified with nitric acid and sufficient alcohol added to produce a slight
turbidity. The precipitate is pale vellow, but rapidly turns brown on
exposure to air. It is slightly soluble in water, being slowly decomposed
with separation of mercury. It is also decomposed by hydroxides and
carbonates of alkali metals and of barium, and by ammonia. It
dissolves in acids, but when these are dilute, basic salts gradually
separate.

Complex salts of composition 2Hg;As0,;.Hg,SO, and 2Hg;AsO,.
HgNO, have been obtained.”

Mercurous Metarsenite, HgAsO,, separates as a vellowish precipitate
when potassium tetrarsenite is gradually added to mercurous nitrate
solution.® The saltis dried at 125° C. It is unstable and is decomposed
by excess of the alkali arsenite, by alkali hydroxides and by aqucous
ammonia.

Mercuric Orthoarsenite, Hgy(AsOy),. is precipitated in an impure
state when an aqucous solution of mercuric chloride is treated with a
solution of arsenious oxide in 50 per cent. aleohol.®  The salt is unstable
and loses arsenious oxide at 150° C. It is slowly reduced to mercury
and mercurous hydroxide by water, in which it is sparingly soluble, and
by aqueous alkalis and ammonia. It dissolves in acids, but with
sulphuric acid a basic sulphate is formed.

Mercuric Pyroarsenite, Hg,As,0;, was described ? as a vellowish-
white mass, decomposing in light, obtained by adding a solution of
potassium tetrarsenite to one of mercuric chloride. According to
Dessner, 1% however, the precipitate so obtained is a mixture of arsenite

Aminoft, Nygl. Svenska Vlensk. Flandl., 1933, 11. No. 4, 19.

® Stavenhagen, luc. cit. S Reichard, lue. cut.
1 Stein, loc. cit. 5 Reichard, loc. c¢it.
& Stavenhagen, loc. ¢ii. © Dessner, T'hesis, Proskoroff, 1897.

»

Stavenhagen, loc. cit. Sce also Berzelius, 1826, 7, 28; Ann. Chim. Phys., 1819, [2],
11, 233.

¥ Reichard, Ber., 1894, 27, 1019. 10 Dessner, loc. cii.
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and arsenate. A basic arsenite of composition Hg;As,04 was deseribed
bv Reichard ! also as a white mass, tnrning yvellow and decomposing in
d:dylight ; this was obtaine(.l when _sodium metarsenite was added to an
aqueous solution of mercuric chloride.

Molybdenum Arsenites havc not been prepared, but complex
molvhdoarsenites similar to the tungstoarsenites are known.

Nickel Arsenites.—Nickel Orthoarseniie, Niy(AsO,),, is formed
when a mixture of nickel oxide and arsenious oxide is heated to about
465° C.2 It is obtained as a bright green amorphous precipitate by the
addition of a solution of sodium metarsenite to agueous nickel nitrate.3
If an alkali orthoarsenite or tetravsenite is added to a solution of a
nickel salt, the tetrarsenite, NizAs,O,, 1s obtained as a light-green
precipitate. Both salts are dec-onwpospd by heat with loss of arsenious
oxide. A basicsalt of composition 14Ni0.As,0, has also been deseribed.

Palladium Pyroarsenite, PdAs,0;, has been prepaved ¢ by addition
of potassium tetrarsenite to a solution containing an equivalent amount
of palladium tetrachloride and drying the vellow precipitate at 100° C.

Piatinum Arsenites.—Platinic  Orthoarsenite, Pt,(AsO,),, was
described by Stavenhagen ™ as a pale yellow precipitate formed on the
addition of alcohol to a mixture of an aqueous solution of arsenious
oxide and an alcoholic solution of platinic chlovide. The precipitate
is unstahle, decomposing at ordinary temperatures into arsenic pent-
oxide and arsenical platinum.  Platinic  pyroarsenite, PtAs,Oj, is
obtained ¢ in a manncr similar to that cmployed jor the correspond-
ing palladium salt described above. Tt is not attacked by caustic
alkali, but decomposes when heated. A complex anmmoniwm platinous
arsenite of composition 5(NI;),0.A5,0,.3(2P10.As,0,).711,0 has been
described.S

Potassium Arsenites.—At 25° (. the ternary system K,0-A5,0 -
H,0 indicates the existence of two arsenites of potassium, soluble in
water without decomposition ;¥ these ave potassium  tetrarsenite,
K,A8,0,, and potassium metatetravsenite, K As,04.1211,0.

Potassium Orthoarsenite, K ,AsO,, has been obtained 19 by the action
of alcoholic potassium hydroxide on arsenious oxide; by the addition
of potassium sulphate to a solution of barium orthoarsenite and evapor-
ating the filtered solution to dryness over concentrated sulpburie acid
in an atmosphere of hydrogen: and by the addition of potassium iodide
to an aqueous solution of arsenious oxide and allowing the solution to
evaporate in the air.?! It crystallises in transparent ncedles, which
become turbid on exposure to air. It is readily soluble in water, and
by adding excess of arsenious oxide and alcohol, potassium hydrogen
drarsenite, KHAs,O4, may be obtained by slow erystallisation.’?  The

1 Reichard, Ber., 1898, 31, 2163.
* Tammann, Zeitsch. anorg. Chem., 19253, 149, 68.
3 Reichard, loc. cit.  See also Proust, dwun. Chiin. Phys., 1806, [1], 60, 260: Nicholson's
J., 1807, 17, 46; Phil. Mag., 1808, 30, 337; Berzelius, loc. el Reynoso, Compt. rend.,
1850, 31, 63. 1 Girard, Comp!. reid., 1852, 34, 918.
> Reichard, Chem. Zeit., 1902, 26, 1141.
Reichard, Ber., 1894, 27, 1019; Simon, Pogy. Awnalen, 1837, 40, 442.
Stavenhagen, J. prakl. Chem., 1893, [2], 51, 1.
Gibbs, dmer. Chem. J., 1886, 8, 200
Schreinemakers and de Baat, Ree. Trar. chin., 1920, 39, 423,
Stavenhagen, loc. ¢it.  See also Vanzetti, Guzzelta, 1923, 55, 106, 110.
Schulze, J. pralt. Chem., 1883, [2], 21, 407.
Pasteur, Annalen, 1848, 68, 309; J. Phaimi. Chin., 1848, 13, 397.
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aqucous solution of the orthoarsenite reacts alkaline, and on exposure
to air undergoes oxidation to arsenate.

Potassiwan Pyroarsenite, K As,05.6H,0, may be obtained * ':J“
addition of potassium sulphate to an Lui wcous solution of harium
arsenite ; on cvaporation of the filtered solution the 1)()ux\\nlll 5“1:
scparates as white crystals.

Potassium 3etarsenite, KAsO,, is obtained in an impure form when
potassxum carbonate and the above diarsenite are boiled together in

aqueous solution for several hours.? A syrupy mass is obtained. That
the metarsenite should exist has been shown 2 by results obtained in
measuring the effect of the plOgl(SSl\C neutralisation of arsenious acid
by po*ass;um hydroxide on the freezing point of aqueous solutions.

Potassium Tetrarsenite, K,As,0,.: 211, ,0, 1s formed ' when an excess
of arsenious oxide is treated with cold aqueous potassium hydroxide,
and alcohol added ; it forms a syrupy liquid which crystallises in
prisms on long standing. It also separates after boiling a concentrated
solution containing arsenious oxide and potassium carbonate.® If the
crystals are dried over sulphuric acid, some water of crystallisation is
lost. At 1006° C. onc molecule of watcr 1s lost, and at a slightly higher
temperature the salt melts and undergoes partial decomposition; on
cooling it sets to a glassy mass.

The effect of rapidly heating to 730° C. the various arsenites of
potassium has been investigated.® The diarsenite was undecomposed
after several hours at that temperature; the others were gradually
decomposed to arsenate and arsenic, the decomposition proceeding until
an approximately fixed proportion of arsenious oxide was so converted.
This proportion was about 14 per cent. for the meta-, 74 per cent. for
the pyro- and 100 per cent. for the ortho-arsenite.

Arsenites of the Rare Earth Metais.—When cerium dioxide is
heated with arsenious oxide some oxidation of the latter oceurs, but the
product appears to be a mixture of oxides.  Didymium hydrogen
orthoarsenite, Di,(HAsO,),, has been obtained ® as a white, granular,
insoluble powder by boiling didymium hydroxide with an aqueous
solution  of arsenious oxide.  Lanthanuwm hydrogen orthoarsenite,
La,(¥1AsO;);, has been prepared in a similar manner. The existence
of thesc compounds needs confirmation, however.”

Rubidium Metarsenite, RbAsO,, has been prepared 3 by the action
of arsenious oxide on rubidium carbonate in aqueous solution. It is a
white amorphous powder which is converted to arsenate in aqucous
solution and by the action of heat. The solution is alkaline in reaction.

Silver Arsenites.—Sileer Orthoarsenite, Ag;AsO,, is obtained as a
yvellow precipitate when an agueous solution of silver nitrate is treated
with an alkali orthoarsenite,’ metarsenite 1° or tetrarsenite,* or when
ammoniacal silver nitrate is added to an aqueous solution of arsenious

1 Stavenhagen, loc. cit.; Pasteur, loc. ¢if.
Cornec, Comipt. rend., 1909, 149, 676: Ann. Chim. Phys., 1913, 3], 29, <40,
Bloxam, J. Chem. Suc., 1862, 15, 28].
Rat, Compt. rend., 1933, 197, H4.
Tammann, Zedsch. anorg. Chem., 1925, 149, 63.
Frerichs and Smith, Adrnulen, 1873, 191, 331.
See Cleve, Ber., 1878, 11, 012.
Bouchonnet, Compt. rend., 1907, 144, 641,
Santos, Chem. News, 18373, 38, U4
10 Bloxam, J. Chen. Soc., 1862, 15, 281
Reichard, Ber., 1894, 27, 1019.

/
r\

© oo oA @ e w1

—
ot



174 ARSENIC.

oxide.! According to Santos,> by mixing silver nitrate and sodium
arsenitc in suitable molecular proportions, mono- and di-hydrogen
arsenites may also be obtained. The normal arsenite is practically
insoluble in water (solubility at 20° C. 0-0115 g. per litre of water) 3 but
dissolves in the presence of acids or of alkali nitrates.* It is also soluble
in an excess of alkali or ammonium arsenite, and if the solution is
heated silver is deposited.® It dissolves also in aqueous ammonia if
freshly precipitated, and in caustic alkali; if the former solution is
boiled for some time with continual replenishing of ammonia, an arsenate
is formed and silver deposited; in the caustic alkali solution decom-
position occurs with deposition of silver and silver arsenide, alkali
arsenite and arsenate remaining in the solution.® Silver orthoarsenite
melts at about 150° C.7 At red heat arsenious oxide sublimes, leaving
a residue of silver and silver arsenate.’

Silver Pyroarsenite, Ag,As,0;, is formed when an alkali pyroarsenite
is added to an aqueous solution of silver nitrate,® but the salt could not
be obtained in a pure state by Stavenhagen 1° or Bloxam.!  An ammino-
compound, Ag,As,0;.4NH,, in the form of prismatic crystals, was
obtained by Reichard *? by adding alcohol to an ammoniacal solution of
silver orthoarsenite. The tetrarsenite, AggAs,O4, has been reported,®
but could not be obtained by Stavenhagen.

Silver :rsenite Sol.—A colloidal solution of silver arsenitc has been
prepared by the following method.? A 10 per cent. solution of sodium
lysalbinate was added to aquecous silver nitrate and the precipitate
separated, washed, and dissolved in an alkaline solution of sodium
dihydrogen arsenite. ~After dialysis, the solution vielded on evaporation
to dryness a pale yellowish-brown mass which could be dispersed in
water to form a sol.

Sodium Arsenites.—It is difficult to obtain arsenites of sodium
in the crystalline state and there is some doubt as to the possibility
of preparing them in a pure form. A study!'® of the ternary svstem
Na,0-As5,0,~H,0 at 30° C. suggests the cxistence of solid arsenites
of composition NaAsO,, Na,As,0; and Na;As,0,,.26H,0.  As the
proportion of alkali in the solution increases, the solubility of the
arsenious oxide increases rapidly. By digesting the latter with excess
of alcoholic sodium hydroxide and extracting with alcohol, a product
approximating in composition to sodium orthoarseniie, NayzAsO,, has
been obtained,® and Vanzetti,’? in an attempt to obtain this compound
in the absence of water, dissolved arsenious oxide in a methyl alcohol solu-
tion of sodium methoxide, using quantities in accordance with the reaction

As,0,5 +6NaOCH, = 2Na,As0, + 3(CIL,),0

L Filhol, J. Pharm. Chim., 1848, [3], 14, 331. * Santos, loc. cil.
3 Whitby, Zeitsch. anorg. Chem., 1910, 67, 107. 4 Santos, loc. cit.
® Kuhn, Adrch. Pharm., 1852, [2], 69, 267.

3

Wohler, dnnalen, 1857, 101, 363; Stavenhagen, J. prakt. Chem., 1895, (2], 51, 26.
 Filhol, loc. cit.
Simon, Ann. Phys. Chem., 1837, 40, 442; Stavenhagen, loc. cit.
Pasteur, J. Pharm. Chim., 1848, {31, 14, 331; Annalen, 1848, 68, 309; Girard,

Compt. rend., 1852, 34, 918. 10" Stavenhagen, loc. cil.
}1 lf!oxam, loc. cut. 12 Reichard, Ber., 1894, 27, 1019.
8 Girard, loc. cit. 4 Dexheimer, Thesis, Erlangen, 1919, p. 53.

% Schreinemakers and de Baat, Chemn. Weekblad, 1917, 14,2
1920, 39, 423.
16 Stavenhagen, loc. cit. 17 Vanzetti, Gazzetia, 1925, 55, 110.

2, 288; Rec. Trav. chim.,

<>
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The excess of alcohol was evaporated off to give a syrup, which was then
left to crystallise in a vacuum desiccator containing calcium chioride.
The crystals formed were highly hvgroscopic and varied in conmo»;tlon,
the arsenic content diminishing from about 80 per cent. in the firs
fractions to about 20 per cent. in the last of that required by the
formula Na;AsO,;  Very little ether was apparently liberated during
the reaction, which did not go to completion. The crystals were white,
dissolved readily in water, and the solution with silver nitrate gave a
precipitate of yellow silver orthoarsenite.

The cquivalent clectrical conductivity of the aqueous solution has
been determined by several investigators. Walden,! using solutions
containing one-third of a mole of NazAsO, in ¢ litres, obtained the
following values :

: . : '
o . . 32 . e+ 128 | 236 1 512 1024
A 1583 ) 1601 | 1611 | 1606 1567 1543

Using the dihyvdrogen salt, NaH,AsO,, von Zawidzki ? determined the
equivalent conductivity in the presence of N;32 arsenious acid in order
to diminish hydrolytic dissociation, and concluded that it resembled
the salt of a monobasic acid. At extreme dilutions the equivalent
conductivity increased, apparently owing to hydrolysis and oxidation.
This view that arsenious acid is essentially a feeble monobasic acid
is supported by Thomsen’s thermochemical values for the heats of
neutralisation of the acid (see p. 140).

The aqueous solution of sodium arsenite undergoes slow oxidation
when exposed to the air; but aceording to Reinders and Vles,? this can
only proceed in the presence of a catalyst. Suitable catalysts are
finely divided copper and copper salts ; * the former dissolves in a cold
solution of sodium arsenite in the presence of oxygen. Oxidation may
readily be effected at the ordinary temperature by passing air through
a solution of the arsenite containing in suspension copper powder,
cuprous oxide, cuprous chloride, zine dust or vellow phosphorus.®
The oxidation is more readily effected in the presence of a second easily
oxidisable substance, such as stannous chloridc, manganous or cobaltous
hydroxide, or sodium sulphite; with the last-named the oxidation of
the arsenite is not induced il the solution is strongly alkaline. These
induced oxidation reactions are discussed on p. 148.  The oxidation of
the added substance may be retarded by the presence of the sodium
arsenite ; this is the case with stannous salts, sulphites, phosphorus,
chloroform and certain aldehydes.® The arsenite is also oxidised in
aqueous solution by nitric oxide,”

Na AsO,; +2N0 = \%ASO

t Walden, Zeitsch. physikal. C}zt,//z , 1888, 2, ol.

2 von Zawidzky, Ber., 1903, 36, 14’

3 Reinders and \‘Ies, Ja‘ec. Trac. chim., 1925, 44, 29; Vles, ibid., 1927, 46, 743.

1 Jenkins and Berger, U.S. Palent, 159662 (1926).

5 Dey and Dhar, Zeitsch. unorg. Chem., 1925, 144, 307; Proc. Asiatic Sve. Bengal,
1921, 8, 130.

8 Jorissen, Rec. Trav. cham., 1923, 42, 855; Jorissen and van den Pol, ibid., 1924, 43,
582: 1923, 44, 805; Dhar, Zeitsch. anorg. Chem., 1925, 144, 239; Mittra and Dhar,
J. Physical Chem., 1925, 29, 376; Palt and Dhar, ibid., 1926, 30, 939.

? Gutmann, Ber., 1922, 55, B, 3007.
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and by hydroxylamine,
Na,AsO, + NH,0H = Na AsO, + NH;
Nitrogen is also evolved due to simultancous decomposition of hydroxyl-
amine as follows :
3N1L,OH =NIL; + N, +311,0

With sodium thiosulphate the arsenite forms oxythioarsenates (sce
p. 282), as it also does with tri- and tetra-thionates; sodium dithionate
does not react cither in cold or boiling solution.  Sodium tellurate
‘auses oxidation to arsenate.!  An ammomniacal solution of silver azide
is reduced to silver by sodium arsenite; other metallic azides do not
react.

Sodium orthoarsenite is converted largely to arsecnate and free
arsenic when heated in an inert atmosphere ;2 slow heating below
300° (. causecs loss of arsenious oxide. Fusion with sodium hydroxide
causes conversion to arscnate.®

Schreinemakers and de Baat’s 4 study of the system Na,0-As,0,~
H,0 afforded evidence of the formation of sodium pyroarsenite, Na,As,O;,
both in the anhydrous state and as the hvdrated salt, Na As,0,.9H,0,
but the isolation of thesc compounds in a pure form is diflicult.®

Sodium Metarsenite, NaAsO,, may be prepared by boiling an
aqueous solution of sodium carbonate with an excess of arsenious oxide
and evaporating the solution to dryness.® It is a white powder which,
when heated, vields arsenic and sodium arsenate.” It undergoes
oxidation by atmospheric oxygen under pressurc, and detcrminations
of the velocty of the reaction at 100° to 250° C. show it to be a rcaction
of the first order. The addition of sodium metarsenite to excess of a
solution of a metallic salt gencrally causes precipitation, but the com-
position of the precipitate varies with the nature of the salt.® Thus the
orthoarsenite is obtained with nickel and lead nitrates, zinc sulphate
and stannous chloride. With stannic chloride a basic arsenite, 7Sn0,.
As,0,, is formed. Cobalt nitrate and cadmium sulphate vicld the
corresponding pyroarsenites ; metarsenites do not appear to be pre-
cipitated by this mecaus.

Strontium Arsenites.—An impure strontiwm orthoarsenite, con-
taining more strontium than corresponds to the formula Sry(AsO,),,
has been obtained '® as a white flocculent precipitate by treating
strontium chloride solution with potassium orthoarsenite in the cold.
If the precipitate is dissolved in a dilute solution of acetic acid, on
evaporation strontium hydrogen orthoarsenite, SrHAsO,;H,0, is
obtained.

Strontium  Pyroarsenite, Sr,As,05.2H,0, may be prepared 20 by
adding an aqueous arsenious acid solution to strontium chloride dis-
solved in alecohol. The solution is filtcred after standing for a time,

T Stroup and Mcloche, J. Awmer. Chem. Sec., 1931, 53, 3331.

* Rushton, J. Physcal Chem., 1932, 36, 1772; Rat, Compt. rend., 1933, 197, 39.

® Boswell and Dickson, J. dwmer. Chem. Soc., 1918, 40, 1773.

Nehreinemakers and de Baat, loc. cit.

Pasteur, dunalen, 1848, 68, 300; Stavenhagen, J. prakt. Chem., 1895, [2], 51, 1.
Bloxam, J. Chen. Soc., 1862, 15, 281.

Rushton, loc. ¢it.: Rat, loc. cit.

Malinovski and Lopatina, J. dppl. Chem. (U.S.8.R.), 1935, 8, 425.

Reichard, Ber., 1898, 31, 2163.

Stavenhaygen, J. prakt. Chem., 1893, (2], 51, 16.

» -1 e

c



THE ARSENITES. T

and the white flocculent precipitate is dried at 1007 €. It is
soluble in water and in acids.

Sirontium  Metarsenite, Sr(AsO,),. 11,0, may be obtained the
action of ammoniun dlscmfc on a solution of @ strontium salt.r” The
precipitation is inereased by the addition of alcohol, siree the arsenite
1s fairly soluble in water. \\'hcn dried at 1007 C. 1t has the composition
Sr(As0,),.3H,0. At higher temperatures it decomposes to form
strontium oxide, arsenious oxide and a little arsenic.? Stavenhagen
was unable to obtain the mctarsenite in a purc state.

Thallous Orthoarsenite, T1,As0O,, is a vellowish-red crvstalline
solid obtained ® by boiling a solution of thallous sulphate with potassium
orthoarsenite and gradually adding potassium hydroxide solution: or
the thallous salt may be boiled with alkali and then trcated with aqueous
arsenious oxide or potassium orthoarsenite. The crystals are sparingly
soluble in water or alcohol, but readily dissolve in acids.

Tin Arsenites.—Stannous Orthoarsenite, Sn,(AsO;),.H,0, was
obtained by Stavenhagen 2 by adding a solution of arsenious oxide to a
solution containing potassium chlorostannite and potassium chloride.
It may also be obtained * by the action of sodiuni mectarsenite or
potassium tetrarsenite on a solution of stannous chloride. It is a white
amorphous powder, sparingly soluble in watcr, but readily dissolved by
dilute acids and alkalis with separation of metallic arsenic. It is also
soluble in excess of arsenious acid. ]

Stannic Orthoarsenite, Sny(AsO,),.51H.0, was obtained by Staven-
hagen ® by adding an aqucous solution of arsenious oxide to one con-
taining stannic and sodium chlorides. Addition of potassium tetrarsenite
to a solution of stannic chloride gives a vellowish-white precipitate of a
basic salt, 251n0,.Sn,(AsO,), : while with sodium metarsenite the com-
position of the precipitate corresponds with  Sn.As,0p..7 These
compounds decompose on heating.

Titanyl Tetrarsenite, (Tl())aAs{On, is obtained by the action of
potassium tetrarsenite in excess on an almost neutral solution of titanyl
sulphate. The gelatinous precipitate [irst formed gradually crvstallises.
The arsenite dissolves in acids without decomposition, but is insoluble in
aqueous potassium hydroxide or ammonia. It decomposes when heated.

Tungsto-arsenites.~ By treating solutions of tungstates with
arsenious acid the following crystalline compounds have been obtained : 8

7(NIL,),0.2A5,0,.18W0 . 18 11,0
1Ba0.45,0,.9W0,.21H,0
0N2,0.845,0,. 161 0,.55H,0

By addition of small quantities of arsenious oxide to a boiling solution
of sodium paratungstate until tungstic acid is no longer precipitated on
acidifving with hydrochloric acid, a syrup is obtained which, on treat-
ment with potassium chloride, vields ™ gradually on cooling needle-
shaped crystals of a very soluble salt of composition 7K,0.45,0;.18WO..
241,0.  If ammonium chloride is used, the salt formed has the

v

v
15}
1

1 Stein, Annalen, 1850, 74, 218.

2 Rushton, J. Physical Chem., 1932, 36, 1772,

8 Stavenhagen, loc. cit.

t Reichard, Ber, 18394, 27, 1024; 1893, 31, 2166.

5 Stavenhawen, loc. cud.

5 Gibbs, Jmu Chem. J., 1885, 75 317.

7 Rosenheim and Wolit, Lewsch. unory. Chem., 1930, 193, 64.

VOL. VI.: IV. 12




173 ARSENIC.

composition 3}(NTI1;),0.A5,0,.18W0,.4511,0.  These ¢
2 1) 28 A8 3 2U. > complex
resemible metatungstates in their reactions. plex salts

Compounds of the following composition have also been deseribed - 1

10K ,0.A5,0,.4A45,0,.21WO0 ;26,0
10K,0.14A5,0,.3P,0,.32W0,.28H,0
5K,0.Na,0.245,0,.2P,0,.12W0,.15H,0
7K,0.45,0,.4P,0,.60W0,.551,0

Uranyl Metar_senit_e, U0,(As04)s, i(s formed as a yellow precipitate
}\'hmx a solution ol ﬁ()(lluln metarsenite * or of potassium tetrarsenite 3
is added to one of uranyl nitrate.
dissolves readily in acids.
decomposes.

_Zi1.1c Arsenites. When a mixture of zine oxide and arsenious
oxide is heated, combination oceurs 3% at about 250° C. the metarsenite
is formed, and at about £20° C. the orthoarsenite is the product. At
higher tvmpvmturcs pxi(inti()n occurs » and at 300° C. As™ and As’
arc present in approximately equal amounts, although the total arsenic
content is reduced owing 1o volatilisation. At 600° C. the product
contains only AsY, and with rising temperature the rate of combination
rises Lo a maximum at 7007 C.) thereatter remaining constant.

The mineral barthite (p. 14), occurring in the Otavi valley,® contains
sine metarsenite associated with copper.

Zine Orthoarsenite, 7o, (AsOy),, 1s obtained 7 as a white crystalline
precipitate when aqueous arsenious acid is added to a solution of zine
sulphate containing anmmonia and ammonium chloride; precipitation
oceurs in the cold, an aggregate of erystalline ncedles being rapidly
fortned. A similar precipitate is thrown down by potassium ortho-
arsenite from o solution ol zine chlovide in 530 per cent. alcohol,®
or from o solution of zine sulphate by potassium tetrarsenite ® or
sodivm metarsentte 1 Zine orthoarsenite dissolves readilv in acids.
It decomposes when heated. ’

Tine Metarsenite, Zn(AsO,) o is obtained as a granular white powder
by dissolving arsenious acid m sodiam hvdroxide solution, making just
acid to phenolphthalein with dilute sulphurie acid and adding hot zine
sulphate solution. !t Tt s also formed when aqueous arsenious acid is
ned with o solution of zine acetate in dilute acetie acid.

Zirconium Arsenite. .\ hvdrogel of zirconium dioxide forms true
adsorption complexes with arscnious oxide, but there is no evidence
of the formation of an arsenitet?

I‘F is insoluble in ammonia, but
On heating, 1t darkens in colour and

Arsenic Tetroxide (), As,0, Attemptsto isolate this oxide have
proved unsuccessiul, but o nnber of products have heen deseribed

(ibbs, dmer. Chom . S 1SS5, 7, 317,
Dammelshere, Loro Ko Prewss. had., 1872, p. 447,
Dewchard, Bor, SO, 27, 1028,

Tammirn, Zetsch, anorg. Chon., 1925, 149, 68.
Dubrovin, /. pple Chome (7SS, 1936, 9, 104,
Henelen and Metgen, Codr. Moo, LOLL, pe 353,
Blosmm, J. Chene Soc., 1862, 15, RAIM
Stavenhawen, J. pralkd. Chem., 1895, 2], 51, 21,
Berehard, Der . 1891, 27, 1032,

1o Pegehard, ohid., 1898, 31, 2167.

Avery, J. Lmers Chen, Soe, 1906, 28, 1163,

12 Wedekind and Wilke, Kolloal-Zeilsch., 1924, 34, 83.
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which appear to contain arsenic i an intermediate st
Thus. by the action of (-}ﬂov'inc on arsentous oxide at o moderate
Bloxami® obtained a transparent glass of composition 25,0, 15,0,
a similar produet was formed 1 )y heating the pentoxide with an excess
of the trioxide. More recently, products approximating in composition
to As,0, have been deseribed 2 as resulting when arsenious oxide was
heated in oxygen at 400° to 480° €. and under pressures of 127 fo 180
atmospheres.  If equimolecular proportions of hc tri- and pent-oxides
are h(-atcd together, no sublimation of the former occurs even at 3507 C.
and combination appears to take place.®  According to Weidenbach,*
the product at temperatures between 8007 and 12007 C. has the com-
position 24s,0,.45,0;, and on cooling vields a clear glass which gradually
loses its transparency. The glass 1s slightly soluble in water, more
readily soluble in aqueous alkali or in dilute hydrochloric acid. It may
be precipitated from aqueous solution by the addition of alcohol.

Hydrated products have also been obtained.  When arsenious oxide
(100 g.) is gently warmed with concentrated nitric acid (25 to 30 c.c.),
oxides of nitrogen are evolved and, after standing, a mass of microscopic
needle-shaped ervstals remains,® the composition of which is 3As,0,.
245,0,.3H,0. If excess of arsenie acid or of arsenious oxide 1s present,

the pxodutti are respectively As,0,.A5,0;.2H,0 or 2A5,0,.A5,0,.2H,0.
The addition of water causes separation of arsenious oxide.

Arsenious oxide dissolves in boiling aqueous arsenic acid, but as the
solution cools it is reprecipitated and after thrce wecks only about 1-8
per cent. of that originally dissolved remains in solution. ©

The solubility is greater in concentrated arsenious acid solution and
there is evidence that the tetroxide exists in the form of arsenious
arscnate,” AsAsO,.

Bloxam, J. Chem. Sac., 1865, 18, 62.

Matignon and Lecanu, Compt. rend., 1920, 170, 941.

Herbst, = Ueber Arsentetroxyd,” Miinchen, 1894: ITnaug. Dissert., Bern, 1894,
Weidenbach, Thesis, Berlin, 1915.

Joly, Compt. rend., 1885, 100, 1223.

Bacaloglo, J. prakt. Chem., 1861, (1], 83, 111; Jahiesber., 1361, p. 263.
Ghiron and Mangili, Guzzetia, 1933, 65. 124+,
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CHAPTER VIIL
ARSENIC PENTOXIDE AND THE ARSENATES.
ARSENIC PrNTONIDE AND ITS HYDRATES—ARSENIC AcCID.

Arsenic Pentoxide, As,0; may be obtained in the dry way by the
oxidation of arsenious oxide by heating with oxygen ! under pressure
(see p. 146) or with chlorine* (sce p. 100). In the former case the
oxidation is only partial. It is accelcyatec} by pressure or by the
presence of a catalyst. If arsenious oxide is introduced into a mass
of ferric oxide or alumina at about 218° C. in a current of air or oxygen,
arsenic pentoxide is formed ; * activated charcoal containing cupric oxide
also acts as an efficient catalyst.? The pentoxide is more readily
obtained by digesting arsenious oxide with nitric acid, preferably in
the presence of oxygen (¢f. p. 152), and dehydrating at 180° to 200° C.
the ““arsenic acid > produced (the methods of obtaining the latter are
deseribed on p. 182).

Axsenic pentoxide is a white amorphous powder of density ® 3-7 to
4-3. Tt is tasteless when first introduced into the mouth, but rapidly
becomes sharp and bitter and exerts a toxic action ¢ similar to that of
arscenious oxide (see Chapter XI), probably owing to the formation of
the latter by reduction. The heat of formation (2As, 50) is 218,300
calories,” and (As,04 O,) 64,710 calorics; 8 the heat of dissolution
(As,0;, aq.) 1s 6000 calorics.

From determinations of the heat capacity of the oxide at tem-
peratures from about 57° to 296° Abs. the entropy at 253° C. has becn
calculated ? to be 252 calorics per degree, and the free energy of forma-
tion is computed to be —183,400 calories per mole.

The pentoxide is hygroscopic and dissolves slowly in cold water,
more readily in hot, to form an acid solution, apparently containing
orthoarsenic aecid, H,AsO,; (see p. 183). The solubility at various
temperatures is given on p. 184. It is soluble in alcohol, and in certain
oils and other organic liquids; thus poppy oil 1 at boiling temperature
dissolves 2-7 parts per 100, while castor oil dissolves more than that
amount ; 935 per cent. formic acid * dissolves 7-6 parts per 100 at 19° C.

v Berthelot, Bull. Soc. chumn., 1877, [2], 28, 496.

* Weber, Pogy. dnnulen, 1861, 112, 619.

¢ lkebe and Otani, Japanese Patent, 94024 (1931).

t Adadurov and Dzskko, J. Phys. Chem. (U.5.5.R.), 1932, 3, 489.

> Rarvsten, Schweigger's J., 1832, 65, 394; Herapath, Phil. Mag., 1824, [1], 64, 321;
Playfair and Joule, Mem. Chen. Soc., 1848, 3, 83; Filhol, dwun. Chun. Phys., 1847, (3],
21, 415: Auger, Compt. rend., 1902, 134, 1059.

S Joachimoglu, Biwchem. Zeitsch., 1915, 70, 144.

© de Paszsillé, Ann. Chin., 1936, [11], 5, 83.

$ Thomsen, = Thermochemistry’ (Longmans), 1908, p. 227.
¥ Anderson, J. dmer. Chen. Soc., 1930, 52, 2296.
10 von Grm}f}ner, Repert. Pharm., 1837, 61, 289.
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ARSENIC PENTOXIDE. <:

When heated, arsenic pentoxide, unlike phosphorus nentoxice, loses
oxvgen :

As,05 === 45,0, -0,

The reaction commences at a temperature a above 100° (., before the
melting temperature is reached, and the fused product therefore always
contains some arsenious oxide.!  VWhen heated in hydrogen. the pent-
oxide is reduced first to arsenious oxide and then to free arsenic. Similar
reduction occurs when it is heated with carbon or phosphorus: with
sulphur, arsenious sulphide is formed. Arsenic and mietallic arsenides
result when the pentoxide is heated with alkali metals,? zine, lead, iron
or most other heavy metals; mercury and silver react only at high
temperature ; gold and platinum do not react.

Hydrogen chloride is absorbed by arsenic pentoxide with formation
of arsenic trichloride (sece p. 101):

As,05 +10HCL =2A5C1, +2C1, + 5H,0
Phosphorus pentachloride reacts according to the equation ?
As,0; +5PCly =2AsC1, + 5P0CL, +2Cl,

Todine is liberated when the pentoxide is heated with an alkali iodide,
thus ¢

3A5,0, + 1KI = 4KAsO, + As,0, = 21,

a similar reaction proceeding with alkali bromides but not with chlorides
unless oxygen is present.?
Hydrogen sulphide is absorbed with formation of the pentasulphide : 8

As,0, + 5H,S =As,S, + 5H,0

Fusion with sodium thiosulphate vields arsenic trisulphide.”

With liquid ammonia in a scaled tube at the ordinary temperature,
combination occurs 8 to form the triammine, As,0;.3NH.,.

Arsenic pentoxide catalyvses the reaction between sulphur dioxide
and oxygen.? the amount of sulphur trioxide formed reaching 54 per
cent. at 660° C. The reaction consists in the alternate reduction of the
pentoxide to arsenious oxide by the sulphur dioxide and reoxidation to
the pentoxide, so that arsenious oxide acts similarly. The catalytic
activity is less than that of ferric oxide, but the latter is activated by
addition of arsenic pentoxide; the maximum amount of conversion
increases from 69-5 to 78-5 per cent. and occurs at a temperature 63°
lower than is required in the absence of the promoter. Arsenic pent-
oxide does not activate eatalysts which act rapidiv, such as vanadium
pentoxide.  Platinum and silver catalysts are poisoned by arsenic
pentoxide.?

1 Auger, loc. cit.: Kopp, Ann. Chin. Phys., 1856, [3], 48, 106; Szarvasy and Messinger,
Ber., 1897, 30, 1344.

2 Gayv-Lussac and Thénard, ~* Recherches physico-chimigues,” Paris, 1811, 1, 232.

3 Hurtzig and Geuther, Annalen, 1859, 111, 172,

Schonbein, Pogg. Annalen, 1849, 78, 514,

5 Schulze, J. prakt. Chem., 1850. {2], 21, 437.

von \ouel Nastner's Arch., 1826, 9 .)1‘)

Faktor, Pharm. Post., 1905, 38, 527: Chem. Zentr., 1903, i, 1213,

Ro:gnheml and Jacob\ohn. Zeltsch. anorg. Chem., 1906, 50, 297.

Neumann and Juttner, Zatsch. Elckirochem., 1930, 36, 87.

Concerning the influence of arsenic on the cual\ tic acu\m of platinum for the
oxidation of sulpnur dioxide, sce Maxted and Dunsby, J. Chem. Scc., 1923, p. 1600.
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182 ARSENIC.

Hydrates of Arsenic Pentoxide.—Thc existence of hydrates of
arsenic pentoxide corresponding to the ortho-, meta- and pyro-phos-
phoric acids has not been established.  Many such products have been
described in the literature, the formation of which could not be confirmed
by subsequent workers.r It appears certain that a tetrahydrate,
As,0,.411,0, and a (3, 9)-hydrate, 34s,0;.5H,0, exist; there is also
evidence of the formation of a heptahydrate, As,0,.TH,0, and of g
dihydrate (pyroarsenic acid), As,0;.2H,0.

The tetrahydrate scparates on cooling concentrated  aqueous
solutions of arsenic acid and is the product obtained in the industrial
preparation of ““arsenic acid” (see p. 183). It may be obtained? by
concentrating the aqueous solution until it boils at 150° C.; a small
portion is then inoculated with a crystal of the isomorphous tetra-
hvdrate of phosphorus pentoxide ® and the crystals which separate
used to inoculate the main solution. The erystals are rhombic prisms
or plates which melt * at 36-14 = 0-05° C.

If the tetrahydrate is kept for some time in a superfused state, the
(3, 8)-hydrate is formed as a hard white crystalline scale,3 and thig
hydrate may also be obtained ® by evaporating a solution of arsenic
acid in an open vesscl at temperatures from 350° to 100° C. or under
increased pressure at 150° C.

The tetrahydrate loses water © even at —10° C., and dehydration
over sulphuric acid, phosphorus pentoxide or potassium hydroxide
proceeds regularly at the ordinary temperature until the (3, 5)-hydrate
remains; under these conditions there is no indication that pyroarsenic
acid, As,0,.2H,0, is formed as an intermediate product.  Complete
dehydration oceurs when cither of the above hydrates is heated to 180°
to 200° C., and the isobaric decomposition curve® of the tetrahydrate
gives no indication of the formation of any hydrate other than 3As,0..
5H,0 ; ncither solid solutions nor mixed crystals appear to be formed.

A heptahydrate, As,0;.7H,0, is stated ? to be obtained by evaporating
at 130° (. a solution of arsenic acid and then cooling to - 20° to —30°C.

The dihydrate, As,0;.2H,0, or pyroarsenic acid, H;As,0, was
described by Kopp ¥ as a hard mass formed when aqueous arsenic
acid was evaporated at a temperature hetween 140° and 180° C., but
the compound could not be obtained by Auger! and other workers.!2
Roseuheim and Antehmann,®® however, maintain that pyroarsenic acid
does exist and is obtained in the form of hard microscopic prismatic
crvstals by evaporating a concentrated aqueous solution of pure arsenie

1 Bucholz, Schweiyyer’s J., 1823, 39, 397; Kopp, dun. Chim. Phy~., 1356, (3], 48,
1065 Geuther, Aunalen, 1859, 111, 159; Joly, Compt. rend., 1835, 100, 1221 101, 1262;
1886, 102, 316, 4315 Auger, ihid., 1902, 134, 1059, Balarcil, Zeiisch. anory. Chein., 1911,

1, 73.
4 2 Menzies and Potter, J. Awicr. Chem. Soc., 1912, 34, 14525 Latcrn, Cong. Appl. Chem.,
1912, 8,11, 179.

3 Joly, luc. cal.

Menzies and Potter, loc. cil.; Kopp, loc. cd.
5 AMenzies and Potter, (oc. cil.
Balarett, loc. cit.
T Anveer loe oed o lomnl. vened. TOOS 146 5R5
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acid in an open dish until a temperature of 1707 to 1807 Cl iy
The product remains at constant weight even when heated at

A number of pyroarsenates have been prepared isee po. 150-2335 and
Rosenheim and Antelmann conclude that pyroarsenic acid ex
solution in equilibrium with the ortho-acid, but is hvdroivsed to the
latter much more rapidly than is the case with the corresponding
pyrophosphoric acid.

Manufacture of Arsenic Acid.—The large-scale preparation of
arsenic acid usuallv depends on the oxidation of arsenious oxide or
sulphide with moderately concentrated nitric acid (sp. gr. not less than
1-35) or some other oxidising agent. The operation with nitric acid 1s
conducted in chambers or steam-jacketed kettles made of acid-resisting
material such as ferro-silicon alloyv.!  The mixture of oxide and nitric
acid is violently agitated and at the same time allowed to pass gradually
into a second chamber or kettle. Considerable foaming accompanies
the reaction and may be excessive with low-grade ore ; this is met by
causing the bulk of the reaction to take place outside the main batch
kettle and within the pump or agitator below, the nitrous gases being
released from a fountain discharge above the surface in the main kettle.
The nitrous fumes may be recovered by passing over moist coke. The
reaction is facilitated catalvtically by the presence of a little hyvdro-
chloric acid or other halogen hydracid.?

The oxidation is more satisfactorily carried out in the presence of
air or oxygen. Onc method ? consists in treating arsenious oxide with
nitric acid at a raised temperature and under an oxyvgen pressure of
about 20 atmospheres. The arsenious oxide (or arsenious sulphide) is
introduced into a closed vessel having a stirrer, and an equal weight of
60 per cent. nitric acid is added, together with a small amount of arsenic
pentoxide or other catalyst.  Oxygen at 20 atmospheres is then foreed
in and the mixture stirred for 12 to 18 hours at 70° to 90° C.  The nitric
acid, which remains almost unchanged and thus acts as a catalvst, can
be distilled off and the arsenic acid remains as a syrupy liquid which
crystallises (as the tetrahyvdrate, see p. 182) on cooling.  This may be
converted into the pentoxide by dehyvdration at 180° to 200° C. or may
be converted into an arsenate.

If arsenious sulphide is used instcad of the oxide, arsenic acid and
sulphuric acid are formed and may be separated by precipitation of the
latter by addition of lime. In the absence of nitric acid, oxyvgen at
20 atmospheres, cven at 200° C., produces only arsenious acid from
arsenious oxide (¢f. p. 146), and arsenious and sulphuric acids from
arsenious sulphide.

By passing arsenious oxide vapour and air into a tower containing
nitric acid and water vapour, arsenic acid is produced and the nitrogen
oxides formed are reoxidised by the air present.?

An alkali chlorate is sometimes employved as the oxidising agent.?

1 Ambruster, U.S. Pateat, 1603308 (1926); Suverkrop, Chem. 3Met. Eng.. 1927, 34. 96.

® Behse, U.S. Patent, 14937938 (1924).  Sece also Smith and Miller, Ind. Eng. Chem.,
1924, 16, 1168: J. Franklin Tust., 1925, 199, 550.

3 Askenasy and Elod. Germeane Patont. 550402 (1924): Euglish Patent, 255522 (1925);
U.S. Patent, 1650360 (1927): Askenasy, Elod and Zieler, Zeitsch. wnary. Chem., 1927,
162, 161.

1 Piver, U.S. Patent, 1615193 (1927).

5 Ullman and Trewendt, U.N. Patents, 167725

7 (1928), 1699823 (1929); Balint,
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Thus a solution containing arsenious oxide (10 parts), sodium chlorate

(4 parts) or potassium chlorate (3-8 parts) and water (20 parts) is
heated to the boiling point, a little hydrochloric acid being added as
catalyst. )

The oxidation may also be accomplished by means of chlorine,:
bromine 2 or iodine,® hypochlorous acid,* aqua regia,’ chromic acjd ¢ (;1'
permanganic acid,’ and some metallic oxides ™ (sec p. 180). Arscnic
acid is also formed by decomposition of arsenic trichloride by the action
of chlorine water 8 or chromic acid,” or by the action of bromine watep
on arsenious sulphide.®®

Properties of Aqueous Solutions of Arsenic Acid.—The system
As,0,-H,0 has been investigated 21 by determining the solubility curves
of the (1, 4)- and the (3, 5)-hyvdrates, and also the curve for the
depression of the {reezing point of water. The data obtained are given
in the following table and are graphically represented in fig. 10.

! ' Solubility, N * Solubility, -
| Solution. ' Solution.
- 42 0 211 Icc 92 88-3 3As,0,.511,0
Po-188 - 462 19-3 89-2 T
~30-8 ¢ 344 253 895
—46:0 ¢ 634 26-8 8075
-37-3 73T As,0,.411,0 3435 1 8073 i
[o-218 . 766 353 890
6-0 811 1532 . 003
9-8 837 155 903
155 . 836 615 G619
f19:8 86-6 7483 920
L2446 879 7915 932
| 301 90- 1 9923 94-33
34-8 926 141-:0 969
36-2 941

The tetrahvdrate readily forms supersaturated solutions and in the
above investigation it was never obscrved to scparale spontancously

L Bereman. D arserico,” Upsalag 1777 00hs and Stewart, .80 Palenis, 1415323
(1022), 1515079 (1924).

2 Balard, Ann. Chim. Phys., 1834, |21, 57. 265 Waaner, Wagnei's Jahicsher., 1876,
p- 569; Francis, J. diier. Chew. Noe., 1926, 48, (G55, '

3 Simon, Repert. Pharm., 1339, 65, 195,

4 Balard, loe. cil.

5 Scheele, Seenshe Vel Alad. Handl., 1775, 36, 265: Bucholz, Selicrei’s J., 1802, 9,
397: Schweigyer’s J.. 1813, 7, 387,

6 Kessler, Pogy. Arwnlen, 1855, 95, 2065,

P Vanqueln, J. Phara. Chim 1823072109, 2300 Tkehe and Ovan, Japapese Patent,
04024 (1932).

8 Kaiser, Zeitsch., anal. Chem., 1875, 14, 255.

9 Wallace, Phd. Mag., 1859, [4], 18, 279: B . Leports, 1854, 69, 88,
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from the solution, inoculation alwavs heing necessarv.  Above 26-5
the (3, 5)-hyvdrate is the more stable.  The crvehydric point appears
lic close to —60° C. with about 69 per cent. of 1, ASO,.

3
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Fic. 10.—The Two-component System As,0,-H,0.

|
3

The density of an aqueous solution containing p per cent. of H,AsO,
at 15° C. may be expressed ! as
D3’ =0-9992 + 0-0060p + 0-0000576 >
Gerlach 2 gave the following data for densities at 15° C., the con-
centrations being expressed in parts of As,O; in 100 parts of solution :

Concentration.  Density. Concentration. Density.
2 1-016 30 1-298
6 1-048 +0 1-441
10 1-083 30 1-620
16 1-140 60 1-850
20 1-180 70 2-150

The relative viscosities of the following agueous solutions at 25° C.
have been determined : 2 N-H AsO,, 1-2707: N2, 1-1201: N/,
1-0595 : N/8, 1-:0309.

%lthouoh the acid itselt has not been isolated (sec p. 182). the solution
behaves as though it contained a tribasic acid and reacts successively
with three equivalents of sodium hydroxide.* The aqueous solution is
strongly acid to litmus. During ncutralisation in the presence of
methvl orange or lacmoid, the colour change occurs when one equivalent

1 Mendeléefl, Ber., 1836, 19. 379: " Etude dvs Dissolutions wjqueuses,” St Petersburg,
1887, p. 365. A

2 Gerlach, Zeitsch. anal. Chem., 1888, 27, 316, See also von Vogel, Toe. ¢it.; Schiff,

Annalen, 1860, II3 19)
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of alkali hydroxide has been added ; with phenolphthalein the colour
change occurs after two equiv alents have been added.®  The successive
heats of neutralisation? with sodium hydroxide arc: Ist mol. NaOH,
14.990 calories ; 2nd mol., 12,590 ¢ alovics ; and 8rd mol. > 8340 calories ;
to‘édl 35,920 calories. The hmt of dissolution is repr csented by Thomsen 2
(H‘Asoi, aq.) = — 400 calories.
The electrical conductivities (molecular) at 25° C. 0[ aqueous solutions

containing 1 mol. H;AsO, in v litres ave as foHo“.s : 3

186

S —— -

i i ‘
;‘ 3 | 16 & 82 G4 128 256 512 1024

v (litres) . ‘
w(mhos). | 684 894 1174 1502 1884 228:0 2642 2003

The three dissociation constants, ky, ky and kg, of arsenic acid,
dctcrmmed by means of the glass electrode, are *respectively 5-6 %1073,

7 «10~7 and 3-0 x10712  During clectrolysis reduction  oc curs,
arsenic being deposited and arsine liberated at the negative electrode 3
and oxygen at the positive.® The amount of arsine ploduccd depends
on the nature of the electrode,” more being plodu('cd at a mercury
cathode than at one of platinum ; the quantity of arsine also increases
with increasing concentration of arsenic acid.®  The reduction proceceds
more readily with an alternating current than with direct current.9

The oxidation-reduction potential of arsenious-arsenic acid solutions
has been determined.r® A small qnantl’(v ofiodidewas added as catalyst, 1t
and it was found that true equilibrium values, varying normally mLh
the concentration ratio, are obtained only if thc solutions are acidified
to an extent corresponding at least with N-HCL  For the cell

Pt 0-01M-H,;AsOy, 0-01M-H AsO,, 0-001M-KT, M-TICL:
NH,NO; saturated solution * M-11,50,, Hg,SO, | I

= UQ

E,at 18° C.is +0-374 volt, and at higher aciditics the value increases.!
The buffering power of arsenic acid towards alkali is consider: able,
and much meatcr than that of phosphate or citrate buffers. 13
The f1b$01p’r10n spectra of aqucous solutions have been examined, 14

+ Astrue and Tarbouriech, Comptl. rend., 1901, 133, 36; Joly, 1bul., 1883, 100, 1221;
101, 1262; Blarez, 7hid., 186() 103, 639, 11! i

2 Thomsen, "7'/1er/,//'lz,»':mm‘/ry" (Longmuns), 1908, pp. 131, 254, See also Baud
and Astruc, Compt. rend., 1904, 139, 202; 1907, 144, 1345.

3 Walden, Zedsch. pliysdeal. Chein., 1888, 2, 56.

1 Britton and Jackson, J. Chem. Soc., 1934, p. 1048, Sce also Luther, Zeitsch.
Eleletrochem., 1907, 13, 294; Washburn, J. Awmer. Chem. Soe., 1908, 30, 31: 1913, 35
681; Blanc, J. Chom. phys., 1920, 18, 28; Skrabal and Zahorka, Zeitsch. I'}/(/:{/'uc/zun.:
1927, 33, 42: Hughes, J. Chem. Soc., 1928, p. 491,

Richter, * Ueber die neuerer Gegenstande der Ghene,” Breslan, 1791, 1, 35.
Bischof, Kastner’s Arch., 1825, 4, 13; 6, 438.

Ramberg, drsskr. Lunds Usir., 1018, 14, 21

Lloxd, Trans. Faraday Soc., 1931, 21, 89.

Brochet and Petit, dnn. Chim. Phys., 1903, (8], 5. 307, Lloyd, loe. e,
Focrster and Pressprich, Zm/s‘fh‘ Elektrochem., 1927, 33, 176

1 Loimaranta, ibul., 1907, 13, :

© W a0

—

12 Luther (loc. cil.), “from the (omhme of ulmhlnmm in the reduction of arsenic
acid by hydriodic acid, obtained the valne /£, a1 25 €. - 0575 voli.  Sce also Rocbuck,
J. Ilu/~ Chew., l.)(l) 9, 127; Jelhnek and Winogradoll, Zeidsch. Eleltrochem., 1924,
30, 483.

13 Adova and Smorodineesv 2irrkcsn Zorberd 1G] mmms =0
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Arsenic acid in solution is readily reduced by nascent hvdroven
arsine being evolved ; in the presence of alkali, ho%vov(‘.r, this rb(iuc?io;;
does not take place.? When distilled with concentrated hyvdrochioric
acid, arsenic trichloride is formed and passes into the distillate ; the
reaction is accelerated by the presence of organiec matter 2 or other
reducing agents, such as ferrous ® or cuprous * salts. The reaction

As,05 + 10HCl == 2AsCl, +2Cl, + 51,0

is the basis of a method used for separating arsenic from other clements
which do not yield volatile chlorides under the same conditions.® The
amount of trichloride produced increases with the concentration of the
acid,” and a high yicld is obtained when fuming hvdrochloric acid is
used.®  Hydrobromic and hydriodic acids also reduce the pentoxide,
but the products are arsenious acid and the free halogen; these re-
actions also are reversible? (see p. 143).  When heated with potassium
chloride, some arsenic trichloride distils over ; potassium bromide has
very little reducing action, but with alkali iodides, iodine is liberated
and arsenious acid formed.*® In the presence of dilute sulphuric acid
the reaction with iodides is quantitative and proceeds according to the
cquation :
H;As0, +2HI =H,;AsO, + 1, + H,0

This rcaction mayv be employed for the determination of iodides ;! the
iodine is expelled by heating and the equivalent amount of arsenious
acid in the solution determined.

The reaction of arsenic acid solutions with hydrogen sulphide has
been the subject of much investigation and it is found that arsenic
pentasulphide or arsenic trisulphide may be precipitated as the main
product, according to conditions.?* Thus, in an aqueous solution of the
pentoxide at the ordinary temperature and in the presence of 8 to 14
per cent. of hydrochlorie acid, the precipitate is the pentasulphide ; as
the coucentration of hydrochloric acid is increased, the trisulphide and
sulphur are also precipitated in increasing proportion, and at 32 to 33

1 Covelli, Boll. Chim. Farin., 1909, 48, 623.

2 Hehner, Analyst, 1892, 17, 268.

3 Fischer, Ber., 1880, 13, 1773;: Hager, Chem. Centr., 1881, p. 465.

1 Clark, J. Soc. Chene. Ind., 1887, 6, 352.

5 Usher and Travers, J. Chem. Soc., 1903, 87, 1370.

b Zenger, Répert. Chim. Appl., 1362, 5, 203; Hufschmidt, Ber., 1884, 17, 2245;
ohmer, 1bid., 1901, 34, 33; Gooch and Dammer, dmer. J. Sci., 1891, [3]. 42, 308; Chem.
News, 1891, 64, 203; TFicld and Smith, J. dmer. Chem. Soc., 1896, 18, 1051; Moyer,
ihd., 1899, 21, 1029: Iresenius and Hintz, Zeitsch. anal. Chem., 1883, 27, 179; Travers
and Lu, Compl. rend., 1933, 196, 703.

7 Fresenius and Souchay, Zeusch. anal. Chem., 1862, 1, 4495 Mayrhofer, dinalen, 1871,
158, 320.

8 Rose, Pogg. Annalen, 1838, 105, 573; 1839, 107, 186; Mayrhofer, loc. cit.

9 Navlor, Pharin. Trans., 1879, [3], 10, 441; Roebuck, J. Phys. Chem., 1902, 6, 363;
Bray, ibd., 1905, 9, 573; Manchot and Oberhauser, Zeaitsch. arorg. Chem., 1923, 130, 163.

10 Schonben, Pogg. Arnalen, 1849, 78, 514; Bunsen, Annalen, 1878, 192, 305.

11 Gooch and Brownng, Amer. J. See., 1890, [3], 39, 188: 40, 6.

12 Berzelius, Pogy. dnnalen, 1826, 7, 25 Wackenroder, J. pralt. Chem., 1334, [1], 2,
3405 dunalen, 1835, 13, 241: Rose, Pogy. Annpalen, 1858, 105, 573; 1859, 107, 136:
Ludwig, ddreh. Pharm., 1859, [2], 97, 32; Parell, Chen.. News, 1870, 21, 133; McCay,
Chewm. News, 1886, 54, 287; Amer. Chen. J., 1885, 7, 375: 1887, 9, 174; 1888, 10, 159;
1890, 12, 547; Zeitsch. anal. Chem., 1887, 26, 6353; 1888, 27, 632; Zeitsch. anorg. Chen.,
1901, 26, 329; 1902, 29, 46; J. Awmer. Chem. Soc., 1902, 24, 661.




188 ARSENIC.

per cent. HCI no pentasulphide is formed.* On the other hand. 4
cold solution of an arsenate containing not less than 29 per cent. of
hydrochlorie acid yields only the pentasulphide.?  The formation of
the latter is favoured by rapid passage of the hydrogen sulphide, whilst
a risc in temperaturc above 50° C. favours reduction.® A sul'ﬁcientl\'
vapid introduction of the gas * into pure arsenic acid solutions always
gives rise to arsenic pentasulphide, and the precipitation is progressively
inhibited by hydrochloric acid in concentrations from N to 4N, but is
promoted when the concentration exceeds 6N, If the addition of the
hvdrogen sulphide is interrupted bhefore all the arsenice is precipitated,
the solution is found to contain monothioarsenic acid, H,AsO,S, in
amount corresponding with the incompleteness of the precipit}ltion,
and this acid is the primary product of the veaction, whether hvdro-
chloric acid is present or not. The monothioarsenic acid under the
influence of heat and mineral acids dccomposes into free sulphur and
arsenious acid, the latter with hydrogen sulphide then yielding arsenic
trisulphide.®

From solutions of pure arsenic acid the pentasulphide separates in
a highly disperse form which adsorbs arsenic aci<d so strongly that
the last traces of the latter react with great difliculty at the ordinary
temperature,® although this is not the case at 40° C.  In the pl'escncue
of salts of multivalent cations which by hydvolysis vield colloidal
hvdroxides, the arsenie pentasulphide is flocculated, but the comple-
tion of the reaction is greatly delaved owing to adsorption of the arsenic
acid, especially at low temperatures.

If a solution of an alkali arsenate in moderately concentrated hydro-
chloric acid is saturated with hydrogen sulphide and heated in a scaled
tube in the absence ot air for one hour at 100° C., the arsenic is completely
converted to the pentasulphide, no trisulphide or sulphur being formed.”

Solutions of arsenic acid arc reduced to arsenious acid by sulphur
dioxide, slowly in the cold but more rapidly when heated.®  The rate
of reduction depends upon the degree of acidity of the solution ? and is
complete only after prolonged heating or boiling unless the operation
is carried out in a closed vessel.'® Under the latter conditions the
reaction may be used for the preparation of arscnious oxidel!! The
reduction is greatly rctarded by the presence of vanadic acid in dilute
sulphuric acid solution,’? but procceds rapidly if the mixture is heated
with a trace of potassium iodide present.  Complete reduction of the
mixture to arsenious acid and a vanadyl salt may then be brought about
by heating in a scaled vessel for about one hour on a water-bath.!?

At room temperatures solutions of sodium monohydrogen arscnate

T Usher and Travers, J. Chenc. Soc., 1905, 87, 1370,

* Ncher, Zeitsch, anal. Chem., 1893, 32, 45.

3 Brauncr and Tomi¢ek, Monatsh., 1887, 8, 627; J. Chem. Soc., 1888, 53, 145.

+ Foerster, Pressprich and Reuss, Zeitsch. anorg. Chem., 1930, 188, 90. Cf. McCay
and Foster, Bei., 1904, 37, 573.

8 McCay, loc. c¢it.; Yoster, J. Awicr. Chem. Soc., 1916, 38, 52.
Foerster and co-workers, loc. cit. © McCay, loc. cit.
Wohler, Annalen, 1839, 30, 224. 9 Usher and Travers, loc. cil.
Bunsen, lee. cit.; Brauner and Tomicek, loc. ¢it.: McCay, loce. cit.
Norddeutsche Affincric, British Pateit, 372180 (1932).
Browning and Goodman, Awmer. J. See., 1896, [4], 2, 355: Bdear, ibid., 1909, [4],
27, 209; Trautmann, Zeitsch. anal. Chem., 1911, 50, 371; Auger and Odinot, Compt.
rend., 1924, 178, 213,

13 Gooch, “Methods of Chemical dnalysis™ (New York), 1912, p. 350.
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and sulphurous acid react very slowly; the reaction is greatly aceeler-
ated by mineral acids and reaches a maximum in the presence of 0-13N-
hydrochloric acid or 0-20 to 0-26N-sulphuric acid.*

Sodium thiosulphatealso vields a precipitate of arsenic pentasuiphide,
slowly in the cold but more readily on heating and when hydrochloric
acid is present; * pentathionic acid is formed in the solution.?

Hydrazine in the presence of sulphuric acid reduces arsenic zeid to
a slight extent to arsine, which is subscquently oxidised to arsenie ;
the reaction does not take place if a considerable concentration of
hydrochloric acid 1s present.!  Arsenites, in the absence of arsenates,
are not reduced by hydrazine. An aqueous solution of arscnic acid is
reduced to the trioxide by hydrazine salts only after prolonged boiling.®

Phosphine yields a copper-coloured precipitate, possibly an arsenide
of phosphorus.® Phosphorus trichloride causes reduction to arsenic,”
as also do the tribromide and triiodide, though less readily. Hypophos-
phorous acid causes a similar reduction to arsenic;8® in hydrochloric
acid solution the velocity of the reaction at various concentrations
corresponds with that of a reaction of the second order and may be
expressed by 9

_dCu,
dt

0 _ g . .
P =K. (11,150, Curo, = KCi a0 {B - (Cy - C))

where B and €, are respectively the initial concentrations of hypo-
phosphorous and arsenic acids and C is the concentration of the latter
at time ¢.

Formic and oxalic acids and their salts in the presence of mineral
acid reduce arsenic acid and arsenates; the reaction is accelerated by
boiling.1%  Tartaric acid does not appear to form complexes with arsenic
acid ! such as are formed with arsenious acid.  Certain sugars, namely
fructose and less rapidly sucrose, but not glucose, maltose or lactose,
form labile esters of arsenic acid during fermentation in the presence of
this acid ; the reaction is purely a chemical one and not biochemical.

Many metals, including magnesium, aluminiun, zine, tin and ivon, ™
precipitate arsenic and liberate arsine from aqueous arsenic acid.  When
copper is placed 1 such a solution containing mineral acid, copper
arsenide is formed on the metal; *® this reaction is emploved under the

Kurtenacker and Furstenau, Zeitsch. unorg. Chene, 1933, 212, 284,
Himly, Adunalen, 18342, 43, 1505 Chapin, J. dgric. Resecrch, 1914, 1, 515.
Vortmann, Ber., 1889, 22, 1520.
Kubina and Plichta, Zeitsch. anal. Chem., 1923, 74, 235.
Knovenagel and Ebler, Ber., 1902, 35, 3055,
Graham, Phil. Trans., 1833, 123, 253.
Sen, Proc. Asialic Soc. Bengal, 1919, 15, 263,
Thicle, Adpoth. Zeit., 1890, 5, 86: Annalen, 1891, 265, 55.
Vozdvijenski and Gerasimov, J. Russ. Phys. Chein. Soc.. 1930, 62, 409.
10 Hager, Pharim. Centr., 1884, [3], 25, 443: Jahresber., 18354, p. 1530: Patrowllard,
Pharm. Trans., 1873, [3], 6, $23; 1832, [3], 13, 362: Jukresber., 1875, p. Y39, See also
Naylor and Braithwaite, Pharin. Trans., 1832, [3], 13, 223, 464, 473.

1 Britton and Jackson, J. Chem. Soc., 1934, p. 1048,

12 Braunstein, Biockem. Zedsch., 1934, 271, 235,

12 Maack, Thesis, Gottingen, 1862, p. 35.

1t Fischer, Pogy. Annalen, 1826, 9, 255; Mohr, Ansualen, 1837, 23, 219.

15 Reinsch, Neues Jahrb. Pharm., 1861, 16, 135; Werther, J. prakt. Chem., 1861, [1],
82, 286. Sece also Fresenius and von Babo, dunalen, 1344, 49, 291: Howe and Mertins,
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name of Reinsch’s test in the qualitative detection of arsenic. If an
aqueous solution of arsenic acid is heated with copper in a sealed tube
for 18 hours at 180” to 200° C., arsenious oxide and copper arsenate are
formed.t

THr ARSENATES.

Salts corresponding to the ortho-, meta- and pyro-acids are generally
known, although the acids themselves do not appear to exist as stable
compounds. The close analogy between arsenic and phosphoric acids
and their derivatives is seen in the isomorphism which exists between
corresponding salts, for example: Na,HAsO,.12H,0 and Na,HPO,.
12H,0 or MgNH AsO,.6H,0 and MgNH,PO,.6H,0; and also in the
formation of analogous heteropoly-acids and salts.

Aluminium Arsenates.—The orthoarsenate, AlAsQ,, is obtained 2
in the form of clongated lens-shaped crystals when normal sodium
orthoarsenate is heated with an excess of aluminium sulphate in a
sealed tube at 220° C. The crystals are hexagonal in structure, with
y=>5-030 and ¢;=35-612 A.; the form is similar to that of quartz.®

A mixture of aluminium arsenate, lime and sand has been recom-
mended as a hydraulic cement; on dehydration insoluble calcium
arscnate is formed, which i improves the resistance to disintegration.*

The addition of sodium monohydrogen arsenate to a solution of an
aluminium salt results in the precipitation of a white powder which
is probably aluminium hydrogen arsenate,® Al,(HAsO,);. The powder
dissolves in acids and the solution in hydrochloric acid when boiled
with ammonium sulphite vields a precipitate of aluminium hydroxide,
the arsenic remaining in solution. When heated in a current of hydrogen,
arsenic is volatilised.®

Aluminium Pyroarsenate, Al (As,0;);, 1s obtained” by fusing at
as low a tempcerature as possible a mixture of alumina and 15 to 16
times its weight of sodium or potassium dihydrogen arsenate ; colourless
transparent crystals are formed on cooling. These dissolve only very
sparingly in hot water, but are readily soluble in dilute acids.

Complex arsenates of sodium, potassium and barium with aluminium
have been described ; thus by dissolving alumina in a fused mixture of
sodium or potassium dihydrogen arsenate with about 20 per cent. of
the alkali chloride, transparent plates of (omposmon respectively,
NayAly(AsOy); and KyAL(AsO,);, arve obtained.® In the presence of
sodium or barium hyv cllo\ldc. arscnic pcntoudc combines with aluminium
hydroxide to form alumini-arsenates ® of composition NaFL[AI(AsO,),].
0-3H,0 and Bal,[Al(AsO,),].H,0, analogous to the ferriphosphates.

Aluminium arsenate occurs in numerous minerals.  Liskeardite,
(Al Fe)AsO,.8H,0, 1s found in Cornwall as a pale blue incrustation on
Coloriano, Bull. Soc. chum., 1886, [2]. 45, T07; Ber., 1886, 19, 527.

Coloriano, Compt. rend., 1886, 103, 273.

Machatschki, Zedsch. Krist., 1935, 9o, 314; 1936, 94, 222.

Robak, fud. Eng. Chemn. (News Edn.), 1936, 14, 151.

Berthier, dnn. Chim. Phys., 1843, {31, 7, 76.

¢ Rose, Zeitsch. aial. Chem., 1362, 1, 4165 Lefevre, Awn. Chun. Phys., 1892, [6],
27, 42.

7 Lefévre, loc. cit.

$ Lefevre, Compt. rend., 1890, 111, 36; ~Sur les Arséiiates cristulliséx,” Pavis, 1891;
Ann. Chim. Phys., 1892, (6], 27, 42.

® Rosenheim and Thon, Zeitsch. anorg. Chem., 1927, 167, 1
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quartz ;1 cerulite, Cu0.2A1,0,.15,0;,.81,0, occurs in Chile in
form of a clay which consists of Minute turquoise-blue crystals ;
liroconite, CuyAl(OH)5(As0,);.201,0, found in Cornwall and Hung 11\
is blue or green and occurs in monoclinic crystals ;3 a basice Kls(‘lldu,
of composition 4+(a0.5A1,0,;.345,0;.20H,0 occurs as an amorphous
mineral associated with mercury ores in Utah.?

Ammonium Arsenates.—_ lmmonium Orthoarsenate, (NH,),As50,.
3H,0, is precipitated on saturating an aqueous solution of arsenic acid,
or of ecither ammonium mono- or di-hydrogen orthoarsenate, with
ammonia ; ° or it may be obtained by cooling a warm concentrated
solution of arsenic acid in aqueous ammonia. The deposit consists
of rhombic crystals and may be recrvstallised from hot aqucous
ammonia. The salt rapidly loses ammonia both in air and in solution,
the dihydrogen arsenate ultimately being formed. The anhydrous salt,
(NH,),As0,, is formed when the dry mono- or di-hydrogen salt
absorbs ammonia under a pressure of 8 atmospheres; the absorption
should be allowed to continue for 12 hours at about 50° C.  This pro-
duct also 1s unstable and rapidly loses ammonia to form the mono-
hydrogen arsenate.

Ammonium  Monohydrogen Orthoarsenate, (NH,),HAsO,, mayv be
prepared by the addition ol ammionia to a concentrated aqueous solution
of arsenic acid, the precipitate first formed being dissolved by war ming
and the salt then obtained either by (1\'5’(&“15&’[10)1 6 or by pw(lpltdtlon
with cthyl alecohol.?  The dry salt, when gently heated, loses ammonia
to form the dihydrogen arsenate, as also does the aqueous solution ; in
the cold, however, the dry salt is stable in dry air. The crystals are
monoclinic prisms,® with ¢:0:¢=0-918:1:1-1715 and B=91° 13";
density 1-99.

Ammontum  Dilydrogen Oirthoarsenate, NH H,AsO,, may be pre-
pared by mixing aqueous ammonia and arsenic pentoxide in theoretical
proportions.” It has also been obtained by heating arsenious oxide
with ammonium nitrate and by gently heating anmmonium mono-
hvdrogen orthoarscnate.? It crystallises in Jong non-deliquescent
prisms belonging to the tetragonal system, the axial ratio® « : ¢ being
1:1:0035. The salt is 1sommphom with the corresponding potas>1u1n
salt and with the corresponding ammonium and potassium phosphates.*
The density 2 at 20° C. is 2:340.  When heated above 300° C. it loses

1 Maskelyne, Nature, 1878, 18, 426; Flight, J. Chem. Scc., 1883, 43, 140.  See also
Lacroix, Bull. Soc. frang. Min., 1901, 24, 27. 2 Dufet, ibid., 1900, 23, 147.

3 Groth, “Tubellarische Ucbersicht der 3ineralien,” Braunschweig, 1898, p. 98. See
also Dana, ~System of Mineralogy,” New York, 1368, p. 567: Rammelsberg, = Handbuck
der Mincralchemie,”” Leipzig, 1875, p. 352.

* Clarke, J. W' /lJLuzjfmz :{(ru[ 1912, 2, 516.

5 Matignon and de Pasallé, ('m//p/ /(/z(l , 1834, 198, 777.  See also Mitscherlich, dnn.
Chim. P/zg/e 1821, {2], 19, 350, 407;: dkad. Hmz!l/. Stockholm, 1821, p. 4: Quart. J. Sei.,
1823, 14, 198, JA.S_: Uelsmann, dich. Pharm., 1859, {2], 99, 145;: Salkowski, J. pralt.
Chem., 1868, [1], 104, 129.

¢ Scheele, Svenska Alad. Handl., 1778, 40, 316; Mitscherlich, loc. cit.

7 Matignon and de Passillé, loc. cit.

8 Mitscherhich, loc. cit.; Rammelshere, " Handbuch der krystallographischen Ghemie,”
Berlin, 1855, p. 181; ** Hundbuch der Lryst. physilal. Chemie,” Leipzig, 1881, 1, 535.

9 Macquer, Mém. Paris dead., 1745, p. 95 1746, p. 223; 1748, p. 35.

10 Topsoce, Sitzungsber. K. Akad. Wiss. Wien, 1872, 66, 32; Bull. Soc. chim., 1873, 21,
19, 246. 11 Aischerlich, loc. cit.: Hassel, Zeilsch. Elekirockem., 1925, 31, 523.

2 Matignon and de Passillé, loc. cit. Sce also Topsée, loc. cit.; Muthmann, Zelsch.
Kryst. Min., 1893, 22, 323; 1894, 23, 363; Gossner, ibid., 1908, 44, 484,
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ammonia and an almost insoluble «eid metarsenate, NI H(AsO,),, is
obtained —1

9N, H,A50, = NIT, + 2H,0 + NH,H(As0,),

which is stable up to 425° (., no trace of arscnious oxide or arsenic being
formed at this temperature.  When boiled with water the metarsenate
reverts to the orthoarscnate.

The solubility in water of ammonium dihydrogen orthoarsenate and
the densities of the saturated solutions have been determined with the
results shown in the following table : 1

SOLUBILITY OF NH,H,AsO, IN WATER.

R

E Temp., - C. 100 WP;;_O. : Density. “
.}” e e L ——
‘7 0 ‘ 3374 1-1814
| 20 48-67 1-2280
i 10 | 63-83 | 1-2821
60 ‘ 83-05  1-3464
80 10725 1-1200
90 L 12240 1-4623 |

i
i

i !
| ; |
L ! ! i

The following values for the heats of neutralisation at 15° C. of
arsenic acid by aqueous ammonia, and for the heats of dissolution of
the ammonium arsenates, have been obtained.2 The solutions of
arsenic acid for the determination of the former contained § mole of
H;AsO, per litre, and those of ammonia were of such concentrations
that 1 volume of the acid was ncutralised by an cqual volume of the
hase.

Heats of Neutralisation.

H,As0,.330H,0 + NH,.330H,0 = NH,H,As0,.660F,0 ~ 13,750 calorics
H,A450,.33011,0 +2N11,.33011,0 = (NIL,);HASO,.660EL,0 = 24,300 calories
T1,A50, 330H,0 + 3NHL330H,0 = (NI).A50,.660H,0 + 25,100 calories

Heats of Dissolution.
NH I,AsO 5010 + 660H,0 = NH,IT,A50  gissolvea — 4250 calories
(NH),HASO jsonia + 660H,0 = (NH,),-HASO, ggeoived — 3130 calories
(NH,)3A80 sona + 1500H,0 = (NH,),A50, 2500500 — S400 calories
(NH,),As0 .31 ,05010 + 1200H,0 = (NH,),As0 .3H,04,.001v0a — 13,700 calorics

From the above data, and assuming the heat of dissolution of arsenic
pentoxide to be + 6000 calories (see p. 160) the following values for the
heats of formation have been calculated -

1 Matignou and de Passillé, loc. cit.
2 de Passille, Compt. rend., 1933, 200, 1852
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Heats of Formation.

3(AsyO5s011a +311,011qu1a) + NHjgas = NILH,ASO, cor1q + 29,480 calories
1(As,0;s011a + 3HOnquia) + 2N gas = (NT1,),TTASO, o114 + 47,410 calories
1(As,0;5soria + 3HO011iquia) +3N1 5 gas = (NH)3A80, 50110 + 61,940 calories
1(As,0; 50114 + 3H,011quia) +3NHjgas +3H,O1iquia

= (NH,)3450,.3H,0x0110 + 67,240 calories
The values of @, from Nernst’s formula

log p= _QL~5QTOT +1-75log T +3-3

for the di- and tri-ammonium salts* are respectively 15,500 and 13,070
calories ; these values represent the heats liberated in ﬁ\ma the second
and thnd molecules of ammonia. A study of the dissociation of the
triammonium arsenate suggests that the successive w ithdrawal of
ammonia gives rise to equilibria which indicate the existence of the
following compounds ; * Qg represents the heat changes of the equilibria.

(NH,)pAs,0, == (NH,);HAS,05 +NH,, @, =15,000 cal
(NH,),HAs,04 === (NI1,);H,As,04 + NH,, Q=14000 ,
(NH,),H,As,0, == (NTI,) H?,AS Oy +NM,,  Q,=15.600
(NH,),H,As,04== (NH,)
(NH,),H,As,0, == (NH,)

E3]

3
JLAS,0, + NH,  Q—16.200 .
As,0, NH.  Qu=16.700 .

Mixed orthoarsenates of ammonium and sodium have been obtained,?
namely, diammonium sodium orthoarsenate, (NH;),NaAsO,4H,0, and
ammonium sodium hydrogen orthoarsenate, (NH,)NaHAsO.4},0. The
latter forms monoclinic crystals when a solutlon containing equivalent
quantities of ammonium and sodium monohydrogen arsenates is
allowed to crystallise, or when an ammoniacal solution containing
ammonium chlovide and sodium dihydrogen arsenate (1:6) is con-
centrated. When ignited, water and ammonia are cxpelled and
sodium metarsenate remains.*  The diammonium sodium salt may be
obtained by allowing to crystallisc a solution ol the ammonium sodium
hydrogen salt in concentrated aqucous ammonia.  The tabular crystals,
when confined over dilute sulphuric acid, lose ammonia and revert to
ammonium sodium hydrogen orthoarsenate.

Antimony Arsenates have not been prepared.®

Barium Arsenates.—DBarium orthoarsenate, Ba,(AsO,),, is formed
as large colourless plates when a mixture ol barium oxide, alkali chloride
and alkali hydrogen orthoarscnate is fused and allowed to cool.® It is
also said to be formed 7 by the action of ammonia on an aqueous solution
of barium hydrogen arsenate; the product, however, varies in com-
position, barium ammonium arsenate somctimes being formed and

1 Matignon and de Passillé, loc. cul.

? de Passillé, Conpt. rend., 1935, 201, 344,

8 Uelsmann, loc. cit.

4 Mitscherlich, loc. cut.

5 See Berzelius, Pogy. Aunalen, 1826, 7, 28; Schweigger’s J., 1821, 32, 1625 Berthier,
Ann. Chim. Phys., 1823, [2], 22, 239; 1824, [2], 25, 379.

¢ Lefevre, Ann. Chimn. Phys., 1892, (6], 27, 17.

" Berzelius, Pogg. Annalen, 1826, 7, 137; Lefévre, loc., cit.; Salkowski, J. pralt. Cheri.,
1868, [1], ro4, 143.
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barium orthoarsenate rarely.l The latter salt retains water, which
may be expelled at 150° C. ;2 definite hydrates have not been obtained.
It is only slightly soluble in cold water. The anhydrous orthoarsenate
has deusity 5-095 and melts at 1605° C.3 It is reduced by hydrogen at
1400° to 450° C. to barium oxide, arsenic and water.

A study of the acid section of the system As,0,-BaO-H,0 at
30° C. shows? that the stable solid phases are barium monohydrogen
orthoarsenate, BaHAsO,.H,0, barium dihydrogen orthoarscnate,
Ba(H,As0,),.2H,0, and the (8, 3)-hydrate of arsenic pentoxide,
3As,0,.511,0.

Barium  Monohydrogen Orthoarsenate may bc obtained® as a
gelatinous precipitate by adding baryta-water drop by drop to aqueous
arsenic acid until the solution is alkaline to phenolphthalein. On
shaking, the precipitate becomes crystalline. Berzelius obtained this
salt in the form of small crystalline seales by adding sodium hydrogen
arsenate drop by drop to excess of barium chloride solution. The
precipitate may be dried at 100° C. The crystals are transparent
rhombic plates ¢ of deunsity 8926 at 15° C.; from acetic acid it may be
recrystallised in the form of octahedra.” When heated at 120° C. the
salt loses its water of crystallisation, and at 320° C. it loses constitutional
water and forms barium pyroarsenate.®

Bariwm Dilydrogen Orthoarsenate crystallises as the dihydrate from
a solution of barium orthoarscnate or barium monohydrogen ortho-
arsenate in aqucous arsenic acid, or it may be precipitated by the
addition of baryta-water or barium carbonate to aqueous arsenic acid.”
The crystals are monoclinic, with axial ratios® ¢ : b : ¢ =1-160:1: 0-625
and f=108° 34", The salt is only slightly soluble in water and in the
presence of excess of water changes to the monohydrogen arsenate. It
is readily soluble in hydrochloric acid ; less soluble in acetic acid.  When
heated, it loses water, and above 280° C. bariwm metarsenate, Ba(AsO;),,
remains.’*  The latter may also be obtained by evaporation of a solution
of the pyroarsenate and calcination of the residue.t?

Barium Pyroarsenate, Ba,As,0,, is formed when barium mono-
hydrogen orthoarsenate is ignited, or when barium oxide is fused with
an alkali hydrogen arsenate.®® In the latter casc it may be extracted
with anhydrous glycerol. In contact with cold water the heaxahydrate,
Ba,As,0,.6H,0, is formed; boiling water converts it to the ortho-
arscnate.!?

Mixed orthoarsenates of composition Bal{AsO,,'* BaNaAs0,.911,0,4
Ba(NH;)AsO.1H,0 and Ba(NH,),H,(AsO,),% have bcen prepared,

1 Hendricks, J. Physical Chem., 1926, 30, 248.

2 Salkowsk, loc. cit.; Field, J. Chem. Soc., 1838, 11, 6.

Guérin, Compt. rend., 1936, 203, 997, 1163.

Hendricks, J. Physical Chem., 1926, 30, 248.

Joly, Compt. rend., 1886, 103, 746, 1197; 1887, 104, 1702.

de Schulten, Bull. Scc. frang. Man., 1904, 27, 104.

Schiefer, Jahresber., 1864, p. 237.

$ Hormann, Dissertation, Exlangen, 1897.

Berzelius, loc. cit.; Mitscherlich, (ue. cit.; Hormann, loc. cit.

Ramumelsherg, * Handbuch der Iryst. physilal. Chemie,” Leipzig, 1881, 1, 537.
Mitscherlich, foc. cit.

12 Lefévre, Ann. Chim. Phys., 1892, [61, 27, 17.

18 Lefévre, Conipt. rend., 1889, 108, 1058. 1 Joly, loc. cit.

v Abegg, ~ Handbuch d. anorg. Chem.” (Hirzel, Leipzig), 1907, 111 Bd., 3 Abt., p. 541.
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as also have complex alumini- and ferri- arsenatcs 1 of composition

BaH [Al(AsO,),.H,0 and Ba,IFe(AsO,).],.  Barium chlorarseno-
apatite, 3Bag(AsO,),.BaCl,, can be obtained by fusing a mixture of
barium oxide, an alkali chloride and potassium or sodium metarsenate
containing more than 60 per cent. of the arsenate.>3  Bromo- and iodo-
arsenoapatites are also known.*

Complex pyroarsenates of composition BaCuds,0; and BaHgAs,O-.
H,0 have been obtained ® by heating aqueous solutions of arsenic acid
with mixtures of barium hydroxide and the oxide or carbonate of the
other metal at 1807 to 200°C. Using copper carbonate and solutions of
arsenic acid of 5 to 25 per cent. concentration, the barium-copper salt is
formed quantitatively and the precipitate 1s of constant composition,®
but outside the above limits of acid concentration the precipitate
consists mainly of a mixturc of orthoarsenates.

Beryllium Arsenates 7 are less stable than those of magnesium and
readily form basic salts. Beryllium orthoarsenate, Bes(AsO,), 15H,0,
is obtained by drying in air the precipitate formed on mixing aqueous
solutions of sodium monohvdrowen arscnate and bervilium sull)hate.
The precipitate itself is probably beryllium monohydrogen orthoarsenate,
BeHAsO,, but this is readils hydrolysed and unless immediately
removed from the solution forms a basic salt. It has been obtained in
the form of a dikydrate, BeHAsO.211,0, as a viscous solid by dissolving
beryllium hydroxide in arsenic acid and precipitating with alcohol, and
in the ankydrous form by heating arsenic pentoxide and beryllium
hydroxide together in a sealed tube at 2207 C. Beryllium dihydrogen
orthoarsenate, Be(H,As0),. is obtained as colourless hygroscopic tablets
by the action of a hot saturated solution of arsenic acid on bervilium
hydroxide and evaporation in cacuo.

By stirring beryllium oxide or carbonate with aqueous arsenic acid
under carefully regulated conditions of concentration, acidity and
temperature, Ephraim and Rosetti 8 have been able to isolate two
arsenates of definite composition in a crystalline state, namely, £-5BeO.
As,05.9H,0 and 4Bec0.As,0;,.10H,0 : whether these are to be con-
sidered basic salts or mixed acid salts (¢f. p. 196) has not been determined.

Several double arsenates with alkali metals and ammonium have
been described, but these are extremely unstable, undergoing ready
hydrolysis to form basic salts.

Bismuth Arsenates.—DBismuth Orthoarsenate is obtained as a white
crystalline precipitate by the action of arsenie acid or an alkali arsenate
on a nitric acid solution of bismuth nitrate.? When dried at 100°
to 120° C. the product is the hemihydrate, BiAsO,tH,0, which loses
water only at red heat. By evaporating the mixture on a water-bath,
de Schulten!® obtained a product which he described as the anhvdrous

1 Rosenheim and Thon, Zeitsch. anory. Chen., 1927, 167, 1

2 Letevre, Ann. Chim. Phys., 1892, [6], 27, 17.

3 Lefévre, Compt. rend., 1839, 108, 1033.

4 Ditte, Adnn. Chim. Phys., 1386, [ 6], 8, 522, 529.

5 Rosenheim and Antelmann, Zedsch. arory. Chem., 1930, 187, 385

8 Rosenheim, 1bid., 1930, 193, 73.

7 Bleyer and Muller, ibd., 1912, 75, 283; Atterbery, Bull. Soe. chim., 18
358; DBer., 1876, 9, 864. Scc also Berzelius, Ann. Chim. Phys., 1817, [2], 5,
[2], 11, 22.) Pogg. Annalen, 1826, 7, 137.

8 thmun and Rosetuy, Hele. Chim. deta, 1929, 12, 1025.

9 Scheele, Svenska Akad. Handl., 1778, 40, 316; Berzelius, loc. cit.; Salkowski, J.
prakt. Chem., 1868, [1], 104, 170. 10 de Schulten, Bull. Soc. chim., 1903, [3], 29, 720.
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salt; on adding water and kecping for a few days he obtained micro-
scopic monoclinic prisms of density 7-142 at 15° C.  The hemihydrate
is usuallv obtained as microscopic spherical, stellatec or octahedral
ervstals.l It is tasteless, sparingly soluble in water, soluble in dilute
hvdrochloric acid ; 2 it melts only with difficulty.

" A basic arsenate, 2BiAs0.3B1,0;, has been prepared by the action
of sodium arsenate upon an ammoniacal solution of bismuth citrate.3
It forms a gelatinous precipitat@ which resembles the corresponding
phosphate in its chemical properties. ‘ .

Basic arsenates of bismuth occur naturally in a number of minerals,
especially in Saxony and Utah, the most note'worthy be~ing atelestite,
rhagite, miatte (containing copper) and walpurgite (containing uranium)
(see p. 16).

Cadmium Arsenates.—The hydrated normal cadmium ortho-
arsenate, 2Cd;(As0,),.8H,0, falls as a white voluminous precipitate on
adding alkali to a solution of cadmium mono- or di-hydrogen avsenate
in hvdrochloric acid,* or on addition of sodium orthoarsenate to a
solution of cadmium sulphate. On drving at 100° C. the anhydrous
salt remains.

Cadmium Monohydrogen Orthoarsenate, CAHAsO,H,O, may be
prepared by dissolving cadmium carbonate in aqucous arsenic acid.®
The white crystalline substance dissolves easily in dilute hydrochloric
acid, and it is decomposed by water to form a salt of composition
50d0.245,0,.5H,0. The existence of this salt appears to be well
established 7 and it may be regarded as cadmium dilydrogen tetra-
orthoarsenate, Cdy(As0,),.2CdHAsOL4H,0. It is formed as a pre-
cipitate when solutions of cadmium sulphate and sodium monohydrogen
orthoarsenate are mixed.® If its saturated solution in arsenic acid is
heated, the monohydrogen salt, CdHAsO,.I1,0, scparates,” the crystals
of which have density 4-164 at 15° C.  If, on the other hand, ervstallisa-
tion of the solution occurs at ordinary temperatures, rhombic prisms
of cadmium dilydrogen orthoarsenate, Cd(IH,As0,),.2H,0, of density
3-241 at 15° (., separate. This salt is isomorphous with the corre-
sponding phosphate, loses water with partial decomposition at 70° to
80° C., and with excess of water reverts to the acid salt, 5Cd0.2A5,0
5H,0.10

Firm transparcent jellies ave produced * when solutions ol potassium
dihydrogen arsenate and cadmium sulphate, of suitable concentrations,
are mixed. They are unstable and erystallise into 2Cd;(AsO,),.
4CdHAs0,.911,0.

The following double arsenates have been described : 12 Na,Cd(AsQ,),,
NagCd,As,0;,, KCdo(AsO,),. Cadintum chlorarsenoapatite, 3Cd 5(AsO,)s.
CdCl,, is produced by fusing normal ammonium arscnate or the acid

5+

Haushoter, Thesis, Munchen, 1885, p. 140.
Thénavd, dwn. Chun. Phys., 1304, [1}, 50, 117.
Cavazzi, Gazzetla, 1884, 14, 289. Y Demcl, Ber., 1879, 12, 1281.
Salkowski, J. prakt. Chem., 1868, [1], 104, 162: Ber., 1879, 12, 1447.
Demcl, loc. cit.
Ephraim and Rosetti, Helv. Chiin. Acla, 1929, 12, 1025. 8 Salkowski, loc. ct.
de Schulten, Bull. Soc. chun., 1889, [3], 1, 473; Bull. Soc. frang. Min., 1903, 26, 93.
10 de Schulten, loc. cit.
% Rlemp and Gyulay, Kollod-Zeatsch., 1921, 28, 262.  See also Weiser and Bloxsom,
J. Physical Chem., 1924, 28, 26.
12 Lefevre, Compt. rend., 1890, 110, 403; Ann. Chim. Phys., 1892, [6], 27, 22.
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salt 5Cd0.2.35,0,.511,0 with excess of cadmium chloride.  Its density
at 15° (. is 5865 and it vesembles the corresponding phosphatic
compound.* The analogous bromo-compound is smnlall\' prepared as
long vellow prisms of dumt} 6-017.

Cadmium Metarsenate, Cd(AsO,),, has been obtained by dissolving
cadimum chloride in arsenic acid at 200° C. and drving the plC(.lpxtato
at 100° C.> When fused with cadmium oxide or carbonate, cadinium
pyroarsenate, Cd,As,0,, is obtained as colourless cryvstals.®

Casium Arsenate.—By adding excess of arsenic to a solution of
ceesium hydroxide in nitric acid containing a little molybdic acid, white
well-defined crystals of composition ($,0.2A5,05.5H,0 have been
obtained.?

Calcium Arsenates.—In a bhasic form calcium arsenate is an
important commercial produect and is used in the form of a sprayv or
dust as an insecticide for plants (see Chapter XII). The commercial
arsenates are usually mixtures and exhibit a wide variation in chemical
and physical characteristics. The svstem (aO-As,0,-11,0 has been
investigated ® at various temperaturcs, and equilibrium data, miero-
scopic and X-ray examination point to the existence of the following
compounds : CaHAsO,, Ca;H,(AsO,).5H,0, Cay(AsO,),.2H,0 and
4Ca0.As,05.0H,0.

The normal salt, calcium orthoarsenate, Cayz(AsOy),, may be obtained
by the action of lime-water or milk of lime on arsenic acid, or by addition
of aqueous calcium chloride to aqueous sodium monohydrogen arsenate ;
in the latter case if the solutions are alkaline a product of a high degree
of purity is obtained.® Drying at 100° C. gives the dihvdrate, Ca, 2(AsOy)s.
2H,0, which loses its water of ervstallisation at 175° C. The anhydrous
salt melts at 1455° C.7 It is reduced by hydrogen at 100° to +50° C.
to calcium oxide, arsenic and water.® The density of the dihvdrate ®
is 3-23, and of the anhyvdrous salt 7 38-62. The solubility of the latter
at 25° C. 1s 0-0133 grm. per 100 grm. of water.®

The commercial product is usually obtained either by adding arsenic
acid to partly slaked lime containing sutlicient quicklime to combine
with the {ree water, thus vielding a dryv product,’ or by heating a
mixture of lime and white arsenic in the presence of an oxidising medium,
such as oxygen,! chlorine 11 or nitrates.? It is essential that the product

1 de Schulten, loc. cit. 2 Salkowski, loc. cit.
3 Lefévre, loc. cit.; de Schulten, loc. cit.; Rosenheim, Zeitsch. anorg. Chem., 1930,
193, 73.

+ Ephraim and Herschfinkel, Zeitsch. anorg. Chem., 1910, 65, 237.

5 Pearce and Avens, J. dmer. Chem. Soc., 1937, 59, 1258; Nelson and Haring, 1bid.,
59, 2216; Smith, bid., 1920, 42, 259.

5 Robinson, J. 4gric. Res., 1918, 13, 381. See J. Soc. Chem. Ind., 1918, 37, 439 1;
Guérin, Bull. Soc. chim., 1937, [5], 4, 1249.

7 Guérin, Compt. rend., 1936, 203, 9