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PREFACE

The reception which has been accorded the earlier
volumes of INORGANIC SYNTHESES has been most gratifying
to the Board of Editors and has encouraged them to con-
tinue the series at an accelerated rate. The resurgence of
interest in inorganic chemistry and the rapidly increasing
number of its applications lead the editors to hope that
these volumes will find increasing usefulness. Conversely,
they hope that the publication of INORGANIC SYNTHESES
will stimulate interest in inorganic chemistry still further.

The policy of having each synthesis carefully checked in
at least one independent laboratory has been continued,
as it has been found that the efficiency and usefulness of the
syntheses are often greatly increased by the checker. After
checking and revision, the syntheses have been edited and
then returned to the authors and checkers for final approval.

As in the earlier volumes, the syntheses in Volume IV are
arranged on the basis of the Mendeleev periodic classifica-
tion, with subdivision into A and B groups. The nomen-
clature is that used in Volumes IT and III. Cross refer-
ences have been used liberally, and the index has been
made as complete as possible. The index is cumulative
for all four volumes.

Contributions are now being accepted for forthcoming
volumes, two of which are in preparation. Manuseripts
describing syntheses of a general nature should be sent to
Prof. Therald Moeller of the University of Illinois, who
will serve as editor of the next general volume. Manu-
seripts concerning syntheses of hydrides should be sent to
Prof. W. C. Johnson of the University of Chicago, who, with
Prof. H. I. Schlesinger, is preparing a volume on that
subject. All manuseripts should be submitted in triplicate

vl



viil PREFACE

and should follow, as nearly as possible, the style used in the
earlier volumes. After a brief introduction, the procedure
should be described in detail. This should be followed by
a brief description of the chemical and physical properties of
the substance under discussion and by analytical data. If
the analytical methods are sufficiently distinctive to war-
rant description, they should be presented in detail. Per-
tinent references should be placed at the end of the
synthesis.

The editors wish, again, to call attention to the fact that
INorGANIC SYNTHESES 18 a periodical publication and that
references to articles appearing in it should include the
names of the authors of the articles in addition to the name
of the editor of the volume.

In dedicating this volume to Prof. Harold S. Booth, the
editors wish to acknowledge the invaluable help which Dr.
Booth rendered to Inorganic SyNTHESES. Not only was
he one of the founders of the project and the first editor, but
he continued to contribute generously of his talents, time,
and energy to ensure its continued success. He was an
outstanding chemist, an inspiring leader, and best of all, a
beloved friend.

The editor-in-chief takes pleasure in thanking his col-
leagues on the Editorial and Advisory Boards for their
help in preparing this volume. Miss Janet D. Scott has
been particularly helpful, as she has handled all the prob-
lems of nomenclature and indexing. The editor wishes
also to thank Mrs. John Maisch for her help in preparing the
manuscript, and Daryle H. Busch, without whose excellent
help this project could not have been completed for many
months.

The editors will consider it a favor if users of INORGANIC
SynTHESES will call to their attention any errors or
omissions.

John C. Bailar, Jr.
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CHAPTER IA

See also: Disodium dihydrogen Potassium pentachloroaquomolyb-
hypophosphate, syn- date(III) and potassium hexa-

thesis 23 chloromolybdate(I1I), synthe-
Sodium superoxide, syn- sis 34

thesis 29 Potassium ferrate(VI), synthesis
Sodium ‘‘selenopenta- 54

thionate’ 3-hydrate
and “telluropentathio-
nate” 2-hydrate, syn-
thesis 31

1. LITHIUM NITRIDE
6Li 4+ N, — 2Li;N

SusmrrTED BY E. Maspupuy* anp F. GArnAs*
Cueckep BY T. R. P, GisBt AnD H. O. WARRENT

Lithium nitride was first prepared by Ouvrard,! who
heated metallic lithium to dull redness in a stream of nitro-
gen. Guntz? observed shortly afterward that the prepara-
tion can be realized with but slight heating, while Des-
landres?® found that the metal absorbs nitrogen even at room
temperature. Other early experimental work*? has deter-
mined that the compound may best be obtained either at
room temperature or at approximately 450°. In the first
case, the preparation proceeds slowly; the substance pro-
duced is very hygroscopic and retains uncombined nitrogen.
When lithium nitride is prepared at the higher temperature,
the process is completed in a short time; the substance so
obtained is more compact, less hygroscopic, and more eas-
ily preserved. For these reasons the second method is
preferred.

* Laboratoire de chimie minérale, Toulouse, France,

1 Metal Hydrides, Beverly, Mass.
1
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Procedure

The nitrogen employed should be perfectly dry and free
from oxygen and hydrogen. In order to prevent contami-
nation with hydrogen, which may be formed by reduction
of water vapor by the hot copper, the nitrogen is passed
through a U-tube A (Fig. 1) containing Drierite or phospho-
rus(V) oxide prior to removal of the oxygen. To eliminate
the oxygen which the gas contains, it is passed successively

Fia. 1. Apparatus for the preparation of lithium nitride.

over hot powdered copper B and through an alkaline solution
of sodium dithionite €, which is cooled in an ice bath. It
is then dried by passing over potassium hydroxide pellets D,
through sulfuric acid E, and then over phosphorus (V) oxide
F, after which it enters the reaction apparatus G. This con-
sists of an iron tube 90 em. in length and approximately
5 em. i.d., the ends of which are surrounded by a few turns
of lead or copper tubing which serve as cooling coils, using
water as a coolant. The central portion of the iron tube is
placed in an electric tube furnace H about 50 cm. long.
This iron tube is fitted with two one-hole rubber stoppers
which hold pyrex gas inlet and outlet tubes. The reaction
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tube is preceded in the nitrogen path by the purification
train described above and followed by a phosphorus(V)
oxide drying tube J, a safety flask K, a gas-washing bottle
containing sulfuric acid L, and a glass stopcock M, in that
order. The sulfuric acid serves both as a washing medium
for the gas and as a flowmeter. The external temperature
of the reaction tube is determined by means of a thermo-
couple placed between the tube and the furnace.

Two flat, iron boats are located in the central part of the
reaction tube; the boat nearest the point of entry of the
nitrogen holds only a small quantity of lithium and serves
as a final protection against oxygen and water-vapor con-
tamination, while the second vessel contains the amount of
lithium required for the preparation. The apparatus must
be thoroughly dried, and all the air must be displaced before
the reaction is initiated. Therefore, the reaction tube is
first heated gently (200°) for some time in a stream of nitro-
gen. It is then allowed to cool, and lithium which has been
freshly cut into lumps of approximately 0.5 cc. volume is
placed in the vessels (1 lump in the first vessel, 10 or 12
lumps in the second). The nitrogen is then allowed to flow
for 1 hour to eliminate any air which may have entered the
apparatus when the boats were introduced. The tempera-
ture is gradually increased to a maximum of 450°. The
reaction is most rapid at 370°, at which temperature a sud-
den strong absorption of nitrogen takes place. In order
to prevent air from entering the apparatus during this phase
of the preparation (suckback), it is advisable to close the
stopcock M near the exhaust end of the train. The flow
of nitrogen may also be increased. If care is taken, the
pressure regulator on the nitrogen tank may be set up to
about 4 p.s.i. without causing undue hazard. The gas-
washing bottles must be equipped with ‘“horns’ which are
wired to prevent popping when the pressure builds up after
the reaction subsides.* When the absorption is no longer

* As an additional safety precaution, a T-tube with a long vertical arm
may be incorporated in the train between wash bottle E and tube . The
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vigorous, the pressure regulator is set back and the stopcock
is slowly opened. The temperature is maintained at 450°
until nitrogen is no longer absorbed, after which the furnace
is allowed to cool while nitrogen still passes through the
system.

The lithium nitride produced in the second vessel will be
95 to 999 pure, depending on the purity of the lithium that
was used in the reaction. On the basis of ammonia
obtained by hydrolysis, the ratio Li:N is very nearly 3:1.
Pure lithium nitride may also be produced in the first vessel
if the purification of the nitrogen is complete, but this sam-
ple of nitride is sometimes contaminated with small quan-
tities of lithium oxide or hydroxide.

Properties

When prepared at high temperature, lithium nitride
forms as porous, puffy lumps which are a dark violet in
color. Its crystalline nature is apparent on viewing a sec-
tion of the substance. It is quickly altered by air and must
be preserved in an atmosphere of nitrogen. It melts
between 840 and 845°. Lithium nitride is extremely reac-
tive at temperatures near its melting point, attacking iron,
nickel, copper, and even platinum, silica, and porcelain. It
begins to react with iron at 500° and for this reason the
preparation outlined here must be carried out at tempera-
tures of 450° or lower. Its high reactivity may be related,
to some extent, to the fact that it exists in an ionic lattice.®
It evolves nitrogen when electrolyzed.”

References

1. Ouvrarp: Compt. rend., 114, 120 (1892).
2. Guntz: bid., 120, 777 (1895).

open end of the vertical arm is immersed in a test tube, 70 to 100 c¢m. in
length, filled with sulfurie acid or mereury. The flow of nitrogen through
the horizontal arm of the T-tube is kept adjusted so that some of it bubbles
out of the bottom opening. A coarse sintered-glass disk sealed near the
top of the vertical arm serves as a further safety device since it prevents, or
at least greatly impedes, suckback.
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. DesLaNDRES: thid., 121, 886 (1895).

. GunTz: ibid., 945.

. Darert and MikLauz: Monaitsh., 31, 981 (1910).

. Zinti and BravuEr: Z. Elektrochem., 41, 102 (1935).

. Garrais and Maspupuy: Compi. rend., 227, 635 (1948),

2. EXTRACTION OF CESIUM FROM POLLUCITE

Although cesium may be recovered from minerals such as
lepidolite! and beryl,? the chief source of this metal is the
relatively rare mineral pollucite.* The isolation of a pure
compound of cesium usually depends upon the insolubilities
of the ‘‘double salts”” such as the chloroplatinates, the
alums, and the double chlorides with tin, lead, and anti-
mony.*"? Of these, the compound having the composition
(CsCl)3(SbCly), is most commonly employed.® TUse of this
material is based upon the observations first recorded by
Setterberg” and elaborated by the work of Wells®® and
others.*~12  Procedure A outlined below is based primarily
upon the work of Wells with (CsCl):(SbClg),. 458

Pollucite contains enough aluminum to form an alum
when treated with sulfate, and the use of this sparingly
soluble alum as a means of recovering the cesium value is
well known.!®1* Procedure B given here uses sulfurie acid
for the treatment of the mineral, giving the alum directly,
eliminating the usual preliminary decomposition of the
mineral with hydrochloric acid or hydrofluoric acid.

Other methods which have been suggested for the separa-
tion of cesium from pollucite include the conversion of the
mineral to carbonates, followed by the extraction of cesium
carbonate with ethanol,'® and the precipitation of cesium
iododichloride. The use of ecesium iododichloride was first
suggested by Wells.® This provides the basis for proce-
dure C.

* Approximately Cs;AlH81402;.

O U W
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Procedure A*

Cesium Antimony(III) Chloride Method and Preparation
of Cesium Nitrate

SusMITTED BY GEORGE W, WATTT
Cueckep BY WM. C. Svrrai

One hundred grams of pollucite§ is ground to — 100 mesh
in a ball mill, placed in a 600-ml. beaker together with 100
ml. of concentrated hydrochloric acid (12N), covered with a
watch glass, and digested at the boiling temperature for 4
hours. The mixture is stirred at frequent intervals, and
concentrated hydrochloric acid is added from time to time
to.deep the volume at approximately 100 ml. over the
entire digestion period. The hydrochloric acid solution
is decanted through a fritted-glass filter, and the residue is
covered with 100 ml. of 12 N hydrochloric acid and again
extracted as described above. The second extract is com-
bined with the first, and the residual solid is collected on
the filter and washed twice with 25-ml. portions of water.
The residue is dried and weighed in order to determine the
total weight of ore dissolved during the two extractions.
For most samples of pollucite the extraction is complete
when 40 to 509, has been dissolved. If the weight loss is
not within the range indicated, the digestion is repeated.
The solid residue is finally discarded.

Cesium 1is precipitated as (CsCl);(SbCly), by diluting the
combined filtrate and washings with an equal volume of
water and adding a solution that is 20 M in antimony(III)
chloride and 6 M in hydrochloric acid until no further pre-
cipitation occurs.|| The precipitate is filtered through a

* This procedure is readily amenable to being scaled up by at least a fac-
tor of 10.

T University of Texas, Austin, Tex.

1 University of Illinois, Urbana, Il

§ Most of the pollucite samples used by the author were obtained from
the A. D. Mackay Co., New York, N.Y.

{| The solubility of the double salt with antimony(IIT) chloride is about
10 g./1.5 On the basis of this solubility, 14.2 ml. and 44.4 ml. of the anti-
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fritted-glass funnel and washed three times with 10-ml.
portions of water. The filtrate and washings are discarded.

A gross separation of cesium and antimony is accom-
plished by transferring the precipitate to 2500 ml. of boil-
ing distilled water contained in a 4-1. beaker and agitated
vigorously with a motor-driven stirrer. The resulting pre-
cipitate of antimony(III) oxychloride is digested for 30
minutes, washed with three 25-ml. portions of water, and
discarded. The separation from antimony is completed by
saturating the hot filtrate with hydrogen sulfide. If a
precipitate of antimony sulfide forms, the solution is cooled
to room temperature, and the precipitate is removed by
filtration and washed with three 25-ml. portions of water.
The washings are added to the filtrate, and the precipitate
is discarded.

The filtrate from the antimony separation is boiled to
expel hydrogen sulfide and to reduce the total volume by
approximately one-half. One hundred milliliters of con-
centrated nitric acid (16 N) is added to this solution. The
resulting solution is evaporated to a volume of approxi-
mately 150 ml. and filtered. The precipitate is washed
once with 10 ml. of distilled water, and the combined
filtrate and washing are collected in a 250-ml. beaker. This
solution is concentrated by evaporation until the formation
of crystals is first evident. It is then cooled in an ice-salt
bath. The resulting crystals of cesium nitrate 1-hydrogen
nitrate'® are separated by filtration, washed twice with
10-ml. portions of cold 509 ethanol, and air-dried. Com-
plete conversion of the l-hydrogen nitrate to the unsol-
vated salt is ensured by heating the air-dried product for
1 hour in a vacuum oven at 110°. If a product of excep-
tionally high purity is desired, the nitrate may be recrys-
tallized from water. '

Although additional crops of crystals may be obtained
from the original mother liquor, either by further concen-

mony (ITT) chloride solution will precipitate 99% and 99.9% of the cesium,
respectively.
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tration and cooling or by dilution with ethanol, these prod-
ucts are usually relatively impure. It is preferable to
collect these residues (and the mother liquors from any
recrystallizations) and recycle them during the extraction
of the next batch of ore.

By the above procedure a sample of average pollucite
gives a yield of cesium nitrate of about 19 g. Thisisa con-
venient starting material for the preparation of other cesium
compounds.

Procedure B

Cesium Alum Method

SusMmiTTED BY ROBERT WEST* AND ROBERT P. ANDERSON*
Cueckep BY LEwis I. KriMENT AND THERALD MOELLERT

Pollucite is broken into pea-sized lumps with a hammer
and then ground in a ball mill until fine enough to pass
through a 120-mesh sieve. One hundred grams of the
screened pollucite] is mixed with 400 ml. of 509, sulfuric
acid (7.1 M) in a 1-1. round-bottomed flask and refluxed
gently for 30 hours. The mixture is diluted with 250 ml.
of water, heated to boiling, and filtered with suction, using
a large, coarse, sinfered-glass funnel. The silica residue
is washed well with hot water.

The hot solution is cooled to 0° and the well-defined
octahedra of cesium alum are collected on a sintered-glass
funnel and washed with cold water. A small second crop
of crystals is obtained when the filtrate is concentrated to
about 450 ml. and cooled. The yield is about 110 g., or
nearly 909, (for Varutrisk pollucite).

Properties

Cesium alum crystallizes in colorless octahedra which
melt at 117°. This compound is more insoluble than the
other alkali-metal alums and is remarkable for its high

* Harvard University, Cambridge, Mass.

T University of Illinois, Urbana, IlL.

1 Swedish pollucite obtained from Ward’s Natural Science Establishment
was used in both procedures B and C.
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temperature coefficient of solubility. At 100°, 12 g. is
soluble in 100 g. of water; at 0° only 0.19 g. is soluble.®
Because of this property, the cesium compound is readily
prepared in a high state of purity by recrystallizing it from
water,

Procedure C*
Cesium Iododichloride Method

SueMiTTED BY RoBERT WESTT AND ROBERT P, ANDERSONT
CHEckED BY LEwIs I. KriMEN] AND THERALD MOELLER]

Pollucite is ground to 120 mesh as described in procedure
B above. Omne hundred grams of the screened material is
mixed with 400 ml. of concentrated hydrochloric acid
(12 M) in a 1-1. round-bottomed flask, which is connected
to a reflux condenser, and refluxed gently for 30 hours.
The resulting solution is filtered with suction, using a large
Biichner funnel, and the silica residue is washed with about
150 ml. of water.

The filtrate and washings are transferred to a beaker§ or
evaporating dish and concentrated nearly to dryness on a
steam bath, to remove excess hydrogen chloride. The con-
centrated solution is diluted to about 400 ml. with water,
and concentrated aqueous ammonia (28%, sp. gr. 0.90)
is added until the solution is definitely basic. Six grams
of ammonium carbonate (0.05 mol) is then added, and the
mixture is stirred and heated on the steam bath for 15 min-
utes. The suspension is filtered with suction on a large
Biichner funnel, and the residue is washed three times by
slurrying with dilute (1:10) ammonia.

A small amount of ammonium oxalate is added to the
filtrate and washings to test for the presence of calcium.

* Based in part upon a method developed many years ago by the late
Prof. L. M. Dennis at Cornell University,

1 Harvard University, Cambridge, Mass.

1 University of Illinois, Urbana, II1.

§ Tt has been found convenient to earry out the entire procedure in 800-ml.
beakers, thus minimizing splattering losses during the numerous evapora-
tions,
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If a precipitate results, more oxalate is added until a pre-
cipitate no longer forms, and the liquors are filtered.

The filtrate is then evaporated nearly to dryness in a
weighed beaker or evaporating dish. About 50 ml. of con-
centrated nitric acid (16 M) is added, and the solution is
evaporated to dryness. This operation is repeated (usu-
ally three or four times) until frothing stops, and there is no
change in color upon the addition of more nitric acid, at
which point all the ammonium ion has been decomposed.
The mixture is then heated above 100° on a hot plate.*
When boiling stops and the temperature of the melt
approaches 170°, the nitrate mixture is cooled slowly with
stirring until it solidifies.

The solid nitrates are then weighed and dissolved in the
smallest possible amount of hot water. If the solution is
not clear, it is filtered to remove dehydrated silica. The
nitrate solution is diluted until 50 ml. of the solution con-
tains 20 g. of dry nitrates. The solution is heated to boil-
ing, and two parts by weight of solid iodine is added for
every three parts of dry nitrates. A volume of pure con-
centrated hydrochlorie acid (12 M) equal to three times the
volume of the solution is added. The solution is kept warm
until the iodine is completely dissolved, the color of free
iodine has disappeared, and all the nitric oxide has been
expelled. Slow cooling now produces long, orange needles
of CsICly; more rapid cooling gives orange plates. The
crystals are collected on a sintered-glass funnel and washed
several times with small amounts of 9 M hydrochlorie acid.
A second crop of crystals is obtained by concentrating the
filtrate to one-fourth its original volume.

The crystals are air-dried overnight and then heated for a
few minutes on a steam bath to drive off the last of the
hydrogen chloride. The yield is about 61 g., or 859, based
on the published analysis of Varutrisk pollucite.” If a

* Cesium is present as the hydrogen mnitrate solvate, which melts at
approximately 100°,
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very pure cesium salt is required, the iododichloride can be
recrystallized from hot 8 M hydrochloric acid.

Cesium iododichloride can be converted quantitatively
to cesium chloride by heating for several hours at 150 to
200°, until the powder is pure white in color and no longer
smells of iodine monochloride.

Analysis

Since the principal impurities in cesium compounds are
other alkali metals, analysis by conventional methods is
difficult. Unrecrystallized cesium iododichloride prepared
by this method was analyzed spectroscopically and found to
contain 0.01 to 1.09 rubidium and traces of other metals.

Properties

Cesium iododichloride crystallizes in beautiful orange
rhombohedral needles or plates. The compound is stable
indefinitely in closed containers but slowly whitens when
exposed to air, reverting to cesium chloride. The cesium
trihalides are more stable thermally and less soluble than
those of the other alkali metals.
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CHAPTER IB
3. SILVER(II) OXIDE

4AgNO; + 2K,8,05 + 8NaOH — 4Ag0 + K,S0,
+ 3Na,804 + 2NaNO; + 2KNO, + 4H,0

SuveMrirTED BY RoBERT N, HAMMER* AND JacoB KLEINBERG*
Cueckep BY HEnrY F. HovrzcLaw, Jr., T anp K. W. R. Jounsont

Silver(IT) oxide has been made by the hydrolytic action
of boiling water on a substance of the approximate formula
Ag,;0sNO;, a material which is obtained by the electrolytic
oxidation of silver(I) nitrate solutions.'™* A more rapid
and convenient process for the preparation of this oxide
involves the oxidation of silver(I) nitrate by means of
potassium peroxydisulfate in an alkaline medium.%®

Procedure

Seventy-two grams of sodium hydroxide (1.8 mols) in
pellet form is added portionwise, with constant stirring,
to 11. of water, which is maintained at approximately 85°.
Seventy-five grams of potassium peroxydisulfate (0.28 mol)
in the form of an aqueous slurry is added to the hot alkaline
solution; this is followed by the addition of 51 g. of silver(I)
nitrate (0.30 mol) dissolved in a minimum amount of water.
The temperature of the resulting mixture is raised to 90°,
and stirring is continued for approximately 15 minutes.

The precipitate of black silver(II) oxide is filtered on a
large Blichner funnel, and sulfate ion is removed by washing
with water which has been made slightly alkaline with
sodium hydroxide. The product is air-dried. Yield, 35 g.
(94%). Anal. Caled. for AgO: Ag, 87.08. Found: Ag,

* University of Kansas, Lawrence, Kan.
1 University of Nebraska, Lincoln, Neb.
12
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86.93, 86.90 (by gravimetric chloride method, after dissolu-
tion of the product in 3 N nitric acid).

Properties

There are many indications that AgO is a true oxide,
rather than. a peroxide, and is, therefore, properly named
silver(II) oxide. The compound does not give free hydro-
gen peroxide when acidified but behaves in a manner more
characteristic of a compound in which the metal ion is
present in a strongly oxidizing valence state, which may be
stabilized by coordination. In dilute acid, oxygen is imme-
diately evolved; in concentrated acid, intensely colored
solutions are formed (brown in nitric acid and olive green
in sulfuric acid). These latter solutions are relatively
stable, though they gradually decompose with an accom-
panying liberation of oxygen, and have been shown to pos-
sess paramagnetism which is quantitatively consistent with
the expected magnetic moment of the postulated silver(II)
species.” In the solid state, this oxide is stable when heated
to 100°, but it decomposes at higher temperatures. The
solid possesses semiconductor properties and is diamag-
netic. These phenomena have been explained by Neiding
and Kazarnovskii’ on the assumption that the silver is
actually trivalent in its crystal lattice with both O-Ag and
Ag-Ag bonds. The difference in the specific volumes
of AgO and Ag.0O is less than would be expected if AgO
were a peroxide.” Equilibration of silver(II) oxide with
dilute nitric acid gives the black paramagnetic oxynitrate
(Ag;04NO;), a substance in which part of the silver is appar-
ently in the tripositive state.
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4. GOLD POWDER AND POTASSIUM
TETRABROMOAURATE(III)

SueMiTTED BY B. P. BLrock*
CHECKED BY 8. A, BARTKIEWICZt AND THERALD MOELLER,{ AND BY J. D.
Curispe,1 P. GentiLg,} anp L. O, Morcant

The most inexpensive way to obtain gold compounds is
to purchase metallic gold and prepare the desired com-
pounds from the metal, because gold(I1I) chloride, the only
readily available compound, costs about the same, gram
for gram, as pure gold. Ordinarily, gold is supplied as the
massive metal, a form which reacts fairly slowly, so it is
convenient to convert the gold to powder form before use.
This may be accomplished by dissolving the gold in aqua
regia, removing the excess nitric acid, and then reducing
the tetrachloroauric(III) acid solution back to metal.
Many substances will reduce gold(III) chloride solutions
to gold,™? but frequently the gold produced is, at least in
part, colloidal and difficult to manage. Hydroquinone will
reduce such gold solutions quantitatively.® It is conven-
ient to work with and produces no colloidal gold.

Balard, in his paper describing the discovery of bromine,*
reported the reaction of gold with bromine to give gold(I111)
bromide. Shortly thereafter Bonsdorff prepared potassium
tetrabromoaurate(I1I) 2-hydrate by the reaction of potas-
sium bromide with a gold(III) bromide solution which had
been made by dissolving gold in a mixture of nitric acid and
hydrobromic acid.® He later found that the water of hydra-
tion could be removed by gentle heating.® Schottlinder
employed the reaction of gold with bromine in the pres-

* University of Chicago, Chicago, Il
1 University of Ilinois, Urbana, Il
1 University of Texas, Austin, Tex.
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ence of potassium bromide to prepare potassium tetra-
bromoaurate(I1I) 2-hydrate,” whereas Gutbier and Huber
treated a solution of tetrachloroauric(III) acid with
hydrobromic acid and potassium bromide for this purpose.?
The reaction used by Schottlinder is probably the most
convenient.

Procedure

A. GOLD POWDER
Au + HNO'; + 4HCI — HAuCL; + NO + 2H20
3HO—¢ > —OH + 2AuCl, —

2Au + 30== =0 + 6H* + 8CI~

A 10-g. piece of gold (0.051 mol) is dissolved in a mixture
of 50 ml. of concentrated (12 M) hydrochloric acid and 13
ml. of concentrated (16 M) nitric acid. Heating the mix-
ture to 90° will hasten the process somewhat, but then aqua
regia has to be added occasionally to maintain a constant
volume. It is simpler to allow the mixture to stand at
room temperature until all the gold has dissolved. The
resulting solution is evaporated to about 10 ml., 30 ml. of
concentrated hydrochloric acid is added, and the evapora-
tion is repeated. The solution is diluted with 20 ml. of
water and filtered through a medium sintered-glass funnel,
and the flask and filter are washed with small amounts of
water. The filtrate with the added washings is heated to
boiling, and a solution of 10 g. of hydroquinone (0.091 mol)
in 100 ml. of hot water is added slowly. The mixture is
maintained at about 90° for 1 hour, cooled, and filtered
through an extraction thimble, which is then placed in a
Soxhlet extractor and extracted with methanol. Fifteen
minutes after the methanol circulating through the thimble
has become colorless, the thimble is removed, and the con-
tents are allowed to dry in the air. The yield of gold
powder is essentially quantitative.



16 INORGANIC SYNTHESES

B. POTASSIUM TETRABROMOAURATE((III)
KBr + Au + 34Br, — KAuBr,

Nine and eighty-six hundredths grams of gold powder
(0.050 mol), 5.95 g. of potassium bromide (0.050 mol), and
100 ml. of water are placed in a 300-ml. flask, Ten milli-
liters of bromine {0.195 mol) is added to the mixture, and
the temperature is then kept at 55° for 6 hours. At the end
of this period, a stream of clean compressed air is passed
over the solution, which is still maintained at 55°, until
it has evaporated to dryness. The residue is dissolved in
50 ml. of methanol, and the resulting solution is filtered
thraugh a medium sintered-glass funnel. The flask and
filter are washed with methanol and the washings com-
bined with the filtrate. Evaporation of this solution to
dryness at 40° with a compressed-air stream gives a prac-
tically quantitative yield of anhydrous potassium tetra-
bromoaurate(IIT) (27.8 g.).* The solid should be stored
in a desiccator until required. No special precautions
need be taken to protect it from light. Anal. Caled. for
KAuBry: Au, 35.47; Au + KBr, 56.9. Found: Au, 35.3,
34.9,T7 34.8;t Au 4+ KBr, 56.8.

Properties

Potassium tetrabromoaurate(IIl) is a reddish-purple
crystalline solid which begins to decompose at 120°.° It
is readily soluble in water, methanol, and ethanol. It
slowly absorbs water from the atmosphere to form the
2-hydrate, which loses its water of hydration at 60°.%
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5. CALCIUM DIHYDROGEN ORTHOPHOSPHATE
1-HYDRATE

(Calcium Tetrahydrogen Di-orthophosphate 1-Hydrate)
CaCO;; + 2H3PO4 — Ca(H2P04)2'H20 + CO2

SuBMITTED BY A. TovBORG JENSEN* AND J. RATHLEV*
CHECKED BY THERALD MOELLERT AND RoBeErT W, Harsty{

Calcium dihydrogen orthophosphate 1-hydrate has been
reported to be deliquescent; however, its alleged deliques-
cence may be attributed to contamination with orthophos-
phoric acid. The following procedure gives a crystalline
product which is perfectly stable when exposed to air. The
salient point in the preparation of the stable compound is
the washing of the crystals with acetone.

Procedure

Fifty grams of calcium carbonate (0.5 mol), 110 g. of 897,
orthophosphoric acid (1.0 mol), and 200 ml. of 609, ortho-
phosphoric acid (the liquor from the crystallization step in
an earlier run is suitable) are kneaded in a mortar until the
evolution of carbon dioxide has stopped. The mixture is
added to 250 ml. of 609, orthophosphoric acid. The result-
ing slurry is heated until the solid components dissolve and,
if necessary, is filtered with suction through a funnel
equipped with a sintered-glass disk. In order to obtain
large crystals of the product, the clear solution must be
cooled very slowly to 0°. The crystalline product is fil-

tered, washed seven or eight times with 70-ml. portions of

* Royal Veterinary and Agricultural College, Copenhagen, Denmark,
t University of Illinois, Urbana, Il
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acetone, and then dried in air. The yield is 92 g. (739,
based on calcium carbonate), or 111 g. (889%,) if the 607,
orthophosphoric acid used for crystallization is the liquor
from a previous run and is therefore saturated with ealcium
dihydrogen orthophosphate 1-hydrate.

Properties

Calcium dihydrogen orthophosphate 1-hydrate crystal-
lizes as large, white, shining, triclinic plates which may be
up to 1 mm. in diameter. The refractive indexes* for the
crystals are 1.528, 1.518, and 1.501.} No increase in weight
is detectable when calcium dihydrogen orthophosphate
1-hydrate is exposed to the air at room temperature for long
periods of time.

References

1. BALE, et al.: Ind. Eng. Chem., Anal. Ed., 17, 491 (1945).
2. Hivn and HenbpRicks: Ind. Eng. Chem., 28, 443 (1936).

6. CALCIUM HYDROGEN ORTHOPHOSPHATE
2-HYDRATE AND CALCIUM HYDROGEN
ORTHOPHOSPHATE

SusmiTTED BY A. TOVBORG JENSENT AND J. RATHLEVY

The nature of the calcium orthophosphate precipitated
from an aqueous solution containing calcium and ortho-
phosphate ions depends on the pH of the solution. The sol-
ubility products of the different calcium orthophosphates at
room temperature! indicate that the pH must be less than 4
in order to obtain calcium hydrogen orthophosphate
2-hydrate (brushite) and avoid supersaturation with Bjer-
rum hydroxyapatite.] On the other hand, the largest

* There is a slight disagreement in the optieal properties reported by
Bale et al.,! and those reported in reference 2, particularly in the values
given for « which are 1.501 and 1.496 as given by Bale et of. and by Hill and
Hendricks, respectively.

t Royal Veterinary and Agricultural College, Copenhagen, Denmark.

i This compound is a colloidal hydroxyapatite, containing about 5%

water, which is formed by slow precipitation from calcium chloride and
disodium hydrogen orthophosphate solutions at 100° and pH of 9 to 10.
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yields of brushite are obtained at the highest permissible pH
values. The basic phosphate which precipitates at room
temperature is much more soluble than Bjerrum hydroxy-
apatite, and the small amounts of it which form locally
redissolve at pH 4 to 5 and are converted to pure brushite,
which is then precipitated. High local values of pH must
be avoided as much as possible, or the basic phosphates
formed will not redissolve completely.

Brushite is not stable much above room temperature. It
dehydrates to form the anhydrous salt (monetite), but not
in & manner applicable to synthesis. However, if calcium
hydrogen-orthophosphate is precipitated at 100° at a pH of
4 to 5, monetite is formed.

The following procedure permits a close control of pH
at every stage of the reaction and gives a high yield of
produet in a good state of purity.

Procedure

A. CALCIUM BYDROGEN ORTHOPHOSPHATE 2-HYDRATE
(Brushite)

NazHPO4'2H20 + Cac12’6H20 -
CaHPO4'2H20 + ZNELCI + 6H20

CHECKED BY THERALD MOELLER* AND STEPHEN J. BoDNAR*

Ninety grams of disodium hydrogen orthophosphate
2-hydrate (0.5 mol) and 5 g. of potassium dihydrogen ortho-
phosphate (0.037 mol) are dissolved in 1 1. of hot water.
This solution is cooled to room temperature, and is now
almost saturated with respect to disodium hydrogen ortho-
phosphate. A caleium chloride solution is prepared by
dissolving 110 g. of the 6-hydrate (0.5 mol) in 1 1. of water.
Using dropping funnels, the two solutions are added slowly
at the same rate to a solution of 10 g. of potassium dihy-
drogen orthophosphate dissolved in 0.5 1. of water, which
is contained in a 3-l. beaker and maintained at room tem-

* University of Illinois, Urbana, Ill.
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perature. The solution is stirred mechanically during the
addition.

The pH of the reaction medium is initially 4. In order
that the pH may be maintained between 4 and 5, methyl
red is added in equal concentrations to each of the three
solutions; any change in pH is then detected by comparison
with the color of a standard solution. If necessary, the
pH of the reaction medium is adjusted by adding potassium
dihydrogen orthophosphate.

Care must be taken to add both reagents at the same
rate and slowly enough to allow the local precipitate of the
more basic phosphates to redissolve before the next drop
is added. In the first few minutes, the supernatant liquor
is slightly turbid because of the precipitation of amorphous
phosphates; however, it soon becomes clear.

After 214 to 3 hours, the operation is finished. The
mother liquor is sucked from the crystals, which are then
washed three times with 330-ml. portions of a solution con-
taining 0.16 ml. of 459, orthophosphoric acid in 1 1. of
water. The crystals are then washed with 250 ml. of
ethanol and dried in air. In order to obtain a pure prod-
uct, it is necessary to perform the washing operations
rapidly and without interruption (maximum period of time,
20 minutes), because the dissolution of some of the brushite
during the washing process causes an increase in the pH
of the wash solution which may subsequently cause con-
tamination of the produect with highly hydrated basic phos-
phates. The last portion of the wash solution has a pH
of approximately 5. The yield is 83 g. (969%,). The most
convenient and sensitive test for purity depends on loss of
weight when the product is ignited at 900° and in that
manner converted to calcium pyrophosphate (Ca,P,0;).
Loss of weight wupon ignition at 900°. Caled.: 26.17.
Found: 26.20, 26.30.
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B. CALCIUM HYDROGEN ORTHOPHOSPHATE

(Monetite)
100°

Na,HPO,2H,0 + CaCl,-6H,0—
CaHPO, 4+ 2NaCl 4 8H,0
CHECKED BY THERALD MOELLER,* MicHAEL KoNDZELLA,* AND ROBERT

LOkKEN*

The procedure for the preparation of monetite is the
same as that given for brushite in part A, except that the
reaction medium is kept at 100° throughout the course of
the reaction. The wash solutions are slightly different.
The product is first washed with three 330-ml. portions of
ap orthophosphoric acid solution with a pH of approxi-
mately 3, and then with 250 ml. of absolute ethanol. The
vield is 65 g. (959,). Loss of weight upon ignition at 900°.
Caled.: 6.62. Found: 7.13. (This represents an excess
of water, over that required by the equation, of 0.0416 mol
per mol of calcium hydrogen orthophosphate.)

Properties

Brushite forms white monoclinic (2) erystals with n, 1.553,
1.5450, 1.5394.2 Its water of crystallization is lost slowly
below 100°. It is further dehydrated at red heat to ecal-
cium pyrophosphate.

Monetite forms white triclinic (1) erystals with refrac-
tive indexes 1.63, 1.61, 1.60.3f At red heat it is dehydrated
to calcium pyrophosphate.

References

1. BrerruM: “Nordiska (19. skandinaviska) Naturforskarmétet,” p. 344,
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* University of Illinois, Urbana, Il
t Iill and Hendricks* report the refractive indexes for monetite as fol-
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See also: Aluminum(IIT) iodide, synthesis 39
Gallium(IT) chloride, synthesis 37

7. ALUMINUM PHOSPHIDE
4Al + P, — 4AIP

SusMrtreEp BY WayYNE E. WHITE* AND A, H, BUuseey*

Cueckep BY HeEnry F. Hourzcraw, Jr., T aNp Frank W, HENGEVELDT
The relative ease with which a good-quality aluminum

phosphide may be made suggests the possibility of greater

laboratory use of this compound as a source for phosphine.
The early chemical literature has recorded the existence

of several different aluminum phosphides, but it now

appears that only one exists, namely, AlP.?

Procedure

By the simple procedure given here aluminum phosphide
of 759, purity, or greater,] can be obtained if the reactants
are of good quality and if care is taken to avoid excessive
contact with the air during the reaction between the alu-
minum and phosphorus. A product of considerably higher
purity can be obtained if the phosphorus is purified, —400-
mesh aluminum is used,' and the reaction is carried out in
a hydrogen atmosphere.

Six grams of pure, dry red phosphorus (0.193 g.-atom.)
is mixed intimately with 4.5 g. of flake-type aluminum
powder (0.167 mol) having low oxide content (e.g., Alcoa
No. 422). The mixture is transferred to an iron crucible

* Aluminum Research Laboratories, Aluminum Company of America,
New Kensington, Pa.

1 University of Nebraska, Lincoln, Neb.

} The checkers reported purities of 929 and 809 on the two runs which

they made,
23
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of such size (approximately 25 ml. capacity) that the packed
mixture occupies one-third to one-half its volume. The
crucible must be provided with a close-fitting cover. The
crucible containing the mixture is placed in a hood and
on an iron plate, which serves to conduct away part of
the heat produced in the subsequent reaction. A piece of
magnesium ribbon is inserted into the mixture with about
2 cm. extending above the surface and not more than 1 em.
below. The magnesium is ignited, and the crucible cover
is immediately set in place. The high temperature pro-
duced by the burning magnesium initiates the highly exo-
thermic reaction between the aluminum and phosphorus.

The excess phosphorus condengses in the yellow form on
the cover and in the upper part of the crucible. When
the crucible cover is removed, the excess phosphorus burns.
As soon as the burning of the phosphorus has subsided
somewhat, the crucible is placed in a desiceator. The
phosphide appears as a dark-colored, rather fluffy mass.
Usually, there is little difficulty in preventing contamina-
tion from the excess phosphorus and its oxide, since they
tend to stick to the crucible and its cover. The ash of the
magnesium is easily picked out. The produet is then
loosened with a spatula and removed from the crucible.

The phosphide must be protected from moist air, since
it reacts readily with moisture to produce phosphine. Care
must always be taken to avoid inhalation of the very toxic
phosphine gas.

Analysis

A weighed sample of the aluminum phosphide is treated
with water and acid, in order to produce phosphine from
the aluminum phosphide and hydrogen from the unreacted
metallic aluminum. These gases are swept by a stream
of nitrogen into an absorption vessel. containing mer-
cury(II) chloride solution. Phosphine reacts according to
the equation

PH, + 3HgCl, — P(HgCl); + 3HCI
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The liberated acid is titrated to obtain a measure of the
phosphide phosphorus. The gas emerging from the solu-
tion is swept into a hot copper oxide tube to convert the
hydrogen to water; the latter is collected in a weighed dry-
ing tube. '

Aluminum oxide in the sample is determined by exposing
another sample of the product to a stream of dry, oxygen-
free hydrogen chloride at 500°. Metallic aluminum and
aluminum phosphide are volatilized under these conditions
as aluminum chloride so that the residue may be weighed
directly as aluminum oxide.

Properties

Aluminum phosphide (AlP) exists as dark gray to dark
yellow crystals with the cubic zinc blende structure.? The
length of an edge of the unit cube (ao) is 5.451 A. Alumi-
num phosphide does not melt or decompose thermally at
temperatures up to 1000°. It is readily hydrolyzed to give
phosphine.

References
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See also: Silicon tetrafluoride, syn-  2-Chloroethyl dichlorophosphite,

thesis 47 synthesis 22

Germanium(IV) fluoride, Diethyl monoamidophosphate,
synthesis 48 synthesis 26

Tin(IV) iodide, synthesis Diethyl monochlorophosphate,
40 synthesis 27 .

Zirconium and hafnium  2-Chloroethyl chlorosulfonate and
tetrachlorides, synthe- (2-chloroethoxy)trichlorosilane,
sis 41 synthesis 30

Diethyl phosphite, syn- Xanthates and dithioearbamates
thesis 19 of selenium(IT) and tellurium

Dioctyl phosphite, syn- (II), synthesis 32
thesis 20 Iron(II) formate, synthesis 52

Alkyl dichlorophosphites,
synthesis 21

8. BIUREA

(Hydrazidicarbamide)
(1,2-Dicarbamylhydrazine)

HN—CO—NH,
N.H.,H,S0, + 2KOCN — | + K,S50, (4)
HN—CO—NH,
HN—-CO—NH,
N2H4‘H20 + QKOCN + 21102H302 i I
HN—CO—NH.

+ 2KC.H;0. + H,O (B)

SueMiTrED BY L. F. AUupRrIETH* AND Er1ZABETH B. MoHR*
Cueckep BY H. E, Rircueyt axp W. R. TuxuorNt

Biurea has been prepared by the reaction of urea with
hydrazine hydrate'? or with hydrazinium hydrogen sulfate

* University of Illinois, Urbana, Ill. Experimental work was undertaken
under Ordnance Contract W-11-022-ORD-11329. Publication has been
approved by the Office of Public Information of the Office of Chief of
Ordnance.

t Virginia Military Institute, Lexington, Va.
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(hydrazine sulfate)® at clevated temperatures and also by
the action of sodium hypobromite upon an aqueous solution
of semicarbazide hydrochloride.! The preferred methods
represent modifications of Thiele’s procedure>® involving
the condensation of potassium cyanate with hydrazine sul-
fate or hydrazine hydrate in the presence of an acetate
buffer.

Procedure A

Preparation from Hydrazine Sulfate. Sixty-five grams
of hydrazine sulfate (0.5 mol) is added to a mixture of
30 g. of glacial acetic acid (0.5 mol) in 1000 ml. of water.
Fighty-nine grams of potassium cyanate* (1.1 mol) dis-
solved in 300 ml. of water is added to this solution portion-
wise with constant stirring. Considerable gas evolution
takes place, and the temperature rises to about 40°. The
acetic acid serves to adjust the final pH to approximately
4.8,

After the mixture has been allowed to digest for 4 hours at
room temperature with constant stirring, the biurea is fil-
tered by suction and washed with 300 ml. of water, followed
by ethanol and ether. The dry produet should weigh from
53 to 55 g. (90 to 939, vield). The biurea is quite pure and
need not be recrystallized.

Protedure B

Preparation from Hydrazine Hydrate. Hydrazine hy-
drate may be substituted for hydrazine sulfate in the prep-
aration of biurea. In this case it is necessary to supply
enough additional acetic acid to compensate for the absence
of sulfuric acid. Thus, 29 g. of 859, hydrazine hydrate
(0.5 mol) and 90 g. of glacial acetic acid (1.5 mol) are dis-
solved in 500 ml. of water. Eighty-nine grams of potas-

* This quantity represents a 109 excess of pure potassium cyanate.
Commercial cyanate generally contains impurities requiring suitable adjust-
ment of amounts of reagent. The major impurity is carbonate, which in

part accounts for the vigorous gas evolution when the cyanate is added to
the hydrazine sulfate solution.
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sium ecyanate (1.1 mols) in 300 ml. of water i1s added to this
solution. This must be done carefully and in 50-ml. por-
tions, since vigorous gas evolution takes place. The final
pH is about 5.4. After 4 hours of digestion, the biurea is
recovered as described in A.  The yield and the purity of
the product are the same as when hydrazine sulfate is used.

Properties

Biurea is a dense, white crystalline compound which
melts with decomposition at 245 to 246°, It is soluble in
water to the extent of less than 0.10 g./100 g. of water at 0°
and is insoluble in alcohol and ether. It dissolves without
decomposition in warm concentrated potassium hydroxide.
It is nonhygroscopic and undergoes no decomposition when
heated at 110° for 48 hours.
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9. URAZINE
ITIH—NHg HZN—HITI
0=(l: + (|3=0 + 2HCL—
NH--NH, H,N—HN
Hlx’rwNH
|
0= C=0 + 2[N,H,ICl] (4)
.
1
NH,
NH—NH-—CO—NH, HII\I——ITTH
J
0=C + HCl— 0=C C=0
| ..
NH--NTH, 1|\I
NH,
+ NH.Cl (B)

SuvsMmrrTED BY L. F. Avupriere* anp Evrzasere B. Morr*

CaeckED BY EMANUEL Davist axnp W. R. TomLinsoN, Jr.
Many of the N-alkyl and N-aryl derivatives of urazine
have been synthesized and characterized, but the parent
substance is not well known. In the past, urazine has been
prepared by thermal deammonation of carbohydrazide-N-
carboxamide [eq. (1)],* fusion of hydrazidicarbamide with
hydrazinium hydrogen sulfate [eq. (2)],% fusion of carbohy-
drazide with urea [eq. (3)],% action of sodium hypobromite
on semicarbazide [eq. (4)],* reaction of dichlorourea with
concentrated ammonia [eq. (5)],° and the reaction between
1,2 hydrazine carboxylic ester and hydrazine hydrate

* University of Illinois, Urbana, Ill. Experimental work was under-
taken under Ordnance Contract W-11-022-ORD-11329. Publication has
been approved by the Office of Public Information of the Office of Chief of
Ordnance.

t Chemical Research Laboratory, Picatinny Arsenal, Dover, N.J.
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leq. (6)]%. However, none of these procedures gives urazine
in good yield.

CONH-NH,) NH-NHCONH: —» C,H,N,O, + NH; (1)
(—NHCONH2>2 + NzH.;‘HzSO,;—)
C,H,N.O; + NH,HSO, + NH; (2)
CO(NH-NH,), + CO(NH,); —» C.HN,O, + 2NH; (3)
2CO(NH,)(NH-NH,) + 2NaBrO —
CzH4N402 + 2N8,BI' —I— 2NH3 + 02 (4:)
2CO(NHQI); + 4NH; + 2H,0 —
C,H,N,0; + 2NH,OCI + 2NH.Cl (5)
(—NHCOOC2H5)2 + N2H4'H20 —
C,H4N.O, + 2C.H;OH (6)

The methods recommended here involve acid-catalyzed
desolvation reactions, which lead to better yields of the
desired compound.

Procedure A

Preparation from Carbohydrazide. One hundred seven-
teen grams of carbohydrazide (1.3 mols) and 108 ml. of
12 M hydrochloric acid (1.3 mols) are mixed in a 400-ml.
beaker equipped with a mechanical stirrer and a 360° ther-
mometer. The mixture is heated slowly on a hot plate
with constant stirring. At first, there is vigorous effer-
vescence, which may cause spattering, but this gradually
subsides as evaporation continues. The temperature rises
to about 215° and remains there for approximately an hour.
Heating is stopped when the temperature rises above 220°,
The over-all time of reaction is 4 hours. To the cooled
melt, 125 ml. of water is added, and the mixture is heated to
effect solution of soluble by-produects (principally hydrazine
hydrochloride). After the solution has cooled to room tem-
perature, the urazine is filtered and washed with water,
ethanol, and ether. The yield of dry product is 55 g.
(73%). The product melts with decomposition at 271 to
272°.

The impure urazine is recrystallized by dissolving it in
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1200 ml. of 0.1 M hydrochloric acid at 95°, filtering, and
cooling to room temperature with constant stirring. The
urazine crystallizes in the form of large, brilliant, white crys-
tals; it is filtered and washed with water, ethanol, and ether.
The product weighs about 44 g. (809 yield based on the
crude product) and melts with decomposition at 275°.

Procedure B

Preparation from Carbohydrazide-N-carboxamide.
Twenty-six and six-tenths grams of carbohydrazide-N-
carboxamide (0.2 mol) and 16.7 ml. of 12 M hydrochloric
acid (0.2 mol) are heated together in a 200-ml. beaker until
the temperature of the mixture rises to 210°. This usually
requires between 60 and 90 minutes. The melt is then
cooled and treated with 35 ml. of water. The suspension is
heated briefly to effect complete solution and is then cooled
to room temperature. The crystalline urazine is filtered
and washed with water, ethanol, and ether. The product
weighs about 11.5 g. (509, yield) and melts with decomposi-
tion at 270 to 272°. Purification is effected by recrystal-
lization from 0.1 M hydrochloric acid, as described above.

Properties

Urazine melts with decomposition at 276°, but it is quite
stable over long periods of time at 110°. It is soluble in
water to the extent of 0.32 g./100 g. at 0° and 4.02 g./100 g.
at 65°. It is difficultly soluble in alcohol and completely
insoluble in boiling acetic acid and in ether.

Urazine is a weak acid (pH of a saturated solution at 25°
is 3.4). The following salts have been deseribed : NH,C.Hs-
N402‘H20, N2H502H3N402, Na02H3N402-H20, AgC2H3-
N.O;, Ba(C.H;N,0:)::3H.0. The silver and barium salts
are quite insoluble in water.

Urazine reduces ammoniacal silver nitrate but does not
reduce Fehling solution. When shaken with benzaldehyde,
it reacts readily to form 4-benzalaminourazole, C¢H;CH-
C.H:N,O,, which melts at 253°.
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10. CARBOHYDRAZIDE
OC.H; NH—NH,

1
C=0 + N,H¢H.0 —» C=0 + C,H,0H + H,0 (1)

| l
OC 2H 5 OC2H 5
NH—NH, NH—NH,

l
é:O + N2H4'H20 — C::O

| l
OC.H; NH--NH, '

+ CH,0H + ILO  (2)
SvBMIiTTED BY EiizaBera B. Mour,* J. J. BrEziNskL* aND L. F.

AUDRIETH*
Creckrp BY H, E, Rircueyt anp R. F. McFaruiNt

Carbohydrazide has been prepared by the reaction
between diphenyl carbonate and hydrazine hydrate' and
also by the action of dilute acid on tris(benzalamino)guan-
idine.*? Curtius and Heidenreich® synthesized carbohy-
drazide by long refluxing of a mixture of diethyl carbonate
and hydrazine hydrate. Kesting* increased the yield by
distilling off volatile products and unreacted materials after
the 48-hour reflux period.

The procedures outlined below represent modifications of
the Kesting synthesis in that the volatile products are
removed by fractional distillation as they are formed; thus

* University of Illinois, Urbana, Ill. Experimental work was undertaken
under Ordnance Contract W-11-022-ORD-11329. Publication has been
approved by the Office of Public Information of the Office of the Chief of

Ordnance.
t Virginia Military Institute, Lexington, Va.
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only a relatively short heating time is required. Directions
are given for carrying out the synthesis both as a single-
batch operation and as a semicontinuous procedure® in
which the mother liquor remaining after removal of the
product is used for the next batch. Higher cumulative
yields are obtainable in the latter case.

Procedure

Single-batch Preparation. Three hundred fifty-four
grams of diethyl carbonate (3.0 mols) and 388 g. of 859,
hydrazine hydrate (6.6 mols) are placed in a 1-l. round-
bottomed flask equipped with a thermometer. The react-
ants are only partially miscible at first; the flask is shaken
until a single phase is formed. This process [eq. (1)] is
accompanied by the evolution of heat, causing the tem-
perature to rise to about 55°.

The flask is then connected, preferably through a stand-
ard-taper joint, to a fractionating column filled with
Raschig rings to a depth of about 22 ecm. A still head,
fitted with a thermometer and a water-cooled condenser, is
attached to the fractionating column.

A Glas-col heater regulated by a variable transformer is
employed to heat the reaction mixture. Distillation of the
alcohol and water is quite rapid (5 ml./min.) for the first 30
minutes but decreases as the reaction proceeds. Heating is
continued for 4 hours, during which time 325 to 350 ml. of
distillate is collected at a vapor temperature of 80 to 85°;
the pot temperature rises from 96 to 119°.

The pot liquor is cooled to 20° and allowed to stand for at
least 1 hour. Crystals of earbohydrazide separate and are
filtered and dried as completely as possible by suction.
The crude product weighs approximately 165 g. (60%
yield).

If necessary, purification may be effected by recrystal-
lization from water. The product is dissolved in 110 ml. of
hot water, and the solution is filtered free of insoluble mate-
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rial. Precipitation is then effected by adding approxi-
mately 500 ml. of 959% ethanol. After standing for at least
1 hour at 20°, the precipitate is filtered and washed with
ether. The pure carbohydrazide weighs about 133 g.,
representing a recovery of 807, of the crude material and a
499, over-all yield based on the amount of diethyl carbon-
ate employed.

Semicontinuous Procedure. The yield of carbohydra-
zide may be increased markedly by recycling the mother
liquor with fresh reagents.

A stock solution is prepared by shaking 856 g. of diethyl
carbonate (7.25 mols) with 938 g. of 85 % hydrazine hydrate
(15.95 mols) until a single hquld phase is formed. The
-équipment described above is used to effect reaction and
removal of volatile products.

A 700-g. quantity of the stock solution is employed in the
first step of the synthesis. Distillation of the alcohol-water
mixture is carried out under the conditions outlined above,
and heating is continued until a temperature of 119° is
attained. The crude carbohydrazide is then recovered by
cooling and filtering the reaction mixture. The mother
liquor is weighed and made up to 700 g. again with fresh
stock solution. The data given in Table I represent the
results of a typical synthesis in which the mother liquor
from two successive steps was recycled with fresh reagent
solution.

TasLE I. Tue PreEpaARATION OF CARBOHYDRAZIDE ON A SEMICONTINUOUS

Basrs
Stock Diethyl Distil- | Mother Carbohydrazide
Run ol carbon- late Te- | liquo Crude | cumulative yield
A soln., ate quor prod- : S
No. | added, added moved, | remain- uct, g \
& mols, ml. ing, g. o g. %
1 700 2.82 300 260 165 165 65
2 440 1.78 300 229 189 354 86
3 471 1.91 275 204 155 509 87
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Properties

Carbohydrazide is a white crystalline compound melting
with decomposition at 153 to 154°. It is very soluble in
water but insoluble in alcohol, ether, chloroform, and ben-
zene. It reacts with benzaldehyde to form dibenzalear-
bohydrazide, O=C(NHN=CHCsHj),, which melts at
198°.¢ In the presence of nitrous acid, carbohydrazide is
converted into carbonyl azide, CO(Nj);, g highly explosive
compound.?

Carbohydrazide forms crystalline salts with 1 and 2 mols
of hydrochloric acid, 1 mol of sulfuric acid, and 1 mol of
oxalic acid. The two chlorides are very soluble in water,
while the sulfate and oxalate are only slightly soluble.
Phosphorie and nitrie acids also form salts with carbohydra-
zide, but these materials have never been isolated in a crys-
talline form.’

The pH of a 1%, aqueous solution of carbohydrazide is in
the neighborhood of 7.4.7 This solution is gradually
decomposed when heated with acid or base.
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11. CYANATE CONDENSATION PRODUCTS
OF CARBOHYDRAZIDE

ll\TH—NHg

NH—NH,
TH—NH—CO—NHz
C=0 (4)
‘ + KC,H;0,
NH—NH,

NH—NH,

l

|
NH—NH,
NH—NH—CO—N,

|
C=0 + 2KC,ILO, (B)

NH-—NH—CO—NH,
SusmiTTED BY L. F. AupRIETH* AND EL1ZABETH B, MouR*

Many hydrazine derivatives condense readily with potas-
sium cyanate to give N-substituted semicarbazides. Car-
bohydrazide reacts with 1 or 2 mols of potassium eyanate to
form carbohydrazide-N-carboxamide or carbohydrazide-
N,N’-dicarboxamide.

A. CARBOHYDRAZIDE-N-CARBOXAMIDE
Cueckep BY SaMUeEL HELrt anp K. G. Orrosont

This compound was first isolated as a secondary reaction
product in the formation of diaminoguanidine hydrobro-
mide and guanazine from the reaction of cyanogen bromide

* University of Illinois, Urbana, TIl. Experimental work was carried out
under Ordnance Contract W-11-022-ORD-11329. Publication has been
approved by the Office of Public Information of the Office of the Chief of
Ordnance.

t Chemical Research Laboratory, Picatinny Arsenal, Dover, N.JI.
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with 2 mols of hydrazine.'- Pellizzari and Roncagliolo? pre-
pared carbohydrazide-N-carboxamide in good yield by the
dropwise addition of glacial acetic acid to an equimolar mix-
ture of carbohydrazide and potassium cyanate until the per-
manent disappearance of the phenolphthalein color. This
procedure has been improved to give better yields and a
more nearly pure and uniform product.

Procedure

The reaction is carried out in a 2-l. beaker above which is
suspended a 500-ml. dropping funnel for slow addition of
the cyanate solution. A mechanical stirrer is employed to
agitate the mixture throughout the reaction and digestion
processes.

Ninety-nine grams of carbohydrazide (1.10 mols) is dis-
solved in a solution containing 120 g. of glacial acetic acid
(2.00 mols) and 1000 ml. of water. To this, a solution of
81 g. of potassium cyanate (1.00 mol) in 350 ml. water is
added dropwise over & period of about 2 hours. The mix-
ture is digested at room temperature for 5 hours. The pre-
cipitate is then removed by filtration and washed very thor-
oughly with water, alcohol, and ether. The dry product
weighs approximately 115 g. (86 %) and melts with decom-
position at 227 to 228°.

Properties

Carbohydrazide-N-carboxamide is a white, nonhygro-
scopic, crystalline substance which is insoluble in water and
in alcohol and other organic solvents. It is soluble in min-
eral-acid solutions, from which it may be reprecipitated by
the addition of ammonia; however, it dissolves in sodium
hydroxide with decomposition.

This compound reduces Fehling solution and ammo-
niacal silver nitrate readily. It is quite stable for long
periods of time at 110°. When heated for 1 hour at 226°,
it cyclizes to form urazine (synthesis 9). It condenses with
aldehydes and ketones; the hydrochloride reacts with addi-
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tional potassium cyanate to give carbohydrazide-N,N’-
dicarboxamide.

B. CARBOHYDRAZIDE-N,N'-DICARBOXAMIDE

Cueckep BY C. F. DieTer* axp K. G. Orroson*

Pellizzari and Roncagliolo? prepared this compound by
reaction of carbohydrazide in dilute acetic acid with 2 mols
of potassium cyanate and also by condensation of carbohy-
drazide-N-carboxamide hydrochloride with 1 mol of cya-
nate. The former procedure does not give a pure product,
probably because of the preferential formation of the less
soluble carbohydrazide-N-carboxamide. The latter reacts
with hydrochloric acid to form the hydrochloride, which is
water-soluble. Prior condensation of carbohydrazide to
form the N-carboxamide is advantageous, since the hydro-
chloride of this compound will undergo further reaction with
cyanate to give the desired produet by precipitation from
water. When the procedure outlined below is followed, it
is not necessary to recrystallize the carbohydrazide-N,N'-
dicarboxamide unless an extremely pure material is desired.

Procedure

Thirteen and three-tenths grams of carbohydrazide-N-
carboxamide (0.10 mol) is dissolved in a solution of 9.2 ml.
of 12 M hydrochloric acid (0.11 mol) in 100 ml. of water.
The resulting solution is filtered, if necessary, and to it is
added a solution of 8.9 g.-of potassium cyanate (0.11 mol)
dissolved in 100 ml. of water. . After a short time, precip-
itation begins. The resulting suspension is digested at
room temperature for 5 hours with constant stirring. The
crystals are filtered and washed with water, alcohol, and
ether. The yield of carbohydrazide-N,N’-dicarboxamide
thus obtained weighs about 15.0 g. (859%,). A small sample
melts with decomposition at 225° or at 232° when heated
rapidly.

If a material of greater purity is desired, the product may

* Chemical Research Laboratory, Picatinny Arsenal, Dover, N.J.
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be recrystallized from 125 ml. of hot 3% hydrochloric acid
solution. The recovery of purified carbohydrazide-N,N’-
dicarboxamide is about 509.

Properties

This compound melts with decomposition at 232°, is
relatively nonhygroscopice, and is difficultly soluble in cold
water and dilute acids. However, it dissolves to the extent
0of 4.72 g./100 g. of water at 65°. A saturated aqueous solu-
tion hydrolyzes to a noticeable extent at 65°.

References

1. Peruizzart and CanTtoNi: Gazz. chim. dtal., 35, 1, 291 (1905).
2. Perrizzart and RoncacLrioro: sbid., 87, I, 434 (1907).

12. THIOSEMICARBAZIDE

(N;H):80, + Ba(SCN), — BaSO, 4 2N,HSCN
N,H,SCN -5 NH,—C—NH—NH,

|
;
SuemitrEp BY Joun J. Prrua* axp Jou~N P. OraTra®*
CHECEED BY EUGENE LiEBER,T S. H. PaTiNgiN, anp R. D. PraTTt
Directions for the preparation of thiosemicarbazide as
given in the literature! are lacking in detail, and so a good
yield of the desired material in pure form is not assured.
The procedure described here is a modification of that
described by Freund! with emphasis on the temperature of
conversion of hydrazinium thiocyanate to thiosemicarba-
zide. Thiosemicarbazide is a useful intermediate in the
preparation of guanidine derivatives, which are of interest
because of their high nitrogen content.

Procedure

A solution of 27.5 ml. of concentrated sulfuric acid (0.5
mol) in 500 ml. of water is added slowly, with stirring, to a
solution of 59 g. of 859, hydrazine hydrate (1 mol) in 500

* Michigan State College, East Lansing, Mich.
t Ilinois Institute of Technology, Chicago, Ill.
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ml. of water in a 2-1. beaker. A solution of 145 g. of barium
thiocyanate 2-hydrate (0.5 mol) in 500 ml. of water is added
to the solution of hydrazinium sulfate. The barium sulfate
precipitate is stirred thoroughly and is then digested on a
steam bath for 2 hours or more before filtering. For quick
removal of the barium sulfate precipitate, the slurry is fil-
tered by suction through a mat of filter-paper pulp between
two pieces of filter paper,* using a fairly large (14-cm.)
Biichner funnel. The clear, or only slightly cloudy, filtrate
is then evaporated in g large evaporating dish on a steam
bath until the total volume has been reduced to about 200
ml, At this point it may be necessary to filter the solution
again. The clear solution is then transferred to a round-
bottomed flagk fitted with a thermometer well. The solu-
tion is boiled until its temperature reaches 110°. A reflux
condenser is then attached to the flask, and the solution is
maintained at the boiling point for 30 minutes. Upon
cooling, a mass of crystals separates; these are removed by
filtration. The filtrate is returned to the flask, and the
refluxing at 100° is repeated. ~ Five fractions of crystals are
obtained from the solution in this manner. The crude thio-
semicarbazide is purified by recrystallization from 509%
ethanol. The yield of recrystallized material varies from
40 to 509 of theory, depending on the completeness of the
conversion of the salt to product.

Properties

Pure thiosemicarbazide is a white crystalline mass, which
is very soluble in water and in ethanol. The reported melt-
ing point of the material is 181°, but this is not a reliable
criterion of purity. The melting point appears to depend
on the kind of crystal obtained by recrystallization. The
crystals obtained range from those of micro size to long

* Whatman ashless tablets are recommended.

t The checkers have pointed out that the synthesis can be simplified,
though with some loss of yield and purity, by simple evaporation of the
filtered solution of hydrazine thiocyanate to a volume of 75 ml., or until a
yellow precipitate begins to form.
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needles or large plates. They melt in the range 170 to 181°,
and all give identical x-ray diffraction patterns. A qual-
itative test for the presence of the thiocyanate ion, using
iron(IIT) chloride in acid solution, showed that all were
about equally pure. A variety of transitions can be
observed to take place during the process of melting.

Reference
1. FreUND and ScHANDER: Ber., 29, 2500 (1896).

13. IODOTRICHLOROSILANE AND
DIIODODICHLOROSILANE

H8iCl; + I, — SiICl; + HI
SiICl; 4+ HI — SilCl, + HCl

SusmMITTED BY ROBERT WEsT* AND EUGENE G. RocHow*
CuEckED BY C. A. BURKHARD}

Various methods have been used to obtain equilibrium
mixtures of the iodochlorides of silicon. These include
passing a mixture of silicon tetrachloride and hydrogen
iodide through a hot tube! or an electric discharge,? passing
iodine monochloride over silicon at dull red heat,* and
treating silicon tetrachloride with fused potassium iodide.?
Although Besson mentioned that iodotrichlorosilane could
be prepared from trichlorosilane and iodine in a Carius
tube,! the conditions and yield data were not published.
This reaction is more safely carried out in a pressure vessel,
as deseribed below.

Procedure

The reaction is carried out in a steel bomb of approxi-
mately 1 1. capacity, fitted with a thermocouple or ther-
mometer, and equipped for rocking. The vessel should be
capable of withstanding at least 2000 p.s.i. It is charged
with 254 g. of iodine (1.0 mol) and 169 g. of trichlorosilane

* Harvard University, Cambridge, Mass.
t Research Laboratory, General Electric Company, Schenectady, N.Y.
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(1.25 mol). The bomb is sealed,* placed in the rocker, and
heated to 240 to 250°. This temperature is maintained for
15 hours with continual rocking.f After cooling to room
temperature, the bomb is cautiously vented outdoors, or in
a well-ventilated hood, to release the large volume of hydro-
gen iodide which is formed in the reaction.

The contents are transferred to a distilling pot and dis-
tilled through a fractionating column at -atmospheric pres-
sure. The receivers and the distilling head should be pro-
tected from atmospheric moisture by calcium chloride
drying tubes, and a rubber tube should lead from the top of
the distilling head to a hood or a beaker of water, to carry
away the dissolved hydrogen iodide which escapes during
the early part of the distillation. The forerun consists
principally of HSiCl; and SiCl,, which distill below 60°.
Iodotrichlorosilane is collected at 110 to 116°. The tem-
perature is then raised, and diiodedichlorosilane is collected
at 168 to 173°. Since the boiling points of the principal
products and contaminants differ by 50° or more, good sep-
arations can be achieved by fairly rapid distillation through
a column of only moderate efficiency.f

The products are purplish in color because of decomposi-
tion and the presence of codistilled iodine. The color can
be removed by shaking with mercury or copper and decant-
ing through a glass-wool plug. The yield of iodotrichloro-
silane is about 110 g. (429,) and that of dilododichlorosilane
is about 55 g. (169, based on the iodine used). The prod-
ucts should be stored in dark glass bottles or ampoules in a
refrigerator.

* The authors closed the bomb with a valve immediately above the head
of the bomb. If any considerable length of tubing extends between the
bomb and the valve, iodine will sublime into the tubing and correspondingly
reduce the amount available for reaction, thus decreasing the yield.

t Lower temperatures decrease the yield of both iodotrichlorosilane and
dilododichlorosilane.

1 The 25 g. of residue remaining may contain triiodochlorosilane and
silicon tetraiodide.
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Properties

Todotrichlorosilane and diiododichlorosilane are heavy,
colorless liquids, which fume slightly in air and hydrolyze
vigorously in water. Both decompose slowly at room
temperature, liberating iodine; light accelerates their
decomposition.

Compound | B.p. I ni Sp.gr.?®
SiICls 113.5 ’ 1.507, 2.092
SLClL | 172 I 1.605; | 2.647

References

1. Brsson: Compt. rend., 112, 611, 1314 (1891).
2. Besson and Fournier: ¢bid., 162, 603 (1911).
3. ForBEs and AnpERsoN: J. Am, Chem. Soc., 66, 931 (1944).

14. CYCLOHEXYLTRICHLOROSILANE

organic

CsHyo + SiHCI, 2289 C4H,,8iCl,

SusmITTED BY CHARLES A. BURKHARD* AND RoBERT H. KRIEBLE*
CHECKED BY WiLLiaMm 8. TaTLock§ AND EuGENE G. Rocuowt

The peroxide-catalyzed addition of trichlorosilane or
methyldichlorosilane to olefins affords a new method of
synthesizing organochlorosilanes.! It is possible to effect
reaction between trichlorosilane and pentene, cyclohexene,
isobutylene, and acetylene. A similar reaction takes place
between trichlorosilane and both vinyltrichlorosilane and
allyltrichlorosilane. In each case, the corresponding alkyl
silicon derivatives can be isolated. The synthesis of cyclo-
hexyltrichlorosilane is described below as an example of the
general procedure. Cyclohexyltrichlorosilane has also been
prepared by the Grignard reaction.?

* Research Laboratory, General Electric Company, Schenectady, N.Y.
t Harvard University, Cambridge, Mass.
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Procedure

A mixture of 57 g. (0.69 mol) of cyclohexene, 135 g. (1.0
mol) of trichlorosilane, and 10 ml. of diacetyl peroxide in
dimethylphthalate (0.026 M)* is placed in a glass-lined
autoclave and heated at 100° for 24 hours. The product is
distilled through a stainless-steel, packed, 13-plate column.
The lower-boiling fractions consist of unreacted cyclohexene
and trichlorosilane. The fraction boiling at 198.6 to 200°
comprises the desired material, amounting to 49.5 g. (30%,)
in a typical run. (If allowance is made for unreacted
cyclohexene, the yield amounts to 64%.) The product
is analyzed by subjecting the compound to hydrolysis
and determining the chlorine content. Anal. Caled. for
CeH,:8iCl3: Cl, 48.9. Found: Cl, 48.4,

Properties

Cyclohexyltrichlorosilane reacts with water, alecohols,
Grignard reagents, and amines to give siloxanes, ethers,
cyclohexyl-substituted organosilanes, and silylamines,
respectively.

References

1. Burknarp and Kriesre: J. Am. Chem. Soc., 69, 2687 (1947).
2. Parmer and Krepina: J. Chem. Soc., 1930, 1020.

* The checkers prefer to use 12.6 g. of benzoyl peroxide as the catalyst,
because they feel that the use of acetyl peroxide isunsafe. However, the sub-
mitters believe that acetyl peroxide in dimethyl phithalate is entirely safe and
is more convenient to use than the benzoyl peroxide. The disadvantage of
using benzoyl peroxide lies in the fact that the benzoyl chloride formed from
it boils at almost exactly the same temperature as cyclohexyltrichlorosilane.

t The checkers report that distillation of the solution may be carried out
with a modified Claisen flask., The fraction boiling between 190 and 200° is
collected but is generally not so pure, based on the hydrolyzable-chlorine
content, as material fractionated under conditions permitting closer control.
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15. SILICON TETRAACETATE
SiCly + 4(CH;C0),0 — Si(OOCCH;), + 4CH,COCI

SusMITTED BY J. H. BarTHIS*
CueEckED BY E. G. Rocaowt anp D. G. Warref
This procedure for the preparation of silicon tetraacetate

was discovered by Friedel and Ladenburg ;! however, details
of their work were not published, and subsequent workers
appear to have adopted more complicated methods. The
procedure given here is also applicable to the preparation of
alkyl- or arylacetoxysilanes of the type R,Si(C.H;0;)( ,
from organochlorosilanes.

Procedure

Two hundred fifty-five grams of silicon tetrachloride (1.5
mols) and 704 g. of acetic anhydride (6.9 mols, 159, excess)
are mixed by gentle swirling in a three-necked 1-l. flask A
(Fig. 2) fitted with a dropping funnel B and a filter stick{ €
which is connected to a filter flask D. The reaction mixture
is protected from moist air as shown in Fig. 2. The tubing
connecting the filter stick to the filter flask is closed with a
screw clamp except during filtration. During the course of
the reaction, the filter stick is kept out of contact with the
reaction mixture by slipping it up through the stopper.
The reaction evolves heat, and the contents of the flask
develop a slight coloration. In a short time, large crystals
of silicon tetraacetate begin to form. The mixture is
allowed to stand for several days and is then cooled in a
Dry Ice—acetone bath. The supernatant liquid, consisting
of acetyl chloride and excess acetic anhydride, is removed

* Chemical Department, Experimental Station, E. I. du Pont de Nemours
& Company, Wilmington, Del.

1 Harvard University, Cambridge, Mass.

i The checkers prefer a glass tube to the filter stick, because they found
that the fritted-glass filtering area of the filter stick may become clogged.
Only slight loss in yield is associated with the use of an open tube, since the
product forms as a crystalline mass in the bottom of the flask rather than as
individual crystals.
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f To tube containing
drierite

To

vacuym

¥i1a. 2. Apparatus for the preparation of silicon tetraacetate.

through the filter stick C.* Care must be taken in dispos-
ing of the liquid since it reacts violently with water.

The silicon tetraacetate is twice recrystallized by dis-
solving it in acetic anhydride at 100°} and cooling to 0°.

* The mother liquor may be separated from the product by distillation;
however, this leads to discoloration of the silicon tetraacetate. For this
reason, purification by récrystallization is preferable. When the procedure
given here is applied to the preparation of organoacetoxysilanes, distillation
is usually necessary. In this case, the acetyl chloride is removed at atmos-
pheric pressure, and the excess acetic anhydride and product are separated
by fractional distillation under reduced pressure.

T It is advisable not to use a steam bath when recrystallizing the silicon
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The first recrystallization requires 100 ml. of solvent, and
the second, 75 ml. While still in the reaction flask, the
purified silicon tetraacetate is subjected to a preliminary
drying at room temperature 1n vacuo; it is then dried further
at 100° for several hours. The yield is 335 g. (84.6 9, based
on silicon tetrachloride).

Properties

Silicon tetraacetate is a colorless, crystalline solid, which
reacts vigorously with water and hydrolyzes rapidly when
exposed to moist air. It melts at 110°* and decomposes at
160 to 170° with evolution of acetic anhydride.! It is
moderately soluble in inert organie liquids such as acetone
and benzene.

Reference
1. FrieveL and LADENBURG: Ann., 145, 174 (1868).

tetraacetate, because of the violence with which both the produect and the
solvent react with water.
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16. NITROSYL CHLORIDE
NaNO, + 2HCl - NOCI + NaCl 4+ H,0O

SusmrrrED BY J. R, Morron® anp H. W. Wincox*
CuEckED BY TrERALD MoOELLERT AND DELWIN C. Epwarpst

Nitrosyl chloride has been prepared from hydrogen chlo-
ride and nitrosylsulfuric acid,* from sodium chloride and
nitrosylsulfuric acid,? from nitrogen dioxide and moistened
potassium chloride,® by the combination of nitric oxide and

* Milton College, Milton, Wis.

t University of Illinois, Urbana, Il
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chlorine under the influence of a catalyst,* and by passing
dry hydrogen chloride into liquid nitrogen(III) oxide.?
This procedure uses a modification of the last-named
method. The process is advantageous in that there are no
intermediates to purify and the crude nitrosyl chloride con-
tains only oxides of nitrogen, which are easily removed by
refluxing and by distillation.

Procedure

Caution: This preparation should be carried out in a hood.
A gas-drying tower A (Fig. 3), which has a capacity of 900

To air line

K

B

F1a. 3. Apparatus for the preparation of nitrosyl chloride.

ml., is plugged at the bottom with a paraffined rubber
stopper B and is fitted at the top with a two-hole rubber
stopper. The dimensions specified should be adhered to as
closely as possible; the use of larger apparatus causes exces-
sive loss of the product. A dropping funnel C and a short
L-tube D are inserted in the stopper in the top of the drying
tower. The stem of the dropping funnel should extend
nearly to the bottom of the drying tower. The three dry-
ing tubes E, F, and G contain, respectively, sodium nitrite
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(to absorb hydrogen chloride), potassium chloride which has
been moistened with an amount of water equivalent to 2.49
of its dry weight (to absorb nitrogen dioxide), and anhy-
drous calcium chloride. The side arm of the 100-ml. dis-
tilling flask 7 is connected to a drying tube J filled with
anhydrous calcium chloride.

Six hundred milliliters of concentrated hydrochloric acid
(7.2 mols) is placed in the drying tower. A concentrated
solution of 103.5 g. of sodium nitrite (1.5 mols) in approxi-
mately 150 ml. of water is placed in the dropping funnel.
The dropping funnel is fitted with a two-hole rubber stop-
per, which is connected to an air line and to a manometer K.
The solution of sodium nitrite is kept under a pressure of
100 mm. to ensure its flow into the hydrochloric acid and to
prevent bubbles of nitrosyl chloride from backing up into
the dropping funnel. The receiver 7 is surrounded with a
mixture of solid carbon dioxide and acetone.

When the receiver has been thoroughly cooled, asmall
stream of the sodium nitrite solution is allowed to flow into
the hydrochloric acid. The rate of flow of the sodium
nitrite solution must be carefully regulated to maintain a
slow evolution of nitrosyl chloride. Excessive pressure
may develop if the sodium nitrite is added too rapidly.
When nitrosyl chloride is seen issuing from the drying tube
J, the drying tube is stoppered.* A precipitate of sodium
chloride causes cloudiness in the hydrochloric acid, but this
settles out, leaving a clear, red solution of nitrosyl chloride
and sodium chloride in the hydrochloric acid.

When all the sodium nitrite solution has run into the
hydrochlorie acid, the stopcock is closed and the stopper is
removed from the drying tube J. After the reaction has
subsided, tube H is then withdrawn, and if any of the
nitrosyl chloride has solidified, it is allowed to melt while

* Stoppering is necessary because, when the sodium nitrite solution is
added to the concentrated hydrochloric acid, the reaction proceeds vigor-
ously and unevenly until approximately one-third to one-half of the sodium
nitrite solution has been added. This may cause some nitrosyl chloride to
be forced through the receiver without being liquefied.
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the receiver is out of the Dry Ice—acetone bath. After all
the nitrosyl chloride has melted, it is poured into a 200-ml.
round-bottomed flask A (Fig. 4), which is immersed in the
cooling bath from which the receiver was removed. A
porcelain chip is added, and the flask is attached to a reflux
system; this consists of a fractionating column B (Fig. 4),
of the Vigreux type, which is surrounded

by a Dry Ice—acetone bath. The cooling =

bath consists of an inverted 2-1. bottle C B

the bottom of which has been removed. §(’\.
The nitrosyl chloride is allowed to reflux 9

for approximately 30 minutes by surround- l(

ing the flask with water at 20°. During ¢| pJ

the refluxing, the nitrosyl chloride must be ; 4
protected from moisture. S

At the end of the refluxing period a new B
receiver, suitable for sealing, is attached to
the side arm of the fractionating column.
This new receiver is surrounded by an
acetone-solid carbon dioxide bath. A pw. 2 Apparatus
portion of the cold acetone is removed from i‘;rmtt}r‘gsy‘i‘i'ﬁllﬁﬁ’:
the bath surrounding the fractionating col-
umn through the valve E, and warm acetone is added.
The forerun (3 to 4 ml.) of nitrosyl chloride is discarded or
added to the crude product obtained in the next run; the
last 2 ml. remaining in the distilling flask is also discarded.
The nitrosyl chloride is then redistilled, if desired, to obtain
a product of enhanced purity. The yield varies from 45 to
55 g. (46 to 569, based on sodium nitrite). The procedure,
including assembly of the apparatus, takes approximately
6 hours. Redistilled nitrosyl chloride is analyzed for chlo-
rine according to the method given in reference 6. Anal.
Caled. for NOCI: Cl, 54.16. Found: Cl, 53.93, 53.98.

A

Properties

The properties of nitrosyl chloride have been described in
an earlier synthesis.®
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17. NITRYL CHLORIDE

(Nitroxyl Chloride)

HNO:;TleO + HzSOq‘?’LSOs — HN03 + (1 + ’I'L)HzSO4
SvBMITTED BY RALPH KaPLanN* aAnp HAROLD SHECHTER*
CueckeD BY THoMAs C. CasTorinat anp W. R. ToMmLINSON, JR. |
Critical surveys have shown that the older methods for
the preparation of nitryl chloride are inefficient and yield
impure products.”™” Reasonably pure nitryl chloride was
first prepared by Schumacher and Sprenger'™ in 1929 by
the reaction of nitrosyl chloride with ozone; the preparation
from chlorosulfonic acid and nitric acid was reported later.*
Recently, Schmeisser has obtained nitryl chloride from
nitrogen(V) oxide and phosphorus(V) chloride.> The reac-
tion of chlorosulfonic acid with nitric acid® '° is probably
the most convenient method for preparing large quantities
of nitryl ehloride of satisfactory purity.

Procedure

Chlorosulfonic Acid. Chlorosulfonic acid is best purified
by distillation!? of the technical product at atmospheric
pressure in a glass apparatus protected from the atmosphere
by a drying tube containing anhydrous calecium chloride.
The fraction distilling at 149 to 151° at 745 mm. is collected
and stored in a glass-stoppered bottle.

Anhydrous Nitric Acid. One hundred per cent nitrie
acid may be prepared by distillation of a mixture of concen-

* Ohio State University, Columbus, Ohio.
t Chemical Research Section, Picatinny Arsenal, Dover, N.J.
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trated nitric acid and excess fuming sulfuric acid at atmos-
pheric pressure in a glass apparatus. However, it is more
convenient and less time-consuming to use fuming nitric acid
to which is added the amount of fuming sulfuric acid neces-
sary to combine with the water present.

Nitryl Chloride. Caution: The operations are performed
in a well-ventilated hood which is darkened to prevent photo-
chemical decomposition of the product. All connections in
the apparatus are of ground glass. Openings in the system
are fitted with drying tubes containing anhydrous calcium
chloride.

A 500-ml., three-necked, round-bottomed flask 'is
equipped with a dropping funnel, an efficient motor-driven,
glass stirrer* sealed with mercury or sulfuric acid, and a dis-
tilling head to which a test-tube receiver (125 to 150 ml.
capacity) is to be connected.t = The still head is cooled with
Dry Ice. One hundred grams of fuming nitric acid (1.45
mols) (sp. gr. 1.50; 91.6%, acid) is placed in the flask and
cooled to 0°. Stirring is begun and 123 g. of fuming sul-
furic acid (309, sulfur trioxide) is added dropwise. The
receiver, which also serves as a storage vessel, is then put in
place and immersed in a freezing mixture (—80°). The
mixed acids in the reaction flask are maintained at 0° and
vigorously stirred while 168.9 g. of chlorosulfonic acid (1.45
mols) 1s added slowly from the dropping funnel over a
period of 3 to 4 hours, or at such a rate that brown fumes of
oxides of nitrogen do not appear above the reaction mixture.
After the addition of each drop of chlorosulfonic acid, gas-
eous nitryl chloride is immediately evolved. After the
addition of chlorosulfonic acid is complete, the cooling bath
is removed, and the mixture is stirred for an additional 30
minutes, while the product distills and is collected.

The product is a dense, pale yellow liquid with a melting

* Efficient stirring is necessary to prevent localized overheating and sub-
sequent decomposition of the product.

t The receiver is not opened to the system until the nitrie acid and the
sulfuric acid have been mixed; otherwise, sulfur trioxide fumes pass into it
during this operation.
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point of —145 + 2° and a boiling point of —17 to —15°.
The slight yellow color of the product may be attributed to
the presence of traces of chlorine and nitrogen dioxide,
although the freezing-point curve of this product indicates
an almost complete absence of impurities.”® In a simple
distillation from one test tube to another, with a calibrated
alcohol thermometer (the bulb of which is wrapped with
glass wool to promote ebullition) immersed in the liquid, less
than 29, distills below —16°, Pure nitryl chloride is color-
less. A purification procedure, employing high-vacuum
technique at low temperatures, is described by Schmeisser.®
The yield is 95 to 108 g. (81 to 919%,). Anal. Caled. for
NO.Cl: Cl, 43.6. Found: Cl, 44.9.

Properties

Nitryl chloride is a colorless gas having a vapor density of
2.81 g./1. at 100°. It decomposes above 120° and condenses
at —15° to a colorless liquid. At 0° the specific gravity of
the liquid is 1.37; at 16°, 1.33. Nitryl chloride solidifies as
a white, crystalline mass at —145°. Its vapor pressures at
temperatures between —80° and —15° and its heat of
vaporization have been determined.'™® The structure of
nitryl chloride is not known with certainty.®

On long storage, even at the temperature of —80°, nitryl
chloride darkens in color. Decomposition is probably
accelerated by light. The compound is a corrosive, toxiec
substance possessing a chlorinelike odor. It attacks
organic matter rapidly, sometimes explosively. Its chem-
ical properties have been studied.>® 10
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18. PHOSPHOROUS ACID
PCl; + 3H.0 — H;PO; 4 3HCI

SusmITTED BY D. Vorar* anp F. Garnrars®
Cuecrep BY L. E. NETHERTONT

The usual method of preparing phosphorous acid from
phosphorus(III) chloride and water is complicated by the
necessity of avoiding any rise in temperature which might
lead to the formation of phosphoric acid by disproportiona-
tion. This tendency to disproportionate makes direct
reaction between equivalent weights of pure phosphorus-
(I11) chloride and water, or concentration of dilute solutions
of phosphorous acid by evaporation on a steam bath,
impossible.

Of the numerous procedures proposed to prevent too vig-
orous a reaction, that of Grosheintz,'2 which involves pass-
ing a current of air successively through warm phosphorus-
(ITII) chloride and ice-cold water to give a solution from
which phosphorous acid crystallizes, is perhaps the most
interesting. However, since it is difficult to remove hydro-
chloric acid completely from the crystalline product, it is
preferable to add water to a solution of phosphorus(1II)
chloride in carbon tetrachloride and to remove hydrogen
chloride and water successively from the resulting sirupy
liquid.

Procedure

Six hundred milliliters of carbon tetrachloride and 200 g.
of freshly distilled phosphorus(I1I) chloride (1.46 mols) are
placed in a 1.53-1., three-necked flask which is equipped with
a 125-ml. dropping funnel, a mechanical stirrer, and a con-

* University of Toulouse, Toulouse, France.
t Vietor Chemical Works, Chicago Heights, Il
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denser connected to a potassium hydroxide tower (Fig. 5).
The flask is cooled by means of an ice bath, the stirrer is
started, and 75 g. of water (4.17 mols) is added drop by drop
from the dropping funnel over a period of 1 hour. Inas-
much as the maximum evolution of heat occurs at the begin-
ning of the reaction, initial quantities of water must be

Fia. 5. Apparatus for the preparation of phosphorous acid.

added very slowly. After all the water has been added, the
ice bath is removed and the rate of stirring is increased.
The system is then stirred for 1 hour, after which the
sirupy solution* is transferred to a separatory funnel and
washed four times with volumes of carbon tetrachloride
equivalent to its own volume, to remove the dissolved
* If the phosphorous acid crystallizes in the reaction flask, it may be con-

veniently redissolved by adding 8 or 4 ml. of water, after which the purifica-
tion may be accomplished as outlined in the procedure.
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hydrogen chloride. The washed solution is filtered through
sintered glass, using suction, and is placed in a round-
bottomed flask connected with a vacuum pump or an aspi-
rator through a Biichner flask containing solid sodium
hydroxide (Fig. 6). Connection between the two flasks is
made with a short glass tube of large bore. Vacuum is
maintained until gas evolu-
tion has almost stopped.
Then the round-bottomed
flask is warmed to 60° on a
steam bath while pumping is
continued for a few hours to
remove the last traces of
hydrogen chloride and water.

To water

The phosphorous acid is then
crystallized, either by super-
cooling or by allowing it to
stand in a desiccator. The

Hz PO5”

F1a. 6. Apparatus for the removal of
hydrogen chloride and water from
phosphorous acid.

yield is about 114 g. (909,). By acidimetric or oxidimetric
analysis,? the purity is shown to be about 99.5%.

Properties

Phosphorous acid forms white, snowy crystals which are
extremely hygroscopic. Its melting point is between 73
and 74°, its specific gravity in the liquid state, 1.5977°.
The physical and chemical properties of phosphorous
acid 7 indicate that the molecule has structure I and not
structure 11.

1 OH OH
NS /

P P—OH
VAN AN

0 OH OH
I 1

It has, therefore, been proposed that the name phosphonic
acid should be used, rather than phosphorous acid.
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19. DIETHYL PHOSPHITE

SueMItTTED BY J. E. Marowan*
Cueckep BY T. P. Traiset ano T. M. Beckt

Diethyl phosphite was probably first prepared in 1854 by
the reaction between alcohol and phosphorus(III) chlo-
ride.! It can also be prepared from phosphorus(I1I) oxide
and alcohol,? from phosphorous acid and diazoethane,® or
from lead phosphite and ethyl iodide.*

Diethyl phosphite is generally produced by the reaction
of phosphorus(III) chloride with absolute alcohol. Good
yields are difficult to obtain unless special precautions are
taken. The by-product hydrogen chloride tends to react
with the diethyl phosphite to form additional ethyl chlo-
ride and phosphorous acid:

(CQH50) 2POH + 2HCl - 2C2H5CI + H3P03

Various methods have been proposed to prevent this sec-
ondary reaction from occurring by removing the hydrogen
chloride rapidly, either by applying a vacuum to the reac-
tor, by bubbling a dry inert gas through the mixture, by
adding pyridine to combine with the hydrogen chloride, or

* Central Research Department, Monsanto Chemical Company, Dayton,
Ohio.
{ Vietor Chemical Works, Chicago Heights, IIl.
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by adding low-boiling solvents like pentane, carbon tetra-
chloride, or ether to the mixture. Yields are often below
809% and may be as low as 409,. The method of Heider
and Gann,® which is recommended here, provides an alter-
native procedure. It depends on the use of refluxing hex-
ane to remove the hydrogen chloride.

Procedure

Two hundred seventy-five grams of phosphorus(III)
chloride (2.0 mols) and 275 g. of hexane (3.2 mols) are
placed in a 2-1. three-necked, round-bottomed flask. The
flask is equipped with a stirrer, a dropping funnel, and
a reflux condenser protected by a drying tube at the upper
end. The contents of the flask are heated to refluxing,
and a mixture of 276 g. of alcohol (6.0 mols) with an
equal amount of hexane is added slowly over a period of 2
to 3 hours, with constant stirring and refluxing. After all
the alcohol has been added, the refluxing is continued for an
additional 30 minutes. The reaction mixture is then cooled
rapidly and transferred to a distilling flask equipped with a
short fractionating column, a thermometer, and a glass
capillary. Diethyl phosphite has a tendency to bump or
boil over during distillation; this difficulty is alleviated by
admitting a slow current of air through the capillary.

A distilling head with a thermometer (to show the vapor
temperature), a condenser, and a receiver are connected to
the fractionating column, and vacuum is applied. Vig-
orous boiling of the flask contents begins, caused by the
escape of the remaining hydrogen chloride and ethy! chlo-
ride. After these substances have been expelled, the pres-
sure falls. At 25 mm. the vapor temperature of the distill-
ing diethyl phosphite is about 90°. The temperature in the
flask increases slowly to about 100°, then rapidly to about
130° toward the end of the distillation, with an accompany-
ing increase in pressure to 50 to 60 mm., which indicates the
beginning of decomposition. The distillation is stopped
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when this occurs. The yield is 75 to 909, based on phos-
phorus(IIl) chloride. Anal.* Caled. for CH,O;P: P,
22.5. Found:P,21.8,22.0. The residue has a deep yellow
to orange color and consists of phosphorous acid and the
lower phosphorus oxides.

Properties

Diethyl phosphite is a colorless liquid with a slight odor;
Nylen® reports it to be odorless if purified by two distilla-
tions. It has the following properties: b.p., 187 to 188° at
760 mm., 77.0 to 77.5° at 13 mm.; sp. gr., 1.0961%; nl**,
1.4164 or 1.4165.7 Diethyl phosphite is miscible with most
organic solvents. It is rapidly hydrolyzed by water or
moist air, forming phosphorous acid and alcohol. It is
decomposed by heating, with the evolution of some phos-
phine. Since it is a very good solvent for oxidized oils and
varnishes, it may be used for removal of old paints. The
compound behaves as though it exists in two tautomeric

forms:
C.H;O 0 C.H;O
NS
P
VRN
H

AN
and P—OH

C.H:O0 C.H;0
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20. DIOCTYL PHOSPHITE

(C.H;0).POH -+ 2C:H,;,0H —
(Cel14,0),POH + 2C,H,0H
SusmiTTED BY JouN E. MALOWAN*
CreckeD BY T. P. TraisE{ anp A, D, F, Tovt
Dioctyl phosphite can be produced by the usual method
of preparing phosphite esters, i.e., by allowing octanol to
react with phosphorus(III) chloride:

3C:H;OH 4 PCl; — (C:H1,0),POH + C3zH,Cl 4 2HCl

This method has several disadvantages: first, about one-
third of the octanol is converted to 1-chlorooctane; and,
second, the removal of the phosphorous acid, formed inci-
dentally, requires additional steps. The preferred process
involves ester exchange reactions, in which a light alkyl or
aryl group is replaced by a heavier alkyl or aryl radical.t™*
In the procedure given here, the reaction is driven in the
desired direction by distillation of the more volatile alcohol,
leaving the heavier radical in the ester. The method may
be applied with minor modifications to the preparation of
other phosphite esters whose boiling points are too high to
permit their purification by distillation.

Procedure

One hundred ninety-five grams of octanol (1.5 mols) and
114 g. of diethyl phosphite (0.83 mol) are placed in a
1000-ml. three-necked flask equipped with a thermometer,
a glass capillary tube, and a short fractionating column.
The amount of diethyl phosphite used represents an excess
of 109,. The flask is connected to a distilling head which
is equipped with a thermometer and attached to a condenser
and a receiver. The contents of the flask are heated at a
rate such that the temperature reaches 150° in 1 to 2 hours.

* Central Research Department, Monsanto Chemical Company, Dayton,

Ohio.
t Vietor Chemical Works, Chicago Heights, Il
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Ethanol begins to distill when the temperature reaches 125
to 135°. The vapor temperature on top of the fractionating
column will rise slowly from 80 to about 105°. The flask
contents are then permitted to cool, vacuum is applied, and
the distillation is again started. To prevent bumping and
boiling over, air is permitted to bubble slowly through the
contents of the distilling flask by way of the glass capillary.
If the pressure is about 30 mm., the temperature may be
permitted to rise in about 45 minutes to 150° with an accom-
panying vapor temperature of 90°. At this point the excess
diethyl phosphite has distilled over and the heating is
stopped. The total distillates will weigh about 64.0 g.,
and the residual dioctyl, phosphite, 223.3 g. (95%). Anal.
Caled. for (CsH,,0).,POH: P, 10.1. Found: P, 10.5.

For further purification, the product may be distilled at
a pressure of less than 0.1 mm. (preferably in a Hickman
still). Over-all yield is 74 9%,.

Properties

Dioctyl phosphite is a colorless liquid, with the following
properties: m.p., —13 to —14°; b.p., 190 to 191 at 3.0 mm.,
173° at 0.5 mm.; sp. gr., 0.92862%; n2°, 1.4420.* It cannot
be distilled without decomposition, except in high vacuum.
It is soluble in common solvents but insoluble in water and
undergoes hydrolysis slowly.
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21. ALKYL DICHLOROPHOSPHITES
PCl; + ROH — ROPCl, + HCl

SuBMITTED SIMULTANEOUSLY BY J. E. MALOWAN* AND BY DoNaLD RAY
MarTiNt AND Puinie J. PizzoraTot

Cueckep BY T. P. Traise} anp T. M. Beck{ axp BY JouN F. SUTTLE§
AND FrRangLIN B. BAREER§

Ethyl dichlorophosphite and methyl dichlorophosphite
have been prepared by the reaction of 1 mol of the appro-
priate aleohol with 1 mol of phosphorus(III) chloride.?
The ethyl compound has also been prepared from triethyl
phosphite and phosphorus(III) chloride.?2 The method
outlined below is essentially the former; however, several
improvements have been incorporated. Among the diffi-
culties encountered in the preparation of these compounds
are the following: Side reactions occur between the gen-
erated hydrogen chloride and the ester, giving an alky! chlo-
ride and phosphorous acid; disproportionation may occur;
in the case of the ethyl ester, the necessary vacuum distilla-
tion causes losses of the relatively low boiling product.

Procedure

Two hundred seventy-five grams of phosphorus(III)
chloride (2 mols) is weighed into a 500-ml., round-bottomed,
three-necked flagk equipped with standard-taper ground-
glass joints and cooled by means of an ice-salt or Dry Ice
bath. The necks of the flask are fitted, respectively, with
a dropping funnel, a mercury-sealed, motor-driven stirrer, ||

* Central Research Department, Monsanto Chemical Company, Dayton,
Ohio. (This author worked with ethyl dichlorophosphite.)

1 Untiversity of Illinois, Urbana, Il. (These authors worked with methyl
dichlorophosphite.)

t Victor Chemical Works, Chicago Heights, Ill.  (These checkers worked
with ethyl dichlorophosphite.)

§ University of New Mexico, Albuquerque, N.M. (These checkers
worked with methyl dichlorophosphite.)

i| Barker and Suttle (checkers of the preparation of the methyl ester)
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and a barium oxide drying tube to protect the reaction mix-
ture from moist air. With continuous agitation, 2 mols of
alcohol is added from the dropping funnel at such a rate that
2 to 3 hours are required to complete the addition. The
actual rate of addition of alecohol in any instance is con-
trolled by the efficiency of the cooling, because the tempera-
ture in the reaction flask should be kept in the range —5 to
—10° or lower. After all the alcohol has been added, stir-
ring is continued for an additional 15 minutes.

In the case of the ethyl ester, vacuum distillation should
follow immediately unless the reaction products are kept
in the cooling bath. A good fractionating column is
required to separate the components of the mixture. The
fractionating column is attached to an efficient condenser
through which cold water is circulating and to a receiver
cooled to about —20° in a Dry Ice bath. The barium oxide
tube is replaced by a glass stopper. The pressure is kept at
about 100 mm.; this prevents decomposition and at the
same time does not make condensation of the product espe-
cially difficult. A slow current of dry air is bubbled
through the solution by means of a capillary, to facilitate
smooth boiling. After the reaction flask is removed from
the cooling.bath, the hydrogen chloride and ethyl chloride
escape. The distillation of the unreacted phosphorus(III)
chloride follows, with a vapor temperature of about 30°.
The ethyl dichlorophosphite is obtained at 54 to 60°,
depending on the pressure. When the still contents are
low in volume and have acquired a dark orange color and
when the thermometer in the flask shows a rapid tempera-
ture rise to about 95 to 100°, the distillation is stopped.
The yield of the ethyl compound is 126 g. [439,, based on
total phosphorus(III) chloride, or 529, based on the phos-
phorus(III) chloride which has reacted.] Anal.* Caled. for

obtained satisfactory results with a magnetic stirrer when working with
quantities of reactants equal to one-half the amounts used in the procedure
above.

* Analytical data are provided by the checkers.
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C,H.OPCl,: P, 21.1; Cl, 48.3. Found: P, 20.6, 20.9; Cl,
47.7, 48.3.

The methyl dichlorophosphite is distilled at atmospheric
pressure. The yield of crude product is about 185 g.
(709%). A second distillation gives a product of enhanced
purity in a yield of 160 g. (60%). Anal.* Caled. for
CH,OPCl,: P, 23.3; Cl, 563.4. Found: P, 23.1; Cl, 53.1.

Care must be exercised in disposing of the waste phos-
phorus(III) chloride and the distillation residue. The
waste phosphorus(III) chloride may be added in small
increments to a large volume of cold water. Each portion
is permitted to react and dissolve before the next portion is
added. If phosphorus(III) chloride is added to warm
water, the reaction is violent and flashes of flame may
appear on the surface of the water.

Properties

Ethyl dichlorophosphite is a colorless liquid, with an
irritating odor. It fumes when exposed to air. It has
the following physical constants: sp. gr., 1.30526%; b.p.,
117.5°%; n2°, 1.47176. It decomposes at 165° to ethyl chlo-
ride, phosphorus, phosphine, and phosphoric acid.® It
reacts with water to form hydrogen chloride and phosphor-
ous acid, and with alcohols to form esters. When ammonia
is passed through ethyl dichlorophosphite, ethyl phospheni-
midate (ethoxyphosphimide), C.H;0P=NH, is formed.

Methyl dichlorophosphite is a colorless, somewhat vis-
cous liquid having the following physical constants: sp. gr.,
1.406¢; b.p., 93.0° (760 mm.); m.p., —91.0 + 0.4°. The
vapor pressure may be expressed by the equation

1812.6
T

log Puw. = 7.8300 —

Methy! dichlorophosphite hydrolyzes readily and fumes in
air. It reacts rapidly with aqueous sodium hydroxide.
Mercury is attacked slowly by the compound, as is Lubri-
seal stopcock grease. It reacts with sublimed antimony-
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(IT1) fluoride below 10° and under a pressure of 50 mm.
to produce methyl chlorofluorophosphite and methyl
difluorophosphite.
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22. 2-CHLOROETHYL DICHLOROPHOSPHITE
(Phosphorus(IIT) 3-Chloroethoxydichloride)

PCls + ClCzH4OH — ClC2H4OPClz + HCI

SusMITTED BY DoNALD RAY MarTIN,* W. Dovaras CooPER,* DwiGHT
R. SpEssarDp, AND HaroLp SimMons Boornt
Cueckep BY T. M. BeEck}] anp E. N. Warsui

The reaction between an alcohol and the halide of a non-
metal (usually phosphorus) is well known in the synthesis of
alkyl halides. Usually the reaction is conducted with an
excess of alcohol and/or in basic media; thus

3ROH + PX; — 3RX + H;PO;,

Until recent years, comparatively little attention has
been given to the inorganic products of these reactions. By
maintaining an excess of the nonmetallic halide, stepwise
replacement of a halogen atom by an alkoxy radical may be
achieved.

ROH + PX;— ROPX; + HX
ROH + ROPX;— (RO).PX + HX
ROH + (RO).PX — (RO);P + HX

In this synthesis, the reaction is confined primarily to the
first step by adding 1 mol of ethylene chlorohydrin to 1 mol
of precooled phosphorus(III) chloride.

* University of Illinois, Urbana, Tl
T Western Reserve University, Cleveland, Ohio.
} Vietor Chemical Works, Chicago Heights, .
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2-Chloroethyl dichlorophosphite may also be prepared by
allowing ethylene oxide to condense with phosphorus(III)
chloride.?

Procedure

The apparatus and procedure for the preparation of 2-
chloroethyl dichlorophosphite are essentially the same as
described for the analogous silicon and sulfuryl compounds
(synthesis 30). One hundred thirty-seven and one-half
grams of reagent-grade phosphorus(I1I) chioride (1.0 mol)
is allowed to react with 80.5 g. of freshly distilled, anhydrous
ethylene chlorohydrin (1.0 mol) in a 500-ml. flask under
the conditions set forth in the cited synthesis. Approxi-
mately 1 hour is required for the introduction of the
ethylene chlorohydrin.

After all the ethylene chlorohydrin has been added, stir-
ring is continued while the reaction mixture is allowed to
warm slowly to room temperature to facilitate the evolution
of dissolved hydrogen chloride.

The remaining mixture of reaction products is distilled
under a pressure of 40 mm. in an efficient fractionating col-
umn. The desired product is collected as a fraction boiling
between 77 and 81° (40 mm.). The yield of purified 2-chlo-
roethyl dichlorophosphite is about 131 g. (729%,). Anal.
Caled. for CIC,H,OPCl:: C, 13.24; H, 2.21; P, 17.10; Cl,
58.62. Found: C, 13.08; H, 2.28; P, 17.49; Cl, 58.52.

Properties

2-Chloroethyl dichlorophosphite is a colorless liquid
having a specific gravity of 1.515 at 0°. It solidifies to a
white solid at —142 + 1°. A second crystalline phase
may be obtained by allowing the first phase to warm to
room femperature. The higher-melting phase was not
obtained directly from the liquid phase, nor was a definite
temperature for the transition between the two phases
observed. The boiling point has been reported to be 172 to
175° (747.8 mm.)! and 162.4° (760 mm.).2
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2-Chloroethyl dichlorophosphite fumes in moist air and
hydrolyzes readily in water. It reacts vigorously with
ethanol and propylene glycol and is soluble in dioxane,
acetone, and diethyl ether. 2-Chloroethyl dichlorophos-
phite is obtained when the dichloride is allowed to react
with antimony(I11) fluoride at room temperature under a
pressure of 50 mm.
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23. DISODIUM DIHYDROGEN HYPOPHOSPHATE
2P(red) + 2NaClOz + 8H20—> N32H2P206-6H20 + 2HC1

SuBMITTED BY ELMER LEININGER* AND THoMaS CHULSKI*
CueckED BY THERALD MOELLER, T GLapys H. QuinTy,t anp RoBERT L.
REBERTUST

The methods commonly used for preparation of disodium
dihydrogen hypophosphate depend upon the oxidation of
yellow or red phosphorus. Yellow phosphorus may be
oxidized by air! or by copper(II) nitrate.*® Red phos-
phorus may be oxidized by chlorite,* hypochlorite,>® alka-
line permanganate,” hydrogen peroxide,” or iodine.! The
phosphorus(IIT) halides, upon hydrolysis and treatment
with iodine, yield some hypophosphate.* ! Eleetrolytic
oxidation of a phosphide of ecopper, nickel, or silver® has
also been used.

Of the various methods for preparing disodium dihydro-
gen hypophosphate, the one depending upon the oxidation
of red phosphorus with sodium chlorite seems to be the best,
congidering both the yield and the simplicity of the proce-
dure. In this reaction, phosphites and orthophosphates

* Michigan State College, East Lansing, Mich.
t University of Illinois, Urbana Ill.
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are also formed; however, the disodium dihydrogen hypo-
phosphate is easily separated because of its limited solu-
bility in cold water.

Procedure

The special reaction chamber A (Fig. 7) may be made
from the outer jacket of a Liebig condenser by cutting a 15-
or 20-cm. length from one end so as to include one tubula-
ture. The end near the
tubulature is closed with a
one-hole rubber stopper
through which a 30-cm.
length of glass tubing of
l-cm. id. 1is inserted.
While the reaction is taking
place, cold water is passed
through the central tube to
moderate the reaction.

Enough pieces of broken
porcelain B or large glass
beads are put in the outer
portion of the vessel to
cover the tubulature open-
ing. A 1-to2-cm.depth of
asbestos C is packed above
the porcelain chips, and
then alternate layers of red
phosphorus D and glass
beads E are packed into the )
column. A total weight of of Giuoium dihydrosen hypaphosphate
approximately 30 g. of
phosphorus (0.24 mol) is used. Care should be exercised
in the loading to obtain a compact filling which will not
settle when suection is applied.

A solution consisting of 54 g. of technical (83%) sodium
chlorite (0.50 mol)* in 450 ml. of water is then put into

—

* Mathieson Alkali Works.
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a dropping funnel which is placed above the reaction vessel
with the tip of the stem just inside the top of the chamber.
The chlorite solution is allowed to drop into the chamber at
a rate of 20 to 35 drops/min. (1 to 2 ml./min.). Cold water
is circulated through the central tube during the reaction.
The filter flask is connected to a water pump, and sufficient
suction is applied to draw the solution through the column
and at the same time retain a small volume (5 to 10 ml.) of
the solution above the phosphorus. If the reaction is
allowed to take place too rapidly, chlorine dioxide may be
evolved with boiling and spattering. The addition of the
chlorite solution requires from 4 to 7 hours.

Twelve grams of decolorizing carbon is placed in the solu-
tion of the phosphorus compounds contained in the flask,
and the mixture is allowed to stand overnight or is shaken
in a mechanical shaker for several hours. After the carbon
is removed by filtration, the solution is brought to a pH of
5.4 (glass electrode) by addition of a 159, solution of sodium
hydroxide. It is then heated to boiling, filtered to remove
the coagulated impurities, and allowed to stand overnight
at room temperature. The crystals are filtered, washed
several times with ice-cold water, and either air-dried or
dried in a desiccator over anhydrous disodium dihydrogen
hypophosphate.

The yield is 23 g. of Na,H,P.046H,0, which is approxi-
mately 309, based on the weight of sodium -chlorite
consumed.

The salt may be recrystallized from water with a loss of
1 to 2 g. of product.

Properties

Disodium dihydrogen hypophosphate hexahydrate is a
stable, colorless, crystalline compound. It loses its water
of erystallization completely at 110°. The solubility of the
hydrate is 2.0 g./100 ml. of water at 25°, Solutions of the
compound are quite stable, but upon heating or the addition
of acids, hypophosphate tends to disproportionate to phos-
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phite and orthophosphate. It is oxidized to orthophos-
phate-only with great difficulty.
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24. PHOSPHORUS(V) SULFOCHLORIDE

(Thiophosphoryl Chloride)

Several procedures have been reported for the synthesis
of phosphorus(V) sulfochloride. These include the reaction
of phosphorus(V) chloride with hydrogen sulfide,’? of phos-
phorus(1IT) chloride with sulfur,** of carbon tetrachloride
with phosphorus(V) sulfide,® and of phosphorus(V) chlo-
ride with phosphorus(V) sulfide.® The second and fourth
methods form the bases for the two syntheses presented
here.

mﬂmp\m.ww!_-

Procedure A

Preparation from Phosphorus(III) Chloride,
Aluminum Trichloride, and Elemental Sulfur

PCl; 4 AlCl; — AlICL;-PCl,
AlCl13-PCl; + 8 — PSCl; + AICI,
SusmiTTED BY THERALD MosLLER,* HomERr J. Birch,* Anp Niers C.
NieLsen*
CHECKED BY FrREDERIC B. DUTront anDp REED F. RiLeY?
This method of synthesis is essentially that of Knotz.*
Phosphorus(11I) chloride and sulfur are caused to react in

* University of Illinois, Urbana, TIL.
t Michigan State College, East Lansing, Mich.
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the presence of anhydrous aluminum(III) chloride to form
the sulfochloride. It is assumed, however, that the alu-
minum and phosphorus(III) chlorides form a molecular
addition compound, which then reacts with sulfur to give
the product and regenerate the catalyst. Under strictly
anhydrous conditions, the yield is nearly quantitative.
One hundred three grams of phosphorus(IIl) chloride
(0.75 mol), 24 g. of powdered sulfur (0.75 g.-atom), and
2.0 g. of white, anhydrous aluminum chloride (0.015 mol)*
are placed in a dry 300-ml. round-bottomed flask with a
single standard-taper opening. The flask is immediately
connected to two efficient condensers, which are joined in
serigs and arranged for refluxing. A calecium chloride dry-
ing tube fashioned from 0.75-in. glass tubing (to permit
rapid pressure release) is attached to the open end of the
condenser system. The flask is heated on a hot plate until
the aluminum chloride dissolves and the strongly exother-
mic reaction begins. This normally occurs at 40 to 50° and
is followed by an immediate rise in temperature to about
120°. The efficient condenser is necessary to prevent losses
by volatilization. All but a small quantity of sulfur should
react. If appreciable quantities of unreacted sulfur remain,
the flask is heated until the reaction is complete. The
resulting clear, brownish solution is cooled and then dis-
tilled, using a Liebig condenser. It is necessary to provide
ample protection from atmospheric moisture during the dis-
tillation. A few porcelain chips are added to the flask to
facilitate smooth boiling. A tarry residue remains; this
should be removed from the flask before it hardens. The
distillate is colorless and boils at 122 to 123°. The yield is
113 to 117 g. (89+to 929, based on sulfur). Losses are
largely mechanical and may be attributed to the presence
* The ratio 1PCl;:18:0,02A1Cl; -is critical. The quantities of reagents
employed are optional provided that the ratio is maintained. = Excess phos-
phorus(IIT) chloride renders separation of the final product difficult, whereas
excess aluminum chloride causes the reaction to go too rapidly for adequate

control. The aluminum chloride used should be white., The yellow form
promotes a more rapid reaction; however, the resulting yields are lower.
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of gelatinous aluminum chloride, which causes incomplete
distillation of the product. All-glass equipment is desir-
able, although reaction of the product with cork or rubber
appears to be slow.

Procedure B

Preparation from Phosphorus(V) Sulfide and
Phosphorus(V) Chloride

P,S; + 3PCl; — 5PSCl;

SueMiTTED BY DONALD RAY MARTIN* AND Witmer M. Duvarr*
Creckep BY Frepsric B, Durtont anp Reep F. Rieyt

The older literature reports the synthesis of phosphorus-
(V) sulfochloride by reaction of phosphorus(V) chloride
with phosphorus(V) sulfide in a sealed tube at 120°.
Experience has shown that pressures as great as 700 p.s.i.
may result under these conditions, indicating that an auto-
clave or bomb should be used. In the absence of these, the
reactor shown in Fig. 8 is suitable. It consists of an oil
bath containing a lecture bottle fitted with a pipe plug (iron
pipe size, 14 in.), a thermometer, and a knife type of immer-
sion heater. Although no difficulty has been experienced in
the use of this reactor, it is well to keep it behind a barricade
during the reaction.

In a hood, 211 g. of powdered phosphorus(V) chloride
(1.01 mols) is intimately mixed with 75 g. of powdered phos-
phorus(V) sulfide (0.338 mol) in a 500-ml. beaker. This
mixture is then transferred to the lecture bottle. Use of a
150-mm. short-stemmed funnel and a stirring rod facilitates
this transfer and keeps the pipe threads clean. After treat-
ment with pipe-joint compound, the pipe plug is screwed
into place. (A satisfactory pipe-joint compound can be
made by grinding litharge and glycerol together.)

The oil bath is maintained at 150° for 45 minutes with a
500-watt immersion heater. When cool, the reactor is

* University of Illinois, Urbana, Il
t Michigan State College, East Lansing, Mich.
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opened and the contents are poured into a 500-ml. round-
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Fia. 8. Apparatus for the
preparation of phospho-
rus(V) sulfochloride from
phosphorus(V) sulfide and
phosphorus(V) ehloride.

bottomed flask with a standa,rd-taper
neck. Distillation in ungreased
standard-taper equipment yields the
product as a colorless liquid. The
crude product is obtained in approxi-
mately 809, yield; distillation yields
709 of the theoretical amount of
phosphorus(V) sulfochloride having
a 2° boiling range. By extending the
reaction time to 2 hours, the yield of
purified product may be increased to
about 76 %.

Properties

Phosphorus(V) sulfochloride is a
colorless, fuming liquid with boiling
point 125° and specific gravity 1.635.
The alpha form solidifies at —40.8°,
while the beta form solidifies at
—36.2°.7 The compound hydrolyzes
slowly in water and rapidly in alka-
line solution. In water, the hydroly-
sig products are orthophosphoric acid,
hydrochloric acid, and hydrogen sul-
fide. Phosphorus(V) sulfochloride is
soluble in benzene, carbon tetrachlo-

ride, carbon disulfide, and chloroform. It reacts with
ethanol, yielding O-ethyl dichlorothiophosphate® (synthesis

25).

R e N
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25. O-ETHYL DICHLOROTHIOPHOSPHATE

(Phosphorus(V) Ethoxysulfodichloride)
P8Cl; + C.H;OH — C,H;0PSCl, + HCl

SueMITTED BY DoNALD RaY MarTiN,* HaroLp Simmons Boorn,t AND

Frep E. KenpaLL}

CHECKED BY G. A. McDoNALD§

O-Ethyl dichlorothiophosphate is prepared most con-
veniently by allowing ethanol to react with phosphorus(V)
sulfochloride.t3

Procedure

One hundred four milliliters of phosphorus(V) sulfochlo-
ride (1.0 mol) is placed in a 500-ml. three-necked flask.
The flask is fitted with a mercury-sealed stirrer, a water-
cooled condenser to which a drying tube containing barium
oxide is attached in a horizontal position, and a 250-ml.
dropping funnel containing 58 ml. of anhydrous ethanol (1.0
mol). All joints may be rubber stoppers or, preferably,
nonlubricated standard-taper ground-glass joints.

The reactor is placed in an ice bath in a hood. The con-
tents of the reactor are stirred vigorously while the ethanol
is added at a rate of about 0.5 ml./min. The ice bath is
removed after all the ethanol has been added, and stirring
is continued until the reaction mixture reaches room
temperature.

The apparatus originally attached to the three necks of
the reactor is quickly replaced by stoppers (rubber or
ground glass) and a Vigreux fractionating column adapted
for vacuum distillation. The pressure within the system
is slowly reduced to about 25 mm. After the dissolved
hydrogen chloride and the unreacted ethanol have been
removed, the contents of the still pot are heated slowly. A
fraction obtained over the range from room temperature up

* Naval Research Laboratory, Washington, D.C.

T Western Reserve University, Cleveland, Ohio. Deceased.

1 Western Reserve University, Cleveland, Ohio.
§ Victor Chemical Works, Chicago Heights, I11.
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to about 45° is primarily unreacted phosphorus(V) sulfo-
chloride. The desired product, O-ethyl dichlorothiophos-
phate, is collected at about 57° under a pressure of 25 mm.
The yield is about 70 g. (399%). Anal. Caled. for C,Hs-
OPSCl,: P, 17.31; S, 17.91; Cl, 39.61. Found: P, 17.15,
17.30:* S, 17.82, 17.90:* Cl, 39.62, 39.40.*

Properties

O-Ethyl dichlorothiophosphate is an oily, colorless liquid
which freezes to a white solid at —78.4 + 0.5°. It is
thermally unstable at temperatures above 90°. The vapor
pressure is expressed by the equation

2108.1
77

log Pom, = 7.7846 —

The boiling point at 20 mm. is 52.0°; specific gravity,
1.43953°.

The compound displays no tendency to hydrolyze in air
or in water. It reacts slowly with aqueous sodium hydrox-
ide. It is soluble in ethanol, acetone, ether, and carbon
tetrachloride.

O-Ethyl dichlorothiophosphate reacts with sublimed
antimony (IIT) fluoride in the presence of a small amount
of antimony(V) chloride to yield O-ethyl chlorofluorothio-
phosphate and O-ethyl difluorothiophosphate.® No reac-
tion has been observed when the vapors are in contact
with mercury. Steel is attacked very slightly by the liquid.
The liquid in small quantities has no vesicant action upon
the hands.
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26. DIETHYL MONOAMIDOPHOSPHATE

(C.H;0).,POH + CCl, + 2NH; —

(C.H;0),PONH, + CHCl; + NH,CI

SusmitTED BY J. E. MALOWAN*

Cueckep BY T. P. Traiset axp T. M. Brckt

Diethyl monoamidophosphate can be produced by the

ammonolysis of diethyl monochlorophosphate or preferably
by the reaction of diethyl phosphite with carbon tetrachlo-
ride and ammonia, as described by Atherton, Openshaw,
and Todd?! and further elaborated by Steinberg.?

Procedure

One hundred thirty-eight grams (1.0 mol) of diethyl phos-
phite (synthesis 19) and 153.8 g. of carbon tetrachloride
(1.0 mol) are diluted with 400 g. of dry benzene and placed
in a 2-1. three-necked flask, which is equipped with a stirrer,
a thermometer, and gas inlet and outlet tubes. The outlet
tube is connected to a drying tube to prevent access to moist
air, The flask is kept in a salt-ice bath and agitated while
ammonia is admitted at such a rate that the temperature
does not exceed 5°. Three to four hours are required. The
reaction is complete when the escape of ammonia through
the outlet tube is detectable and heat is no longer evolved.
When this oceurs, the ammonia flow is stopped, but agita-
tion is continued for an additional 15 minutes; the solution
should still possess a strong odor of ammonia. The ammo-
nium chloride produced is filtered on a Biichner funnel with
suction and washed with benzene. It may be dried and
weighed as a check on the reaction.

The filtrate is heated in a flask, under atmospheric pres-
sure, to distill out the benzene and chloroform. Vacuum is
then applied, and the flask is heated to 80 to 90° to drive off
the last traces of the solvents.

* Central Research Department, Monsanto Chemical Company, Dayton,

Ohio.
t Victor Chemical Works, Chicago Heights, Il1.
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The residue is nearly colorless and solidifies to a crystal-
line mass on cooling. The yield is approximately 909%.
Anal.* Caled. for (C.H;0),PONH,: P, 20.2; N, 9.1.
Found: P, 20.7, 21.7; N, 8.8, 8.7.

Properties

Diethyl monoamidophosphate forms colorless, needlelike
crystals, which melt at 46 to 47°. It is very soluble in
water, alcohol, acetone, ether, carbon tetrachloride, and a
number of other organic solvents but insoluble in hexane.
It is very hygroscopic and liquefies when exposed to moist

alr.
References

1. AtaErroN, OPENsHAW, and Topp: J. Chem. Soc., 1946, 660.
2. STEINBERG: J. Org. Chem., 1B, 637 (1950).

27. DIETHYL MONOCHLOROPHOSPHATE
(C.H;:0).POH + Cl; — (C.H;0).POCI 4+ HCl

SusmiTTED BY J. E. MALOWANT
Cugpckep BY T. P. Tra1sef anp T. M. Beck}
Diethyl monochlorophosphate has been prepared by the

reaction of triethyl phosphate with phosphorus(V) oxy-
chloride, by treating diethyl phosphite with sulfuryl chlo-
ride,! from diethyl phosphite and carbon tetrachloride in the
presence of a tertiary amine,? from ethanol and phosphoryl
chloride in a medium of pyridine and benzene,? and by the
chlorination of diethyl phosphite.#5 The last procedure is
simple and gives good yields.

Procedure

One hundred thirty-eight grams of diethyl phosphite (1.0
mol) is placed in a three-necked flask, equipped with a close-
fitting stirrer, gas inlet and outlet tubes, and a thermometer,
and then cooled in an ice-salt bath. The gas outlet tube is

* Analytical data are furnished by the checkers.

t Central Research Department, Monsante Chemical Company, Dayton,

Ohio.
1 Vietor Chemical Works, Chicago Heights, Il
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connected to a drying tube to prevent access of moist air.
Since hydrogen chloride is generated, the experiment must
be conducted in a hood.

Chlorine is slowly conducted into the diethyl phosphite
with constant stirring and at such a rate that the tempera-
ture does not exceed 5°. When the liquid acquires a light
yellow color from free chlorine, in from 2 to 3 hours, the
chlorine flow is stopped and the product is transferred to a
distilling flask. A short fractionating column is attached,
and this column is connected to a condenser and a receiver.

When vacuum is applied, the liquid bubbles vigorously
as the free chlorine and hydrogen chloride escape. After
this boiling subsides, heating is started. With a pressure of
20 mm., distillation begins at 100 to 110°. The vapor tem-
perature is 103.0 to 104.5°. When the distillation is com-
plete, the temperature in the flask rises rapidly to 150°, with
the pressure increasing to about 35 mm., indicating decom-
position. The distillation is stopped when this occurs.
The yield of diethyl monochlorophosphate is 80 to 909.
Anal.* Caled. for C,H;,0;CIP: P205, 41.5; CI, 20.6.
Found: P,0;, 41.2, 41.0; Cl, 21.6, 21.5.

Properties

Diethyl monochlorophosphate is a colorless liquid of
irritating, unpleasant odor, with boiling point 89° (at 15
mm.), n2° 1.4150. It fumes in moist air and reacts vig-
orously with water. It reacts with ammonia to give ethyl-
amidophosphate and with amines to give substituted
ethylamidophosphates.®

References

. Argrrron, Howarp, and Topp: J. Chem. Soc., 1948, 1106.
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* The analytical data are furnished by the checkers.
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98. VANADIUM(III) OXIDE AND VANADIUM(V)
OXYTRICHLORIDE (CORRECTION)!

VzOs + 2H2 —> V203 + QHQO
2V203 + 6012 —> 4:VOCl3 + 02

SusmiTTED BY F. E. BRown* anD F. A, GrirrFiTTS*
Caeckep BY G. B. Hesiet anD L. A. ExBERGT

Doctor H. C. Mattrawi has called attention to the fact
that, in the synthesis of vanadium(V) oxytrichloride!
(VOCl,), as described in part A of synthesis 38 of Volume I,
the reduction of vanadium(V) oxide by hydrogen was incor-
rectly said to yield vanadium(II) oxide (hypovanadous
oxide), V:0,, instead of vanadium(IIT) oxide, V,0;, which
is in fact produced under the conditions specified, as indi-
cated in the above equations. The chlorination of the
resulting oxide, mixed with an equal weight of decolorizing
charcoal, yields vanadium(V) oxytrichloride, as correctly
described in part B.

Attention should also have been called in Volume I to the
vapor-pressure data of Flood, Ggrrissen and Veimo,? which
are not in accord with those of Brown and Griffitts,? espe-
cially at lower temperatures. Flood and coworkers give
the following values, those in the second column being cal-
culated on the basis Q@ = 8.7 kecal., and those in the third
column being the measured values.

Caled. vapor | Measured vapor
Temp.
press., mm. press., mm.
—15.0 1.75 1.9
0.0 4.6 4.4
11.5 8.4 8.0
19.1 13.0 15.5
31.1 24.0 28.3
40.0 35.0 42.0
50.0 55.0 64.0
60.0 85.0 93.0
80.0 175.0
100.0 340.0
127.0 (760.0) (760.0)

* Tows State College, Ames, Iowa.
1 University of Minnesota, Minneapolis, Minn.
! Analytical Section, Knolls Atomic Power Laboratory, Schenectady, N.Y.
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Flood and coworkers report the freezing point of vana-
dium(V) oxytrichloride to be —79.5°.

References
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See also: Thiosemicarbazide, synthesis 12
Phosphorus(V) sulfochloride, synthesis 24
(-Ethyl dichlorothiophosphate, synthesis 25

29. SODIUM SUPEROXIDE
Na202 —|—- 02 —> QNaOZ

SuBMITTED BY STEPHEN E. STRPHANOU,* EDGAR J. SEYB, JR.,* AND JACOB
KLEINBERG*
CeEckED BY R. H. Suageryf axp W, H. ScHECHTER
The rapid oxidation of sodium in liquid ammonia® under
carefully controlled conditions yields a material of the
empirical formula NaQO, ¢;, which corresponds to a mixture
of 4 mols of sodium superoxide with 1 mol of sodium perox-
ide. A more practicable method for preparing sodium
superoxide, and one which results in a produect of relatively
high purity, involves the direct combination of sodium per-
oxide and oxygen at elevated temperatures and pressures.?

Procedure

The apparatus employed (Fig. 9) consists of a stainless-
steel bomb A4 of about 180 ml. capacity} equipped with
such an arrangement of needle valves that the system can
be completely evacuated or filled with oxygen under pres-

* University of Kansas, Lawrence, Kan.

1 Mine Safety Appliances Company, Pittsburgh, Pa.

1 The bomb, tubing, and other accessories were obtained from the Amer-
ican Instrument Company, Inc., of Silver Springs, Md. The equipment
wag supplied as a hydrogenation apparatus and was adapted for use with
oxygen by the removal of all oil and grease by means of carbon tetrachloride
and acetone and replacement of the valve packing with a special oil-free
material obtained from the Puritan Compressed Gas Corporation, Kansas
City, Kan. The seat of each needle valve was lubricated with 4 trace of
mutton fat.

82
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sure. The heating jacket B is insulated with a layer of
magnesia about 1 in. thick. An iron-constantan thermo-
couple H is inserted in the wall of the bomb and is connected
to a Brown electronic recorder; regulator C permits tem-
perature control. The voltage across the heating elements

G
To vacuum pump N
K

E F

4

110 ac

Lo [©
il
afl

L_

10ac

H

Fia. 9. Apparatus for the preparation of sodium superoxide.

of the bomb jacket B is adjusted by means of the power-
stat D.

A weighed sample, approximately 10 g., of sodium per-
oxide* (0.13 mol.) is placed inside a pyrex container} which
fits snugly into the bomb, and the system is evacuated to 1
to 3 mm. pressure for several hours. Oxygen from a cyl-
inder is added slowly through valve F until a pressure of

* Sodium peroxide of especially large surface area and high purity should
be used. This can be obtained from the Mine Safety Appliances Company,
Pittsburgh, Pa.

T The pyrex container is fitted with a ground-glass stopper. There is a

small opening at the joint which permits adjustment and allows access of
oxygen during the course of the run.
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approximately 2000 p.s.i. is attained. Valve K is then
closed, and the bomb is heated to 450 to 475° for approxi-
mately 6 hours. (After this time the oxygen pressure as
shown by pressure gage G has reached an approximately
constant value.) The bomb is cooled to room temperature,
and the produect is removed. It is then analyzed for avail-
able oxygen by decomposition with a catalyst solution
which 13 2 M with respect to hydrochloric acid and 1 M in
iron(I1I) chloride.®* From the corrected volume of oxygen
evolved per gram of product, on the assumption that only
superoxide and peroxide are present, the weight per cent of
sodium superoxide is calculated by means of the equation

ml. O, evolved/g. product — 144
162

) X 100 = 9, NaQO,

where the numerator of the parenthetical term represents
milliliters of oxygen evolved per gram beyond that required
for pure sodium peroxide, and the denominator is the differ-
ence in milliliters of oxygen evolved per gram between pure
sodium superoxide and sodium peroxide. Under the con-
ditions described above, a yield of approximately 13.5 g.
(969,) of superoxide is obtained.

To avoid decomposition due to exposure to atmospheric
moisture, both starting material and product are handled in
a dry box containing phosphorus(V) oxide.

Properties

The material obtained in the bomb is a bright orange,
sintered mass which may be readily pulverized in a mortar
to a yellow, hygroscopic powder. Upon exposure to mois-
ture, it evolves oxygen and gradually loses its color, leaving
a white residue, which is a mixture of peroxide and hydrox-
ide. Sodium superoxide appears to be stable indefinitely
when stored in a desiccator over phosphorus(V) oxide.

Sodium superoxide, which contains the :0-=0:~ ion,
has an effective magnetic moment of approximately 2 Bohr
magnetons. The crystal structure is like that of sodium
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chloride, with O, ions occupying the halide positions with
disorderly orientation.*
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30. 2-CHLOROETHYL CHLOROSULFONATE AND
(2-CHLOROETHOXY)TRICHLOROSILANE

[8-Chloroethoxylsulfuryl Chloride and
(8-Chloroethoxy)silicon Trichloride]

SusmrrTEp BY Donarp R. Marmin,* Joun F. Surrik,f anp HaroLp

Smmons Boorni
CHECKED BY FREDERIC B. DurTon§

The solvolytic behavior of the halides of many of the non-
metals (e.g., PX;, BX;, 8iX,, SOX,) is well known. The
alcoholysis of these inorganic molecules has been used gen-
erally for introducing halogen into organic molecules. This
synthesis is a modification of the method first used to
prepare 2-chloroethyl chlorosulfonate in which ethylene
chlorohydrin is added to sulfuryl chloride.? The general
reaction is also applied here to the alcoholysis of silicon
tetrachloride to produce the new compound (2-chloro-
ethoxy) trichlorosilane. 2-Chloroethyl chlorosulfonate has
also been synthesized by the reaction of ethylene chloride
and fuming sulfuric acid® and by passing chlorine into
bis(2-chloroethyl) sulfite.?

Procedure
A. 2-CHLOROETHYL CHLOROSULFONATE
CIC.H,OH + CIS0,Cl — CIC,H,080,Cl + HC!

One hundred sixty milliliters of sulfuryl chloride (2.0
mols) is placed in a 500-ml. three-necked flask. The flask

* Naval Research Laboratory, Washington, D.C.

T University of New Mexico, Albuquerque, N.M.

I Western Reserve University, Cleveland, Ohio. Deceased.

§ Michigan State College, East Lansing, Mich.
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is fitted with a mercury-sealed glass stirrer, a water-cooled
condenser to which a drying tube containing Drierite is
attached, and a dropping funnel containing 132 ml. of
ethylene chlorohydrin (2.0 mols). All joints are nonlubri-
cated standard-taper ground-glass joints.

The reactor is placed in an ice bath, and its contents are
stirred vigorously while the ethylene chlorohydrin is added
dropwise at a rate of approximately 2 ml./min. (hood).
The reaction mixture is maintained at 0° until the addition
is completed. Stirring is continued for 45 minutes after all
the ethylene chlorohydrin has been added, while the reac-
tion mixture is allowed to warm slowly to room temperature.

The apparatus originally attached to the three necks of
the flask is quickly replaced with two glass stoppers and a
Vigreux fractionating column adapted for vacuum distilla-
tion. The pressure within the distillation apparatus is
cautiously reduced to about 25 mm. After the dissolved
hydrogen chloride and other volatile compounds cease to be
evolved, the reaction products are heated slowly to about
100°. All the distillate which is removed below 100° is dis-
carded. The clear product is collected between 100 and
101°, The yield is 196 ml. (859%). Anal.* Caled. for CI1C.-
H,0S0,Cl: Cl, 39.61; S, 17.91. Found: Cl, 38.57; 8, 17.02.

B. (2-CHLOROETHOXY)TRICHLOROSILANE
CIC.H,OH + SiCl, — CIC,H,08iCl; + HCl

The procedure for the preparation of (2-chloroethoxy)-
trichlorosilane is the same as that given in part A above,
with a few modifications. The reaction is carried out in a
1-1. flask rather than in the 500-ml. flask described above;
the rest of the apparatus is the same as in part A.

Two hundred twenty-six milliliters of silicon tetrachloride
(2.0 mols) is allowed to react with 68 ml. of ethylene chlo-
rohydrin (1.0 mol). This excess of silicon tetrachloride is
used to reduce the probability of secondary reactions which
might produce di-, tri-, and/or tetraalkoxy derivatives.

* These data were supplied by the-checker.
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In order to reduce the rate of reaction, the ethylene chlo-
rohydrin is diluted with 200 ml. of anhydrous ethyl ether.

After the reaction has been carried out, the apparatus is
arranged for distillation as previously described (part A),
and the reaction flask is heated at atmospheric pressure to
facilitate removal of the dissolved hydrogen chloride, ethyl
ether, and excess silicon tetrachloride. The vapor tem-
perature is not allowed to rise above 55 to 60°. Vacuum is
then applied, and the pressure in the system is lowered
slowly to about 33 mm. The desired produet distills at 66
to 68° under a pressure of 33 mm. Most of the distillate is
obtained at 66°. The yield is about 130 ml., which is
approximately 909 based on ethylene chlorohydrin.
Anal.* Caled. for CIC.H,OS8iCl;: Cl, 66.3. Found: Cl,
65.90, 66.15.

Properties

2-Chloroethyl chlorosulfonate is a colorless liquid with
the following physical constants: sp. gr., 1.5809, 1.555/83,
1.55220-5:4 nl8-3 1 4587; n2l, 1.4578;%* b.p., 73° (4 mm.), 92°
(14.5 mm.),* 101° (23 mm.),* and 120 to 122° (80 mm.).?

This product hydrolyzes very slowly; however, it is
rapidly destroyed by sodium hydroxide. It is miscible
with alcohol and ether with no apparent reaction. 2-Chlo-
roethyl chlorosulfonate is more stable than ethyl chlorosul-
fonate. It is quite stable thermally; no polymerization is
apparent. Upon long standing, decomposition occurs with
the evolution of hydrogen chloride as evidenced by darken-
ing of the liquid.

B-Chloroethoxylsulfuryl chloride is a lacrimator which
possesses an odor somewhat similar to that associated with
chloropicrin® and formaldehyde.?

(2-Chloroethoxy)trichlorosilane is a clear, colorless liquid
which decomposes if distilled under atmospheric pressure.
Its boiling point has been observed to be 63° (25 mm.) and
66° (33 mm.). It reacts with sodium hydroxide and with

* This datum was supplied by the checker.
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antimony (ITI) fluoride. The latter reaction yields silicon
tetrafluoride. There is no apparent reaction between cal-
cium fluoride or antimony pentachloride and (2-chloro-
ethoxy)trichlorosilane. The latter is quite soluble in
tetrachloroethylene.
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31. SODIUM “SELENOPENTATHIONATE”
3-HYDRATE* AND SODIUM

“TELLUROPENTATHIONATE” 2-HYDRATE*

SusMITTED BY OLAV Foss?
CueckxEp BY JounN J, Pitaal

8602 + 48203= + 4H+ d S40e= + 8684()6: + 2H20
T802 + 4SzOz= + 4:H+ — S4Os= + TGS405= + 2H20

Sodium ‘‘selenopentathionate’’ 3-hydrate, which was first
isolated in 1949, is prepared by the reaction used by Norris
and Fay? for the iodometric analysis of selenious acid.
Salts of ‘‘telluropentathionic’ acid were also first isolated
in 1949.32 The reaction utilized in their preparation was
also discovered by Norris and Fay.** Tellurous acid can-
not be analyzed by a procedure analogous to that which
Norris and Fay applied to the determination of selenious
acid, because ‘‘telluropentathionate’’ is not indifferent to
iodine but may be titrated directly with it:?

TeS. 06~ + 21, + 2H,0 — TeO, + 8,05~ + 41~ + 4H"

* Unambiguous names for these compounds will have to await proof of
their structures.—EpiToR.

t University of Oslo, Blindern-Oslo, Norway.

1 Michigan State College, East Lansing, Mich.



SODIUM “SELENOPENTATHIONATE” 3-HYDRATE 89

Procedure

It is imperative that an excess of selenious acid or tellu-
rous acid be present at every stage of the process, since thio-
sulfate catalyzes the decomposition of ‘‘selenopentathio-
nate’’ and ‘‘telluropentathionate.”

A. SODIUM “SELENOPENTATHIONATE” 3-HYDRATE

One hundred thirty grams of sodium thiosulfate 5-hy-
drate (0.524 mol) is dissolved in 40 ml. of water by heating,
and subsequently cooled to 25 to 30°. The resulting solu-
tion is added dropwise to a solution of 17.2 g. of selenium
dioxide (0.155 mol) in 20 ml. of water and 100 ml. of glacial
acetic acid, over a period of about 20 minutes, with mechan-
ical stirring and cooling in an ice-salt mixture. The tem-
perature of the reaction mixture should be about 0°. One
hundred fifty milliliters of ethanol is added to the clear,
viscous, yellowish-green solution of sodium tetrathionate
and sodium ‘‘selenopentathionate.” After crystallization
begins, 50 ml. of ether is added, and cooling and stirring are
continued for 15 minutes. The product is filtered, washed
with ethanol and with ether, and dried in vacuo over sul-
furic acid.

The crude product contains about 40 g. of sodium
‘‘gelenopentathionate’ 3-hydrate and about 4 mol per cent
of sodium tetrathionate. It is dissolved in 50 ml. of 0.2 N
hydrochloric acid at about 30°, and the solution is filtered
with suction. One hundred milliliters of methanol is added,
and the mixture is cooled in an ice-salt mixture. Pure
sodium ‘“selenopentathionate’’ 3-hydrate precipitates and
is filtered, washed with ethanol, and dried ¢n vacuo over sul-
furic acid. The yield is about 25 g. (65%).

B. SODIUM “TELLUROPENTATHIONATE” 2-HYDRATE

One hundred ten grams of sodium thiosulfate 5-hydrate
(0.444 mol) in 60 ml. of water is added to a solution of 18.8 g.
of tellurium dioxide (0.118 mol) in 45 ml. of concentrated
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hydrochloric acid (12 N) and 75 ml. of glacial acetic acid,
over a period of about 15 minutes and under the same con-
ditions as were described for sodium ‘‘selenopentathionate.”
One hundred fifty milliliters of ethanol is added to the mix-
ture, and cooling and stirring are continued for about 15
minutes. It is sometimes necessary to scratch the walls of
the beaker with a glass rod in order to start the crystalliza-
tion. The crude product is filtered, washed with ethanol
and with ether, and dried ¢n vacuo over sulfuric acid. It
contains about 35 g. of sodium ¢ telluropentathionate”
2-hydrate and 2 to 4 mol per cent of tetrathionate. It is
recrystallized from about 60 ml. of 0.2 N hydrochloric acid
at less than 45°. From this point the procedure is as
described in part A above. The yield of pure product is
about 20 g. (45%).

Properties’3?

Sodium ‘‘selenopentathionate’ 3-hydrate crystallizes as
small, voluminous, pale yellowish-green leaves or thin
plates. It is very soluble in water and appreciably soluble
in methanol, but insoluble in ethanol. Aqueous solutions
of the substance are yellowish green.

Sodium ‘‘telluropentathionate’ 2-hydrate crystallizes as
small plates or flat needles. A mass of crystals appears yel-
low with an orange tint; single crystals are yellow with a
greenish tint. Dilute aqueous solutions are yellow; con-
centrated solutions are orange red. The salt is readily
soluble in water, though less soluble than the analogous
selenium compound. It is insoluble in ethanol and insolu-
ble or very sparingly soluble in methanol. Its water of
hydration, like that associated with sodium ‘‘selenopenta-
thionate,” is lost very slowly in vacuo over sulfuric acid.

The salts, when pure, may be kept unchanged over sul-
furic acid for several months. Eventually selenium or
tellurium is liberated. The aqueous solutions gradually
decompose into selenium or tellurium and tetrathionate.
Thus, 0.064 M solutions of ‘““selenopentathionate’ become
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red after standing about 10 hours at 25° and solutions of
“telluropentathionate” become gray after standing about
3 hours. The rate of decomposition is more rapid for the
selenium compound than for the tellurium compound.
Solutions of these salts are stabilized by mineral acids,
whereas alkalies accelerate the decomposition. Alkali
xanthates and dithiocarbamates react to give xanthates
and dithiocarbamates of bivalent selenium and tellurium
(synthesis 32).
References
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32. XANTHATES AND DITHIOCARBAMATES OF
SELENIUM(II) AND TELLURIUM(I)

MS405= + 2ROCSz~——> M(SzCOR)z + 2S203=
MS,0¢~ 4+ 2R, NCS;~ — M(S,CNR.). + 28,05~
(M = Se, Te)
SusMITTED BY OLAV Foss*
CurckED BY JoHN J. Prraat
Selenium and tellurium dioxides react with alkali xan-

thates and dithiocarbamates to give xanthates and dithio-
carbamates of selenium(IV) and tellurium(IV).*? Russell?
states that the product formed by sodium diethyldithio-
carbamate and selenium diovide sometimes appears as an
equimolar mixture of selenium(II) dithiocarbamate and
the corresponding bis(thiocarbamyl) disulfide, (R:NCS),S,.
The commercial selenium dithiocarbamates, prepared by
the above-mentioned method, usually consist of such mix-
tures. The disulfide can, in most cases, be extracted from
selenium(IT) dithiocarbamate by means of cold benzene or
chloroform.

* University of Oslo, Blindern-Oslo, Norway.
t Michigan State College, East Lansing, Mich.
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Xanthates and dithiocarbamates of bivalent selenium
and tellurium may be conveniently prepared®— by allowing
sodium ““selenopentathionate” or sodium ‘telluropenta-
thionate” to react with alkali xanthates or dithiocar-
bamates. The reactions are rapid and quantitative, and
the products separate from the aqueous reaction mixtures
in a high state of purity.

Procedure

A solution of 0.025 mol of sodium or potassium xanthate
or dithiocarbamate in 100 ml. of water is added, with stir-
ring, to 3.5 g. of sodium ‘‘selenopentathionate’ (0.01 mol)
or 40 g. of sodium *telluropentathionate’” (0.01 mol)
synthesis 31) dissolved in 100 ml. of water. The product
immediately precipitates, and after being stirred for several
minutes, it coagulates, leaving a clear liquid. It is filtered,
washed with water and methanol, and dried in vacuo over
sulfuric acid. Conditions for crystallization of some of
these compounds are outlined in Table I. Selenium ethyl-
xanthate, which is an oil, is extracted from the aqueous
layer with ether. The ether extract so obtained is dried
over anhydrous sodium sulfate, after which the ether is
removed by distillation.

Properties

The selenium derivatives of xanthates and dithiocar-
bamates are greenish yellow; the tellurium eompounds are
red. In the solid state, the dithiocarbamates are quite
stable, while the xanthates decompose after a few days,
liberating selenium or tellurium. The compounds are insol-
uble in and unaffected by water. The decomposition of the
selenium compounds into selenium and disulfides is strongly
catalyzed by xanthates and dithiocarbamate ions. The
uncorrected melting points are summarized ih Table 1.
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TasLe I
Compound M.p Purification Crystalline
form
Se(8:COCH;). 106 Recrystallized from ethyl ace- | Plates or
' tate (5 g. dissolved in 75 ml. | prisms
at 60°)
Se(8:COC:Hg):  |.......... Extracted with ether and dis- | (An oily
tilled liquid)
Se(S:CN(CH;)s)2 182-183 | Recrystallized from chloro- | Microcrys-
form (1 g. dissolved in 300 | talline
ml. at b.p.) powder
Se(8:CN(C:Hys)2)2 116 Recrystallized from benzene | Plates or
(5 g. dissolved in 80 ml. at 60| leaves
to 70°)
Te(S;COCH,;). 89 Recrystallized by dissolving | Flat needles
5 g. in 20 ml. of warm ben-
zene and adding 50 ml. of
warm methanol
Te(S.COC.Hs)s 94 Recrystallized by dissolving | T.ong nee-
5 g. in 10 ml. of warm ben-| dles
zene and adding 25 ml. of
warm ethanol
Te(S:CN(CH,)2): | Above 250 | Too insoluble in ordinary or-
ganic solvents to be con-
veniently recrystallized
Te(SCN(C.Hj)2)» 164 Recrystallized by dissolving

5 g. in 15 ml. warm ecarbon
disulfide and adding 25 ml.
of ether

|
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33. ADDITION COMPOUNDS OF
CHROMIUM (VI) OXIDE

SusMmiTTED BY OLIvER E. AccounTtius,* Jack Busw,*
anp Harry H. Sisuer*
CHECKED BY W. F. LupER}

The ability of certain nitrogen bases to form addition
compounds with Lewis acids (electron-pair acceptors) is
well known. Reactions of this type in the case of chro-
mium(VI) oxide are complicated by the fact that the oxide
is a strong oxidizing agent. Procedures are given here for
the preparation of three typical compounds: pyridine—
chromium(VI) oxide, 2C;H;N-CrO;; 3(or B)-picoline—chro-
mium(VI) oxide, 2C;H;N-CrO;; and 4(or +)-picoline—
chromium(VI) oxide, 2C¢H;N-CrO;.1

Procedure
A. PYRIDINE-CHROMIUM (VI) OXIDE
'2C5H5N ‘I‘ CI'03 - 205H5N~Cr03

Four grams of chromium(VI) oxide (0.04 mol) is dried at
110° in vacuo for 4 hours and is then cooled in an ice-salt
mixture. Fifty milliliters of pyridine (0.63 mol) is also
cooled in a 300-ml. Erlenmeyer flask. - While the 50 ml. of
pyridine is shaken in the flask immersed in an ice-salt-water
mixture, the chromium(VI) oxide is slowly added. The
flask is stoppered, and the mixture is agitated until all solid
particles have dissolved. A larger amount of pyridine may
be used to hasten solution, if desired. Cooling is necessary,
since the reaction generates enough heat to bring about oxi-
dation of the pyridine unless the temperature is controlled.

* Ohio State University, Columbus, Ohio.
1 Northeastern University, Boston, Mass.
94
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The reaction flask is connected to a vacuum pump
through a cold finger cooled in an acetone—Dry Ice mixture
or in liquid air. The evacuation is continued until all the
liquid has evaporated. Since the compound is photosensi-
tive, the reaction flask should be protected from light.

After evaporation of the excess liquid, the reaction flask
is disconnected and the product removed. The product
will vary from a light yellow cake to dark red crystals
depending on the rate of evaporation of the pyridine. Slow
evaporation is most favorable to the formation of large crys-
tals. The yield is approximately 10.3 g. (1009,). The
sample may be stored indefinitely at room temperature in
a tightly stoppered bottle in the dark. Anal. Caled. for
2CsH;N-CrO;: Cr, 20.14. Found: total Cr, 20.48, 20.58;
Crft, 20.15, 20.35.

B. 3-PICOLINE-CHROMIUM (VI) OXIDE
2CGH7N + CI'Oa - 206H7N‘CI'03

The procedure is the same as for the pyridine compound.
The product is a yellow-tan cake. Yields are approxi-
mately quantitative. Anal. Caled. for 2CsH;N-CrO;: Cr,
18.17. Found: total Cr, 18.41, 18.28; Cr®™, 18.34, 18.14.

C. 4-PICOLINE-CHROMIUM (VI) OXIDE
205H7N + CI'03 — 2CGII7N'CI'03

The procedure is the same as for the other two com-
pounds. The product is a yellow cake, and yields are
approximately quantitative. Anal. Caled. for 2CH,N-
CrQ;: Cr, 18.17. Found: total Cr, 18.21, 18.20; Cr®*
17.92, 18.10.

Analysis

A weighed sample of the product (approximately 1 g.) is
dissolved in a 39, perchloric acid solution, with gentle heat-
ing in a water bath if necessary. To determine chromium-
(VI), aliquot portions of the solution are acidified with 109,
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sulfuric acid, after which 3 ml. of 809, phosphoric acid and
an excess of standard iron(I1) ammonium sulfate are added.
The solution is then back-titrated with standard potassium
dichromate solution, using sodium diphenylamine-p-sul-
fonate as an indicator.

The amount of reduction of the chromium may be deter-
mined by oxidizing aliquot portions of the above solution
and determining the total chromium content. The oxida-
tion is effected by acidifying the sample with 109, sulfuric
acid and heating nearly to boiling. A small crystal of silver
nitrate and approximately 2 g. of ammonium peroxydisul-
fate are added for every 50 ml. of solution. The treated
solution is evaporated to one-half its former volume, cooled,
and diluted to 50 ml. The remainder of the procedure is
the same as that used for hexavalent chromium.

Properties

These compounds are insoluble in carbon tetrachloride,
benzene, and ethyl ether but they color ethanol, acetone,
and ethylene glycol appreciably. They are slightly photo-
sensitive and somewhat hygroscopic. They decompose
only slowly at 100°; however, they tend to ignite at higher
temperatures, giving a voluminous, gray-green mass of
chromium(III) oxide. They are soluble in the parent
nitrogen base, though the picoline compounds are somewhat
less so than the pyridine compound. All undergo hydrol-

ysis in water.
Reference

1. SisLER, Bush, and Accountius: J. Am, Chem. Soc., 70, 3827 (1948).
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34. POTASSIUM
PENTACHLOROAQUOMOLYBDATE(III) AND
POTASSIUM HEXACHLOROMOLYBDATE(III)

MoO; + 6H™ + 6Cl™ + 3¢~ — [MoClgl= + 3H,0
[MoCle]= + H.0 — [MoCl;H.0]~ + CI~
3K* 4 [MoClg]= — K3[MoClg]

2K* + [MoCl;H,0]" — K,[MoCl;,0]

SteMiTTED BY KARL H. LonMann* aNp Rarpr C. Young*

CuEckED BY ROBERT C. OstHOFFT AND JosEpPH THURNER?T

In 1903, Henderson! prepared a compound to which he

assigned the formula 3KCl-MoCl;-2H,0. It was made by
the action of potassium amalgam on a solution of molybdic
acid in hydrochloric acid. Several workers?™ ¢ have
studied the electrolytic reduction of solutions of molybdic
acid. They observed that the lowest oxidation state
attained by molybdenum under these conditions is 3.
The addition of alkali chloride to the reduced solutions
precipitates red salts represented by the formulas M;[Mo-
Cls] and M,[MoCl;H,0]. The pentachloro salt is a much
darker red than the hexachloro salt. The solubilities of the
salts formed decrease as the atomic weights of the alkali
ions increase.

Procedure
A. POTASSIUM PENTACHLOROAQUOMOLYBDATE((IIT)

Twenty-one grams of molybdenum(VI) oxide (0.15 mol)
is refluxed with 150 ml. of 12 N hydrochloric acid until solu-
tion of the oxide is almost complete. Water is added (in
small increments so that the solution may be kept hot) until
the volume is 350 ml. The mixture is then transferred to
the cathode compartment of an electrolytic cell.

The glass cell is eylindrical in shape, 15 em. in height and
9.5 em. in diameter. A pool of mercury covering the bot-
tom serves as the cathode, to which the current is conducted

* Massachusetts Institute of Technology, Cambridge, Mass.
1 Harvard University, Cambridge, Mass.
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by a platinum wire sealed inside a glass tube. The cell is
closed to the air with a rubber stopper, which is provided
with holes for a porous cylindrical cup, an inlet tube for
carbon dioxide, which serves both to stir the solution and
as an inert atmosphere, and an outlet tube for hydrogen and
carbon dioxide. The porous cup is fitted with a rubber
stopper which holds a graphite anode and an exit tube for
chlorine. This anode chamber is filled with 6 N hydrochlo-
ric acid to the same height as in the cathode compartment.

The voltage across the cell is maintained at 2.2, and
the current, which is 1.4 amp. at the start (about 0.1
amp./sq.cm.), decreases to 0.9 amp. at the end of 3 hours.
This decrease continues until a value of about 0.5 amp. is
reached, where the current remains approximately con-
stant, at least until the twentieth hour.* The color of the
solution changes from light green at the beginning to dark
green, then brown, and finally red.

When no further change is noted in the color of the solu-
tion, it is transferred to a 1000-ml. flask. Care must be
taken to make the transfer, as well as all subsequent trans-
fers, filtrations, and concentrations, under an atmosphere of
carbon dioxide or nitrogen. A solution of 34 g. of potas-
sium chloride (0.46 mol) in 300 ml. of water from which the
air has been expelled is added to the solution containing the
complex molybdenum chloride. The flask is ignmersed in
an ice bath, and hydrogen chloride gast is passed into the
solution until a red salt begins to precipitate. This is con-
taminated with precipitated potassium chloride. The flask
is fitted with a two-hole rubber stopper containing two glass
tubes, one of which extends to the bottom of the flask and is
connected by rubber tubing to a source of carbon dioxide.
The other is connected by rubber tubing to a glass tube in
the stopper of a sintered-glass crucible which is connected
in turn to a filter flask. A tube and filter-paper thimble

* These values apply to the particular cell used by the authors.
1 Since rather large amounts of hydrogen chloride are required, best results
are obtained through the use of a cylinder of the gas.
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may be substituted for the sintered-glass crucible. The
contents of the flask are transferred to the filtering appara-
tus by inverting the flask. If preferred, the filtration ecan
be carried out by using a fritted-glass filter stick to siphon
the mother liquor from the precipitate.

The solution is next concentrated to one-half its volume
at 70° by the use of a water pump, and then cooled in an
ice bath. Small rhombic, red crystals of the potassium
pentachloroaquomolybdate(II1) form. These are subse-
quently filtered with suction and washed with 12 N hydro-
chlorie acid and then with alcohol. The washings are
allowed to run into the filtrate in the filter flask. The prod-
uct is dried in a current of carbon dioxide or ¢n vacuo. The
yield is 19.0 g. (34.29%).* Anal. Caled. for K[MoCls-
H,0]: Mo, 26.0; Cl, 48.0. Found: Mo, 25.3; Cl, 48.7.
These results imply some contamination with K;JMoCls].

B. POTASSIUM HEXACHLORMOLYBDATE(III)

Further precipitation oceurs when the alcokol mixes with
the filtrate from the precipitation of the pentachloroaguo
salt. This precipitate is a mixture of potassium hexachlo-
romolybdate(III) and potassium pentachloraquomolyb-
date(1II) and is removed by filtration. The filirate is then
concentrated at 70° to 80 ml. by use of the water pump, and
more of the mixture of the two salts is precipitated (3.8 g.).
This mixture is filtered and washed with 12 N hydrochloric
acid and with aleohol, the latter causing the second salt,
potassium hexachloromolybdate(III), to precipitate in the
filtrate in fairly pure form. The yield is 10.0 g. (15.69)).*
Anal. Caled. for K;[MoClgl: Mo, 22.5; Cl, 50.0. Found:
Mo, 22.3; Cl, 50.6. The impurity here is probably potas-
sium chloride.

Properties

In addition to the anions of the two salts deseribed above,
there are undoubtedly many other ionic species present in
electrolyzed hydrochloric acid solutions of molybdenum (VI)

* The sum of the percentage yields of the two salts is 49.8.
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oxide. The relative abundance of any given species is
determined in part by the concentrations of the chloride
ion and of the hydrogen ion and by the temperature.
These phenomena are discussed by Wardlaw and Wormell'!
and by Foerster and Fricke.'* The salts are fairly stable
in dry air and in hydrochloric acid, but in water they
undergo hydrolysis and oxidation, the red color fades, and
colloidal substances are formed. In liquid ammonia the
water of hydration is replaced by ammonia.

The salts are strong reducing agents. If a solution of
iron(I1I) chloride in hydrochloric acid is added to a solution
of either of the salts, the molybdenum is oxidized, as is
evidenced by a reversal of the color changes observed during
the electrolytic reduction of molybdic acid.

The physical properties of the agueous solutions were
studied by Bucknall and coworkers;'* Ray and Bhar?®
studied the magnetic susceptibility of the hexachloro com-
plex. Potassium pentachloroaquomolybdate(1II) exists
as rhombic crystals and is isomorphous with potassium
pentachloroaquoferrate(I1I).’® Potassium hexachloromo-
lybdate(111) has been used for the preparation of potassium
hexathiocyanatomolybdate(IIT), potassium heptacyano-
aquomolybdate(11I),'” and potassium octacyanomolybdate-
(IV).18
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35. BIS(8-QUINOLINOLO)DIOXOURANIUM(VI)
AND ITS ADDITION COMPOUND WITH
8-QUINOLINOL

U0y(NO3s)2 + 3CHNOH — UO,(CyHNO),-C,H,NOH
4+ 2HNO;
UOz(CgHGNO)zchGNOH s UOz(CgHsNO)z )
+ C,HNOH

SusmiTTED BY THERALD MOELLER* AND DonaLp H. WiLkins*
Cueckep BY LYnNE L. MERRITT, JR.T

The compound UQ(CsH;NO),+CHNOIH has been
prepared by the direct reaction of 8-quinolinol with dioxour-
anium(VI) (uranyl) salts in nearly neutral aqueous solu-
tions.’® Precipitation is reported, variously, to be com-
plete in the pH ranges 5.71 to 9.814 and 4.07 to 8.84.5 The
usual procedure involves treating the acidified uranium(VI)
salt solution with 8-quinolinol and adding ammonium ace-
tate or aqueous ammonia or both. These procedures may
be improved to yield more uniform products containing
larger crystals by combining the reagents in acidic solution
and precipitating homogeneously by the thermal hydrolysis
of urea. The red product loses its extra mol of 8-quinolinol
on being heated? to give the normal olive-green chelate,
UO:(Cy{NO),.

Procedure

Five grams of dioxouranium(VI) nitrate 6-hydrate, UQ,-
(NO3)2-6H,0, (0.010 mol) is dissolved in 300 ml. of water
containing 1 ml. of concentrated nitric acid. A solution of
5 g. of 8-quinolinol (0.034 mol) in 10 ml. of glacial acetic
acid is added slowly with stirring. Any precipitate which
forms is dissolved as it forms by the dropwise addition of

* University of Illinois, Urbana, Tl
t Indiana University, Bloomington, Ind.
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8 N nitric acid. Only sufficient nitric acid to prevent pre-
cipitation should be present. This may be judged by the
formation of a deep red solution which appears clear under
artificial light. To the resulting solution, 25 g. of urea
(0.416 mol) is added. The solution is brought to boiling
and then heated on a steam bath for 4 hours. The beaker
containing the solution should be suspended so that all the
contents are heated. At the end of 4 hours, a brick-red pre-
cipitate should have settled out, leaving a clear, light yellow
supernatant liquid. If the liquid is reddish, it should be
cooled, treated with 5 g. of urea, and reheated until yellow.
The suspension is cooled and filtered through a sintered-
glass crucible. The precipitate is washed once with ethanol
and several times with cold water to remove excess 8-quin-
olinol. Air is drawn through the crucible for several min-
utes to remove excess moisture, and the product is dried
either over anhydrous magnesium perchlorate for 24 hours
or at 110° for 1 hour. The yield is 7.0 g. {(quantitative
based upon the uranium material used). Anal. Caled. for
UO0,(CHgNO)-C,H,NOH: C, 46.09; N, 5.97; H, 2.72.
Found: C, 46.29; N, 5.99; H, 2.90.

To prepare the normal chelate, UO;(CsH¢NO),, the red
product is spread in a thin layer on a watch glass and heated
for 48 hours at 210 to 215° with occasional stirring.

Properties

The dioxouranium(VI), or uranyl, ion is peculiar in form-
ing two 8-quinolinol derivatives. Only the red crystalline
compound containing an added mol of 8-quinolinol can be
prepared by direct precipitation. This material has been
recommended for the accurate determination of uranium-
(VI)+87 hecause of its insolubility, constancy of composi-
tion, ease of drying, and large molecular weight.

Thermogravimetric studies®” show that its composition
remains unchanged up to 157°. Between 157 and 252°, the
added mol of 8-quinolinol is lost, the normal chelate then
remaining unchanged to 346°. Above this temperature,
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thermal decomposition occurs, with the ultimate formation
of U;0s.

The normal chelate, TUO,(CoHNO)s,, is also stable in con-
tact with air. When treated with 8-quinolinol solutions, it
rapidly adds a mol of the reagent to give the red compound.?

The two chelates appear to be soluble in organic solvents,
but specific data are lacking. Although it is known that
they give different x-ray-diffraction patterns, no data on
their structures are available. The mode of attachment of
the extra mol of 8-quinolinol in the red compound has not
been determined.
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See also: Cesium iododichloride,

synthesis 2

Todotrichlorosilane and
diiododichlorosilane,
synthesis 13

Nitrosyl chloride, syn-
thesis 16

Nitryl chloride, synthe-
sis 17

Nitrosylpentammineco-
balt(II) chloride, syn-
thesis 55

Potassium pentachloro-
aquomolybdate(I1I)
and hexachloromolyb-
date(ITI), synthesis 34

Alkyl dichlorophosphites,
synthesis 21

2-Chloroethyl dichlorophosphite,
synthesis 22

Phosphorus(V) sulfochloride, syn-
thesis 24

O-Ethyl  dichlorothiophosphate,
synthesis 25

Diethyl monochlorophosphate,
gynthesis 27

2-Chloroethyl ehlorosulfonate and
(2-chloroethoxy)trichlorosilane,
synthesis 30

Iron(II) bromide 6-ammoniate,
synthesis 53

Potassium tetrabromoaurate(ITI),
synthesis 4

36. ANHYDROUS METAL HALIDES

Classification of Anhydrous Metal Halides.

By S. Y. Tyreg, Jr.*
The metal

halides vary in their properties from the ionic, high-melting,
conducting compounds, such as sodium chloride, to the
covalent, volatile, nonconducting compounds, such as
osmium octafluoride (m.p., 35°). The variations observed
admit of some systematization by classification based on
the oxidation state of the metal in the compound.

MX
Ionic lattice
Nonvolatile

MX,
Molecular compounds

intermediate properties Easily volatile

Very slightly hydrolyzed

Completely hydrolyzed

* University of North Carolina, Chapel Hill, N.C.
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As is illustrated by the data given below for vapor pressures
of the fluorides! of the second period, variations in the series
frequently are quite irregular.

Compound........................ AlF; | SiFy | PF; | SFs

NaF 'Mng

Temp., °K., at which v.p. = Iatm...' 1977[2500' 1545‘ 178 l 189 ' 210

The major discontinuity in boiling points is shifted one
position to the left in the chloride series.!

Compound.............ccovvvnn... ‘ NaCl | MgCl, | AICl; | SiCl, | PCl,

Temp., °K., at which v.p. =1 atm...l 1738 ‘ 1691 l 435 | 330 I 439

The variations that are observed within one valence type
are illustrated in a series of bivalent chlorides:

Compound........................ BeCl, | MgCl, | CaCl; | SrCl; | BaCl,
Mop.l 405 714 782 ' 872 | 960
pK of hydrated cation?............. 5 11.4 | 12.5 ' .. 1 13.4

A parameter, first defined by G. H. Cartledge,® which
indicates the effective charge density on the cation, is
the ionic potential ¢ = Z/r, where Z = valence of the
cation and r = cationic radius. A line corresponding to
V¢ = 2.2 coincides with the diagonal line through the
periodic table used by Biltz and Klemm* to separate the
conducting metal chlorides from the nonconducting metal
chlorides.

LiCl | BeCl, BCl; CCls
NaCl  MgCl, | AlCL,  SiClL PClL;
KCi CaCl. ScCl, TiCl, VCil,

RbCl  SrCl YClL, ZrCly NbCl,

CsCl BaCl, LaCl,  Hicl, | TaCl
Compounds above and to the right of the line are easily
volatile and extensively hydrolyzed in comparison to those
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below and to the left of the line. However, differences in
crystal structure result in substantial deviations from the
expected properties in a number of cases. For example,
aluminum fluoride is relatively nonvolatile (sublimation
temperature, 1272°), whereas the other three aluminum
halides sublime at much lower temperatures: 193°, 257°,
and 386° for the chloride, bromide, and iodide, respectively.
These last three halides have similar erystal structures,
whereas the crystal structure of the fluoride is different as a
result of the increased crystal coordination number of alu-
minum ion in combination with the relatively small fluoride
ion. On the other hand, there is a more regular decrease in
the heat of formation (AH per equivalent) in the series
AlF;, . . ., All;. In contrast, the expected progression
in properties is observed in a series of halides having iden-
tical structures and no great variation in bond type. The
tantalum halides typify this.

Compound........ TaTFs | TaCl; | TaBr; Tal;
Mp.t.......oo.. 97 208 240 367
Color of solid...... White | Yellow | Orange | Brownish-black

Color gradations are commonly observed when the polariz-
ing power of the cation is great; this is also exemplified by
the tantalum (V) halides. The zine halides, all of which are
white, typify the case of cations which have lesser polarizing
power. In this respect, 18-electron ions appear to have
greater polarizing powers than 8-electron ions of the same
size.

Recently Cartledge® has found the equivalent heat of
formation of metal halides to be a linear function of ¢ (in
calculating ¢ in this paper, the effective, univalent, ionic
radii for cations with coordination numbers of six, as esti-
mated by Zachariasen, are used). Though properties may
generally be estimated qualitatively from charge and radius
considerations, the following data illustrate the type of
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anomaly which necessarily limits the applicability of any
such generalization to this field:

3 PO, Al*  |[Gas*| Cr+ | Fest| Sest| Inmst Yo+
Radius, At............| 0.52 |0.60] 0.62 [0.64|0.81] 0.81 0.96
B.p. of chloride?.......| 193 (sub.) | 201 | 947 (sub.) | 304 | 967 | 498 (sub.) | 1500 (est.)
Heat of formation! of B

chloride, keal mol . ... 167 125 132 96 | 221 126 235
pK of hydrated ion2. .. 5 3 4 2.2 5 4 9

The volatility of the chlorides decreases as the ionic radii
increase; however, there is one anomaly at chromium and a
second at indium. The heats of formation and the hydrol-
ysis data given above are even less consistent. It should
be pointed out that in some cases the hydrolysis of halides
is influenced greatly by the presence of excess halide ions.
For example, antimony(III) chloride hydrolyzes only
slightly in solutions containing appreciable concentrations
of chloride ion, whereas its hydrolysis is extensive in pure
water. Also, a cation may form a very stable fluoride com-
plex but much less stable complexes with the other halides;
the hydrolysis will be much greater in the latter cases.
In recent years hydrolysis constants have been deter-
mined, whenever possible, in the presence of perchlorate
supporting electrolyte, to minimize interaction between the
supporting electrolyte and the cation. Nearly all halides
of elements of valence numbers 45, +6, or higher are
extensively hydrolyzed, except in those cases where com-
plex ions are formed.

No parameter has yet been described which permits good
correlation of a substantial number of the properties of
metal halides. For a reasonably complete compilation of
the thermochemical properties of the halides of all the
elements, the reader is referred to reference 1.

Preparation of Anhydrous Metal Halides. The methods
used to prepare high-purity samples of anhydrous metal
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halides may be divided into four distinet classes plus a fifth
class of special cases.

1. Dehydration of Hydrated Salts. The alkali and
alkaline-earth halides may be crystallized from aqueous
solution and dehydrated thermally. With many less basic
metal halides the same process may be used with modifica-
tions to prevent hydrolysis. For example, the hydrated
chlorides of magnesium® and the lanthanides” may be dehy-
drated thermally in a stream of hydrogen chloride. Hecht?
states that chlorides of magnesium, strontium, barium,
tin(IT), tin(IV), copper, iron(I1I), cobalt, nickel, and tita-
nium(III) may be dehydrated by heating in a stream of
carbonyl chloride or thionyl chloride. Hydrated chro-
mium(IIT) chloride is converted to the anhydrous halide by
heating in an atmosphere of carbon tetrachloride.® The
method appears to be of wide application where the metal
halide is sufficiently basic to permit crystallization as a
hydrate. v

2. Direct Synthesis. Most metals react readily with
halogens, and if the metal is available in the pure state,
techniques based on direct reaction of the elements are
applicable. In particular, such techniques are of value in
the preparation of iodides, which are the most difficult to
prepare by other methods. This method has been widely
used to provide the materials for recent studies of the phys-
ical properties of polyvalent metal halides. The pentava-
lent chlorides, bromides, and iodides of niobium and tanta-
lum have been prepared by direct synthesis.'*'!  From the
few cases studied, it is evident that a knowledge of the tend-
ency of higher halides to dissociate thermally to lower
halides and free halogen is needed. Titanium(IV) iodide
may be prepared by direct synthesis between 175 and 525°;
however, it decomposes at higher temperatures, as illus-
trated by the well-known De Boer process.’? Gregory and
Thackrey*® have shown that iron(1II) bromide has a meas-
urable dissociation pressure below 100°.. The author’s
experience indicates that the chlorination of metals is diffi-
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cult to control. In some cases this difficulty may be over-
come by dissolving the halogen in an inert solvent and
refluxing with fine metal powder.!*1®

3. Decomposition of oxide. Because of the availability
of most metal oxides, methods of converting oxides to
halides have been studied extensively. In general, they
are limited to the preparation of chlorides and bromides.
The action of free bromine on an intimate mixture of an
oxide and pure sugar carbon has been used to prepare tanta-
lum (V) bromide,!® the tetrabromides of all of the group IVA
metals’™® and thorium(IV) bromide.?* More recently,
natural lanthanide phosphates have been made to react with
carbon and chlorine to yield the anhydrous halides.*
Camboulives?? studied the reaction of carbon tetrachloride
with 33 oxides and found that only nonmetal oxides such as
B;0; and 8iO; are not converted to the halide in this man-
ner. The alkaline-earth and rare-earth oxides are con-
verted to chlorides at 250 to 330°, whereas oxides of tita-
nium, zirconium, aluminum, beryllium, etc., require
temperatures in the vicinity of 400°, If an element forms
volatile oxychlorides, passing carbon tetrachloride vapor
over the heated oxide results in mixed products. The
author has found that, when such substances are allowed to
react with earbon tetrachloride in a sealed tube, so that a
liberal excess of carbon tetrachloride can be maintained, no
oxychloride formation is observed. Carbonyl chloride
(phosgene),?® carbon monoxide and chlorine,?* thionyl chlo-
ride,?® sulfur monochloride and chlorine,?® and phospho-
rus(V) chloride?” have been used to convert metal oxides to
chlorides. The trivalent rare-earth oxides are converted to
chlorides and bromides by reaction with ammonium hal-
ides.?® Recently it has been shown that niobium and tan-
talum oxides are converted to the pentachlorides when
refluxed with octachloropropane or other chlorocarbons.?®
Similarly, uranium(IV) chloride has been prepared by
the action of trichloroacetyl chloride on UQ,; UO; or
U3Oa.3o
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4. Displacement Reaction. The action of fluorine on
metal chlorides has been used to prepare several anhydrous
metal fluorides.? Van Haagen'® distilled tantalum(V)
bromide through granular silver iodide to produce the pen-
taiodide. He obtained the same product by distilling tan-
talum(V) bromide in a steady stream of hydrogen iodide.
The action of sulfur monochloride and hydrogen bromide on
thorium oxide results in the formation of thorium(IV) bro-
mide in a combination decomposition and displacement
reaction.?* Emeléus and Gutmann?®? showed that hydrogen
fluoride reacts with molybdenum(I1I) bromide at 600° to
give the trifluoride. Vanadium(III) fluoride may be pre-
pared from the trichloride under similar conditions. Mer-
cury(IT) chloride may be distilled from a reaction mixture
of mercury(II) sulfate and sodium chloride. Antimony,
aluminum, magnesium, iron, tin, bismuth, and mercury
salts react with boiling thionyl chloride to produce metal
chlorides in interesting displacement reactions which are
catalyzed by aluminum chloride, iron(I1I) chloride, and
tin(IV) chloride.s*

6. Special Preparations. The Sainte-Claire Deville hot-
cold tube is used to prepare the lower halides of many tran-
sition elements.?® Gutmann?®® has prepared vanadium(11I)
chloride by refluxing vanadium powder with iodine mono-
chloride. Several authors report that zirconium oxychlo-
ride may be decomposed thermally to give the oxide and the
tetrachloride, although the yield is not high.? %% Rare-
earth chlorides have been prepared by extracting the ben-
zoates with ether saturated with hydrogen chloride.*
These are only examples of the many special methods
reported for the preparation of specific anhydrous metal
chlorides.

References

1. Quir: “The Chemistry and Metallurgy of Miscellaneous Materials:
Thermodynamics,” McGraw-Hill Book Company, Inc., New York,
1950.

2. Kasper: thesis, Johns Hopkins University, 1941.

8. CartiEDGE: J. Am. Chem. Soc., b0, 2855, 2863 (1928).

4. Brurz and Kuemm: Z. anorg. u. allgem. Chem., 162, 267 (1926).



Inorganic Syntheses, Volume IV
Edited by John C. Bailar, Jr.
Copyright © 1953 by McGraw-Hill Book Company, Inc.

GALLIUM((II) CHLORIDE 111

5. CarriEpGE: J. Phys. & Colloid Chem., 55, 248 (1951),
6. Warron: “Inorganic Preparations,” p. 74, Prentice-Hall, Inc., New
York, 1948.
7. KreinHERSEL and KrEMERs: J. Am. Chem. Soc., 50, 959 (1928).
8. Hecur: Z. anorg. Chem., 264, 37 (1947).
9. Hersig, Fawkes, and HEpin: INorGaNIC SYNTHESES, 2, 193 (1946).
10. ALEXANDER and FAIRBROTHER: J. Chem. Soc., 1949, 2472,
11. ArLExaNDER and FAIRBROTHER: ibid., 8223.
12. CamreBELL ¢t al.: J. Electrochem. Soc., 93, 271 (1948).
13. GreGoORY and THACKREY: J. Am. Chem. Soc., T2, 3176 (1950).
14. Baivar and Cunpy: INORGANIC SYNTHESES, 1, 104 (1939).
15. McDermorr: J. Am. Chem. Soc., 38, 1963 (1911).
16. Van Haacen: ibid., 32, 729 (1910).
17. Younea and Scuums: ¢bid., b2, 4233 (1930).
18. Youna: 1bid., B8, 2148 (1931).
19. ScuumB and MOREHOUSE: ¢bid., 69, 2696 (1947).
20. Youwe: ibid., 56, 20 (1934).
21. HartLEY and WYLIE: Nature, 161, 241 (1948).
22. Camsovrives: Compt. rend., 150, 175 (1910).
23. CHAUVENET: tbid., 147, 1046 (1908).
24, MaTioNoN and DELEPINE: Ann. chim. et phys., [8] 10, 130 (1907).
25. HecHut, JANDER, and ScCHLAPMANN: Z. anorg. Chem., 264, 255 (1947).
26. MaTieNoN and Bourion: Compt. rend., 138, 631 (1904).
27. SmitH and Harris: J. Am. Chem. Soc., 17, 654 (1895).
28. Reep, Hoprins, and AupbrierH: ibid., 57, 1159 (1935).
29. ArrinsoN, STEigMAN, and HiskEy: Anal. Chem., 24, 447 (1952),
30. KaMEN: U.S. patent 2574268 (Nov. 5, 1951); ¢f. Chem. Absiracts, 46,
1222+ (1952).
31. Primst: INoRGANIC SYNTHESES, 8, 171 (1950).
32. BourioN: Compt. rend., 148, 243 (1907).
33. EmMeELfUs and GurMaNN: J. Chem. Soc., 1949, 2979.
34. HusBarp and LupEer: J. Am. Chem. Soc., 78, 1327 (1951).
35. Youwna: J. Chem. Ed., 20, 378 (1943).
36. GurmanN: Monaish., 81, 1155 (1950).
37. CHaUvENET: Compt. rend., 164, 1234 (1912),
38. Lery and HaMBURGER: Z. anorg. Chem., 87, 209 (1914).
39. VEnaBLE and BeLu: J. Am. Chem. Soc., 39, 1598 (1917).
40. BrauMaN and TaxvoriaN: Compt. rend., 194, 1579 (1932).

37. GALLIUM(II) CHLORIDE
Ga,Cly + Ga — 3GaCl,

SusmiTTED BY LAURENCE S. FosTER*
CHECKED BY HAROLD L. FRiIEDMANT AND HENRY TAUBET

When gallium (I1T) chloride is heated at 200° under anhy-
drous conditions with slightly more than an equivalent,

* Brown University, Providence, R.I,
t University of Chicago, Chicago, IlI.
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quantity of gallium, gallium(II) chloride is produced.'™3
Gallium(IT) chloride is also obtained when gallium metal
is heated at 170 to 180° in a stream of dry hydrogen chlo-
ride.* The first of these procedures is the better for prep-
aration of the substance in reasonable quantities.

Procedure

A Jump of solid gallium weighing about 10 g. (0.14 mol) is
placed in reaction tube C, which is then sealed to the glass

Vacuum

F1a. 10. Apparatus for the preparation of gallium(II) chloride.

apparatus shown in Fig. 10. A constriction A is provided
to facilitate subsequent sealing of the tube under vacuum.
A sample tube containing not more than 50 g. of gal-
lium(I1I) chloride® (0.28 mol) is opened and inserted
through the open end B. This end is then closed quickly
by fusion. The system is evacuated, and the gallium(I1I)
chloride is transferred by sublimation into the enlargement
D above the tube containing the metal. The sublimed gal-
lium(I1I) chloride is melted by rapid heating with, a flame
and flows into the reaction tube C, which is surrounded by
ice water during this operation. The reaction tube is
removed by fusing at the constriction A and is placed in a
furnace, which is heated initially to 150°; the temperature
is then gradually raised to 200°. Reaction is judged com-
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plete when, after being heated for several hours, the con-
tents remain solid at 165°.

In order to purify the gallium(II) chloride, the container
is opened and immediately sealed to one of the legs of a
three-legged glass tube. The tube is evacuated, and the
sample is heated. The relatively more volatile gallium (IIT)
chloride is removed first and is condensed in one of the other
legs. Gallium(II) chloride is then volatilized away from
the remaining gallium and is condensed into the third leg.
The yield is almost 60 g., which is essentially quantitative.

Properties

Gallium(II) chloride is a white erystalline solid which
melts® at 170.5° to a colorless, strongly refracting liquid?
which does not wet glass. The liquid, when pure, is readily
supercooled, and samples may remain liquid at room tem-
perature for years. The density of the liquid is somewhat
greater than that of pyrex glass. The boiling point has
been listed as 535°, but at temperatures above 200° decom-
position to gallium and gallium(III) chloride is appre-
ciable. Vapor-density studies® show the presence of some
monomeric GaCl, molecules in the range 400 to 470°. The
solid is diamagnetic® and therefore cannot contain simple
GaCl; molecules.

Gallium(II) chloride is a strong reducing agent which
deliquesces in moist air, with slight hydrogen evolution, to
form a clear, colorless, strongly refracting sirup. When
stirred with water, gallium(II) chloride is converted to
brown, solid gallium(1II) hydroxide, which in turn is changed
slowly to white gallium(IIT) hydroxide or hydroxychloride
with hydrogen evolution. Gallium(II) chloride decolorizes
dilute acidified potassium permanganate solution instantly.
The compound is soluble without reaction in benzene (4.60
g./100 g. of benzene*) and may be recrystallized from that
solvent. It reacts vigorously with carbon tetrachloride,
ether, and nitric acid,

Gallium metal is soluble in liquid gallium(II) chloride.
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The composition of the saturated solution at 200 to 250°
corresponds to 3.99 mols of gallium(I) ehloride in 100 mols
of gallium(II) chloride.® It is very probable that gal-
lium(I) chloride is formed in accordance with the equation

Ga + GaCl, — 2GaCl
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38. BISMUTH(III) IODIDE

(Bismuth Triiodide)

SusmitTED BY GrORGE W. Warr,* Warar W. Hakkr,* ANp GREGORY R.
CHOPPIN*
CHECKED BY M. TamrEst aND DaryLE H. Buscut

B b =

o

Bismuth(III) iodide has been prepared in the absence of
solvents by the reaction of iodine with elemental bismuth®2
or with bismuth(III) sulfide.? Alternative methods involve
precipitation of bismuth(III) iodide from aqueous solutions
of bismuth salts by adding alkali-metal iodides,* and the
addition of bismuth(III) oxide to a solution of iodine and
tin€II) chloride in saturated hydrogen chloride.®* In either
case the initial product is purified by sublimation, usually in
an atmosphere of carbon dioxide. The product obtained by
precipitation requires several resublimations for complete
purification.®

In the procedure described below, bismuth(III) iodide of
high purity is formed by the direct union of bismuth and

* University of Texas, Austin, Tex.
t University of Illinois, Urbana, Ill.
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iodine, followed by sublimation at low pressure in an atmos-
phere of nitrogen.

Procedure

The reaction vessel consists of a pyrex glass tube 50 em.
in length and of 35 mm. i.d., with a 6-mm. gas inlet tube
sealed to one end. The tube is supported in an upright
position, and the gas inlet tube is covered with a loose plug
of glass wool. Forty-eight and one-half grams of resub-
limed iodine crystals (0.191 mol) is placed in the tube; this
is followed by 26.4 g. of c.p. bismuth (0.126 mol) (—200
mesh) intimately mixed with asbestos fiber. A second glass-
wool plug is inserted, and the tube is constricted immediately
beyond the glass wool to i.d. 15 to 20 mm.* The tube is
supported in a horizontal position, the open section is wiped
clean, and a thermometer is inserted into the bismuth-
asbestos mixture.

A slow stream of nitrogen gas, dried by scrubbing with
concentrated sulfuric acid, is admitted while the bismuth-
asbestos mixture is heated to 150° by means of a Tirrill
burner equipped with a 6-in. flame spreader. While the
temperature of this mixture is maintained within the range
150 to 180°, sublimation of the iodine is initiated by heating
with another Tirrill burner adjusted to low heat. When
the first iodine vapor appears at the constriction in the tube,
the spread flame is moved so that it heats both the iodine
and the bismuth-asbestos mixture. The tube is rotated
slowly to improve the uniformity of heating, and both the
temperature and the nitrogen flow rate are regulated so that
1.5 to 2.0 hours are required to transfer the iodine into the
bismuth-asbestos mixture and to remove the excess iodine,
which is vented to a hood or condensed under concentrated
sulfuric acid. When there is no visible evidence of iodine
vapor, heating is stopped, the thermometer is removed, and
the empty end of the tube is again wiped clean.

* The total volume occupied by the charge should be such that the con-
striction is approximately at the mid-point of the reaction tube.
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The open end of the reaction tube is attached to an oil
pump through a dust trap, and dry nitrogen is admitted at
a rate such that the pressure is maintained at or below 25
mm.* The bismuth(ITI) iodide is sublimed into the
receiver end of the tube by heating with the spread burner
flame and with an auxiliary Tirrill burner adjusted to max-
imum heat. Satisfactory progress of the sublimation
is indicated by the persistence of yellowish-brown bis-
muth(IIT) iodide vapors and by the absence of the violet
color of iodine vapor. When the sublimation is complete,
the tube is allowed to cool to room temperature in nitrogen
at atmospheric pressure. The product is seraped from the
receiver section of the tube and stored out of contact with
the atmosphere. The yield is 729, based on bismuth.
Anal. Caled. for Bil;: Bi, 35.44. Found: Bi, 35.42. The
same result is found upon analysis of a resublimed sample of
this product.

Properties

Bismuth(III) iodide prepared as described above con-
sists of very small, black, hexagonal erystals having specific
gravity 5.64. At atmospheric pressure this compound sub-
limes at 439° and decomposes at 500°. It is soluble in
liquid ammonia and in absolute ethanol. It is insoluble in
cold water but decomposes slowly in hot water. Bis-
muth(III) iodide is slowly converted to bismuth(III) oxy-
iodide upon extended exposure to the atmosphere.
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* At higher pressures the iodide undergoes partial decomposition during
the sublimation process.
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39. ALUMINUM IODIDE
2Al1 + 31, — ALI

SusmrrrED BY GEORGE W, WATT* AND JAMES L. Harp*
CHECEED BY WiLLiaM Lroyp TavLor} aNp Jacos KLEINBERGT
The preparation of anhydrous aluminum iodide by

methods described previously?? involves direct union under
conditions that invariably yield products contaminated
with elemental iodine. Attempts to purify these produects
by sublimation under a variety of conditions (including
sublimation in vacuo or in an atmosphere of carbon dioxide
or helium) result in at least partial decomposition of the
iodide and a final product that is colored, owing to the pres-
ence of iodine. The method described below also provides
for direct union of the elements, but under conditions that
eliminate contamination with elemental iodine and yield an
initial product of exceptionally high purity.

Procedure

The apparatus consists of a pyrex glass tube 55 e¢m. in
length and of 2.4 em. i.d. (Fig. 11) provided with a receiver

5

17
P P’

‘7 R

F
Fia. 11. Apparatus for the preparation of aluminum iodide.

tube R (length, 20 em:; i.d., 1.5 em.), a stopcock S for
attachment to a vacuum line, and a 100-ml. flask F attached
by a ground-glass joint J (standard taper 19/38). Before
the receiver tube is attached, the section between the glass-
wool plugs P and P’ (33 em.) is filled with approximately

* University of Texas, Austin, Tex.
t University of Kansas, Lawrence, Kan,
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300 g. (11 mols) of granular aluminum (8 to 16 mesh). The
tube is placed in a Lindberg furnace, the receiver tube is
sealed on, and the inlet end of the furnace is raised about
5 cm. and blocked in this position. Ninety grams of iodine
(0.35 mol) is placed in flask F, which is cooled in an ice bath
to prevent premature sublimation of the iodine.

The system is evacuated for 1 hour at 1 to 2 mm., while
the furnace is heated to 500° and maintained within the
range 500 to 525°. The ice bath is removed, and slow sub-
limation of the iodine into the aluminum is initiated by
means of a Bunsen burner flame. Thereafter the rate of
sublimation of the iodine is increased, and a Fisher burner
is used during the latter stages of the transfer; the total time
for introduction of the iodine onto the aluminum is approx-
imately 1 hour.

As the temperature of the furnace is raised to 600°, most
of the aluminum iodide sublimes into the receiver.*
Any salt that condenses between P’ and R may be trans-
ferred to R by heating with a burner flame. Finally, the
receiver is sealed off; the white crystalline product must be
protected from exposure to the atmosphere.

The yield is 72 g., or 759, based on iodine. Anal. Caled.
for All;: Aly 6.6; 1, 93.4. Found: Al, 6.5; I, 93.2.

Properties

Aluminum iodide is dimeric in both the solid and
gaseous states and in solution. The melting point of the
product prepared as deseribed above depends upon the tech-
nique employed. Samples contained in pyrex capillary
tubes sealed with soft wax begin to decompose at 179°;
melting is complete and a meniscus is formed at 189.9°
(corr.). In sealed capillaries, decomposition is first detect-
able at 178 to 179°, and melting is complete at 184° (corr.).
Aluminum iodide is best characterized by its x-ray-
diffraction pattern, which includes five quite distinct max-

* If any of the iodide collects in flask I, the salt may be distilled back into
the reaction tube and thence to the receiver.
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ima. The interplanar spacings and the corresponding rel-
ative intensities (in parentheses) are:® d = 3.50 A (1.00),
3.08 A (0.50), 2.98 A (0.50), 2.14 A (0.50), and 1.84 A (0.38).
This compound hydrolyzes upon contact with the atmos-
phere, and its reaction with liquid water is strongly exo-
thermic. It is readily soluble in liquid ammonia,* in which
it forms a 20-ammoniate at —33°. A 6-ammoniate is stable
at 8 to 13°.
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40. TINQV) ICDIDE
(Stannic Iodide)
Sn + 21, — Snl,

SveMmiTTED BY THERALD MOELLER* anD DELWIN C. EDWARDS*
CrECKED BY RoBERT L, Branvrt AND JacoB KLEINBERGT
Tin(IV) iodide has been prepared by heating tin with

iodine,*? by heating a concentrated aqueous tin(II) chloride
solution with iodine,? by treating a saturated aqueous solu-
tion of tin(IV) chloride with a soluble iodide,* and by allow-
ing tin to react with iodine in the presence of a nonaqueous
solvent. The last-named procedure has the advantages of
giving pure, crystalline products and avoiding all hydrolytic
decompositions. Carbon disulfide is an excellent medium
for the reaction,® but carbon tetrachloride is preferred®
because of its nonflammability and lower volatility.
Because tin(1V) iodide is much less soluble in carbon tetra-
chloride at room temperature than at the boiling point, the
produet is easily recovered. An excess of tin prevents con-
tamination of the product with iodine.

* University of Illinois, Urbana, 111
University of Kansas. Lawrence. Kan.
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Procedure

Twelve grams of granulated tin (0.101 mol) and 40 g. of
iodine (0.157 mol) are placed in a dry Kjeldahl flask.
Seventy-five milliliters of carbon tetrachloride is added, and
a reflux condenser is attached. The flask and its contents
are heated gently until the reaction begins, after which heat-
ing is no longer necessary. When the solution ceases to
boil, the flask is heated until all the iodine has disappeared.
This is readily determined by the change in color of the
liquid from violet to orange-red and by the absence of colored
vapors in the flask and of colored liquid dripping from the
reflux condenser. The condenser is removed, and the solu-
tion in the flask is heated to vigorous boiling. The hot
solution is filtered quickly, using a steam-jacketed funnel, to
remove unreacted tin. The residue on the filter is washed
with 10 ml. of boiling carbon tetrachloride. The filtrate
and washings are cooled in an ice bath, and the crystallized
product is removed by filtration. The solution remaining
is evaporated and cooled to give a second crop of crystals.
The combined yield is about 44 g. (909%,). The product
may be recrystallized from carbon tetrachloride.

Properties

Tin(IV) iodide is a red-orange, crystalline material, which
melts at 143.5° and boils at 348° (extrapolated). It begins
to sublime at about 180°. The compound is readily sol-
uble in carbon tetrachloride (8.35 g./100 ml. of solution at
22.4°; 20.47 g./100 ml. at 50°),% chloroform (12.32 g./100
ml. of solution at 28.0°),° benzene (12.02 g./100 ml. of solu-
tion at 20.2°),° carbon disulfide, alcohol, and ether. It is
completely hydrolyzed by water. The vapor is monomeric
and is made up of tetrahedral Snl; molecules (Sn-I bond
distance, 2.65 A). These discrete groups are also found in
the solid. The lack of association is indicated by the value
of Trouton’s constant, 22.1.

In alcoholic solution containing hydrogen iodide, tin(IV)
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iodide reacts with alkali-metal iodides to give black, crys-
talline compounds of the type M, [Snls]. These contain
the octahedral [Snl;]™ ion.” The increase in color in the
series tin(IV) chloride, tin(IV) bromide, tin(IV) iodide par-
allels the increase in covalence.®
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41. ZIRCONIUM AND HAFNIUM
TETRACHLORIDES

MO, + 2CCl, — MCl, + 2COCl,

SvBMriTrEp BY W. S. HuMmEers,* 8. Y. Tyrer, Jr.,* AND SEymMoUR
YorLes*
CuEckED BY F. Basorot anp L. Baver{

® NS w0

Zirconium tetrachloride is produced on a large scale by a
method developed by Kroll et al.! in which the ultimate
product is ductile zirconium. Zirconium oxide is converted
to the carbide, which is chlorinated to yield the tetrachlo-
ride. This procedure is not easily adaptable to laboratory
use, since an arc furnace is used to produce zirconium car-
bide. Furthermore, the chlorination of zirconium carbide
is a strongly exothermic reaction requiring apparatus that
will withstand temperatures of at least 1000°.

The laboratory-scale preparation of. zirconium tetrachlo-
ride has been accomplished through the use of a variety of
techniques. Several authors** report that dry zirconium
oxychloride may be thermally decomposed to yield zirco-
nium oxide and zirconium tetrachloride. These authors

* University of North Carolina, Chapel Hill, N.C. Financial support of
the Atomic Energy Commission and the Carnegie Research Fund of the
University of North Carolina is gratefully acknowledged.

t Northwestern University, Evanston, Ill.
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do not agree on the temperature at which the reaction is
workable nor on the practical yields. Picon® reports a
preparation utilizing the chlorination of Zr,S;. It has been
reported® that phosphorus(V) chloride will convert zir-
conium oxide to the tetrachloride in a sealed tube at 190°.
The conversion may be obtained at much higher tempera-
tures by the action of sulfur monochloride,” thionyl chlo-
ride,® carbonyl chloride,® or carbon tetrachloride? on zirco-
nium oxide. The chlorination of a mixture of carbon and
zirconium oxide at 500° has also been used.’® Since zirco-
nium wire is now available, zirconium tetrachloride has
been prepared by direct synthesis by one of the authors
(Yolles). The reaction was difficult to control and was dis-
carded in favor of the following one, which proceeds at a
desirable rate and involves easily constructed pyrex appara-
tus. This apparatus may be used without modification for
the preparation of hafnium tetrachloride.

Because of the relatively recent discovery of hafnium and
the great cost of reasonably pure hafnium compounds, fewer
authors report attempted syntheses of hafnium tetrachlo-
ride than for its congener, zirconium. De Boer and Fast!!
report that the action of chlorine and carbon tetrachloride
converts hafnium oxide to the tetrachloride. Fischeret al.'?
prepared the tetrachloride by chlorinating a mixture of the
oxide and carbon.

Procedure

The apparatus® is shown in Fig. 12. = A reaction tube is
fabricated of 18-mm. pyrex tubing, 50 cm. long, by sealing
the inner part of a 19/36 ground-glass joint to one end and
drawing down as shown at J. About 2.5 ecm. of pyrex glass
wool is introduced at J. Between 5.0 and 15.0 g. of metal
oxide is placed in the tube so as to be in the center of the
sleeve heating unit I (20 em. long) when the reaction tube
isinserted. The loaded tube is then inserted through I and

* The checkers have found that satisfactory results can be obtained with

simplified apparatus, in which rubber connections and stoppers were syb-
stituted for some of the glass seals and ground-glass joints.
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a seal made at H. Fifty to one hundred milliliters of dry
carbon tetrachloride is introduced into the 300-ml. flask E
through tube F, after which F is sealed off. With stopcock
D closed and stopcock G in the proper position, tank nitro-
gen is admitted through phosphorus(V) oxide towers A
and B and safety trap C into the reaction tube. The fur-
nace I is heated to between 300 and 400°. Moisture col-
lects between I and J and is driven out through the end of
the reaction tube with a free flame. A drying tube is sealed
to the outer part of a 19/36 ground-glass joint; pyrex wool

Fira. 12. Apparatus for the preparation of zirconium and hafnium tetrachlorides.

is inserted at L, followed by calcium chloride. The ground-
glass joint is lubricated with Dow-Corning silicone. A
constriction may be desired between K and L to simplify
the subsequent seal at this point. The drying tube is con-
nected at K and the sample heated in dry nitrogen over-
night. Before starting the preparation, a trap of concen-
trated aqueous caustic soda is connected to the drying tube
at M. The gases from N should be exhausted through a
well-ventilated hood, since carbonyl chloride is the principal
by-product. To start the preparation, the furnace I is
heated to 450 to 500°; stopeock G is reversed, and stopcock
D is opened. The rate of flow of nitrogen through the car-
bon tetrachloride is adjusted to about 60 to 80 bubbles/min.
Metal tetrachloride begins to collect between I and J. It
is sublimed through the pyrex wool into the final receiver
between J and K with a free flame. Wrapping the reaction
tube, between I and J, with ordinary copper screening
makes it possible to obtain much more uniform heating.
Overheating of the product probably results in some reac-
tion with the pyrex wool.** About 1 to 2 g. of metal chlo-
ride is produced per hour. This product is allowed to build
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up between J and K, the size of this receiver fixing the limit
on the yield. The reaction at I gradually slows down; the
last few tenths of a gram of oxide are rarely converted.
Stopeock D is closed and G reversed. The temperature of
I is reduced into the range 300 to 400°, and dry nitrogen is
again allowed to flow through the system overnight. This
procedure is found to be desirable since it removes any hexa-
chloroethane between J and K. After the overnight ‘‘soak-
ing,”’ the nitrogen is shut off, and a seal is made between K
and L, followed by a seal at J.

Two impurities are apparent in the product, iron(III)
chloride and hexachloroethane. Both are more volatile
than zirconium tetrachloride. Nevertheless, if both are to
be removed from the product, considerable product inev-
itably sublimes beyond K. The amount of hexachloro-
ethane impurity is roughly a function of temperature, since
runs made at 450° yield virtually none, whereas if the fur-
nace is allowed to go much above 500°, appreciable quan-
tities are formed. The amount of iron(I1I) chloride impur-
ity depends on the purity of starting materials.*

In a typical preparation, the zirconium oxide starting
material was found to have a Hf:Zr ratio of 0.026 + 0.002
by spectroscopic analysis.!* This ratio gives an average
atomic weight of metal (zirconium and hafnium) of 92.35 +
0.10. Anal. Caled. for Zr(Hf)Cl,s: Zr(Hf), 39.44 + 0.10;
Cl, 60.56. Found: Zr(Hf), 39.52, 39.61, 39.56, 39.61; CI,
60.62, 60.56, 60.60, 60.65.

In a typical preparation, 5.0 g. of hafnium oxide (0.025
mol) gave a yield of 6.7 g. of the tetrachloride (889). Six-
tenths of a gram of unreacted oxide was recovered. Small

* The checkers report that it is possible to effect partial removal of
iron(ITI) chloride in the following manner: A plug of clean steel wool is
located near the end of the receiving tube. The product is allowed to form
in front of this plug. The system is then swept free of carbon tetrachloride,
and with dry nitrogen passing through the system, the furnace is gradually
moved so as to cause the solid to sublime through the steel wool. Under
these conditions most of the iron(ITI) chloride is reduced to iron(IT) chloride
and is held on the steel wool.
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losses are incurred in transferring the product from the sam-
ple tube to a weighing bottle within the dry box. The
Zr:Hf ratio in this sample was found to be 0.017 by spec-
troscopic analysis.!* This ratio gives an average atomic
weight of metal (hafnium and zirconium) of 175.7. Anal.
Caled. for Hf(Zr)Cly: Hf(Zr), 55.3; Cl, 44.7. Found:
Hf(Zr), 55.48, 55.49; Cl, 44.76, 44.72, 44.74, 44.75. Sam-
ples for analysis were prepared in a dry box.

It should be noted that a partial fractionation of zirco-
nium and hafpium may be obtained in the sublimation of
the tetrachlorides.?!4

Properties

Zirconium tetrachloride is a white erystalline solid with
specific gravity 2.803.* The solid sublimes under atmos-
pheric pressure at 331° [log pn.. = —(26,000/4.57T) + 12.30]
but melts at 437° under its own pressure, which is about 25
atm. at this temperature.’* The vapor density shows nor-
mal behavior up to 500°, at which point dissociation is sus-
pected.’® Electron-diffraction results show tetrahedral
symmetry with the Zr-Cl distance 2.33 A.7 Todd!® has
recently determined the heat capacity of zirconium tetra-
chloride at low temperatures (extrapolated below —222°)
and calculated the usual thermodynamie constants for the
compound. The melting point of hafnium tetrachloride
has been estimated as 432° under its own pressure, but the
solid sublimes under atmospheric pressure at 317°.'2 Both
metal chlorides are extremely hygroscopic. They are easily
soluble in water, although extensively hydrolyzed. All
high-purity samples should be desiccated as well as possible.
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42. VANADIUM(II) CHLORIDE
(Vanadium Dichloride)
2VCl; + H; — 2VCl, + 2HCI

SusMITTED BY RaLPH C. YoUung* anp Mayvarp E. Smitut
CrECKED BY THERALD MOELLER,  PAUL G. GorpoN,  aND FrReED McCuUL-

LOUGH, JR.{

Vanadium(II) chloride is formed when a mixture of vana-
dium(IV) chloride and hydrogen is passed through a hot
tube! and by the reduction of vanadium(III) chloride with
hydrogen.? Tt is also produced by the thermal dispropor-
tionation of vanadium(III) chloride®* into the nonvolatile
dichloride and the volatile tetrachloride.

The method adopted for the preparation of vanadium(II)
chloride is the reduction of the trichloride by hydrogen at
temperatures not exceeding 675°.

Procedure

About 30 g. of vanadium(III) chloride (0.19 mol) is
placed at the middle of a pyrex tube 60 cm. long and 25 mm.
in diameter, through which dry nitrogen is passing. This
operation can be performed without moisture coming in
contact with the salt with the apparatus described in syn-

* Massachusetts Institute of Technology, Cambridge, Mass.
1 Los Alamos Material Laboratory, Los Alamos, N.M,
1 University of Illinois, Urbana, IIL
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thesis 43. The reaction tube, which is held horizontally in
an electric furnace approximately 35 cm. long, is fitted at
the outer end with a tube containing'calcium chloride, as a
protection against back-diffusion of moisture. Hydrogen
from which the oxygen has been removed and which is sub-
sequently passed through a tube containing phosphorus(V)
oxide is substituted for the nitrogen. The temperature
of the furnace (registered by means of a thermocouple) is
raised to around 400°, whereupon hydrogen chloride begins
to evolve. The temperature is gradually increased to 675°,
and at the end of about 40 hours of heating the evolution of
hydrogen chloride will have ceased. Above 700°, reduction
to the metal takes place; consequently, such temperatures
must be avoided. When the reaction is complete, the tube
is cooled to room temperature; dry carbon dioxide is sub-
stituted for the hydrogen, and the contents of the tube are
removed, proper precautions being taken to avoid contact
with moist air. The apparatus used in transferring vana-
dium(IIT) chloride (synthesis 43) is applicable here. The
yield of about 20 g. is nearly 909, of the theoretical.

Properties

Vanadium(II) ehloride forms apple-green leaflets which
behave toward water somewhat like chromium(II) chlo-
ride.* They may be wetted slowly by water. The salt is
soluble in water, forming the violet hydrated vanadium (II)
“ion. This ion is readily oxidized by the oxygen of the air
and by hydrogen ion. The salt dissolves in alecohol and
ether, the resulting solutions being respectively blue and
greenish yellow.?
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43. VANADIUM(III) CHLORIDE
(Vanadium Trichloride)

SusMiTTED BY RALPH C. YoUNG* AND MayYNARD E. SMrTHT
CHECKED BY THERALD MOELLER,{ PauL G. GorpoN, ] anp Frep McCur-

LOUGH, JR.]

Vanadium(III) chloride is formed by the decomposition
of vanadium(IV) chloride®™* and by the reaction of vana-
dium(IV) chloride or vanadium (V) oxychloride with sulfur.?
It may also be produced by the chlorination of vana-
dium(III) sulfide,® by the action of ecarbon tetrachloride
on vanadium(III) oxide® and of hydrogen chloride on pow-
dered vanadium,? and by the reaction of liquid chlorine
with vanadium metal in a sealed tube.” The method

described here is essentially that

_ A\j of Meyer and Backa,? who decom-
12mm posed vanadium(IV) chloride into
tubing-»] vanadium(III) chloride and chlo-

i tTotrap rine and removed the latter with
35cm carbon dioxide.
(- Procedure
BJ

Thirty milliliters of vana-

dium(IV) chloride (0.28 mol) is
F-I—}.—I& Apparstus for the introduced into a 50-ml. round-
preparation of vanadium(IIl} bottomed flask to which is sealed
chloride. a small water-cooled condenser
(Fig. 13). 'This operation is carried out in a dry box since
the tetrachloride must be protected from contact with moist,
air. The top of the condenser is sealed to a tube which is
connected to a trap cooled with ice. The trap is joined by
rubber tubing to a tube containing anhydrous calcium
chloride. Dry carbon dioxide is passed through an inlet

* Massachusetts Institute of Technology, Cambridge, Mass.
1 Los Alamos Material Laboratory, Los Alamos, N.M.
t University of Illinois, Urbana, Il
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tube (8 mm. i.d.) provided with a stopcock and sealed in
near the neck of the flask. The inlet tube extends to within
2 cm. of the bottom of the flagk.

The flask and its contents are heated in an oil bath or
mantle kept at about 160 to 170°. In approximately 50
hours the conversion of the tetrachloride to the trichloride
is nearly complete, and any of the former remaining can be
removed by means of a vacuum pump. The tube contain-
ing calcium chloride is removed, and the

pump, suitably protected with traps cooled -‘:_ -E
with Dry Ice, is connected at this point. i

The flow of carbon dioxide is discontinued, 20¢m 2
and the stopcock through which it passed !

is closed. The pump is then operated i—_

until the undecomposed vanadium(IV)

chloride has been eliminated completely fB;IrG'tr:f{sfeArfﬁ;af,ﬁ
from the trichloride. The oil bath is re- nadium(lD) chlo-
moved, and carbon dioxide is again passed

through the system while the flask,is cracked off at C (Fig.
13). The product is loosened from the bottom of the flask
with a glass rod and transferred to the apparatus shown in
Fig. 14 while dry carbon dioxide or nitrogen is admitted
through tube D. This is accomplished by inserting the
neck of the flask at E.

If the vanadium (III) chloride is to be stored, the appara-
tus (Fig. 14) is sealed below the delivery tube D, but if the
salt is to be used immediately, it can be transferred in a
stream of dry inert gas after the tube is cracked off above
tube D. The yield is about 40 g., or approximately 909,
of the theoretical.

Properties

Vanadium(III) chloride is a violet solid which undergoes
disproportionation into the dichloride and tetrachloride
when heated in a vacuum to a sufficiently high temperature.
The trichloride is very soluble in water and behaves like
iron(III) chloride and aluminum chloride with respect to
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ionization and hydrolysis. A 6-hydrate, VCl;-6H,0,® can
be crystallized from water, and hydrated complex chlorides
can be formed in the presence of excess chloride ion.
The hydrated vanadium(III) ion is green. An ammine,
[V(NH,)s]Cls, is produced with liguid ammonia; however, it
cannot be formed in the presence of water; with gaseous
ammonia, the nitride, VN, forms. Coordination com-
pounds can be made with amines® and other organic com-
pounds.® Vanadium(III) chloride is soluble in aleohol and
acetic acid but insoluble in ether, benzene, chloroform,
toluene, and carbon disulfide.
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44. TANTALUM(V) BROMIDE
(Tantalum Pentabromide)

2Ta: + 5Br2 — 2TaBI‘5

SvsMmiTTED BY D. H. Nowricki* anp I. E. CampBELL*
CHEcEED BY W. C. ScuuMmst anNDp C. H. BRUBAKERT

O T WD B

©w 00 3

Tantalum(V) bromide may be prepared by bromination
of tantalum ecarbide or of mixtures of tantalum(V) oxide
and carbon. It is most conveniently prepared by reaction
between the elements,® either at atmospheric pressure, using
an inert carrier gas, or ¢n vacuo. 'The reaction of bromine
vapor with tantalum powder in a nitrogen atmosphere
forms the basis of the procedure outlined below.

* Battelle Memorial Institute, Columbus, Ohio.
t Massachusetts Institute of Technology, Cambridge, Mass.
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Procedure

The apparatus is constructed of pyrex glass and is assem-
bled as shown in Fig. 15. Reaction tube 4 (1.6 by 41 cm.)
is inserted in tube B (5 by 53 ¢m.), which leads to the con-
densing chamber C (6 by 35 cm.). A 35/25 standard-taper
joint E connects the condensing chamber to the collection

D

Fre. 15. Apparatus for the preparation of tantalum(V) bromide.

bottle D. A plunger ¥, made of Transite and connected to
a pyrex rod, is used to dislodge any bromide which may
adhere to the walls of the condensing chamber. The reac-
tion tube is heated by a resistance furnace G.*

The nitrogen is purified by passing through a tube con-
taining copper turnings heated at 600 to 800° in a tube fur-
nace, to remove oxygen, and then through two towers
packed with magnesium perchlorate, to remove moisture.

* Care must be taken to heat the entire reaction tube in order to prevent
clogging.
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Forty-one grams of tantalum metal (0.227 mol), either
powder or sheet trimmings, is placed in reaction tube A,
which is then inserted in tube B, and seventy milliliters of
bromine (1.37 mols) is placed in trap H. Nitrogen (250
ml./min.) is passed through the system (by-passing the
bromine in trap H), and the reaction tube is heated slowly
to 500°, the temperature being measured by a thermo-
couple placed in tube I. After the furnace has been at
500° for 10 minutes, the nitrogen is routed through the
bromine. The flow of the nitrogen is continued for 10
minutes after all the bromine has been volatilized, after
which the rate of flow is reduced to about 10 ml./min. while
the furnace is cooled to room temperature. The tantalum
1s completely converted to the bromide when the bromine
is transferred over an 8-hour period, but the tantalum(V)
bromide is not completely recovered, the yield being 106 g.,
corresponding to an 80.49% efficiency in the recovery of tan-
talum as bromide, and a 33.49, efficiency in the recovery of
bromine as bromide. Higher efficiencies in the conversion
of bromine can be obtained by reducing the rate of vaporiza-
tion of the bromine, but this, of course, increases the length
of time required for the preparation.

Since the bromide is collected as a fine powder which is
extremely hygroscopic, it is desirable, wherever possible, to
modify the apparatus so that the product can be sublimed
(preferably in hydrogen) directly into the equipment in
which it is to be used. This will also reduce loss of material
in handling.

Properties

Tantalum(V) bromide forms pale yellow, tabular erys-
tals of specific gravity 4.67. It is extremely hygroscopic
and i1s decomposed in cold or hot water. It dissolves with
reaction in methanol and ethanol, with the evolution of
heat, forming clear solutions which give no precipitate upon
dilution with water.? Its solubility in carbon tetrachloride
is 0.3921 and 1.4651 g./100 ml. of solution at 20° and 30°,
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respectively; in ethyl bromide its solubility is 0.2560,
0.3985, and 0.4277 g./100 ml. of solution at 0°, 20°, and
25°.% It is soluble in and reacts with aniline, acetonitrile,
acetamide, and liquid ammonia, in which it undergoes
ammonolysis. Its melting point is 280.0°, and the normal
boiling point is 348.8°. Equations* for the vapor pressure
of the solid and the liquid follow:

Solid, 240 to 280°,

log Pum. = _E;?SO + 12.27
Liquid, 280 to 350°,
log Pmm, = — % + 8.17

The molten salt is a nonconductor.
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45. FLUORINATION OF VOLATILE
INORGANIC COMPOUNDS

By Donarnp Ray MaArTIN*

The selection of a method for the fluorination of volatile
inorganic compounds is dependent upon several factors,
among which are:

The desired extent of fluorination of the starting material
may dictate the fluorinating agent to be used. For exam-
ple, fluorine converts silicon tetrachloride to silicon tetra-
fluoride, whereas antimony (I111) fluoride promotes the reac-
tions which produce the chlorofluorides, SiCl;F, SiCl,F.,,
and SiClFs.

The ease of replacing halogens by fluorine increases from

* Mathieson Chemical Corporation, Niagara Falls) N.Y.
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chlorine to iodine. There is a greater possibility of reduced
yields of the desired product with iodine compounds because
of the increased tendency for side reactions to occur. Halo-
fluoride derivatives of some halides have not been prepared,
either because the halofluorides are too unstable to be
prepared or because the necessary reagents and conditions
for fluorination have not yet been ascertained. Numerous
unsuccessful attempts have been made to prepare the chlo-
rofluorides of boron by fluorinating boron trichloride and
by chlorinating boron trifluoride.

A given fluorinating agent may be preferred for a labora-
tory synthesis, but the yield of the desired product may be
too low to permit the economical use of this agent in a com-
mercial process.

If two fluorinating agents are equally satisfactory as
far as their role in a synthesis is concerned, the cost of the
available fluorine merits consideration. For example,
although hydrofluoric acid is more expensive per pound
than sodium fluoride, it yields more fluorine per dollar.

The starting material may be selected on the basis of the
type of equipment available. A bromide might be used as
a starting material in ordinary reactors, whereas a chloride
might require pressure equipment. The fluorinating agent
also may dictate the type of equipment to be used. Thus,
calcium fluoride may be used in glass equipment, whereas
hydrofluoric acid requires metal apparatus.

Other considerations being equal, the synthesis involving
the more easily handled materials is preferred. Therefore,
hydrofluoric acid is frequently replaced by one of its more
easily handled salts.

Methods Employed. 1. Antimony(III) Fluoride (Swarts
Reaction). Many years ago, Swarts' discovered that anti-
mony (I1I) fluoride affords an excellent reagent for intro-
ducing fluorine into organic molecules. Henne? has sum-
marized the advantages and disadvantages of the Swarts
reaction when employed in the fluorination of organic
molecules. The first application of the Swarts reaction in
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the fluorination of volatile, inorganie, nonpolar halides was
reported by Booth and Swinehart in 1932.2 In the ensuing
18 years, many fluoride and halofluoride derivatives of vol-
atile inorganic halides were prepared and characterized by
Booth and his students.

Halogen atoms in certain inorganic compounds may be
replaced by fluorine by the use of antimony(III) fluoride
without a catalyst. In other cases, varying amounts of
different kinds of catalysts are required. For example,
sometimes the addition of chlorine in the amount of 1%, of
the antimony(I1I) fluoride will suffice. Molecules which
are more difficult to fluorinate may require chlorine, bro-
mine, or antimony(V) chloride in quantities amounting to
as much as 59, of the weight of antimony (III) fluoride used.

The generally accepted mechanism of the Swarts reaction
assumes the formation of an antimony(V) halofluoride.
The following reactions are postulated in connection with
the catalysts mentioned above:

Brz "I‘ SbFa - SbFaBrg

Fluorination of the inorganie halide probably oceurs in
accordance with the following equation (e.g., with silicon
tetrachloride) :

3SiCl; + SbF;Cl, — 3SiClL:F + SbCl;

the catalyst being liberated for further reaction.

It has been observed that a definite threshold tempera-
ture exists below which the Swarts reaction will not pro-
ceed. The best results are obtained if the desired product
is removed as fast as it is formed. More highly fluorinated
products may be obtained if the reaction products are
refluxed in the reactor.

Hydrogen fluoride is used in the Swarts reaction on a
commercial scale to regenerate the antimony(I1I) fluoride.
The compound to be fluorinated and anhydrous hydrogen
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fluoride are introduced together into the reactor which con-
tains antimony(V) chloride or bromide.

2. Mercury Fluorides. The fluorides of mercury are
among the most useful fluorinating agents. Mercury(II)
fluoride can be generated in a reactor by adding mer-
cury(II) oxide and hydrofluoric acid to the reaction mixture.
It can replace antimony (I11) fluoride in the Swarts reaction;
accordingly it has been used to fluorinate organic polyiodides
and polybromides.

Mercury(I) fluoride may be oxidized during a fluorina-
tion; hence it cannot be used to fluorinate materials suscep-
tible to reduction if the fluoride of the element in the higher
oxidation state is desired.

3. Silver(I) Fluoride. Silver(I) fluoride, like the mer-
cury fluorides, has been used as a fluorinating agent for
many years. It can be used in most of the reactions for
which other inorganic fluorides are used. Its use has de-
clined in recent years, primarily because it is deliquescent,
light-sensitive, and easily reduced. Only one-half of its
fluorine is available for fluorination because it forms the
compound AgCl-AgF, which has very little fluorinating
power.

4. Hydrogen Fluoride. Hydrogen fluoride is designated
by some chemists as the fluorinating agent. It is widely
used in industry and in the laboratory. Compounds con-
taining fluorine are frequently mixed with sulfuric acid to
generate hydrogen fluoride ¢n situ. The alkali-metal
hydrogen fluorides (bifluorides) and ammonium hydrogen
fluoride have long been used as fluorinating agents. Fre-
quently, the fluorination reaction must be promoted by
heating. Sometimes the alkali fluorides are used with a non-
volatile acid; this produces hydrogen fluoride, which effects
the fluorination. Fluorosilicates and fluoroaluminates have
been used to a limited extent as fluorinating agents. Usu-
ally they, too, are used with a nonvolatile acid to generate
hydrogen fluoride un situ.

Many elements react with hydrogen fluoride to yield fluo-
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rides; practically all the nonmetallic elements yield gaseous
fluorides. Oxides and halides are fluorinated easily by this
reagent. The yield of the halofluorides is usually lower
than that obtained with the Swarts reaction.

A disadvantage of the use of hydrogen fluoride on a labora-
tory scale is the fact that glass equipment must be replaced
by plastic or metal equipment.

b. Other Fluorides. Calcium fluoride is one of the oldest
fluorinating agents. Ordinarily, it is used with sulfuric acid,
which generates hydrogen fluoride. On a laboratory scale,
this reagent is not very satisfactory because the solid cake
of calcium sulfate is difficult to remove from the reactor
flask.

Calcium fluoride has also been used in metathetical reac-
tions. Usually, heat is required to promote reactions of
this type. Booth and Dutton? passed vapors of a volatile
halide [phosphorus(V) oxychloride] over a bed of heated
calcium fluoride to produce the chlorofluoride and fluoride
derivatives. Sodium fluoride, potassium fluoride, tita-
nium(IV) fluoride, and zinc fluoride have been used in sim-
ilar metathetical fluorination reactions.

Lead fluoride was frequently used by the early chemists;
however, it is a poor fluorinating agent and is little used
today.

Arsenic(III) fluoride would no doubt be more generally
used as a fluorinating agent if it were not toxic. The fact
that it is a liquid gives it an advantage over solid agents
because better control may be exercised over the rate of its
introduction into the reactor.

6. Fluorine. Fluorine reacts too violently for use with
most compounds, and for many compounds, other fluorinat-
ing agents which are more easily handled may be used in less
elaborate apparatus. Reactions with fluorine are generally
so rapid that it is not possible to isolate the halofluorides,
and only the completely fluorinated products are obtained.
Fluorine reacts directly with all elements except nitrogen,
oxygen, and the inert gases. Compounds of oxygen and
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nitrogen with fluorine have been prepared by other proce-
dures. TIluorine reacts with most compounds, especially
halides, hydrides, and carbides. Its use with hydrides is
inefficient because half of the fluorine is lost as hydrogen
fluoride.

Fluorine is the best agent for the preparation of fluorides
of elements in their higher oxidation states, e.g., BrF;, CeF\4,
CoF;, PbF,, MnF;, AgF,, SnF, PF;.

An Apparatus for the Fluorination of Halides of Non-
metals. The discussion which follows is representative of
the adaptation, by Prof. Harold S. Booth?® and his students,
of the Swarts' reaction to the fluorination of halides.

The reaction involves the replacement of the halogen
atoms in nonpolar halide molecules by fluorine atoms. The
fluorinating agent is usually resublimed antimony(I1I) fluo-
ride. If necessary, a catalyst, such as antimony(V) chlo-
ride, chlorine, or bromine, may be used.

The type of apparatus and the details of the procedure
for a given synthesis necessarily will vary with properties of
the reactants. Consequently, the apparatus depicted in
Fig. 16 is a general type which may be modified as directed
in specific syntheses.

The reactor R, in which fluorination is effected, is a 1-l.
Claisen flask, modified as shown.® The solid fluorinating
agent is placed in the vertical glass tube (25 mm. o.d.),
which is sealed to the glass tube F (25 mm. o.d.). A
154 ¢-in. wood-auger bit serves as a screw feed for the solid
within tube F. A 14-in. steel drill rod brazed to the shank
of the bit connects the handle through a vacuum-tight pack-
ing gland PG. Ideally, the packing gland should fit a
standard-taper joint on tube F. If such a gland is not
available, a rubber stopper (shaded area in Fig. 16) may be
slit longitudinally to accommodate the gland. The stopper
and gland may be secured to tube F with laboratory
cement.® Similarly, another packing-gland assembly may
be used for the stirrer. Inasmuch as the reaction mixture
frequently is lumpy and viscous, it is recommended that a
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bicycle sprocket chain be used for a stirrer blade and that
the motor-driver stirrer be rotated at the rate of 1 rp.m. A
500-ml. dropping funnel is sealed to the original side arm of
the Claisen flask to facilitate the addition of the liquid react-
ants. A constriction in the delivery tube of the funnel is
desirable to facilitate sealing off the funnel after all liquids
have been added. This procedure is advisable since the

M-

J

Fia. 16. Apparatus for the fluorination of the halides of nonmetals.

To compressed air

P

grease on the stopcock is usually attacked by the reactants
with the result that air leaks into the system at the stopcock.

In a typical fluorination, the solid feed assembly F is
filled with resublimed antimony (111) fluoride. The appara-
tus is evacuated by a vacuum pump connected through the
trap T, which is immersed in liquid nitrogen. After the
system is evacuated, dry air is admitted through drying
tube DT containing barium oxide. This procedure of
evacuating and rinsing with dry air is repeated ten times,
and then the system is finally retained in vacuo. The liquid
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reactants (including the catalyst) are added through the
dropping funnel, after which the contents of reactor R are
cooled to —78° and the funnel is sealed off,

Fluorination is carried out as directed in the specific
synthesis. Depending upon the volatility of the reactants
and products, the condenser WC may be cooled with air,
water, or an acetone-Dry Ice bath. The reaction products
are condensed in the still pot P, which is immersed in liquid
nitrogen.

When the fluorination has been completed, stopcocks BS
and ES are closed, and the entire manifold is evacuated and
rinsed with dry air ten times and then retained under dimin-
ished pressure.” The condenser of the fractionating column
B is precooled to the boiling temperature of the most vol-
atile reaction product. This is achieved by manually clos-
ing relay RP of an electronic control circuit. The control
leads of this circuit are connected to manometer MS in
such a way as to be actuated at the pressure desired for
distillation.

When the thermocouple T'C indicates that the condenser
H is at the desired temperature, the reaction produets in the
still pot are warmed slowly. When the pressure within the
fractionating column reaches the pressure at which the con-
trols are set, the cooling system is actuated. This is
achieved by energizing relay RP; this causes the motor M
to drive the centrifugal pump, which is immersed in acetone
contained in a brass cylinder packed in Dry Ice.! The rate
of cooling is controlled by regulating the flow of acetone
with pinch clamp C. By controlling the heat input to the
still pot P and the rate of cooling of the condenser H, a satis-
factory reflux ratio is established and maintained in the
fractionating column. The amount of gas removed as dis-
tillate is controlled by stopcocks RS and AS. The pressure
under which the gas is to be removed is determined by the
position of a second contact wire in the manometer MS.
When the desired pressure is attained, contact is made; this
actuates a relay in the electronic control system. This
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relay in turn energizes the solenoid valve SV and allows
compressed air to move the piston in bicycle pump BP, thus
opening the stopcock AS. The rate of removal of distillate
is controlled by stopcock RS.

The purified reaction products are condensed with liquid
nitrogen as fractions in the ampoules X, Y, and Z. These
are attached, through the tubes leading vertically from
them, to manometers, which are not shown in the figure.
Samples for analyses and determinations of properties are
collected by attaching the appropriate vessels to the stand-
ard-taper joint ST. Freezing points are determined in the
cell FP.*
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46. METHYL CHLOROFLUOROPHOSPHITE AND
METHYL DIFLUOROPHOSPHITE

(Phosphorus (ITI) Methoxychlorofluoride and
Phosphorus(III) Methoxydifluoride)

3CH;0PCl; + SbF; — 3CH,;0PCIF + SbCl,
3CH;0PCl, + 28bF; — 3CH;0PF, 4+ 25bCls

SueMmrirTeD BY DonaLp Ray MarTIN* anp Paiure J. PrzzoraTo®*
Curckep BY Pavrn W. Trorrt
The method used in the preparation of methyl chloro-
fluorophosphite and the corresponding difluoro ester is
* Naval Research Laboratory, Washington, D.C,

t Central Research Department, Minnesota Mining and Manufacturing
Company, St. Paul, Minn,
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essentially the same as that deseribed in synthesis 45, except
that a catalyst is not required in this case.

Methyl difluorophosphite is very readily obtained by the
action of antimony (I1I) fluoride on the dichloro ester. The
intermediate, partially fluorinated chlorofluoro ester is pro-
duced in appreciable yields only under carefully controlled
conditions. Although the conditions outlined below, i.e.,
low temperature, low pressure, and slow rate of addition of
fluorinating agent, favor the formation of the chlorofluoro
ester, a mixture results, and the yield of the chlorofluoro
ester is low compared to that of the difluoro.!

Procedure

After the Swarts generating system (synthesis 45) is
found to be gastight, it is rinsed with dry air ten times.
The vertical tube sealed to the upper side of the solid-feed
side arm F (Fig. 16) is charged with 179 g. of resublimed
antimony (III) fluoride (1.0 mol), and the standard-taper cap
is replaced. Two hundred fifty-two milliliters of methyl
dichlorophosphite (3.0 mols) is admitted to the generator
through the attached dropping funnel. After the reactor
R and its contents have been cooled to —78° with a Dry
Ice—acetone mixture, the side-arm connection to the funnel
is sealed off at the constriction. Then the pressure within
the generator R is reduced to below 50 mm. to favor forma-
tion of the intermediate, partially fluorinated chlorofluoro-
phosphite. With the liquid in the flask now warmed to
slightly below 10°, with water circulating through con-
denser WC, and with the stirrer operating, the reaction is
begun by the addition of a small amount of antimony(11I)
fluoride.*

The volatile products of the reaction are collected in the
still pot P, which is surrounded by liquid nitrogen. The

* In order to correct the difficulty associated with clogging of the reservoir
by antimony (ITI) fluoride, the checker installed a stiff spiral wire to scrape
the walls of the reservoir. It was fastened in the ground-glass joint cap by
a rubber stopper. By rotating the ground-glass joint the wire spiral could
eagily be turned. No air leaks were encountered with this modification.
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fluorinating agent is added in small portions at a rate of
between 50 and 80 g./hr. The temperature of the reaction
mixture must be maintained below 10° and the pressure
below 50 mm. during the synthesis.

The mixture of reaction products is fractionally distilled
in a modified Dufton column as described in synthesis 45.
The yields based on methyl dichlorophosphite are chloro-
fluorophosphite, about 8%, and difluorophosphite, about
409%,.

Analysis

Samples of the chlorofluorophosphite are collected in
glass ampoules of approximately 1 ml. capacity, which are
then sealed and weighed.? These samples are hydrolyzed
in 125 ml. of solution containing sodium hydroxide in slight
excess. The difluorophosphite is most conveniently sam-
pled as a gas in a weighing bulb of 500 ml. capacity (AB,
Fig. 16, synthesis 45).3

Chlorine is determined by a modified Volhard procedure.?
At the beginning of the analysis, the aliquot is made
strongly acid with about 10 ml. of freshly boiled concen-
trated nitric acid. This excess nitric acid prevents the
phosphite from reducing the silver ion.

Phosphorus may be determined gravimetrically as mag-
nesium pyrophosphate after oxidation of the phosphite to
phosphate by bromine and nitric acid. A sample is hydro-
lyzed in sodium hydroxide solution and diluted to 500 ml.
in a volumetric flask. The analyses are run with 50-ml.
aliquots. Each aliquot is acidified with 5 ml. of concen-
trated, 16 M nitric acid, and ¥4 ml. (5 drops) of bromine is
added (a slight excess over the amount required for com-
plete oxidation of an aliquot containing 0.2 g. of methyl
chlorofluorophosphite). The solution is swirled for a few
seconds and allowed to stand for 15 minutes, with swirling
at intervals. It is then heated on a steam cone until the
color of the bromine disappears (the volume is usually
reduced considerably during this process). The solution is
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then cooled to room temperature, the inside walls of the
flask are rinsed with distilled water, and 2 drops of bromine
is added, after which the solution is treated as above. The
solution is then cooled, more bromine is added, and the
procedure is repeated a third time. From this point, the
usual method of determining phosphorus as magnesium
pyrophosphate is followed.

Methoxyl analyses are most conveniently carried out with
large samples (2 to 3 g.). The sample is hydrolyzed in a
sodium hydroxide solution, and the methanol is fractionally
distilled into a tared receiver.* From the weight and spe-
cific gravity of the distillate the percentage of methoxyl
group may be calculated.™*

Anal. Caled. for CH,0PCIF': C, 10.31; H, 2.60; P, 26.60;
Cl, 30.44. Found: C, 10.14; H, 2.73; P, 26.82; Cl, 30.24.
Caled. for CH;0PF,: C, 12.01; H, 3.02; P, 30.98; CH;O,
31.05. Found: C, 11.04; H, 2.98; P, 31.3; CH,0, 30.9.

Properties

Methyl chlorofluorophosphite is a colorless liquid having
the following characteristics: sp. gr. 1.318]; b.p. 38.9° (760
mm.); and a vapor pressure which may be expressed by the
equation

1546.5

log pum. = 7.8362 — T

It shows no sharp freezing point, but on cooling it forms a
glass at some temperature below —79°.

Methyl difluorophosphite is a colorless gas having the
following characteristics: b.p. —15.5° (760 mm.); f.p.
—117.3 + 0.4°; and a vapor pressure which may be
expressed by the equation

1250.5
T

Both of these compounds hydrolyze readily and fume on
contact with moist air.

108 Prum, = 7.7335 —
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47, SILICON TETRAFLUORIDE

BaClz + stlFG — BaSlFs + 2HCI
BaSiF, > SiF, + BaF,

SusMITTED BY C. J. HorrMan* anp H. 8. Gurowsky™
Cuickep BY W. C. Scaumet axp D. W. Breck t

N

Silicon tetrafluoride has been prepared by the reaction?® of
coneentrated sulfuric acid with a mixture of sand and cal-
cium fluoride, at room temperature or upon mild heating.
However, the product is contaminated by hydrofluoric and
fluorosilicic acids.{ The thermal decomposition of barium
hexafluorosilicate? is a convenient method, requiring simple
apparatus and capable of producing silicon tetrafluoride of
high purity.

Procedure

Preparation of Barium Hezxafluorosilicate, BaSiFs.
Twenty-five grams of barium chloride 2-hydrate (0.10 mol)
is dissolved in 70 ml. of water. Aqueous fluorosilicic acid
(309%,) is added until precipitation is complete; this requires
about 40 ml. of the solution. The freshly precipitated
barium hexafluorosilicate is filtered and washed until free
from chloride. The product is dried in an oven at 110 to
120° and then dried further in a desiccator over phospho-
rus(V) oxide or porous barium oxide. The yield is nearly
quantitative.

Thermal Decomposition of BaSiFs. The apparatus is
dried thoroughly. The barium hexafluorosilicate is placed

* University of Ilinois, Urbana, Il

1 Massachusetts Institute of Technology, Cambridge, Mass.

I Booth and Swinehart® discuss the difficulties encountered in this reac-
tion and describe two additional methods of preparation.
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in a reaction tube, which consists of a 20-cm. length of pyrex
tubing of 30 mm. diameter, one end of which is sealed and
the other end joined to a length of tubing of smaller diam-
eter. This tube is connected by standard ground-glass
joints and stopcocks to two traps in series and ultimately to
a vacuum system. The reaction tube is heated by an elec-
tric combustion furnace regulated with a Variac. The
assembled apparatus containing the barium hexafluorosil-
icate is dried further by evacuation and by raising the fur-
nace temperature to 200°. The first trap is then immersed
in an acetone—solid carbon dioxide bath to remove any
hydrofluoric or fluorosilicic acid that may be formed. The
secend trap is cooled with liquid air to collect the product.
At about 300° the evolution of silicon tetrafluoride com-
mences; decomposition proceeds readily at 500°. The
product condenses to a white solid in the collection trap.
The first portion of the gas contains most of the impurities
and should be discarded. .The yield is about 75%. If
desired, the gas may be transferred for storage to a steel
cylinder by the method described in the synthesis for sul-
fur(VI) fluoride.* Spectroscopic examination indicates
that the product is at least 989, pure.

Properties

Silicon tetrafluoride is a colorless, pungent, fuming gas at
room temperature. The triple point is at —90.2° and 1318
mm.? The critical temperature and pressure are —14.5°
and 36.66 atm., respectively.® The sublimation tempera-
ture® at 1 atm. is —95.7°. The gas liquefies under pressure
to form a colorless, mobile liquid. Distillation of the liquid
can be used for purification.® In the absence of moisture,
pure silicon tetrafluoride does not attack glass, mercury,
stopcock grease, or rubber.
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48. GERMANIUM(IV) FLUORIDE

(Germanium Tetrafluoride)

G602 + 6HF — H2GeF6 + 2H20
H,Gels + BaCl; — BaGels 4+ 2HCI

BaGeF; — GeF, -~ Bal,

SusmiTTED BY C. J. HorFrMan* anp H. 8. Gurowsgy*
CaEckED BY W. C. ScHUMBT AND D, W. BrECKT
There appears to be only one really satisfactory method

for preparing pure germanium(IV) fluoride. This method
involves the thermal decomposition of barium hexafluoro-
germanate! in a quartz or Vycor tube, a method analogous
to that described for the preparation of silicon tetrafluoride
(synthesis 47). Germanium(IV) fluoride has also been pro-
duced by the fluorination of germanium(IV) chloride with
antimony (1I1) fluoride;? however, it ig necessary to distill
fractionally the mixture of chlorofluorides resulting from
the reaction.

Procedure

Preparation of Barium Hexafluorogermanate, BaGeFs.
Five and twenty-three hundredths grams of germanium(IV)
oxide (0.05 mol) is dissolved in 15 ml. of a concentrated
aqueous solution of hydrofluoric acid (47%). A platinum
evaporating dish or a polyethylene plastic beaker is used to
keep silicon contamination to a minimum. A solution of
10.5 g. of barium chloride (0.05 mol) in 50 ml. of water is
added. Barium hexafluorogermanate forms as a white,
granular precipitate, which is filtered and washed free of
chloride. The produect is dried by heating to 300° 7n vacuo
and is stored in a desiccator over phosphorus(V) oxide.
The yield is 15.24 g. (949%).

* University of Illinois, Urbana, Il
t Massachusetts Institute of Technology, Cambridge, Mass.
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Thermal Decomposition of BaGeFs. The general proce-
dure and precautions are similar to those for silicon tetra-
fluoride (synthesis 47). However, the thermal decomposi-
tion of barium hexafluorogermanate requires a higher
temperature, about 700°. The compound is placed in a
quartz or Vycor tube, 20 cm. long and 10 mm. in diameter,
sealed at one end. This tube is connected by a short length
of heavy-walled rubber tubing to a collection train and
vacuum system. The main source of impurities is water
which may be adsorbed on the walls of the apparatus or
contained in the solid barium hexafluorogermanate. When
germanium(IV) fluoride is formed, it reacts with the water
to produce germanium(IV) oxide and hydrofluoric acid,
which in turn attacks the silica, producing volatile silicon
fluorides. Such contamination is decreased if the assem-
bled apparatus, containing the barium hexafluorogerman-
ate, is dried by evacuation and then by heating the reaction
tube at 200 to 300° in an electric furnace. At 500° there is
slight evolution of germanium (IV) fluoride, and at 700° the
decomposition proceeds readily. Toward the end, how-
ever, it becomes quite slow again. If high purity is desired,
the first portion of the product is discarded. The product
is collected as a white solid in a trap cooled by liquid air.

The yield will depend on how long the decomposition is
allowed to proceed. A yield of approximately 509, based
on BaGeF', is normally obtained. Spectroscopic examina-
tion indicates that the product is at least 989, pure.

Properties

At room temperature germanium(IV) fluoride is a color-
less, fuming, pungent gas with an odor somewhat like that
of garlic. At elevated temperatures it is reduced by cop-
per.’? The vapor pressure of the solid is appreciable at
temperatures as low as —111.7° and becomes approximately
equal to atmospheric pressure at —36.5°.' The liquid
which forms under increased pressure is clear, colorless, and
mobile. The triple point is at —15° and 3032 mm.
pressure.
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49. PHOSPHORUS(III) FLUORIDE
(Phosphorus Trifluoride)
PCl; + AsFs —5 PF; + AsCly

SuemiTTED BY C. J. HOFFMAN*
CuEckED BY JamEs M. Lurtont AND RoBERT W. PARRYT
Phosphorus(I1I) fluoride can be prepared by the reaction

of antimony(I1T) fluoride with phosphorus(III) chloride,
using antimony(V) chloride as a catalyst,! or by heating
copper phosphide with lead fluoride.? The procedure
described here involves the reaction of arsenic(I11) fluoride
with phosphorus(III) chloride, using antimony(V) chloride
as a catalyst.®4

Procedure

The apparatus consists of a glass reaction flask fitted with
a side arm and dropping funnel. The side arm is connected
to two glasé traps in series by means of standard ground-
glass joints and stopcocks.

After the apparatus is assembled and thoroughly dried,
13.7 g. of freshly distilled phosphorus(I1I) chloride (0.10
mol) is introduced into the reaction flask, and 13.2 g. of arse-
nic(I1I) fluoride (0.10 mol) (synthesis 50) containing a few
drops of antimony(V) chloride} is placed in the dropping
funnel. The phosphorus(I1I) fluoride is readily generated
by allowing the arsenic(I11I) fluoride to drop slowly into the
phosphorus(I1I) chloride; the reaction proceeds smoothly
at room temperature and becomes more rapid with time.
The gases formed by the reaction are led from the reaction
flask through a trap cooled by an acetone—Dry Ice bath, to

* University of Illinois, Urbana, Til.

1 University of Michigan, Ann Arbor, Mich.

1 The checkers report that satisfactory results may be obtained without
the antimony (V) chloride catalyst.
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remove any of the reactants that may be entrained. Phos-
phorus(IIT) fluoride is condensed as a white solid in the
second trap, which is cooled by liquid nitrogen. Yield,
859%,. As a further purification, the trifluoride can be dis-
tilled slowly through a trap immersed in a bath of acetone
and Dry Ice. The initial and final fractions of the distillate
should be discarded.

Properties

Phosphorus(III) fluoride is a fairly stable, colorless gas
which is decomposed slowly by water, forming phosphorous
acid and hydrogen fluoride. At elevated temperatures, in
the presence of silica, it quickly decomposes. It condenses
et —101.1° to form a colorless, mobile liquid and solidifies at
—151.5° to a white solid.

When pure, phosphorus(111) fluoride is odorless in con-
centrations which are great enough to cause the substance
to be toxic. It is readily absorbed by sodium hydroxide
with evolution of heat.
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§0. ARSENIC(III)- FLUORIDE
(Arsenic Trifluoride)
AS203 + 30&F2 + 3H2SO4 — 2ASF3 + 303804 + 3H20

Susmrrrep BY C. J. Horrman*
CueckED BY JaAMEs M., Lurront aANp RoBeErT W. PARRYT
Although Moissan prepared arsenic(III) fluoride by the
action of fluorine on arsenic and on arsenie(III) chloride,!
the only convenient laboratory procedure involves distilla-
tion of a mixture of arsenic(III) oxide, calcium fluoride,
and concentrated sulfuric acid.?

* University of Illinois, Urbana, I
t University of Michigan, Ann Arbor, Mich.
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Procedure

The reaction can be carried out in a round-bottomed glass
flask fitted with a still head, the arm of which is attached to
a trap immersed in a cooling bath of ice. Owing to the
reactivity of arsenic(III) fluoride, the apparatus should be
well dried, and the use of rubber or cork stoppers must be
avoided. A thermometer can be inserted into the still head
by means of a ground-glass joint lightly lubricated with
Apiezon* grease L, which reacts only very slowly with the
vapor,?

A dried intimate mixture of 23.4 g. of reagent-grade cal-
cium fluoride (0.30 mol) and 19.8 g. of arsenic(III) oxide
(0.10 mol) is introduced into the reaction flask.t To this,
98.1 g. of reagent-grade concentrated sulfuric acid (0.95
mol) is added. The apparatus is then assembled, and the
mixture is heated slowly on a water bath to distill the prod-
uct as it is formed.

The portion of the distillate boiling at 63° comprises the
product. The yieldis 11.2 g. (85%). Arsenic(III) fluoride
obtained in this manner is of sufficient purity to be used for
the preparation of phosphorus(III) fluoride (synthesis 49);
however, if desired, it can be further purified by distillation
at atmospheric pressure in an all-glass system using a col-
umn packed with glass helices.?

Properties

At ordinary temperatures, arsenic(IIT) fluoride is a clear,
colorless, mobile liquid which hydrolyzes slowly when

* The checkers report that ordinary Lubriseal mixed with graphite is a
suitable substitute for the Apiezon grease.

t The checkers found that, if large quantities of arsenic(III) fluoride are
to be prepared, it is expedient to add the dry mixture to the acid in rather
small amounts, to prevent the reaction from becoming too vigorous. This
can be accomplished by storing the dry mixture in a retort-shaped container
connected to the side of the reaction flask by means of a ground-glass joint.
Additions of the mixture can easily be made by rotating the storage flask
so that the bulb is moved upward, thus spilling portions of the mixture
into the reaction flask,
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exposed to the atmosphere. It boils at 57.13° under a pres-
sure of 742.5 mm. and solidifies at —5.95°.%

Arsenic(III) fluoride readily attacks glass when moist;
however, the reaction is very slow when moisture is
excluded. When stored in glass under anhydrous condi-
tions, the liquid slowly becomes turbid after 2 or 3 days.

Care should be exercised when handling arsenic(IIT) flu-
oride, as it produces skin burns similar to those produced by
hydrogen fluoride.
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51. CHLORINE(1V) OXIDE
(Chlorine Dioxide)
2NaClO; + Cl, — 2Cl0, + 2NaCl

SusmiTTED BY R. I. DERBY* AND W, 8. HUTCHINSON*
CrEckED BY T. H. DEXTERT AND J. M. NAUGHTONT

Chlorine(IV) oxide has been produced electrolytically!
and by a chlorinated-brine process? in which chlorine gas
diluted with air is metered into a solution of sodium chlorite.
These methods entail control difficulties, which are greatly
minimized by a procedure based on allowing dry chlorine,
obtained from a cylinder, to react with substantially dry
powdered sodium chlorite,® as indicated in the equation
above.

For uses where a small amount of chlorine will not be
harmful, up to 0.1 g. of chlorine(IV) oxide may be produced
in admixture with inert gas and chlorine by allowing a
weighed amount of chlorite to react with an excess of chlo-
rine in a closed system of 1 1. capacity. This produces the
chlorine(IV) oxide at a partial pressure of about 26 mm.
(0.1 g. of ClO;in 11.) at room temperature and 1 atm. The

* General Mills, Inc., Minneapolis, Minn.
t Mathieson Chemical Corporation, Research Laboratory, Niagara Falls,
N.Y.
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maximum concentration which may be handled safely is
represented by a partial pressure of 36 mm. A procedure
for obtaining greater amounts of the gas free from chlorine
is also given.

Procedure

Caution. Chlorine(1V) oxide reacts violently with organic
materials. In concentrations in excess of 109, al atmospheric
pressure, it 1s easily detonated by sources of initiation such as
sunlight, heatl, or electric discharge.

Sodium chlorite must be kept out of contact with heat, open
flame, acid, organic materials, including paper, and materials
contarning sulfur, such as rubber. It ignites upon contact
with these substances and burns with an intensely hot flame.
The flame of burning sodium chlorite may be exiinguished by
fooding with water.

A. SMALL-8CALE PREPARATION oF CHroriNe(IV) Oxipe
ApMIxED WITH INERT (GAs AND CHLORINES®

The exact amount of sodium chlorite required to produce
0.1 g. of chlorine(IV) oxide is determined by analysis. The
required amount (about 1.3 g.) of nearly pure, dry, pow-
dered sodium chlorite is placed in a 1-l. flask.* The flask is
fitted with a chlorine-treated stopper{ having inlet and out-
let tubes equipped with stopcocks. The inlet tube should
extend to the bottom of the flask. The flask is partially
evacuated by means of a water pump. The resulting vac-
uum is partially released with chlorine which is metered by
using a chlorine-saturated sodium chloride solution as a
metering fluid. Chlorine is used in an amount approxi-
mately 1009, in excess of the theoretical requirements.
The system is then returned to atmospheric pressure by

¥ It is advisable to wrap this flask with tape as a safety precaution.

t A “chlorine-treated stopper’” is a rubber stopper which has been
retained in a chlorine-gas atmosphere or painted with chlorinated rubber
paint before use. This is probably not necessary where relatively large gas

flows are encountered; however, fresh rubber stoppers and also tubing some-
times react with the gas.
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admitting air, after which the flask is placed in the dark for
3 hours; during this time the reaction goes to completion.
The gaseous mixture can then be stripped by a stream of air
flowing at the rate of approximately 300 ml./min. The
reaction is about 949, efficient and can be checked in the
manner described in the second paragraph of the section
on analysis.

B. PrepararioNn oF CHLORINE(IV) OxIpE
FrEE FROM CHLORINE®

Using a solution saturated with sodium chloride and chlo-
rine as a metering fluid, the required amount of chlorine is
metered into a buret and then slowly conducted into a mix-
ing chamber. From there it is swept by a continuous
stream of air, flowing at the rate of about 200 ml./min.,
through a column packed with dry flaked (not powdered)
sodium chlorite.* The diameter of the column is 1.9 em.;
the length, about 41 em. (Fig. 17). After the chlorine is
displaced from the buret, the air flow is directed through the
three-way stopcocks, and the screw clamp is closed. The
effluent gases from the reaction tube are conducted to the
point of application.

The product can be checked for the presence of chlorine
by testing the output stream with the fumes from ammo-
nium hydroxide; chlorine produces the typical white cloud
of ammeonium chloride, while chlorine(IV) oxide does not.
No chlorine is present in the effluent gas until two-thirds or
more of the sodium chlorite has reacted, at which time chlo-
rine may escape through channels in the remaining sodium
chlorite without reacting.

The partial pressure of the effluent gas mixture must be
held below 30 mm. An example-of the manner of calculat-
ing the flow rates necessary to give a desired partial pres-
sure of chlorine(IV) oxide is outlined below. If 5 ml. of
chlorine is used per minute, chlorine(IV) oxide will be pro-

* Tt is advisable to wrap this sodium chlorite tube with tape as a safety
precaution.
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duced at the rate of 10 ml./min. The amount of air that
must be used in diluting the chlorine at barometric pressure
of 740 mm. in order to obtain chlorine(IV) oxide at a par-
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Fia. 17. Apparatus for the preparation of chlorine(IV) oxide free from chlorine.

tial pressure of 30 mm. is calculated from the following
equation:
ml. ClO;/min. X barometric pressure
partial pressure of ClO,
— ml. Cl0;/min.

ml. air/min.

_ 10 ml./min. X 740 mm. 10 ml. /min.
30 mm.

= 237 ml./min.
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The sodium chlorite should be flushed with air for several
minutes after the chlorine has been used, to ensure complete
stripping.

Technical flaked sodium chlorite contains some impuri-
ties, including sodium carbonate, which reacts with chlorine
and thereby reduces the efficiency of the reaction. The
relative humidity and the moisture content of the sodium
chlorite also affect the efficiency of the process. Since an
aqueous solution is used as a metering fluid, considerable
moisture will be present. For these reasons the method
described here is considered to be only about 909 efficient,
based on the metered chlorine.

The concentration of chlorine(IV) oxide at any instant
depends on the rates of flow of the gases and on the condi-
tion of the solid sodium chlorite in the tower. In order to
estimate the true efficiency of the method, it would be neces-
sary to collect all the effluent gas and perform analyses on
aliquot portions. This is impractical because of the large
total volume of the gases. Should the conditions under
which the chlorine(IV) oxide is to be used require a higher
degree of control, the method described in reference 5 is
suitable.

Analysis

Sodium Chlorite. An accurately weighed sample of
about 2.0 g. of sodium chlorite is dissolved in 1 L. of water;
a 25-ml. aliquot serves as the sample for analysis. Two
milliliters of 509, potassium iodide and 10 ml. of acetic acid
are added to the aliquot, and the ensuing reaction is allowed
to proceed in the dark for 5 minutes. The liberated iodine
is then titrated with 0.1 N standard sodium thiosulfate solu-
tion, using starch as an indicator. The equations for the
reactions are written below.!

NaClO,; + 4CH,COOH + 4KI — NaCl + 21,
+ 4CH;COOK + 2H.0O
Iz + 2Na28203 — 2NaI + N&zS4Oﬁ

One mol of sodium chlorite is equivalent to 4 mols of sodium
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thiosulfate. The milliequivalent weight (MEW) of the
sodium chlorite is 0.0226. The equation for the percentage
of sodium chlorite in the original sample is

% N&ClOg =

ml. of Na,S:03 X N of Nay8,0; X MEW of NaClO, X 100
weight of sample in aliquot

Effluent-gas Analysis.? This method of analysis gives an
estimate both of the chlorine(IV) oxide produced and of the
unreacted chlorine present in the effluent-gas mixture.
The gas is collected in an opaque 600-ml. Hempel tube; it
is then absorbed in a neutral 109, solution of potassium
iodide. Starch indicator is added to this solution or to an
aliquot, which is then titrated with 0.1 N sodium thiosulfate
solution (titration A). The amount of sodium thiosulfate
used is equivalent to all the chlorine gas in the sample plus
one-fifth of the chlorine(IV) oxide. The solution is then
acidified with an excess of 309, acetic acid, causing a second
release of iodine, which is then titrated with sodium thio-
sulfate solution (titration B). The amount of sodium thio-
sulfate used in titration B is equivalent to four-fifths of the
chlorine(1V) oxide in the sample. The equations for the
reactions involved are shown below.*

Cl; + 2KI — 2KC(Cl 4 1,
2Cl1O; + 2KI — 2KClO; + 1,
KCIO; + 4CH;COOH + 4KI — KCl1 4+ 21,
+ 4CH;COOXK -+ 2H,0

The results are calculated from the following equations:

g. of ClO; = (ml. of Na.S,0;, titration B) X 3{ X MEW

Of 0102 X N Of Nazszoa

g. of Cls = [(ml. of Na:S;0;, titration A + titration B)
— (ml. of Na,S;0;, titration B) X %4]

X MEW Of 012 X N Of Nazsgoa

MEW of ClO; in this case is 0.0135; MEW of Cl,, 0.0335.
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Properties

Chlorine(IV) oxide is a strongly oxidizing, orange-red gas
at room temperature. It condenses at 9.9° (731 mm.) or
at 11° (760 mm.)® and solidifies to yellowish-red crystals at
—59°.% The gas is unstable in light and decomposes explo-
sively when brought in contact with organic materials or
when heated rapidly. Pure chlorine(IV) oxide is stable
indefinitely in the dark; chlorides catalyze its decomposition
even in the dark. It has an odor similar to that associated
with chlorine and also reminiscent of that of nitric acid;
when the gas is very dilute, its odor is like that of ozone.
It is comparable to chlorine in its toxicity.

Chlorine(IV) oxide is soluble in water? and in alkaline and
sulfuric acid solutions. It forms a hydrate which conforms
approximately to the formula ClO.-8H,0.3
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CHAPTER VIII
52. IRON(II) FORMATE

(Ferrous Formate)
Fe + 2HCOOH + 2H,0 — Fe(HCO0O0),-2H,0 + H,

SuemiTTED BY Ricuarp N, RuHopa* anp ANtrONY V. FrATOLI*
CHECKED BY WiLLiaM Lroyp TayLort AND Jacoe KLEINBERGT
Iron(II) formate can be prepared by the action of formic
acid on pure iron or by a number of double-displacement
reactions.! The method based on the reaction of iron with
acid was adopted because of the ease of isolating the final
product and of preventing the oxidation of the iron(II) com-
pound. Care must be taken along two lines: contact of the
solutions or wet salt with air must be minimized, and an
excess of acid must be present in the aqueous solutions.

Procedure

Thirty grams of pure iron powder (0.54 mol) is placed in
the bottom of a three-necked 2-1. flask equipped with (1) a
reflux condenser with a stopper and small glass tube or
Bunsen valve at the terminal end to allow venting of the
hydrogen and to minimize entrance of air into the system;
(2) a siphon line} with a glass-wool plug as a strainer, filled
with water and elosed with a stopcock or pinch clamp until
needed; and (3) a separatory funnel. Twelve hundred milli-
liters of distilled water and 100 ml. of 459, formie acid are
introduced into the flask. The contents are boiled until

* Lehigh University, Bethlehem, Pa. This work was carried out with
the approval of the Office of Naval Research under a research project
devoted to the preparation of ultrafine ferromagnetic powders.

T University of Kansas, Lawrence, Kan.

t The checkers performed the operation without the siphon, using & two-

necked flask, and filtering directly into a Biichner funnel.
159
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hydrogen evolution ceases (2 to 3 hours). Fifty milliliters
of 459, formic acid is added, and another 50 ml. of the acid
is placed in a 2-l. filter flask. The iron(II) formate solution
is then siphoned into the filter flask. The filter flask is
closed with a cork stopper, heated on a hot plate, and
simultaneously evacuated with a water aspirator, until
crystals form (2 to 4 hours). The filter flask should be held
firmly in place to avoid movement of the flask when crystals
precipitate. The flask is then removed from the hot plate
and cooled in an ice bath.

The crystals are filtered on a Biichner funnel, some solu-
tion being constantly maintained over the crystals. A sec-
ond batch of crystals is obtained by adding ethanol to the
filtrate until crystallization begins. This second crop is
added to the original batch of erystals. The product is
washed with 959 ethanol and dried in a vacuum desiccator.
Recrystallization does not improve the purity of the prod-
uct. Yield, 909. Anal. Caled. for Fe(HCOO),-2H,O:
Fe, 30.70; C, 13.19; H, 3.32. Found: Fe, 30.61; C, 13.17;
H, 3.50. Qualitative test for ferric ion: negative.

Properties

Iron(II) formate 2-hydrate crystallizes from water as
pale green, hexagonal platelets. Crystallization by addi-
tion of ethanol to the saturated aqueous solution gives
interesting results depending upon the ratio of water to
alcohol. As the concentration of ethanol is increased and
the ratio approaches 1:1, a change in the mode of precipita-~
tion occurs and needlelike crystals are formed. The first
crystals formed are somewhat thick and short and are macro
in nature. After 5 or 10 minutes, a second nucleation
occurs, and the resulting microcrystals are elongated and
thinner than those in the preceding batch. Iron(II) for-
mate loses its water of hydration in the rangeé 140 to 150°.
Gradual decomposition occurs above 200°. It is slightly
soluble in water and insoluble in ethanol. The dry material
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shows a slight tendency to oxidize in air, the oxidation being
more pronounced with finer precipitates.

Reference

1. ScuEURER-KESTNER: Bull. soc. chim. France, b, 34 (1863).
63. IRON(II) BROMIDE 6-AMMONIATE

Fe + 2HBr — FeBr. + H,
FeBr, + 6NH; — FeBry,-6NH;
SuBMITTED BY GEORGE W. WaTr* AND W. A, JENKINS*
Cueckep BY Harry H. StsLERt anD F. R. HUurLEY T
Ammoniates of iron(II) salts have been prepared by the
reaction of ammonia with iron(II) salts in solution® or in the
solid state.®? In either case, the purity of the final product
has been limited by the difficulty of producing and main-
taining the iron(Il) salts in a high state of purity. The
simple procedure outlined below, which is a modification of
that deseribed by Weitz and Muller,! obviates these diffi-
culties without sacrificing either yield or purity.

Procedure

The reactions are carried out in a 1-1. round-bottomed
flask (Fig. 18) sealed to a dropping funnel and a gas inlet
tube A.1 The neck of the flask is closed with a rubber
stopper bearing a gas inlet C and an outlet tube B (i.d. at
least 5 mm.). The latter is connected to a filter assembly
which consists of a 25-mm.-i.d. filter tube with a fritted-
glass filter plate D (porosity B). The distance from the
filter plate to the top of the tube should be at least 35 cm.
As shown in Fig. 18, tubes B and C extend into the flask
through glass sleeves and are attached to these sleeves by
means of rubber. tubing so that B and C' may be raised or
lowered.

* University of Texas, Austin, Tex.

T Ohio State University, Columbus, Ohio.

1 For the sake of simplicity, a three-necked flask may be substituted; gas
inlet tube A and the dropping funnel may then be connected through rubber
stoppers.
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Nine and three-tenths grams of pure iron (0.167 mol) in
the form of primary-standard iron wire (99.99 Fe) is placed
in the flask, and with C attached to a source of anhydrous
ammonia gas and B lowered as shown in Fig. 18, air is com-
pletely displaced from the system by means of hydrogen
admitted through A. Tube B is raised, and 236 ml. of 40%

D>

F1a. 18. Apparatus for the preparation of iron(II) bromide 6-ammoniate.

hydrobromic acid (sp. gr. 1.38) (1.61 mols) is introduced
through the dropping funnel. Tube B'is lowered to within
214 em. of the surface of the liquid, and the flow of hydrogen
is maintained at a low rate. _

Reaction is accelerated by gentle heating on a steam bath.
After the iron has been dissolved, 77 ml. of water is added,
and the flask and its contents are cooled with an ice bath
while ammonia is admitted through C. Tube C is then
lowered to the bottom of the flask, and ammonia is admitted
at a rate such that the green precipitate which forms upon
neutralization of the excess hydrobromic acid is not allowed
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to settle. The green precipitate is progressively replaced
by light blue-gray crystals of iron(II) bromide 6-ammoni-
ate. Addition of ammonia is continued until no further
color change is observed.

Tube C is raised, the flow of ammonia is stopped, tube B
is lowered, and the crystals and mother liquor are carried
over to the filter tube as a slurry by means of the hydrogen
gas pressure. The solid product is washed with four or five
100-ml. portions of absolute ethanol which has been sat-
urated with ammonia, followed by four or five 100-ml. por-
tions of absolute ethyl ether. These wash liquids are intro-
duced through the dropping funnel, after first reducing the
rate of flow of hydrogen in order to avoid excessive positive
pressure within the system. The solid is'dried on the filter
plate by passing anhydrous ammonia gas through it for 30
min. Thereafter, the filter assembly is transferred to a dry
box, and the product is transferred under an atmosphere
of ammonia to vials which are subsequently sealed. The
yield is essentially quantitative. Anal. Caled. for FeBr,--
6NH;: Fe, 17.6; NH;, 32.1. Found: Fe, 17.9; NH;, 32.2,

Properties

Iron(II) bromide 6-ammoniate is a pale blue-gray crys-
talline solid which decomposes to form a brown solid of
undetermined composition when exposed to the atmosphere.

References
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654. POTASSIUM FERRATE(VI)

3Cl0~ + 2Fe(OH);(H,0); + 4K+ 4+ 40H™ —

3CI~ + 2K,FeO, 4+ 11H,0
SusmitrED BY J. M., SCHREYER, * G. W. THOMPSON, * AND L. T. OCcKERMAN*
Cngpckep BY Bopig E. Dovcras, Mivron K. SNYDER,! AND THERALD

MoELLER]

Potassium ferrate(VI) has been prepared in an impure
state and in low yields by the action of chlorine or bromine
on hydrous iron(I11) oxide suspended in potassium hydrox-
ide solutions. The procedure described here is a modifica-
tion of the chlorine oxidation method! which facilitates the
predilction of 5- to 10-g. samples of potassium ferrate(VI)
in a fair state of purity and in good yield.-

Procedure?

A solution of 30 g. of sodium hydroxide (0.75 mol) in 75
ml. of water is cooled and chlorinated with vigorous stirring
while the temperature is kept below 20°. Chlorination is
continued until the weight of the solution has increased by
20 g. (about 1 hour). Seventy grams of solid sodium
hydroxide (1.75 mols) is added slowly with stirring; the
temperature is permitted to rise as high as 25 to 30° to aid
in the dissolution of the sodium hydroxide. Finally, the
mixture is cooled to 20°. The precipitated sodium chloride
is removed by filtration through a fritted-glass filter of
large surface area and coarse porosity.§

The alkaline hypochlorite solution is maintained at 25 to
30° while 25 g. of pulverized iron(III) nitrate 9-hydrate
{0.06 mol) is added in small portions over a period of 45
minutes to 1 hour. Sodium hydroxide is added to the solu-
tion until saturation is reached; during this operation the
temperature is maintained at 30°. The mixture is then fil-

* University of Kentucky, Lexington, Ky.

1 Pennsylvania State College, State College, Pa.

 University of Illinois, Urbana, Ill.

§ Checkers Snyder and Moeller recommend cooling the hypochlorite solu-
tion to less than 10° to remove a greater amount of the sodium chloride.



POTASSIUM FERRATE(VI) 165

tered with suction through fritted glass. The filter must
have a disk of large surface area and of coarse porosity to
allow rapid filtration. Glass wool on top of the fritted-
glass filter aids in the filtration. Extended periods of filtra-
tion greatly reduce the yield of potassium ferrate(VI).*

The filtrate containing the sodium ferrate is transferred
to a 250-ml. beaker, which is put in a water bath at 20°, and
100 ml. of saturated potassium hydroxide solution is added
with stirring. Stirring is continued for 5 minutes, after
which the suspension is filtered through a fritted-glass filter
of medium porosity and large surface area (centrifugation
may be substituted for filtration here).tf The filtrate is
discarded.

The precipitate is leached successively on the filter with
four or five 10-ml. portions of 3 M potassium hydroxide
solution. All the washings are drawn through the filter
into the same 50-ml. volume of chilled, saturated potassium
hydroxide solution. The residue remaining on the filter is
discarded. The filtrate is transferred to a 250-ml. beaker,
and any solid potassium ferrate(VI) remaining in the filter
flask is washed out with a few milliliters of saturated potas-
sium hydroxide solution. An additional 50 ml. of chilled,
saturated potassium hydroxide solution is added. The
final mixture is approximately 11 M in potassium hydrox-
ide. This suspension is stirred for 5 minutes and then fil-
tered through a fritted-glass filter of medium porosity.

The precipitate remaining on the filter is washed with 10
ml. of benzene in order to remove the excess water (the fer-
rate ion would oxidize ethanol containing as much as 209,
water). Three to five 20-ml. portions of 959, ethanol are
then drawn through the filter. The precipitate is trans-
ferred to a beaker containing 100 ml. of 959, ethanol and

* The checkers found that best results were obtained by centrifuging for
40 minutes and then filtering rapidly through a coarse filter, instead of filter-
ing the thick suspension directly. In this way, the filtration is rapid and the
removal of hydrated iron(III) oxide is complete,

t The checkers recommend filtration through a coarse porosity filter at
this point.
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stirred for 20 minutes. This washing is repeated three
times. The precipitate is isolated by filtration and dried
with 50 ml. of ethyl ether. During this drying operation,
a calcium chloride tube is used to protect the potassium
ferrate(VI) from the moisture of the atmosphere. Suction
is continued for 20 minutes, and final drying is accomplished
by the use of a vacuum desiccator. The potassium ferrate
sample should be stored in a desiccator.

By this procedure, samples ranging in purity from 90 to
979, potassium ferrate(VI) are obtained in yields as high
as 509. If centrifugation is used instead of filtration,
yields up to 759, can be obtained.*

If it is desirable to obtain a sample of greater purity than
those prepared by the recommended procedure, the sample
may be subjected to an additional reprecipitation from 6 M
potassium hydroxide solution, using the same procedure as
described above. Such additional purifications of samples
give products ranging in purity from 98.5 to 999, potassium
ferrate(VI); however, a large amount of the potassium fer-
rate(VI) is lost in the process.

Analysis?
Solutions Required

Chromium(IIT) chloride stock solution: 25 g. of chro-
mium(III) chloride 6-hydrate (0.0938 mol) is dissolved in
150 ml. of distilled water. _

Saturated sodium hydroxide, reducing-agent-free: 0.05 g.
of potassium ferrate(VI) is added to 500 ml. of cooled, sat-
urated sodium hydroxide solution, and the solution is decol-
orized by boiling. :

Sulfuric acid—phosphoric acid mixture: 60 ml. of concen-

* Since solutions of the ferrate(VI) ion are extremely unstable, good yields
are not easily obtained. Checkers Snyder and Moeller obtained a maximum
yield of 429,. Checker Douglas obtained only 30% of the theoretical
amount in 939% purity, but was able to obtain a higher yield (68%) in a
poorer state of purity.
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trated sulfuric acid (sp. gr. 1.84) and 150 ml. of 859, phos-
phoric acid are added to 240 ml. of distilled water.

Procedure. Twenty milliliters of saturated sodium
hydroxide, free from reducing agents, is added to 5 ml. of
chromium (III) chloride stock solution and 5 ml. of distilled
water in a 500-ml. flask. The solution is cooled to room
temperature. (A fresh solution should be prepared imme-
diately prior to each analysis.) A weighed sample, con-
taining approximately 0.10 to 0.20 g. of potassium fer-
rate(VI), is introduced into the flask containing the alkaline
chromite solution. The potassium ferrate(VI) sample is
added very carefully so that the sample does not strike the
sides of the flask. The liquid is swirled rapidly until dis-
solution of the potassium ferrate(VI) is complete (addition
of acid before dissolving is complete will result in low
values). The flask is placed in an ice bath, and 100 ml. of
6 N sulfuric acid, 100 ml. of water, and 15 ml. of the sulfuric
acid—phosphoric acid mixture are added. The solution is
titrated immediately with standard ferrous solution, using
5 to 6 drops of sodium diphenylaminesulfonate as the indi-
cator. The percentage of potassium ferrate(VI) is cal-
culated using the equivalent weight, 198.04/3.

Properties

Pure potassium ferrate(VI) is a dark, reddish-black pow-
der exhibiting numerous silvery iridescent flashes due to the
reflection of light by the small crystals. Dry potassium
ferrate(VI) is stable at temperatures below 198°. Potas-
sium ferrate(VI) is very soluble in water, giving a blood-red
solution with a color intensity comparable to that of potas-
sium permanganate solutions. Water solutions of potas-
sium ferrate(V1) decompose upon standing, evolving oxygen
and precipitating hydrous iron(III) oxide. The alkalinity
of the solutions increases as decomposition proceeds.
Potassium ferrate(VI) dissolved in strongly alkaline solu-
tion is relatively stable; however, the ferrate(VI) ion is
a powerful oxidizing agent, even in alkaline solution.
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55. NITROSYLPENTAMMINECOBALT (II)
CHLORIDE, BLACK, AND
NITROSYLPENTAMMINECOBALT (III)

CHLORIDE, PINK

CoCly-6H,0 + 5NH; 4+ NO — [Co(NH,):NOICL, + 6H,0

SuBMITTED BY THERALD MOELLER* AND GLENDALL L. KINGg*
CHECKED BY FrRED BasoLroft

Compounds containing the cation [Co(NH;),NOJ** are
obtained when aqueous cobalt(II) salt solutions containing
ammonia are saturated with nitrogen(II) oxide.® These
compounds are either black or pink, depending upon the
conditions used in their preparation. The black chloride
and iodate are formed in the absence of air,>* whereas
many members of the pink series are obtained in the pres-
ence of air.>”* The method of preparation for the black
chloride desecribed here is a composite of those recommended
by various authors’™® and gives a product of considerable
stability. The same reaction, using cobalt(II) nitrate,
when run in the presence of air and at room temperature,
may be used for the preparation of the pink nitrate. This
may be converted into the pink chloride by treatment with
concentrated hydrochlorie acid.?

Procedure

An apparatus is set up as indicated in Fig. 19. The reac-
tion vessel 4 is a sintered-glass filter funnel, about 4 in. in
diameter. This is surrounded by a bath B, constructed
from a bottle with the bottom removed and containing an

* University of Illinois, Urbana, Il
t Northwestern University, Evanston, Ill.
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ice-salt mixture.* Stopcocks C and D are opened, and the
apparatus is flushed with nitrogen for 30 minutes. Stop-
cock C is closed, and the apparatus is flushed for at least 15
minutes with nitrogen(II) oxide generated by adding acid-
ified iron(II) sulfate solution to solid sodium nitrite.®
Toward the end of this period, stopcock D is closed.
Twenty-five grams of cobalt(1I)
chloride 6-hydrate (0.105 mol) is
dissolved in 50 to 60 ml. of dis-
tilled water. The solution is
cooled with an ice-salt bath, and
150 ml. of concentrated aqueous
ammonia (sp. gr. 0.90) (2.25 mols)
is added slowly with stirring.
Any pink precipitate which forms
is removed by filtration and dis-
carded. The cold filtrateistrans-
ferred through the dropping fun-
nel K to the reaction vessel 4, care
being exercised to close stopcock g 19 apparatus for the prep-
C just before the last of the solu- aration of nitrosylpentammine-
tionflowsthrough. Nitrogen(II) cobalt(ID) chloride.
oxide is passed through the solution in the reaction vessel
by means of a large-bore inlet tube for 3 to 4 hours.
The mother liquor is then removed from the precipitated
product by opening stopcock D and applying suction to the
filter flask F. The nitrogen(II) oxide atmosphere is
replaced with nitrogen, and the shiny black crystals on the
filter are washed successively with 150 ml. of absolute
alcohol (in several portions) and 50 to 60 ml. of ether which
has been dried over sodium metdal. Both wash solutions are
introduced through the funnel E, care being taken that no
air enters the apparatus when stopcock C is manipulated.

* Although bath B as indicated in Fig. 19 is desirable, good results may
also be obtained by omitting this bath, stoppering the bottom of A4, placing
A in a beaker containing ice and salt until the reaction is complete, and then
attaching A to filter flask F for the remainder of the procedure.
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After the ether wash, the apparatus is dismantled, and the
crystals are removed and stored in a desiccator over anhy-
drous calcium chloride. The yield is about 20 g. (78%,
based on cobalt(II) chloride). Amnal. Caled. for [Co(NHs)s-
NOJCl,: Co, 24.1; Cl, 28.9. Found: Co, 23.9; Cl, 28.3.

Properties

Black nitrosylpentamminecobalt(II) chloride is a lus-
trous, crystalline solid. It is stable when perfectly dry, but
in the presence of moisture it changes rapidly to the pink
isomer. Samples prepared by the above procedure appear
to be particularly stable, some having been kept for at least
5 years without decomposition.

The relations between the black and the pink series are
interesting but incompletely elucidated. The black com-
pounds not only are unstable with respect to the pink but
also evolve nitrogen(II) oxide and give cobalt(Il) salts on
treatment with acids. The pink compounds are reasonably
stable in contact with acids, although direct replacement of
the NO groups by species such as chloride can occur. Com-
pounds of the black series are paramagnetic, whereas those
of the pink series are diamagnetic.*~>%% Chemical and
magnetic evidences indicate strongly that the black com-
pounds contain dipositive cobalt.*? Both dimeric struc-
tures based upon —N:0;— groups*” and monomeric struc-
tures based upon 3-electron bonds in neutral NO groups*®
seem to be consistent with available data. The pink com-
pounds contain tripositive cobalt and NO~™ groups’ and
are, therefore, members of the acidopentammine series,
[Co(NH;)sX]"*. Conversion of a black compound to its
pink isomer thus involves removal of an electron from the
cobalt(Il) ion and conversion of a neutral NO group to an
NO™ ion.
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656. ACIDOPENTAMMINECOBALT (III) SALTS

SusmITTED BY FRED BasorLo* anp R. KEnT MURMANN*
CueckEp BY JaMmeEs E. WHITNEYT AND CarL L. RorrLiNsoNT

Many methods have been used for the preparation of var-
ious acidopentamminecobalt (ITI) salts.! In some instances
these procedures are specific for the synthesis of a particular
salt. The procedure suggested here involves the reaction of
carbonatopentamminecobalt(III) nitrate with an acid or
acid salt. The resulting reaction mixture may then be
digested for a short time to yield the desired produect, or the
aquo complex is isolated and converted to the acido com-
pound at an elevated temperature. This method appears
to be completely general and has been used to synthesize
complexes containing coordinated bromide, chloride, thio-
cyanate, sulfate, formate, and various substituted acetates,
benzoates, and benzenesulfonates in addition to those
described here.

Procedure
A. CARBONATOPENTAMMINECOBALT(III) NITRATE?

4:CO(NO3>2 + 4(NH4)2003 -+ 16NH; + 02'—)
4:[CO(NH3) 5C03]N03 + 4:NH4N03 + 21120

A solution of 300 g. of cobalt(II) nitrate 6-hydrate (1.03
mols) in 150 ml. of water is thoroughly mixed with a solu-
tion of 450 g. of ammonium carbonate (4.68 mols) in 450 ml.
of water and 750 ml. of concentrated aqueous ammonia (sp.
gr. 0.90, 289, NH;). A stream of air is bubbled slowly
through the mixture for 24 hours. After the mixture has
been cooled in an ice-salt bath overnight, the product is col-
lected on a filter, washed with not more than 50 ml. of ice-

* Northwestern University, Evanston, Hl.
t University of Maryland, College Park, Md.
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cold water, followed by alcohol and ether, and dried at 50°.
Yield, 180 g. (649%). This crude material is purified by
recrystallization from water. The 180 g. of solid is dis-
solved, with stirring, in 550 ml. of water at 90°. The solu-
tion is filtered, and the filtrate is cooled in an ice-salt bath.
The crystals are collected on a filter, washed with 50 ml. of
ice-cold water, followed by alcohol and ether, and dried at
50°. Yield, 120 g. (42%). Anal.* Caled. for [Co(NH;)s-
COa]NO3‘}§H20: NH3, 30.9. Found: NHs, 30.4.

B. FLUOROPENTAMMINECOBALT (III) NITRATE

[Co(NH;);CO3]NO; + 2NH HF; — [Co(NH;);F]JFNO;
+ 2NH.F + CO, + H,0
rCO(NHg) 5F]FN03 + NH4N03 — [CO(NHa) 5F](N03)2
4+ NH.F

Ten grams of carbonatopentamminecobalt(I1I) nitrate
(0.036 mol) is suspended in 25 ml. of water, and 4.5 g. of
ammonium hydrogen fluoride (0.079 mol) and 15 g. of
ammonium fluoride (0.405 mol) are added. The reaction
mixture is kept at approximately 90° in a water bath for
1 hour, with occasional stirring. During this digestion
some decomposition takes place, and noticeable quantities
of ammonia are evolved. The mixture is then cooled to
room temperature, 75 ml. of water being added to keep the
products in solution. This solution is filtered, and 20 g. of
solid ammonium nitrate (0.25 mol) 1s added to the filtrate.
Pink crystals separate immediately after the mixture is
cooled in an ice-salt bath. The product is collected on a
filter, washed with 10 ml. of ice-cold water, followed by
alcohol and ether, and then dried at 90°. Yield, 6 g. (68%,).

* The submitters of the synthesis analyzed these compounds for ammonia
by the method of Horan and Eppig [J. Am. Chem. Soc., T1, 581 (1949)].
This involves heating the sample in excess alkali and determining the
amount of ammonia liberated. Arsenic(I1I) oxide is added to prevent oxi-
dation of the ammonia by the cobalt(III). In the hands of the checkers,
however, this method gave low results. Analysis for carbon, hydrogen, and
cobalt by the microcombustion procedures is difficult but gives satisfactory
results.
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Anal. Caled. for [Co(NII;)FI(NO;).: NH;, 29.6. Found:
NH;, 29.5.

C. IODOPENTAMMINECOBALT (IIT) NITRATE?

[CO(NH;;) 5CO3]N03 + Kl — [CO(NHa) 5003]I -+ KNO3
[CO(NH:;) 5003]1 + 2HI — [CO(NHs) 5H20]I3 + CO2
[CO(NHs) 5H20]I3 — [CO(NH;;) 51]12 + HzO
[CO(NH3) 51]12 + 2NH4NO3 s [CO(NH3) 5I](NO3)2
+ 2NH.I

Ten grams of carbonatopentamminecobalt(ITI) nitrate
(0.036 mol) is dissolved in 40 ml. of water at 80 to 90°, and
12.5 g. of finely powdered potassium iodide (0.075 mol) is
added. The solution is cooled in an ice-salt bath, and the
crystals which separate are collected on a filter. After it
is washed with 10 ml. of ice-cold water, followed by alcohol
and ether, the salt is dried at 50°. Yield, 9 g. (769%,).
Anal. Caled. for [Co(NH;);COs]l: NH; 25.6. Found:
NH;, 25.5.

The 9 g. of salt obtained above is suspended in 25 ml. of
water, and 20 ml. of hydriodic acid (1:1 concentrated acid
and water) is added with stirring. When the reaction is
complete, as indicated by cessation of evolution of carbon
dioxide, 100 ml. of methanol is added to the slurry. The
precipitate is collected on a filter, washed with methanol
and ether, and dried at room temperature. Yield, 13 g.
(889%). Anal. Caled. for [Co(NH;)s:H,O]l;: NH,, 15.7.
Found: NH;, 16.0. The salt is next placed in a drying oven
at 60°. In approximately 8 hours the calculated loss in
weight corresponding to the escape of 1 mol of water is
obtained. Anal. Caled. for [Co(NH;);I]1,: NH; 16.2.
Found: NH;, 16.3.

Twelve and one-half grams of iodopentamminecobalt(I1T)
iodide (0.023 mol) is ground in a mortar with 200 g. of
ammonium nitrate (2.50 mols) and 100 ml. of water. The
residue is collected on a filter and returned to the mortar.
Ammonium nitrate and water are added as before, and the
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grinding procedure is repeated. The residue is again col-
lected on a filter and washed with cold water until the fil-
trate is no longer orange, but instead is faintly greenish.
The salt is finally washed with methanol and ether and dried
at 50°. Yield, 7.8 g. (869,). Amnal. Caled. for [Co(NHj;) s
I](NOg3)2: NH;, 21.8. Found: NHj, 21.8.

D. NITROPENTAMMINECOBALT(III) NITRATE*

[CO(NHg) 5003]N03 + 2HN03 + NaN02 —
[Co(NH3)s:NO3](NO;3)» + NaNO; + CO. + H,O

Ten grams of carbonatopentamminecobalt(I11) nitrate
(0 886 mol) is suspended in 25 ml. of water, and 10 g. of
sodium nitrite (0.14 mol) and 10 ml. of colorless nitric acid
(1:1 concentrated acid and water) are added. The mixture
is stirred for 15 minutes at room temperature, and then 200
ml. of methanol is added to the slurry. The precipitate is
collected on a filter, washed with methanol and ether, and
dried at 50°. Yield, 10 g. (889%,). Anal. Caled. for
[CO(NHa) 5N02] (NO3)2: NH;;, 27.1. Found: NHa, 27.1.

E. NITRATOPENTAMMINECOBALT(III) NITRATE?®

[Co(NH;);CO3]NO; 4+ 2HNO; — [Co(NH;) :H01(NO;3) 4
+ CO, + H,0
[CO(NHa) 5H20](NO3)3 b d [CO(NH?,) 5NO3](N03)2 + Hzo

Ten grams of carbonatopentamminecobalt(III) nitrate
(0.036 mol) is suspended in 25 ml. of water, and 20 ml. of
colorless nitric acid (1:1 concentrated acid and water) is
added with stirring. When the evelution of carbon dioxide
has stopped (10 minutes), 100 ml. of methanol is added, the
aquopentammine cobalt(I1I) nitrate is collected on a filter,
and washed with alcohol and ether. This salt is heated at
100° for 18 hours (until 1 mol of water is lost), yielding 10 g.
(83 %) of the desired material. Anal. Caled. for [Co(NH;) s~
NOs](NO;),)z: NHa, 25.8. Found: NH3, 25-6.
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F. ACETATOPENTAMMINECOBALT(IIT) NITRATE

Z[CO(NH:;) 5C03]N03 + 4HC2H302 —>
[CO(NH3) 5CsH305](NO;3)e 4 [Co(NH;)s:CoHs0,](CoHs0)
+ 2CO; + 2H,0
[Co(NH;)C.H;0,}(C.H30,). + 2NH,NO; —
[CO(NH:;) 5C2H302](N03)2 + 2NH402H302

Five grams of carbonatopentamminecobalt(III) nitrate
(0.018 mol) is suspended in 15 ml. of water, and 12 g. of
glacial acetic acid (0.20 mol) is added. The reaction mix-
ture is concentrated on a steam bath for 1.5 hours, during
which time a red crystalline salt separates. After cooling
to room temperature, 50 ml. of water is added, and the
product is collected on a filter. After removing the mother
liquor from the filter flagk, the salt is washed with 50 ml. of
cold water, followed by alcohol and ether, and dried at 50°.
Yield, 3 g. (639%). Anal.* Caled. for {Co(NH;)sC.H;0,]-
(NOj):: NH3, 26.0. Found NH;, 26.2. An additional 2 g.
(over-all yield, 889,) of the salt may be obtained by adding
15 g. of ammonium nitrate (0.19 mol) to the mother liquor.
The precipitated salt is collected, washed, and dried as
described above.

Properties

The acidopentamminecobalt(1II) salts have characteris-
tic colors dependent upon the atom coordinated, <.e., salts
in which there is a cobalt-oxygen bond vary in color from
pink to red; the fluoro complex is pink; the chloro, red; the
bromo, purple; the iodo, olive green; and the nitro, orange.
The nitrate salts of most of these complexes are only
slightly soluble in water. None of these compounds is
soluble in nonpolar solvents. Solutions of the compounds
may decompose after long standing, liberating ammonia
and cobalt hydroxide. Rates of aquation and of hydrolysis

* Since the calculated percentage of ammonia in [Co(NH;);C.H;0:)-
(CoH;0:), is 26.5, the above analysis does not distinguish between the ace-

tate and nitrate salt. The presence of nitrate ion is readily demonstrated
by means of a qualitative test. Acetate ion may also be present.
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have been determined for some of these salts.® A detailed
discussion of the properties and formation of several such
compounds appears in the treatise edited by Friend.!
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b7. cis- AND trans-DINITROBIS(ETHYLENEDIAMINE)
COBALT(III) NITRATE
SusmitTrED BY HENRY F. HovLtzcLAw, JR.,* Davip P. SHEETZ,* AND BIon
D. McCarty*
CHECKRED BY DARYLE H. Buscut anp MinroN Tamres T

Classical methods for the synthesis of {rans-dinitro-
bis(ethylenediamine)cobalt(IIT) nitrate involve conver-
sion of the cis isomer by heat! or action of sodium
nitrite on frans-chioronitrobis(ethylenediamine)cobalt(I1I)
nitrate.? These methods involve isolation of intermediate
coordination compounds and consequently are subject to
low yields, based upon original cobalt(II) salt. The follow-
ing procedure for the preparation of the trans compound
gives an 849, yield; it depends upon oxidation of cobalt(1I)
to cobalt(IIT) in the presence of sodium nitrite, ethylene-
diamine, and nitric acid.

Werner®® prepared cis-dinitrobis(ethylenediamine)co-
balt(IIT) nitrate by heating ethylenediamine with potassium
hexanitrocobaltate(III) to give the dinitrobis(ethylenedia-
mine)cobalt(IIT) nitrite, followed by conversion to the
nitrate with nitric acid. The procedure given here for the
cis compound utilizes this method.

* University of Nebraska, Lincoln, Neb.
T University of Illinois, Urbana, Il
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Procedure

A. trans-DINITROBIS(ETHYLENEDIAMINE)COBALT(III)
NITRATE

4I{CO(N03)26H‘)_O} + SNaNOQ "l‘ 4CQH4(NH2)2
+ 4CQH4<NH2)2HN03 + 02 —>
4 trans-[Coens:(NO;)o]NO; + 8NaNO; 4+ 26H,0

A mixture of 6.85 g. of 709, ethylenediamine (0.080 mol)
and 10 ml. of water is partially neutralized by the addition
of 3 ml. of concentrated nitric acid (0.048 mol). The result-
ing solution is added to a solution of 11.5 g. of cobalt(1I)
nitrate 6-hydrate (0.040 mol) and 6.0 g. of sodium nitrite
{0.087 mol) in 20 ml. of water.

A vigorous stream of air i§ drawn or passed through the
solution. The yellow {rans-dinitrobis(ethylenediamine)-
cobalt(III) nitrate begins to precipitate after a few minutes,
and the reaction is complete in about 20 minutes. The
mixture is cooled in an ice-salt bath and filtered. The yel-
low crystalline solid is recrystallized from boiling water,
washed with alcohol and ether, and air-dried. The yield of
trans-dinitrobis(ethylenediamine)cobalt (I1T1) nitrate is 11.2
g. (849, based on cobalt(Il) nitrate 6-hydrate). Anal.
Caled. for [Coens(NO;):]NO;: Co, 17.7; N, 29.44. Found:
Co, 17.5; N, 29.52.

B. ¢is-DINITROBIS(ETHYLENEDIAMINE)COBALT (III) NITRATE

K;[Co(NO,)s] + 2CH,(NH,), — ¢is-[Coens(NO,),]NO,
+ 3KNO,
2 c1s-[Coeny(NO3);]NOy + 2HNO;3— 2 ¢1s-[Coens(NO,) . ]NO;
+ NO; + NO + H.0

Forty-eight grams of a 109, ethylenediamine solution
(0.080 mol of en) is added t¢ 20 g. of potassium hexanitro-
cobaltate(III) (0.044 mol). The mixture is stirred con-
stantly while it is heated slowly on a steam bath to about
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70°,* whereupon the reaction occurs, as evidenced by the
dissolving of the yellow hexanitrocobaltate to form a dark
brown solution. While it is still hot, the reaction mixture
is filtered to remove any #aces of unreacted hexanitroco-
baltate, and the filtrate is cooled in an ice-salt bath to
precipitate the brown cis-dinitrobis(ethylenediamine)co-
balt(III) nitrite.t The crystals are removed by filtration.
A second crop of crystals can be obtained by concentrating
the solution to about two-thirds of its volume at room tem-
perature, and then cooling in an ice-salt bath. This sec-
ond fraction may, however, be contaminated with the trans
isorher.

The, cis-dinitrobis(ethylenediamine)cobalt(III) nitrite
is dissolved in a minimum volume of lukewarm water (no
warmer than 60°). Concentrated nitric acid is added
dropwise until gas evolution ceases.« During the addi-
tion of the acid, cis-dinitrobis(ethylenediamine)cobalt(I1I)
nitrate precipitates. The mixture is cooled in an ice-salt
bath, and the brown-yellow crystals are removed by filtra-
tration. The salt is recrystallized twice from water, care
being taken to keep the temperature of the solution
below 60°. The yield of cis-dinitrobis(ethylenediamine)-
cobalt(III) nitrate is 2.0 g. (15% based on ethylenedi-
amine). Anal. Caled. for [Coeny(NO;),]NO;: Co, 17.7.
Found: Co, 17.8.

Properties

The isomeric dinitrobis(ethylenediamine)cobalt(III) ni-
trates are relatively insoluble, 1.20 g. of the c¢is compound

¥ The reaction occurs at temperatures ranging from 55 to 80°. If reaction
has not occurred by the time the temperature reaches f5°, the reaction mix-
ture should be removed from the steam bath and stirred for a few minutes
without further heating, If no indication of reaction is evident, the mix-
ture may be heated 2 to 3° higher with stirring.” A temperature of 75° or
less is usually sufficient. Experience enables one to recognize the first signs
of reaction, after which further heating is not necessary. The cis isomer is
yoadily convérted to the trans upon heating, so care must be taken to keep
the temperature as low as possible.

| If supersaturation occurs, precipitation can be induced by use of the
cofamon techniques or by allowing the solution to stand overnight.
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and 2.202 g. of the trans compound dissolving in 100 ml. of
water at 22°.4

When crystallized rapidly, the cis isomer appears as a
mass of golden-yellow needles, whereas the trans isomer
precipitates as small yellow plates.

The configurations of the cis and trans forms of dinitro-
bis(ethylenediamine)cobalt(III) ion were established by
Werner,* who resolved the cis form into its optical anti-
podes. The cis and trans isomers may also be distinguished
chemically by utilization of the fact that a warm aqueous
39, solution of the cis form yields precipitates when treated
with concentrated solutions of potassium chromate, ammo-
nium oxalate, or sodium thiosulfate; a warm 109, solution of
the trans form gives no precipitate with any of these
reagents.?

References

1. WERNER: Ann., 386, 248 (1912).

2. WERNER: ibid., 252.

3. WERNER and HUMPHREY: Ber., 34, 1720 (1901).
4. WERNER: ¢bid., 44, 2445 (1911).

58. trans-DINITRODIAMMINEPALLADIUM (IT)

PACL + 4NH; — [PA(NH;) T + 2Cl1—
[Pd(NH3)4]++ + 2N02_ + 2H+ -
trans-[Pd(NH3)2(NO,),]) + 2NH,*
SupMrrTED BY N. L. CuLL* anp Hans B, JoNassEN*
Cusckep BY H. F. HoirzcLawt anp K. W. R. Jounsont
trans-Dinitrodiamminepalladium(II) has been prepared
by the action of silver nitrite upon the frans-dichlorodiam-
minepalladium(II) complex! and by the prolonged treat-
ment of an aqueous suspension of the dichlorodiamminepal-
ladium(IT) complex with a sodium nitrite solution.? Both
methods require the preparation of the dichloro complex as
a starting material. The method given here utilizes pal-
ladium(II) chloride as a starting material and is not so

* The Tulane University of Louisiana, New Orleans, La.
{ University of Nebraska, Lincoln, Neb.
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tedious as those mentioned above, although the yields
obtained are slightly lower.

Procedure

Two and one-half grams of palladium(II) chloride (0.014
mol) is treated with 75 ml. of a solution containing equal
amounts of water and concentrated ammonia (sp. gr.
0.898024). The solution is evaporated on a steam bath until
only a faint odor of ammonia is noticeable. The resulting
light yellow solution is filtered, and the volume is adjusted
to about 50 ml. The solution is then cooled in an ice bath
to 10 to 15°.

A solution of 3.5 g. of sodium nitrite (0.051 mol) in 10
ml. of water is cooled to 10 to 15° in an ice bath. One mil-
liliter of 909, formic acid is added, and the resulting solution
is poured slowly with stirring into the cooled tetrammine-
palladium(II) solution. Within approximately 5 minutes
a light yellow powder settles out. The solution is filtered
on a Hirsch funnel, and the precipitate is washed succes-
sively with water, alcohol, and ether. The produect is dried
at 100 to 110° for 1 hour. The product so obtained is a
yellow microcrystalline powder which melts at 227 to 228°.
Yield, 1.7 g. (629%). Recrystallization from hot water
results in a product which melts at 230 to 231°. Melting
is accompanied by gas evolution.?

Analysis

Nitrogen is determined by the micro Dumas method.
Palladium is determined by ignition. The mixture of
metallic palladium and its oxides is reduced with formic
acid and dried at 200°. Anal. Caled. for [Pd(NH;).-
(NO.)s]: Pd, 45.83; N, 24.07. Found: Pd, 45.75; N, 23.70.

Properties

trans-Dinitrodiamminepalladium(IT) is a light yellow
powder which is slightly soluble in water (0.2 g./100 g. of
water) and insoluble in the common organic solvents. An
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aqueous solution of the compound, when treated with a
concentrated solution of potassium iodide, immediately
deposits a yellow precipitate of diiododiamminepalla-
“dium(II); the solution then becomes red in color within an
hour. The trans isomer melts at 230 to 231° with evolution
of a gas. These two last-mentioned properties are used to
differentiate between the cts- and frans-dinitrodiammine
isomers, since the cis compound melts at 234 to 235°, with
no evolution of gas, and its solution, upon treatment with
potassium iodide, remains colorless for several hours.

References

1. Lawe, J. prakt. Chem., 88, 415 (1861).
2. ManN, CrowrooT, GATTIKER, and WoosTteR: J. Chem. Soc., 1936, 1642.
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SUBJECT INDEX

Names employed in the cumulative subject index for Volumes I to IV
are based upon those adopted in Volume II (Appendix, page 257) with a
few changes that have been standardized and approved since publication of
Volume II. Some of the general principles that have been followed in set-
ting up the index are: (1) The Stock system, based on the use of Roman
numerals to designate oxidation state, has been generally preferred; for
example, Iron(I1I) chloride, rather than ferric chloride; Potassium hexa-
chlororhenate(IV) rather than potassium chlororhenite. (2) In the case of
heteropoly acids, the structure-determining element is named last, as for
instance, 12-Tungstophosphoric acid instead of phosphotungstic acid. (3)
General headings such as Chromium(III) complex compounds and Ammines
are employed for grouping coordination compounds of similar types. In
addition, entries are made under the specific names for individual com-
pounds. (Halogeno and cyano complexes, however, have been entered only
under their specific names.) (4) Numerical prefixes and prefixes such as
“ortho-"" and “meta-~-"" (but not “hypo-"" and “per-"") have been dropped
at the beginning of many names to form general headings covering classes of
compounds such as Silicon chlorides and Phosphoric acids. (5) Formulas for
specific compounds are used under general headings. The Formula Index
should also prove particularly helpful in troublesome cases. (6) Because of
changes in practice since the appearance of Volume I, it has been deemed
advisable to make extra entries or cross references under names that have
been changed and under many specific names for compounds entered also
under general headings. (7) Two entries are made for compounds having
two cations. (8) Unsatisfactory names that have been retained for want
of better ones are placed in quotation marks.

Inverted names are used only for derivatives of silanes (as Silane, dibromo-;
and Disilane, hexachloro-), germanes, phosphine, and the like, but not for
the few organic compounds. For the nomenclature of organosilicon com-
pounds, see Vol. III, page 55.

Headings are alphabeted straight through, letter by letter, as in Chemical
Abstracts indexes, not word by word. Roman numerals in Stock names are
ignored unless two or more names are otherwise the same.

A Acetic acid-acetic anhydride solu-
tion, 1:85
Acetatopentamminecobalt(TIT) ni- Acetylacetone, metal derivatives of,
trate, 4:175 2:14, 17, 25, 119, 121, 123
Acetic acid, glacial, dehydration for metal derivatives of, nomencla-
use in preparation of titanium ture of, 2:16
derivative of acetylacetone, structure of, 2:10
2:119 Acetylene, purification of, 2:76

187



188
Acidopentamminecobalt (IIT) salts,
4:171
Acids, nomenclature of isopoly and
heteropoly, 2:263
nomenclature of oxygen, 2:260
organic, basic beryllium deriva-
tives of, 3:4, 6

Alkali metal amides, 1:74; 2:80, 128, .

135
Alkali metal azides, 1:79; 2:139
Alkali metal eyanates, 2:86
Alkali metal pyrosulfites, 2:162
Alkali metal sulfites, 2:162
Alkaline earth azides, 1:79
Allanite, extraction of, 2:44
Alumino-oxalates (see Aluminum
eemplex compounds)
Aluminum acetylacetonate, 2:25
Aluminum bromide, 3:30
of high purity, 8:33
Aluminum complex compounds, an-

ions, oxalato, K3[Al(Cy04)s]--
3H20, 1:36
nonelectrolytes, with acetylace-

tone, Al(C5H702)3, 2:25
Aluminum ilodide, 4:117
6- and 20-ammoniates, 4:119
Aluminum phosphide, 4:23
analysis of, 4:24
Aluminum selenide, 2:183, 184
Alums, cesium, CsAl(S80,):-12H,0,
4:8
Amalgams, 1:5
europium, 2:65, 66, 68n.
rare earth, 1:15
concentration of, 1:17
Amides, alkali metal, 1:74; 2:80,
128, 135
Aminoguanidonium hydrogen car-
bonate, 3:45
analysis of, 3:46
4-Aminourazole (urazine}, 4:29, 30,
31
Ammines, of chromium(III), 2:196;
3:153
of cobalt(11), 4:168, 177
of cobalt(IIl), 1:186, 187, 188;
2:216; 4:168, 171
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Ammines (cont.)
of copper(I), 2:4
of nickel(II), 8:194
of palladium(II), 4:179
of platinum(II), 2:250, 251
of vanadium (ITI), 4:130
(See also Ammoniates)

Ammonia, drying of, 3:48
purification of, 1:75; 2:76
reaction of liquid, with sodium,

2:128, 134
Ammoniates, of aluminum iodide,

4:119

of hexamminecobalt(III) chloride,
2:220

of iron(II) bromide, 4:161

nomenclature of, 2:264

of thorium acetylacetonate, 2:125

of thorium bromide, 1:54

(See also Ammines)

Ammonium azide, 2:136

by neutralization of hydrazoic acid
with ammonia, 2:136
by reaction of sodium azide with
an ammonium salt, 2:137
Ammonium earbamate, 2:85
Ammonium difluorophosphate, 2:
157

Ammonium dithiocarbamate, 3:48
analysis of, 3:49

Ammonium hexachlorotellurate(IV),

2:189

Ammonium  hexafluorophosphate,
8:111, 114
Ammonium imidodisulfates, HN-

(SO;NH,),, 2:180
NH.N(SO,NH,)-H,0, 2:179, 180

Ammonium ion, qualitative tests
for, in eyanates, 2:89

Ammonium mctavanadate, 3:117

Ammonium monoftuorophosphate,
2:155

Ammonium perrhenate, mixture of,
with ammonium nitrate, 1:177,
178

Ammonium salt of nitrourethan,
1:69
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Ammonium sulfamate, 2:180
formation of, from pyridine-sulfur
trioxide, 2:175
Ammonium tetrafluoroborate, 2:23
by fusion reaction, 2:24
by reaction in aqueous solution,
2:23
Ammonoaquophosphoric acids, no-
menclature of, 2:265
Ammonoaquophosphorous acids, no-
menclature of, 2:265
Ammonoaquosulfurie acids, nomen-~
clature of, 2:265
Ammonophosphoric acids, nomen-
clature of, 2:265
Ammonophosphorous acids, nomen-
clature of, 2:265
Aniline, compound with thorium
acetylacetonate, 2:215
Anions, nomenclature of, 2:258
Antimony(ITT) cesium chloride,
28bCl;-3CsCl, precipitation in
extraction of cesium from pollu-
cite, 4:6
Antimony (IIT) fluoride, as fluorinat-
ing agent, 4:134
Antimony (ITT) iodide, 1:104
Antimony (IIT) oxyiodide, formation
of, by antimony(III) iodide,
1:105
Aquopentamminecobalt (ITT)
mide, 1:187, 188
Arsenic(I1I) fluoride, 4:150
as fluorinating agent, 4:137
Arsenic(I11) iodide, 1:103
Asbestos, platinized, 1:160; 8:129
Atomic weight, determination of
average, of rare earth elements
in a mixture, 2:58
Azides, alkali and alkaline earth,
1:79; 2:136, 139
carbonyl, formation of, by carbo-
hydrazide, 4:35
¢ Azido-carbon disulfide,” (SCSN3),,
1:81 82
Azidodithiocarbonic acid, HSCSN;,
1:81, 82
Azoimides (see Azides)

bro-
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B

Barium amalgam, 1:11
by displacement method, 1:14
by electrolytic method, 1:12
Barium bromate, 2:20
Barium dithionate, 2:170
Barium  hexafluorogermanate(IV),
preparation of, for decomposi-
tion to germanium (IV) fluoride,
4:147
Barium hexafluorosilicate, prepara-
tion of, for decomposition to sili-
con tetraflueride, 4:145
Barium orthoperiodate (paraperio-
date), BaaH4(IOG)2, 1:171
Barium thiocyanate, 8:24
Benzalazine, in recovery of hydra-
zine residues, 1:92
Benzoylacetone, beryllium deriva-
tive of, 2:19
Beryllium acetate, basic, 3:4, 7, 9
basie, structure of, 3:8
Beryllium acetylacetonate, 2:17
Beryllium benzoate, basic, proper-
ties of, 8:7
Beryllium butyrate, basie, proper-
ties and structure of, 3:7, 8
Beryllium carbonate, basic, for use
in preparation of basic beryl-
lium acetate, 3:10
Beryllium o-chlorobenzoate, basic,
properties of, 8:7
Beryllium complex compounds,
basic, of organic acids, 3:4
basic, structure of, 8:6
nonelectrolytes, with acetylace-
tone, Be(05H702)2, 2:17
with benzoylacetone, Be(Cio
HaOz)z, 2:19
with dibenzoylmethane, Be(Cis-
Hqu)z, 2:19
with ethyl acetoacetate, Be(Cs-
HgOz)z, 2:19
Beryllium diacetate tetraisobuty-
rate, basie, properties of, 8:7
Beryllium formate, basie, properties
and structure of, 8:7, 8
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Beryllium isobutyrate, basic, proper-
ties and structure of, 3:7, 8
Beryllium isovalerate, basic, proper-

ties of, 3:7

Beryllium pivalate, basie, properties
and structure of, 3:7, 8

Beryllium propionate, basic, 8:7, 9,
10

basic, structure of, 3:8

Beryllium triacetate tripropionate,
basie, properties and structure
of, 3:7, 8

Binary compounds,
of, 2:257

Bis{N,N’-bis(o-hydroxybenzylidene)-
ethylenediamine]-u-aquodico-
Balt (IT), 3:196, 198, 200

Bis(N,N’-disalicylalethylenedia-
mine)-g-aquodicobalt(IT), 3:
196, 198

oxygen-carrying capacity of, 3:200

Bismuth (ITI) iodide, 4:114

Bismuth msagnesium nitrate, 2Bi-
(N03)33Mg(N03)224H20, sep-
aration of europium from sama-
rium and gadolinium by, 2:57

Bis(2,4-pentanediono)beryllium,
2:17 .

Bis (8-quinolinolo)dioxouranium-
(V1), and its addition com-
pound with 8-quinolinol, 4:101

trans-Bis(thiocyanato)bis(ethylene-
diamine)chromium (ITI)  thio-
cyanate, 2:200, 202

Bis[tris(2,4-pentanediono)titanium-
(IV)] hexachlorotitanate(IV),
2:119

Biurea, 4:26

from hydrazine sulfate and from
hydrazine hydrate, 4:27

Boron bromide, 8:27, 29

Boron chloride, 3:27, 28, 29

Boron fluoride, for catalysis, 1:23

high-purity, 1:21
Boron oxide, porous, 2:22
Bromamide, di- (NHBr;), 1:62
analysis of, 1:64

nomenclature
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Bromine(I) fluoride, formation of, in
preparation of BrF; 3:185

Bromine(ITI) fluoride, 3:184

Bromine(V) fluoride, formation of,
in preparation of BrF,, 3:185

Bromine solution, in carbon tetra-
chloride, 1:86

Bromopentamminecobalt(III) bro-
mide, 1:186

Bromoplumbic(IV) acid, H:PbBrs,
1:48

Brushite, 4:20

Butyl nitrite, 2:139

C

Calcium dithionate, 2:168
Calcium fluoride, as fluorinating
agent, 4:137
Calcium orthophosphates,
PO,);, 1-hydrate, 4:18
CaHPO,, 4:19, 22
2-hydrate, 4:19, 20
Carbohydrazide, 4:32
cyanate condensation products of,
4:36
Carbohydrazide-N-carboxamide,
4:36
Carbohydrazide-N,N’-dicarbox-
amide, 4:38
Carbonates, qualitative test for, in
cyanhates, 2:89
Carbonatopentamminecobalt (IIT)
nitrate, 4:171
Carbon monoxide, 2:81
Carbon tetrafluoride, 1:34; 8:178
Carbon tetraiodide, 8:37
Carbonyl azide, formation of, by
carbohydrazide, 4:35
Carbonyls, metal, 2:229
metal, nomenclature of, 2:264
structure of, 2:232
Catalysts, boron fluoride, 1:23
chromium (ITI) oxide gel, 2:190
copper, for reaction of methyl
chloride with silicon, 3:56
iron, for Rreparation of sodium
amide, 2:133

Ca (Hz-
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Catalysts (cont.)
gilica gel for, or for supports,
2:95, 98
Cement, laboratory, 1:189
Cerite, extraction of, 2:44
Cerium, phosphor containing stron-
tium sulfide and, 3:23
separation of, from rare earth
mixtures, 2:43, 47, 48
test for, 2:50
Cerium amalgam, 1:15
Cerium-group earths, separation of,
from yttrium earths by double-
sulfate method, 2:44, 46
Cerium (III) magnesium nitrate,
2Ce(NOQ;)2:3Mg(NO;)»-24H,0,
separation of praseodymium
from lanthanum by, 2:57
Cerium (ITI) nitrate, 2:51
Cerium (IV) nitrate, basic, 2:49
Cesium, cesium azide for preparation
of, 1:79
extraction of, from pollucite, 4:5
by cesium alum method, 4:8
by cesium antimony(III) chlo-
ride method, 4:6
by cesium iododichloride
method, 4:9
Cesium alum, CsAl(S0,),-12H,0, 4:8
Cesium antimony (III) chloride,
3CsCl1-28bCl;, precipitation in
extraction of cesium from pol-
lucite, 4:6
Cesium azide, 1:79
Cesium iododichloride, 4:9
analysis of, 4:11
Cesium nitrate, 4:6
1-hydrogen nitrate, 4:7
Charcoal, sugar, 2:74
Chelate compounds,
tones, 2:11
of o-hydroxyaldehydes and o-hy-
droxyphenones, 2:11
Chloramide (NH,Cl), 1:59
analysis of, 1:62
Chlorine(IV) oxide, 4:152
admixed with inert gas and chlo-
rine, 4:153

of 1,3-dike-
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Chlorine(IV) oxide (cont.)
analysis of effluent gas for chlorine
and, 4:157
free from chlorine, 4:154
8-hydrate, 4:158
Chloroaurie(III) acid, HAuCl,, and
its reduction to gold with
hydroquinone, 4:14, 15
B-Chloroethoxylsulfuryl chloride,
4:85
(8-Chloroethoxy)silicon trichloride,
4:85, 86
2-Chloroethyl chlorosulfonate, 4:85
2-Chloroethyl dichlorophosphite,
4:66
Chloropentamminechromium (I11)
chloride, formation of, from
chromium (ITI) chloride, 2:196
Chloroplatinic(IT) acid (chloroplati~
nous acid), H,PtCl,, solution of,
2:251
Chloroplumbic(IV) acid, H,PbCls,
1:48
Chloroselenious
3:132
Chlorosulionic acid, purification of,
4:52
Chromioxalates [see Chromium (II1)
complex compounds)
Chromium (II) acetate, 1:122; 8:148
Chromium (IT) chloride, 1:125
anhydrous, 3:150
3- and 4-hydrates, 1:126
solution of, 1:124
Chromium (ITT) chloride, anhydrous,
2:193
Chromium(III) -chromate, . forma-
tion of, in reduction of chro-
mium(VI) oxide to chroindgm-
(III) oxide, 2:192
Chromium (TTT) complex compounds,
" anions, oxalato, K3[Cr{C.0.);}--
3H,0, 1:37 '
cations, ammines, [Cr{NH;);Cl}-
Clg, 2:196
[Cr(NH;)6Cl;, 2:196
[CI‘(NHs) s](NOa);, 3:153

acid, Se0x2HCI,
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Chromium (ITI) complex compounds
(cont.)
cations, with ethylenediamine,
2:196, 200
¢is-[Cr(en),Cl,]CI-H.0, 2 :200,
201
trans-[Cr(en)s(SCN) ] (SCN)--
H,0, 2:200, 202
[Cr(en);]Bry-4H.0, 2:199
[Cr(en);]Cl;-3%4H,0, 2:198
[Cr(en);[15-H.0, 2:199
[Cr(en);]2(S04);, 2:198
[Cr(en);](SCN), H.0, 2:199
Chromium (VI) dioxychloride, 2:205
Chromium hexacarbonyl, 8:156
Chromium (II1) oxide, gel, 2:190
catalytic activity of gel, 2:191
Chromium(VI) oxide, addition com-
pounds with pyridine and 3-
and 4-picoline, 4:94, 95
analysis of, 4:95
Chromium oxychloride, formation
of, by CrCl,, 1:126
Chromium (IIT) sulfate, anhydrous,
2:197
Chromyl chloride, 2:205
Cinnabar, 1:20
Cobalt carbonyls, [Co(CO)s],, for-
mation of, from [Co(CO),],,
2:243
[Co(CO) 4., 2:238, 242
Cobalt (IT) complex compounds, cat-
ions, ammines, [Co(NH;)sNOJ-
Cls, black, 4:168
nonelectrolytes, with N,N’-di-
salicylalethylenediamine,
{[CO(CIGH14N2O2)]2H20}, 3:
196, 198, 200
Cobalt(III) complex compounds,
anions, oxalato, Ki[Co(C.0,),],
1:37
cations, ammines, 1:186; 2:216
acidopentammine, #:171
determination of hexammine-
cobalt (I1T) ion, 2:220
[Co(NH,);Br]Brs, 1:186
[Co(NH:)sCO:NO;, 4:171
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Cobalt(ITI) complex compounds
_ (cont.)
cations, ammines, [Co(NHs)s

C:H;0,](NO;),, 4:175
[CO (NH])&F}(NO;{JQ, 4:172
[Co(NH;):H,0]Br;, 1:187,
188
[Co(NH;)I](NO;),, 4:173
[Co(NH;)sNO]Cl,, pink,
4:168.
[CO(NH:;) 5N02](N03)2, 4:174
[CO (NHs) 5N03] (NOg)z, 4:174
[Co(NH;)s)Brs, 2:219
[CO(NH3)6]2(0204)3'4H20, 2:
220
[Co(NH;)]Cl; (and 4-6NH;),
2:217, 220
[Co(NH;)6](NOy)3, 2:218
with ethylenediamine, c¢is- and
trans-[Co(en),Cl,]Cl, 2:222,
223, 224
¢i8-[Co(en):(NO,):]NO,,
4:178
cis- and trans-[CO(en),-
(NO3):]NO;, 4:176, 177
[Co(en);]Cl;, 2:221
Cobalt(ITI) fluoride, 3:191
Cobaltioxalates (see Cobalt complex
compounds)
Cobalt nitrosyl tricarbonyl, 2:238, 239
Cobalt tetracarbonyl hydride, 2:238,
240
potagsium salt of, 2:238
Columbium (see Niobium)
Coordination compounds, nomen-
clature of, 2:262, 267 '
Copper, active form of, for removal
of oxygen, 3:14
catalyst for reaction of methyl
chloride with silicon, 3:56
Copper(I) bromide, 2:3
Copper(I) chloride, 2:1 -
Copper carbonyl chloride, [CuCl--
CO]2H20, 2:4
Copper(I) complex compounds,
ammines, from copper(I) chlo~
tide, 2:4
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Copper(I}) complex compounds
(cont.)

chloro, from copper(I) chloride,
2:4

Crystallization, fractional, of mag-
nesium rare earth nitrates, 2:52,
53
fractional, of rare earth bromates,
2:62
Cyanamide,
3:39
crystalline, 8:41
Cyanates, alkali metal, 2:86
qualitative test for, 2:89
Cyanides, qualitative test for, in
cyanates, 2:89
Cyanogen, para-, formation of, from
sodium cyanide and chlorine,
2:92n.
Cyanogen chloride, 2:90
an ethereal solution of, analysis of,
2:93
Cyanoguanidine, 3:43
Cyanuric chloride, formation of,
from cyanogen chloride, 2:94
Cyrtolite, extraction of hafpium and
zirconium from, 8:67, 68

D

Diammonium imidodisulfate, 2:180
Dibenzoylmethane, beryllium deriv-
. ative of, 2:19
Dibromamide (dibromoamine), 1:62
analysis of, 1:64
1,2-Dicarbamylhydrazine, 4:26
cis-Dichlorobis(ethylenediamine)-
chromium (I1I) chloride, 2:200,
201
Dichlorobis(ethylenediamine)cobalt-
(I1I) chloride, cis- and irans-,
2:222, 223
resolution of cis-, 2:222, 224
Dichlorodiammineplatinum, forma-
tion from [Pt(NH;),4]Cl,, 2:253
Dichlorophosphites, alkyl, 4:63
Dichloroselenious acid, 3:132
Dicobalt octacarbonyl, 2:238, 242
Dicyanodiamide, 8:43

agueous solution of,
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1,3-Diketones, metal derivatives of,
2:10, 12, 14
metal derivatives of, nomencla-
ture of, 2:16
structure of, 2:10
(See also 2,4-Pentanedione)
Dimethylaniline, purification of, 2:
174n.
Dimethylaniline-sulfur trioxide, 2:
174
Dimethylsilicon dichloride (see Sil-
ane, dimethyldichloro-)
cis- and ¢rans-Dinitrobis(ethylenedi-
amine)cobalt(III) nitrate, 4:
176, 177
cis-Dinitrobis(ethylenediamine)co-
balt (III) nitrite, preparation of,
for oxidation to the nitrate,
4:178
trans-Dinitrodiamminepalladium, 4:
179
analysis of, 4:180
Dinitrogen pentoxide, 8:78
Dioxane-bis(sulfur trioxide), 2:174
Dioxane—sulfur trioxide, 2:174
Diphosphates, determination of, in
mixtures of phosphates, 3:93
Diphosphorie acid, 3:96, 97
Diphosphorus tetraiodide, 2:143
Dirhenium heptoxide, 3:188
N,N’-Disalicylalethylenediamine, 8:
198
complex compound with cobalt-
(IT), 3:196, 198, 200
Digilane, hexabromo-, 2:98
, hexachloro-, 1:42
Disilicon hexabromide, 2:98
Disilicon hexachloride, 1:42
Disodium acetylide NaC=CNa, 2:
79, 80
Disulfur pentoxydichloride, 8:124
analysis of, 3:126
Dithiocarbamates, of selenium (IT)
and tellurium (IT), 4:91
Dithionic acid, salts of, 2:167
Dithiotriazoformic acid, HSCSNj,,
1:81
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E

Ethoxyphosphimide, formation of,
from ethyl dichlorophosphite,
4:65

Ethyl acetoacetate, beryllium deriva-
tive of, 2:19

Ethyl amidophosphate, (CzH:0)s-
PONH,, 4:77

Ethyl chlorophosphate,
POCI, 4:78

Ethyl dichlorophosphite, 4:63

0-Ethyl dichlorothiophosphate, 4:75

Ethylenediamine, anhydrous, 2:197

complex cations, with chromium-
(I1I), 2:196, 200
with cobalt(III),
4:176

Ethyl phosphenimidate, formation
of, from ethyl dichlorophos-
phite, 4:65

Ethyl phosphite, (CoH;0).POH, 4:
58

Ethynylsodium, NaC=CH, 2:75, 76,
79

Europium, phosphors containing
strontium sulfide or selenide and,
3:21, 22

separation of, from rare earth mix-
tures, as amalgam, 2:65, 68
from samarium and gadolinium,
as magnesium nitrate double
salt, 2:57
tests for, purity of preparations of,
2:68

Europium (I1) acetate, formation of,
from europium amalgam, 2:68

Europium (IIT) acetate, 2:66

citrate solution of, 2:67

Europium amalgams, 2:65, 66, 68n.

Europium (IT) carbonate, 2:69, 71

Europium (IT) chloride, 2:69, 71

formation of, from europium amal-
gam, 2:68

Europium (ITI) oxalate, 2:66

Europium (ITI) oxide, 2:66

Europium(I1) salts, 2:69

Europium (IT) sulfate, 2:69, 70

(C.H:0),-

2:221, 222;

INORGANIC SYNTHESES

F

Ferric compounds [see specific com-
pounds under Iron (I11)]
Ferrioxalates [see Iron(I11) complex
compounds)
Ferrous ecompounds [see specific com-
pounds under Iron(11)]
Filters, for solutions, 8:16
for use with hydrogen atmosphere,
2:163
Fluo- (see under Fluoro-)
Fluorideg, anhydrous metal, 3:171
as fluorinating agents, 4:137
of sulfur(VI), selenium(VI), and
tellurium (VI), 1:121
Fluorination, apparatus for, 3:173;
4:138
of volatile inorganic compounds,
4:133
Fluorine, 1:136
as fluorinating agent, 4:137
by high-temperature method,
1:138
electrolyte for, 1:140
by medium-temperature method,
1:142
electrolyte for, 1:143
for preparation of fluorides, 3:172,
184
Fluorine oxide, 1:109
Fluoroboric acid, HBF,, 1:25
Fluoropentamminecobalt(III) ni-
trate, 4:172
Fluorophosphates, hexa-, 8:111, 116
mono-, 2:156
Furnace-tube assemblies, for high-
temperature, controlled-atmos-
phere operations, 3:17

G

Gadolinite, extraction of, 2:44
Gadolinium, separation of europinm
from samarium and, as mag-
nesium nitrate double salt, 2:57
Gallium, 1:26
removal of, from glass, 2:27
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Gallium (IT) chloride, 4:111
Gallium (ITI) chloride, 1:26
Gallium (ITT) oxide, insoluble, for-
mation of, from gallium(III)
perchlorate 6-hydrate, 2:29
Gallium (IIT) perchlorate, basic, for-
mation of, from gallium(III)
perchlorate 6-hydrate, 2:29
6-hydrate, 2:26
914-hydrate, 2:28
Germane, methyltriiodo-, 8:64
analysis of, 3:66
Germanium, recovery of, from solu-
tion as germanium(IV) sulfide,
3:64
Germanium(IV) chloride, 2:109
Germanium compounds, nomencla-
ture of, 2:265
Germanium(IV) fluoride, 4:147
Germanium (IT) imide, formation of,
from germanium(II) iodide,
2:108
Germanium(IV) imide, formation of,
from germanium(IV) iodide,
2:114
Germanium (IT) iodide, 2:106; 8:63
Germanium (IV) iodide, 2:112
Germanium (IT) sulfide, precipitated,

2:102

from germanium(IV) oxide, 2:
103

from germanium(IV) sulfide,
2:104

Gold powder, 4:14, 15
Graham’s salt, 3:88, 104
Guanidonium nitrate, 1:94
from caleium cyanamide, 1:97
from dicyanodiamide, 1:96

H

Hafnium, determination of, in zir-
conium-hafnium solution, 3:69
extraction of, from cyrtolite and
separation from zirconium,
8:67, 74
Hafnium chloride, 4:121
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Hafnium phosphate, .precipitation
of, with zirconium phosphate,
3:71

Halides, anhydrous metal, 4:104,

107
classification of
metal, 4:104
fluorination of nonmetal, 4:133,
138

Halogenoplumbic(IV) aecids,
HszXq, 1:48

Halogenotellurates(IV), 2:188

Halote]lurites, 2:188 ’

Heteropoly acids, nomenclature of,
2:263

Hexabromoplumbic(IV) acid, 1:48

Hexachloroethane, removal from
zireconium (IV) chloride, 4:124

Hexachloroplumbic(IV) acid, 1:48

Hexahalogenoplumbic acids, 1:48

Hexahalogenotellurates(IV), 2:188

Hexaiodostannates(IV), formation
of, by tin(IV) iodide, 4:121

‘‘Hexametaphosphates” (see Meta-
phosphates)

Hexamminechromium (ITI) chloride,
formation of, from chromium-
(IT1) chloride, 2:196

Hexamminechromium (ITI) nitrate,
3:153

Hexamminecobalt(I1I) bromide, 2:
219

Hexamminecobalt(III) chloride, 2:
217

6-ammoniate, 2:220

Hexamminecobalt(III) nitrate, 2:
218

Hexamminecobalt (II1) oxalate, 2:
220

Hexamminenickel(II) bromide, 8:
194

Hexamminenickel(IT) iodide, 8:194

Hydrates, nomenclature of, 2:264

Hydrazidicarbamide, 4:26

Hydrazine, 1:90

residues, recovery of, 1:92

Hydrazine dihydrochloride, 1:92

Hydrazoie acid, 1:77, 78

anhydrous
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Hydrazonium hydrogen sulfate, 1:
90, 92, 94
Hydriodic acid, 1:157, 159
by action of iodine on hydrogen
sulfide, 1:157
constant-boiling, 1:158
fuming, 1:162
regeneration of oxidized solutions
of, 2:210
stabilization of, 1:159
Hydrobromic acid, 1:151, 152
constant-boiling, 1:155
(See also Hydrogen bromide)
Hydrogen azide, 1:77
ethereal solution of, 1:77, 78
Hydrogen bromide, 1:39,114,149,150
by Dpromination of tetrahydro-
naphthalene, 1:151
by direct combination over platin-
ized silica gel, 1:152
(See also Hydrobromic acid)
Hydrogen chloride, 1:147; 2:72
anhydrous, 3:131
generator for, 3:14
removal of, in synthesis of diethyl
phosphite, 4:58
removal of water and, from phos-
phorous acid, 4:57
Hydrogen compounds, binary, no-
menclature of, 2:258
Hydrogen fluoride, anhydrous, 1:134
anhydrous, precautions in using,
3:112
as fluorinating agent, 4:136
Hydrogen iodide, by catalytic union,
1:159
(See also Hydriodic acid)
Hydrogen selenide, 2:183, 184
Hydrogen sulfide, apparatus for
treating solutions with, 3:15
liquid, 1:111
purification of, 3:14

o-Hydroxyaldehydes, metal deriva-

tives of, 2:11
Hydroxylamine, 1:87
Hydroxylammonium arsenate, 3:83
Hydroxylammonium chloride, re-
covery of, 1:89

INORGANIC SYNTHESES

Hydroxylammonium oxalate, 3:83
Hydroxylammonium phosphate, 3:82
Hydroxylammonium salts, 8:81
analysis of, 3:84
o-Hydroxyphenones, metal deriva-
tives of, 2:11
Hypochlorite solution, 1:90

I

Iodine, recovery of, from silver
iodide residues, 2:6, 8

Iodine(I) chloride, 1:165

Iodine(III) chloride, 1:167

Iodopentamminecobalt(II1) nitrate,
4:173

Jodostannates(IV), formation of, by
tin(IV) iodide, 4:121

Iron, catalysts for preparation of
sodium amide, 2:133

Iron(II) bromide, 6-ammoniate, 4:
161

Iron (III) chloride, anhydrous, 8:191

removal from zirconium(IV) chlo-
ride, 4:124

Iron(II) complex compounds, cat-
ions, with pyridine, [Fe(Cs
HsN).;]Clg, 1 184 )

Iron(III) complex compounds, an-
lons, oxalato, Ki[Fe(C;04);)--
3H.0, 1:36

Iron(IT) formate, 2-hydrate, 4:159

Iron(ITI) oxide, beta-, 1-hydrate,
2:215

gamma-, 1:185
1-hydrate, 1:185
Iron tetracarbonyl dihydride, 2:243
potassium salt of, in solution,
2:244

Isopoly acids,
2:263

Isopropyl acetate, drying of, 3:48

nomenclature of,

L

Lanthanide contraction, 2:32
Lanthanides, term,; 2:29
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Lanthanum, separation of mixtures
with praseodymium from mona-
zite, as magnesium nitrate
double salt, 2:56, 57

Lanthanum amalgam, 1:15

Lanthanum chloride, anhydrous,
1:32

Lead(IV) acetate, 1:47

Lead(IV) oxide, 1:45

Lead(IT) thiocyanate, 1:85

Lithium amide, 2:135

Lithium carbonate, purification of,
1:1

Lithium nitride, 4:1

M

Magnesium bismuth nitrate, 3Mg-
(NO3)2:2Bi(NO;)3-24H.0Q, sepa-
ration of europium from sama-
rium and gadolinium by, 2:57

Magnesium  cerium(ITI) nitrate,
3Mg (N03)2'2CG (NOs)z 24H20,
separation of praseodymium
from lanthanum by, 2:57

Magnesium chloride, anhydrous,
1:29

Magnesium rare earth nitrates,
2:43, 47, 52

fractional crystallization of, 2:53
Manganates, nomenclature of, 2:261
Manganese (1) chloride, anhydrous,
1:29

Manganese (I1I) orthophosphate, 2:
213

Manganites, nomenclature of, 2:261

Marble, for use in separation of
cerium from rare earth mixtures
by bromate method, 2:49

Mercury, solubility of metals in, 1:6

Mercury fluorides, as fluorinating
agents, 4:136

Mercury(II) sulfide, red, 1:19

Metals, solubility of mercury in, 1:6

Metaphosphates, determination of
poly~ (“hexa-"), in mixtures of
phosphates, 3:94

structure of, 3:85
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“Metaplumbates,” 1:45

“ Metaplumbic acid,” 1:45

Methyl chlorofluorophosphite, 4:141
analysis of, 4:143

Methyl dichlorophosphite, 4:63

Methyl difluorophosphite, 4:141
analysis of, 4:143

Methylgermeanium oxide, 8:67

Methylgermanium sulfide, 3:67

Methylgermanium triiodide, 8:64
analysis of, 3:66

Molybdenum (V) chloride, separa-

tion of, from tungsten(VI)
chloride, 3:165
Molybdenum (III) complex com-

pounds, anions, K:[MoCl;H,0],
4:97
12-Molybdeosilicic acid, 1:127
analysis of, 1:128
Monazite, extraction of, 2:38
separation of rare earths from,
2:56
Monetite, 4:22
Monochloramide (monochloro-
amine), 1:59
analysis of, 1:62
Monosodium acetylide, 2:75, 76, 79

N

Neodymium, determination  of
atomic weight of, in neodymium
oxalate, 2:61

separation of, from samarium
from monazite, as magne-
sium nitrate double salt, 2:56,
57

Neodymium amalgam, 1:15

Neodymium chloride, anhydrous,
1:32

Neodymium oxalate, determination
of atomic weight of neodymium
in, 2:60

Nickel(II) complex compounds, cat-
ions, ammines, [Ni(NHj)s]Br,
and [Ni(NH;)¢I,, 8:194

Nickel(IT) cyanide, 2:228

Nickel(IT) fluoride, 8:191
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Nickel tetracarbonyl, 2:234
Niobium (V) fluoride, 3:179
Nitramide, 1:68, 72
Nitratopentamminecobalt(III) ni-
trate, 4:174
Nitric acid, anhydrous, 4:52
purification of, by distillation,
3:13
Nitric anhydride, 3:78
Nitric oxide, 2:126
Nitrocarbamates, 1:68-70
Nitrogen, pure, azides for prepara-
tion of, 1:79
removal of oxygen and water
vapor from, 3:14
Nitrogen (I11) chloride, 1:65
analysis of, 1:67
Nitrogen compounds, of phosphorus,
nomenclature of, 2:265
of sulfur, nomenclature of, 2:265
Nitrogen(II) oxide, 2:126
Nitrogen (V) oxide, 3:78
Nitrogen selenide, as explosive prod-
uct in reduction of strontium
selenite with ammonia, 3:21
Nitropentamminecobalt(I11) ni-
trate, 4:174
Nitrosyl chloride, 1:55; 4:48
analysis of, 1:57
Nitrosylpentamminecobalt (IT) chlo-
ride, black, 4:168
Nitrosylpentamminecobalt (I1I)
chloride, pink, 4:168
Nitrosyls, nomenclature of, 2:264
Nitrosylsulfuric acid, 1:55
Nitrourethan, and ammonium salt,
1:69
Nitroxyl chloride, 4:52
Nitryl chloride, 4:52
Nomenclature, of inorganic com-
pounds, 2:257
of metal derivatives of 1,3-dike-
tones, 2:16
of organic compounds and coordi-
nation groups, 2:267
of organosilicon compounds, 3:55
of rare earth elements and their
compounds, 2:29

INORGANIC SYNTHESES

0
Octyl phosphite, (CsH,;0),POH,
4:61
“Onium” compounds, nomencla-

ture of, 2:264

Organic compounds, nomenclature
of, 2:267

Organic coordination groups, no-
menclature of, 2:267

Organosilicon compounds, 8:50

nomenclature of, 2:266; 3:55
Orthite, extraction of, 2:44
Orthoperiodic acid (H;IOs), 1:172
solubility of, in nitric acid, 1:173

Orthophosphates, determination of,
in mixtures of phosphates, 3:93

Orthophosphoric acid, 1:101

Orthotelluric acid, 8:145, 147

Oxalates, determination of, in rare
earth oxalates, 2:60

Oxalato salts, 1:35

Oxygen acids, nomenclature of,
2:260

Oxygen fluoride, 1:109

P

Palladium (ITI) complex compounds,
nonelectrolytes, ammines, trans-
[PA(NH;):(NOy)2], 4:179

Paraperiodic acid (see Periodic acid)

2,4-Pentanedione, metal derivatives
of, 2:14, 17, 25, 119, 121, 123

metal derivatives of, nomencla-
ture of, 2:16
strueture of, 2:10

Perchloric acid, removal of, from
gallium perchlorate 6-hydrate,
2:28

Periodates, 1:168

analysis of, 1:170
Periodic acid (H;IQg), 1:172
solubility in nitric acid, 1:173

Peroxy compounds, of hafnium and
girconium, 3:72

Peroxyhydrates, nomenclature of,
2:264

‘“Phosphate glasses,” 3:88
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Phosphates, analysis of mixtures of
soluble, 3:91
meta~ and poly-, structure of, 8:85
Phosphonic acid, as name for
HsPOa, 4:57
Phosphonium iodide, 2:141, 143
Phosphoric acids, strong, 3:85, 89
H;PO,, crystalline, 1:101
H,P:0, crystalline, by concen-
tration of H;PO,, 3:96
by dilution of H,P,0y;, 3:97
by solution of P.0; in H;PO,,
8:97
Phosphorous acid, 4:55
Phosphors, infrared-sensitive, 8:11
strontium selenide-samarium- eu-
ropium, 8:22
strontium sulfide-samarium-—ce-
rium, 3:23
strontium sulfide-samarium-euro-
pium, 3:21
Phosphorus, mixture of, with di-
phosphorus tetraiodide, 2:143
Phosphorus(III) bromide, 2:147
Phosphorus(III) chloride, 2:145
Phosphorus (V) chloride, 1:99
Phosphorus(I1I) B-chloroethoxydi-
chloride, 4:66
Phosphorus compounds, of nitrogen,
nomenclature of, 2:265
Phosphorus(V) ethoxysulfodichlo-
ride, 4:75
Phosphorug(ITI) fluoride, 4:149
Phosphorus iodides, P,14, mixture of,
with phosphorus, 2:143
Phosphorus (IT1T) methoxychlorefluo-
ride, 4:141
Phosphorus(III) methoxydifluoride,
4:141
Phosphorus (V) oxybromide, 2:151
Phosphorus(V) sulfobromide, 2:153
Phosphorus(V) sulfobromodifluo-
ride, formation of, from phos-
phorus(V) sulfobromide, 2:154
Phosphorus(V) sulfochloride, 4:71
from phosphorus(IIT) chloride,
aluminum chloride, and sul-
fur, 4:71
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Phosphorus(V) sulfochloride (cont.)
from phosphorus(V) sulfide and
phosphorus(V) chloride, 4:73
Phosphorus(V) sulfodibromofluo-
ride, formation of, from phos-
phorus(V) sulfobromide, 2:154
Phosphorus(V) sulfofluoride, forma-
tion of, from phosphorus(V)
sulfobromide, 2:154
Phosphoryl tribromide, 2:151
Phosphotungstic acid (see 12-Tung-
stophosphoric acid)
3(and 4)-Picoline—chromium(VT) ox-
ide, 4:95
Platinic compounds [see specific com-
pounds under Platinum (IV))
Platinized asbestos, 1:160; 3:129
Platinized silica gel, use of, in prepa-
ration of hydrogen bromide,
1:152
Platinous compounds [see specific
compounds under Platinum (IT)]
Platinum (IV) chloride, 2:253
Platinum(II) complex compounds,
cations, ammines, [Pt(INH;) -
Cl: and 1-hydrate, 2:250
[Pt(NHa)d[PtClAl, 2:251
nonelectrolytes, ammines, [Pt-
(NH;) zclzl, 2:253
Plumbates, M.PbO;, 1:45
“Plumbic acid,” H,PbO,, 1:46
Plumbic compounds [see specific com-
pounds under Lead (IV)}
Plumbous compounds [see specific
compounds under Lead (11)]
Pollucite, extraction of cesium from,
4:5
Polymetaphosphates (see Metaphos-
phates)
Polyphosphates, determination of,
in mixtures of phosphates, 3:91
structire of, 3:85
Potassium, potassium azide for
preparation of, 1:79
Potassium amide, 2:135
Potassium azide, 1:79; 2:139, 140
Potassium chloroplatinite, 2:247
Potassium cyanate, 2:87
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Potassium ferrate(VI), 4:164
_analysis of, 4:166
Potassium hexabromotellurate(IV),
2:189
Potassium hexachloromolybdate-
(1IT), 4:97, 99
Potassium hexachlororhenate(IV),
1:178
Potassium hexacyanochromate(III),
2:203
Potassium hexacyanocobaltate (1I1),
2:225
analysis of, 2:226
Potassium hexacyanomanganate(II),
formation of, from potassium
hexacyanomanganate(III),
%:214
Potassium hexacyanomanganate-
(I11), 2:213, 214
Potassium hexafluorophosphate, 3:
111, 115
Potassium hydrogen fluoride, 1:140
Potassium iodide, for use as a pri-
mary standard, 1:163
Potassium metaperiodate, 1:171
Potassium molybdocyanide dihy-
drate, 3:160
Potassium monochlorochromate-
(VI), 2:208
Potassium monofluorophosphate, 3:
109
Potassium nitridotrisulfate, 2:182
Potassium nitrocarbamate, potas-
sium salt, 1:68, 70
Potassium octacyanomolybdate(IV)
2-hydrate, 3:160
Potassium pentachloroaquomolyb-
date(111), 4:97
Potassium permanganate, solution
of, standardization of, for de-
termination of average atomic
weight of rare earth elements
in oxalates, 2:60, 61
Potassium pyrosulfite, 2:166
and its 24-hydrate, 2:165
Potassium rare earth sulfates, 2:47
Potassium selenocyanate, 2:186

INORGANIC SYNTHESES

Potassium sulfites, KHSQ;, in solu-
tion, 2:167
K803, anhydrous, 2:166
solubility of, 2:165
Potasgsium tetrabromoaurate(I1I),
and 2-hydrate, 4:14, 16
Potassium tetrachloroplatinate (IT),
2:247
Potassium tetracyanonickelate(II),
2:227, 228
Potassium tetracyanopalladate(II),
2:245
analysis of, 2:246
1- and 3-hydrates, 2:246
Potassium tetrafluoroborate, 1:24
Potassium tetraoxalatouranate(IV),
3:169
Potassium trioxalatoaluminate, 1:36
Potassium trioxalatochromate(III),
1:37
Potassium trioxalatocobaltate(III),
1:37
Potassium trioxalatoferrate(III), 1:36
Praseodymium, separation of mix-
tures with lanthanum {rom
monazite, as magnesium nitrate
double salt, 2:56, 57
Precipitates, apparatus for removing
liquid from, 3:16
Pyridine, complex cation with iron-
(IT), 1:184
purification of, 2:173x.
Pyridine—chromium(VI) oxide, 4:94
Pyridine—sulfur trioxide, 2:173
Pyridinium N-phenylsulfamate, 2:
175
Pyrolusite, in oxidation of sulfurous
acid to dithionate ion, 2:168
Pyrophosphates, determination of,
in mixtures of phosphates, 3:93
Pyrophosphoric acid, 3:96, 97
Pyrosulfites, alkali metal, 2:162
Pyrosulfuryl chloride, 3:124, 126

R

Radicals, nomenclature of, in oxy
salts and similar compounds,
2:259
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Rare earth acetates, citrate solution
of, 2:69
Rare earth amalgams, 1:15
concentration of, 1:17
Rare earth bromates, 2:43, 47, 56,
59, 64
fractional crystallization of, 2:62
Rare earth chlorides, anhydrous,
1:28
Rare earth elements, and compounds
thereof, 2:29
determination of average atomic
weight of a mixture of, 2:58
electronic structures of, 2:30
pure, concentrated amalgams for
preparation of, 1:18
Rare earth magnesium nitrates,
2:43, 47, 52
fractional crystallization of, 2:53
Rare earth minerals, extraction of,
2:35, 38, 39, 44, 45
occurrence of, 2:34
Rare earth oxalates, 2:42, 46
for determination of average
atomic weight of rare earth
elements in mixtures, 2:59
Rare earth potassium sulfates, 2:47
Rare earths, cerium separation from
mixtures of, 2:43, 48
for determination of average
atomic weight of rare earth
elements in mixtures, 2:59
europium separation from mix-
tures of, as amalgam, 2:66, 68
hydrous, 2:42, 46, 47, 63
separation of, 2:37
term, 2:29
Rare earth sodium sulfates, 2:42, 46
Rare earth sulfates, 2:63
Rhenium, 1:175
by reduction of ammonium per-
rhenate, 1:177
by reduction of potassium per-
rhenate, 1:176
Rhenium (IIT) chloride, 1:182
Rhenium (V) chloride, 1:180
Rhenium (VI) oxide, by reduction of
Re 07 with CO, 3:187
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Rhenium(VI) oxide (cont.)
by reduction of Re;0; with diox-

ane, 3:186

Rhenium (VII) oxide, 8:188

Rhenium (VII) sulfide, 1:177

Rubidium, rubidium azide for prep-
aration of, 1:79

Rubidium azide, 1:79

S

Salts, ‘“‘acid,”
2:261
of isopoly and heteropoly acids,
nomenclature of, 2:263
mixed (oxy, etec.), nomenclature
of, 2:259
of oxygen acids, nomenclature of,
2:260
Samarium, phosphors containing
strontium sulfide or selenide
and, 3:21, 22, 23
separation of europium from gado-
linium and, as magnesium
nitrate double salt, 2:57
separation of, from neodymium
from monazite by magnesium
nitrate, 2:57
with yttrium-group earths from
monazite by magnesium ni-
trate, 2:56
Selenie acid, crystalline, 8:137
Selenides, precipitation of pure
metallic, from solutions of hy-
drogen selenide, 2:185
Selenium, red and gray, 1:119
Selenium (IT) dithiocarbamates, 4:91
Selenium (VI) fluoride, 1:121
Selenium (IV) oxide, 1:117; 8:127,
129, 131
by combustion of selenium; 1:117
by oxidation of selenium by nitric
" acid, 1:119
purification of, by sublimation,
3:13, 15
Selenium (IV) oxychloride, 3:130
Selenium (IT1) xanthates, 4:91
Belenocyanates, metal, 2:186, 188

nomenclature of,



202

Shaking apparatus, for keeping
liquid as fine spray and allowing
passage of gases, 2:238

Silane, organic derivatives of, 3:51

organochloro derivatives of, from
reaction of trichlorosilane or
methyldichlorosilane with ole-
fing, 4:43 ’

Silane,  (2-chloroethoxy)trichloro-,
4:85, 86

, f(a- and g-chloroethyl)tri-

chloro-, 8:60

, cyclohexyltrichloro-, 4:43

, dibromo-, 1:38

——, diiododichloro-, 4:41

, dimethyldichloro-, 3:56

—pdivinyldichloro-, 3:58, 61

, iodotrichloro-, 4:41

——, methyldichloro-, 3:58

——, methyltrichloro-, 3:58

, tribromo-, 1:38

analysis of, 1:41

, trimethylchloro-, 3:58

, vinylmethyldichloro-, 3:58, 61

, vinyltrichloro-, 3:58

, vinyltrimethyl- 3:58, 61

Silanediol, diphenyl-, 8:62

Silica gel, 2:95

platinized, use in preparation of
hydrogen bromide, 1:152

Silicobromoform (see Silane, tri-
bromo-)

“Silicoformic anhydride,” H,Si:0s,
1:42

Silicomolybdic acid (see 12-Molyb-
dosilicic acid)
Silicon bromide, Si,Brg, 2:98
(See also Silicon tetrabromide)
Silicon chlorides, higher, 1:42
Si,Clg, 1:42
Si;Cls, 1:44
(See also Silicon tetrachloride)
Silicon compounds, nomenclature of,
2:265
organo, 3:50
nomenclature of, 8:55
Silicon tetraacetate, 4:45

INORGANIC SYNTHESES

Silicon tetrabromide, 1:38, 40
Silicon tetrachloride, 1:44
Silicon tetrafluoride, 4:145
“Silicooxalic acid,” (H.8i:0,),, for-
mation of, by disilicon hexa-
bromide, 2:101
Silicotungstic acid (see 12-Tung-
stosilicie acid)
Silver, 1:4
recovery of, from silver iodide
residues, 2:6, 7
residues, purification of, 1:2
Silver(I) chlorate, 2:4
Silver(I) chloride, reduction of, 1:3
Silver(I) cyanamide, 1:98
Silver(I) fluoride, as fluorinating
agent, 4:136
Silver(I1) fluoride, 8:176
Silver(I) iodide, residues of, recovery
of silver and iodine from, 2:6
Silver(I) monofluorophosphate, 3:
109
Silver(II) oxide, 4:12
Silver oxynitrate, Ag;0sNOQs;, forma-
tion of, by silver(II) oxide, 4:13
Sodium, preparation of pellets of,
for reaction with liquid am-
monia, 2:132
Sodium  acetylides,
2:79, 80
NaC=CH, 2:75
from sodium amide and acety-
lene, 2:79
from sodium and acetylene,
2:76 _
Sodium alkylacetylides, 2:79, 80
Sodium amalgam, 1:10
Sodium amide, 1:74; 2:80, 128, 134
Sodium azide, 2:139
purification of, 1:79
Sodium azidodithiocarbonate, solu-
tion of, 1:82
Sodium butoxide, 1:88
Sodium chlorite, analysis of, for
preparation of chlorine(IV)
oxide, 4:156
Sodium cyanate, 2:88

NaC=CNa,
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Sodium diphosphates, 3:98, 99, 100
Sodium dithionate, 2:170
Sodium hexafluorophosphate, 8:111,
115
Sodium hypochlorite, solution of,
1:90
Sodium hypophosphate, Na,H,P,-
Oa'ﬁHzo, 4 :68
Sodium iodate, 1:168
Sodium metaperiodate, 1:170
Sodium metaphosphates, 3:88, 103
NasPsOg~6H20, 3:104
(NaPO,)., 3:104
Sodium monofluorophosphate, 3:106
analysis of, 3:108
Sodium orthoperiodate (paraperio-
date), (Na;H.IOs), by chlorine
method, 1:169
by persulfate method, 1:170
by sodium iodide-bromine method,
2:212
Sodium paraperiodate (see Sodium
orthoperiodate)
Sodium peroxide 8-hydrate, 3:1
analysis of, 8:2
Sodium phosphates, structure of,
3:85
Sodium pyrophosphates, 3:98
N32H2P207, 3:99
N34P207, 8:100
Sodium pyrosulfite, 2:162, 164
and its 7-hydrate, 2:165
Sodium rare earth sulfates, 2:42, 46
Sodium selenocyanate, 2:186, 187
Sodium ““selenopentathionate’ 3-
hydrate, 4:88, 89
Sodium sulfites, NaHS80;, in solu-
tion, 2:164
Na,S0;, anhydrous, 2:162
and its 7-hydrate, 2:164, 165
Sodium superoxide, 4:82
Sodium “telluropentathionate” 2-
hydrate, 4:88, 89
Sodium triphosphate (tripolyphos-
phate), 8:101
6-hydrate, 3:103
“Solvates,” nomenclature of, 2:264
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Stannic compounds [see specific com-
pounds under Tin(IV)]
Stirring device, for use under re-
duced pressure, 8:40, 41
Stock system, of nomenclature,
2:259, 261
Strontium amalgam, 1:11
Strontium chloride, for preparation
of strontium sulfide and selenide
phosphors, 3:21
Strontium nitrate, for preparation
of strontium sulfate or stron-
tium selenite, 8:17
Strontium selenide, 3:20
phosphors, 3:11, 22
Strontium selenite, for preparation
of strontium selenide, 8:20
Strontium sulfate, for preparation of
strontium sulfide, 3:19
Strontium sulfide, 3:20
phosphors, 3:11, 21, 23
Structure, of 1,3-diketones, 2:10
electronic, of rare earth elements,
2:30
of metal carbonyls, 2:232
of phosphates, 8:85
Sulfamic acid, 2:176
from acetoxime, 2:177
from hydroxylammonium sulfate,
2:176
purification of, for use as acidi-
metric standard, 2:178
Sulfites, alkali metal, 2:162
Sulfur compounds, ~of nitrogen,
nomenclature of, 2:265
Sulfur dioxide, addition compound
with trimethylamine, 2:159
purification of, 2:160
Sulfur(VI) fluoride, 1:121; 3:119 |
Sulfur oxychlorides, S;0:Cl,, 8:124,
126
(See also Sulfuryl chloride)
Sulfur trioxide, addition compounds
with pyridine, dimethylaniline,
and dioxane, 2:173, 174
Sulfuryl chloride, 1:114
Swarts reaction, 4:134



204
T

Tantalum (V) bromide, 4:130
Tantalum (V) fluoride, 8:179
Telluric acid (HesTeO,), 3:145
analysis of, 3:147
Tellurium(IV) chloride, 3:140
Tellurium (IT) dithiocarbamates, 4:
91
Tellurium (VI) fluoride, 1:121
Tellurium (IV) oxide, 3:143
Tellurium (IT) xanthates, 4:91
Tetrachloroauric(I1I) acid, and its
reduction to gold with hydro-
quinone, 4:14, 15
Tetrachloroplatinic(II) acid,
tien of, 2:251
Tetracobalt dodecacarbonyl, 2:243
Tetrafluoroborie acid, 1:25
Tetrakis(2,4-pentanediono)thorium,
2:123
l-ammoniate, 2:125
compound with aniline, 2:125
Tetrakis(2,4-pentanediono)zirco-
nium, 2:121
10-hydrate, 2:121
Tetrammineplatinum (IT)
2:250
1-hydrate, 2:252
Tetrammineplatinum (IT) tetrachlo-
roplatinate(II) (chloroplati-
nite), 2:251
Tetrapyridineiron(II) chloride, 1:
184
Thioeyanogen solution, 1:84, 86
standardization of, 1:86
Thionyl bromide, 1:113
Thiophosphoryl bromide, 2:153
Thiophosphoryl chloride, 4:71
Thiosemicarbazide, 4:39
Thorium, removal of, in extraction of
monazite and xenotime, 2:41
Thorium acetylacetonate, 2:123
1s-ammoniate, 2:125
compound with aniline, 2:125
Thorium bromide, ammoniates, 1:54
anhydrous, 1:51
hydrates, 1:53

solu-

chloride,

INORGANIC SYNTHESES

Thorium complex compounds, non-
electrolytes, with acetylacetone,
2:123 4

nonelectrolytes, with acetylace-
tone, l-ammoniate, 2:125
compound with aniline, 2:125

Thorium oxybromide, 1:54

Tin(IV) iodide, 4:119

Titanium (IIT) bromide, 2:116

Titanium(IV) bromide, 2:114

Titanium complex compounds, cat-
ions, with acetylacetone, [Ti-
(05H702)3]2Ti016 and [TI(C5H7-
02)3]Fe014, 2!119, 120

Triammonium imidodisulfate, 1-hy-
drate, 2:179, 180

Triazoates (see Azides)

Trimethylamine, purification of, 2:
159

Trimethylamine—sulfur dioxide, 2:
159

Trinitrides (see Azides)

Triphosphates, determination of, in
mixtures of phosphates, 3:93

Tripotassium nitridotrisulfate, 2:182

Tris(ethylenediamine)chromium-
(III) bromide, 4-hydrate, 2:199

Tris(ethylenediamine)ehromium-
(III) chloride, 334-hydrate, 2:
198

Tris(ethylenediamine)chromium-
(II1) iodide, 1-hydrate, 2:199

Tris(ethylenediamine)chromium-
(III) sulfate, 2:198

Tris(ethylenediamine)chromium-
(ITI) thiocyanate, l-hydrate,
2:199

Tris(ethylenediamine)cobalt (11I)
chloride, 2:221

Trisilane, octachloro-, 1:44

Trisilicon octachloride, 1:44

Tris(2,4-pentanediono)aluminum, 2:
25

Tris(2,4-pentanediono)titanium (IV)
chloroferrate(I1T), 2:120

Tungsten(VI) chloride, 3:163

Tungsten (V1) fluoride, 8:181
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12-Tungstophosphoric acid, 1:132
ether complex, 1:133
12-Tungstosilicic acid, 1:129
analysis of, 1:131
ether compiex, 1:131

U

Uranium(IV) complex compounds,
anions, oxalato, K,U(C:04)s-
5H20, 3:169

Uranium(VI) complex compounds,

cations, UQ.(C:H:NO): and
U0 (CsHsNO),-Cs:H{NOH,
4:101

Uranium (IV) oxalate, 3:166
Urazine (4-aminourazole), 4:29
from carbohydrazide, 4:30
from carbohydrazide-N-carbox-
amide, 4:31
salts of, 4:31
Urea, qualitative test for, in ecy-
anates, 2:89

v

Vanadium (II) chloride, 4:126
Vanadium (ITI) chloride, 4:128
6-hydrate, 4:130

Vanadium (IV) chloride, removal of,
from vanadium(V) oxychloride,
1:107

Vanadium (ITI) complex compounds,
formation by vanadium (III)
chloride, 4:130

Vanadium (IIT) oxide, black, 1:106;
(correction for vanadium (IT)
oxide or hypovanadous oxide),
4:80

Vanadium(V) oxychloride,
(correction), 4:80

Vermilion, 1:20

1:106;

W

Wolfram (see Tungsten)

2056
X
Xanthates, of selenium(II) and

tellurium (IT), 4:91
Xenotime, extraction of, 2:38

Y
Yttrium-group earths, containing
samarium, separation from

monazite by magnesium nitrate,
2:56
separation of, from cerium earths
by double-sulfate method,
2:44, 46
by fractional crystallization of
bromates, 2:56, 62 )

zZ

Zirconium, extraction of, from
cyrtolite and separation from
hafnium, 3:67, 74

Zireonium acetylacetonate, 2:121

10-hydrate, 2:121

Zirconium bromide, anhydrous, 1:49

Zirconium chloride, 4:121

Zirconium complex compounds, non-
electrolytes, with acetylacetone,
Zr(CsH,0,) +-10H,0, 2:121

Zirconium oxide, low in hafnium,
3:76

Zirconium oxybromide, formation
of, from szirconium bromide,
1:51

Zirconium oxychloride, 3:76

8-hydrate, purification of, 2:121

Zirconium phosphate, precipitation
of, with hafnium phosphate,
3:71

Zirconyl compounds (see specific
compounds under Zirconium
oxy-)
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FORMULA INDEX

The chief aim of this formula index, like that of other formula indexes, is
to help in locating specific compounds, or even groups of compounds, that
might not be eagily found in the Subjeet Index. To this end, formulas have
been used wherever it seemed best in their usual form (i.e., as used in the
text) for easy recognition: PbO,, EuSO,, 8i.Cls, ThOBr,. However, for
compounds containing the more uncommon elements and groupings and also
for complexes, the significant or central atom has been placed first in the
formula in order to throw together as many related compounds as possible.
This procedure usually involves placing the cation last (often of relatively
minor interest, especially in the case of alkali and alkaline earth metals):
PiCLK:; [Al(C204):]K;:-3H:0; (106):BasHs. The guiding prineiple in these
cases has been the chapter in the text in which the preparation of a com-
pound is described. Where there is likely to be almost equal interest in two
or more parts of & formula, two or more entries have been made: AgClO; and
ClO;Ag; Al.Se; and Se;Aly; SFs and FS (simple halides other than fluorides
are entered only under the other elements in most cases); NaNH, and
NHzNa; NHgSOsH and SO;HNHz.

Formulas for organic compounds are structural or semistructural so far
as possible: CH;COCH,COCH;. Consideration has been given to probable
interest for inorganic chemists, 7.e., any element other than carbon, hydro-
gen, or oxygen in an organic molecule is given priority in the formula if only
one entry is made, or equal rating if more than one entry: Zr(C;H70g)4-
10H,0; NaC=CH and CH=CNa.

The names used with the formulas are the preferred specific names.

The formulas are listed alphabetically by atoms or by groups (considered
as units) and then according to the number of each in turn in the formula
rather than by total number of atoms of each element. This system results
in arrangements such as the following:

NH.S0;NH,
(NH;),C,H, (instead of N, H,C.H,, N, H3C,, or C:HzN2)
NH,

Si(CH,)Cl
Si(CH,)5Cl
8i(CH=CH,)Cl,
8i(C.H,C1)Cl,

Cr(CN)e¢Kz (instead of CrCsNKs)
CI'(CQHst)z (instead of CI‘C4H504)
[Cl‘(CzO4)s]Kx'3H20 (instead of CI‘CeOlsz'HoOs or CI‘CsOwKsH;)
[Cr(en).Cl.]JCI-H,O (“en” is retained for simplicity and is alphabeted as
such rather than as C;H,(NH.,), or (NH.),C.H,)
207
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A
AgCl Silver chloride, 1:3-
AgCl0O; S8ilver chlorate, 2:4

AgF Silver(I) fluoride, 4:136

AgF,; Silver(IT) fluoride, 3:176

Agl Silver iodide, 2:6

AgO Silver(II) oxide, 4:12

Ag,CN, Silver cyanamide, 1:98

Ap,PO;F Bilver monofluorophos-
phate, 8:109

Ag,03NO; Silver oxynitrate, 4:13

AlBr; Aluminum bromide, 3:30, 33

[AL(C204):]K3-3H.0 Potassium tri-
oxalatoaluminate, 1:36

AI(C:H;0,); Aluminum acetylace-
tonate, 2:25

AlCs(804)2:12H,0 Cesium alum,
4:8

AlP Aluminum phosphide, 4:23

AlLIs Aluminum iodide, 4:117

Al;Se; Aluminum selenide, 2:183,
184

AsF; Arsenic(I1I) fluoride, 4:137,
150

AsI; Arsenic(IH) iodide, 1:103

AuBrK Potassium tetrabromoau-
rate(111), 4:14, 16

AuCl,H Tetrachloroauric(III)
acid, 4:14, 15

B
BBr; Boron bromide, 8:27, 29
BCl; Boron chloride, 3:27, 28, 29
BF; Boron fluoride, 1:21, 23

BFMH Tetrafluoroboric acid, 1:25

BF.K Potassium tetrafluoroborate,
1:24

BF,NH, Ammonium tetrafluoro-
borate, 2:23

B:0; Boron oxide, 2:22

Ba(Br0;),»H,0 Barium bromate,
2:20

Ba(SCN),
24

Be(C;H:0:): Beryllium acetylace-
tonate, 2:17

Barium thiocyanate, 3:

INORGANIC SYNTHESES

Be(CeHs0;): Beryllium derivative
of ethyl acetoacetate, 2:19
Be(C10H05): Beryllium derivative

of benzoylacetone, 2:19
Be(C1:H1,0,): Beryllium derivative
of dibenzoylmethane, 2:19
(BeO),-(BeCO;), Beryllium carbo-
nate, 3:10
Be 40 (CHO z) [
3:7,8
BG4O(CzH302) 2(C4H702)4 Beryl-
lium diacetate tetraisobutyrate,
3:7
BE40(02H302)3(03H502)3 Beryl—
lium triacetate tripropionate,
3:7, 8
Be,O (Cszoz) [
3:4,7,8,9
Be,O(C;H0,)s Beryllium propio-
nate, 3:7, 8, 9, 10
Be,O(C.H;0:)s Beryllium butyrate,
3:7,8
Beryllium isobutyrate, 3:7, 8

Beryllium formate,.

Beryllium acetate,

Be.O(CsHO2)s Beryllium isovaler-

ate, 3:7
Beryllium pivalate, 3:7, 8

Be 40 (C7H40102) 6 Beryllium
o-chlorobenzoate, 8:7

Be O(CyH:0,)¢ Beryllium ben-
zoate, 3:7

Bil; Bismuth(II1) iodide, 4:114

2Bi(NO;);:3Mg(NO;),-24H,0 Bis-
muth magnesium nitrate, 2:57
BrF Bromine(I) fluoride, 3:185
BrF; Bromine(III) fluoride, 3:184
BrF; Bromine(V) fluoride, 3:185
BrH Hydrobromic acid, 1:151, 152,
155
Hydrogen bromide,
149, 150, 151, 152
Br,NH Dibromamide, 1:62, 64
(BrO;):Ba-H,0 Barium bromate,
2:20

1:39, 114,

Cc

CF, Carbon tetrafluoride, 1:34;
3:178
CH=CH Acetylene, 2:76
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CH=CNa Monosodium acetylide,
2:75, 76, 79

CH,;COCH,COCH; 2,4-Pentanedi-
one (acetylacetone), 2:10

CH,CO.C;H; Isopropyl acetate, 3:
48

CH;CO,H Acetic acid, 2:119

CI, Carbon tetraiodide, 3:37

(CN). Paracyanogen, 2:92n.

CNCl Cyanogen chloride, 2:90, 93

(CN):Ni Nickel cyanide, 2:228

C(=NH)(NH.)NHCN Dicya-
nodiamide, 8:43

[C(=NH)(NH;),HINO; Guanido-
nium nitrate, 1:94, 96, 97

[C(NH)2(N,H;3;)]HCO; Amino-
guanidonium hydrogen ecarbo-
nate, 8:45

CN:Ag, Silver cyanamide, 1:98

CN.H, Cyanamide, 3:39, 41

CNa=CNa Disodium acetylide, 2:
79, 80

CO Carbon monoxide, 2:81

CO(Nj;): Carbonyl azide, 4:35

C;N;Cl; Cyanurie chloride, 2:94

[CeH(OH)CH=NCH,], N,N’-Di-
salicylalethylenediamine, 3:198

CaCO; Marble, 2:49

CaF. Calcium fluoride, 4:137

C&(H2P04)2'H20 Calcium dihy-
drogen orthophosphate 1-hy-
drate, 4:18

Ce(NOy); Cerium (IIT)
2:51

2Ce(NO;) 3:3Mg(NO3)»24H,0 Ceri-

nitrate,

um(IIl) magnesium nitrate,
2:57
CIH Hydrogen chloride, 1:147;

2:72; 8:14, 131; 4:57, 58
CINH; Chloramide, 1:59, 62
CINO Nitrosyl chloride, 1:55, 57;

4:48
CINO; Nitryl chloride, 4:52
CIONa Sodium hypochlorite, 1:90
ClO, - Chlorine(IV) oxide, 4:152;

8-hydrate, 4:158
ClO;Na Sodium chlorite, 4:156
ClO;Ag Silver chlorate, 2:4

209

ClOH Perchloric acid, 2:28
(C10,);Ga-6(and 925)H,0 Gallium-
(III) perchlorate, 2:26, 28
CISO;(C,H,Cl) 2-chloroethyl chlo-
rosulfonate, 4:85

CISO;IL  Chlorosulfonic acid, 4:52

CIN  Nitrogen(III) chloride, 1:65,
67

Cl¢C: Hexachloroethane, 4:124

Co(CN)¢K; Potassium hexacyano-
cobaltate(ITT), 2:225

[Co(CO);]ls Tetracobalt dodecacar-
bonyl, 2:243

[Co(CO)4, Dicobalt octacarbonyl,
2:238, 242

Co(CO)H Cobalt tetracarbonyl
hydride, 2:238, 240

Co(CO);K Cobalt tetracarbonyl
hydride, potassium salt, 2:238

[Co(C:04);]K; Potassium trioxa-
latocobaltate (I1I), 1:37

{[CO(CloH14N202)]2H20} Bis-
(N, N’ -disalicylalethylenedi-
amine-g-aquodicobalt(IT), 8:
196, 198, 200

[Co(en);Cl3]Cl  cis- and #rans-Di-
chlorobis(ethylenediamine) co-
balt(ITI) chloride, 2:222, 223,
224

[Co(en):(NO;).]NO; ¢is-Dinitrobis-
(ethylenediamine)cobalt{IT1)
nitrite, 4:178

[Co(en)2(NOs)3]NO; cis- and trans-
Dinitrobis(ethylenediamine)co-
balt(IIT) nitrate, 4:176, 177

[Co(en);]Cl; Tris(ethylenediamine)-
cobalt(III) chloride, 2:221

CoF; Cobalt(III) fluoride, 8:175

[Co(NH;);Br|Br; Bromopentam-
minecobalt (IT1) bromide, 1:186

[Co(INH;)5CO;]NO; Carbonatopen-

tamminecobalt (III) nitrate,
4:171
[Co(NH;)sC:H;0:](NO;):  Acetato-

pentamminecobalt (ITI) nitrate,
4:175

[Co(NH;)sF}(NO;): Fluoropentam-
minecobalt(I1I) nitrate, 4:172
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[Co(NH;):H.0)Br; Aquopentam-
minecobalt (II1) bromide, 1:187,
188

[Co(NH;);I][(NO;3). Iodopentam-
minecobalt (III) nitrate, 4:173

[Co(NH;)sNOJCl; Nitrosylpentam-
minecobalt (IT) chloride, 4:168

Nitrosylpentamminecobalt (II1)
chloride, 4:168

[Co(NH;:)sNO2(NO;) 2 Nitropen-
tamminecobalt (I1I) nitrate, 4:
174

[Co(INH;):NOs](NOs); Nitratopen-
tamminecobalt(III) n trate, 4:174

[Co(NH;)s]Brs Hexamminecobalt-
(ITI) bromide, 2:219

[Co(INH3)6]Cl; Hexamminecobalt-
(IIT) chloride, 6-ammoniate,
2: 217, 220

[Co(NH;)¢](NO;); Hexammineco-
balt(III) nitrate, 2:218

[CO (NHa) a]z (Czo 4) 3'4H20 Hexam-
minecobalt(I1II) oxalate, 2:220

CoNO(CO); Cobalt nitrosyl tri-
carbonyl, 2:238, 239

Cr(CN)¢K; Potassium hexacyano-
chromate(III), 2:203

Cr(CO)s Chromium hexacarbonyl,
3:156

Cr(C:H:0;): Chromium (IT)
tate, 1:122; 3:148

[Cr(Cy04)3]K;-3H.0 Potassium tri-
oxalatochromate(I11), 1:37

CrCl; Chromium(II) chloride, 1:
124, 125; 3:150

3- and 4-hydrates, 1:126

CrCl, Chromium (ITIT) chloride,
2:193

[Cr(en)sCl,]JCI-H,O cis-Dichlorobis-
(ethylendiamine)chromium (11I)
chloride, 2:200, 201

[Cr(en)(SCN),I(SCN)-H,O trans-
Bis(thiocyanato)bis(ethylenedi-
amine)chromium (ITI)  thiocy-
anate, 2:200, 202

[Cr(en);|Br;-4H,O Tris(ethylenedi-
amine)chromium (III) bromide,
2:199

ace-

INORGANIC SYNTHESES

[Cr(en);]Cl5-324H,0 Tris(ethylene-
diamine)chromium (I1I)  chlo-
ride, 2:198

[Cr(en);]15-H;0 Tris(ethylenedi-
amine)chromium (III)  iodide,
2:199

[Cr(en);](SCN);-H,0 Tris(ethylene-
diamine)ehromium (IIT)  thio-
cyanate, 2:199

[Cr(en)s]s(804)s
amine)chromium (IIT)
2:198

[Cr(NH;);ClCL,
minechromium (I1T)
2:216

[Cr(NH;)6]Cl: Hexamminechro-
mium (ITI) chloride, 2:196

[Cr(NH;)/(NO3); Hexamminechro-
mium (ITT) nitrate, 3:153

Cr0;Cl, Chromyl chloride, 2:205

Cr0;-2C;H;N Pyridine-chromium-
(VI) oxide, 4:94 )

Cr0;-2CcH:N 3 (and 4)-Picoline—
chromium (VI) oxide, 4:95

CrO;ClIK  Potassium monochloro-
chromate, 2:208

(Cr04);Cr; Chromium (IIT)
mate, 2:192

Cr;0; + zH,0 Chromium (II1) ox-
ide gel, 2:190, 191

Crz(804; Chromium(III) sulfate,
2:197

CsAl(504)2:12H;0 Cesium
4:8

3CsC1-28bCl; Cesium antimony-
(I1T) chloride, 4:6.

CsICl; Cesium iododichloride, 4:9

CsNO; Cesium nitrate, 4:6; 1-hy-
drogen nitrate, 4:7

CsN; - Cesium azide, 1:79

CuBr Copper(I) bromide, 2:3

CuCl Copper(I) chloride, 2:1

[CuCl-CO)-2H,0 Copper carbonyl
chloride, 2:4

E

Tris(ethylenedi-
sulfate,

Chloropentam-
chloride,

chro-

alum,

EuCQOs  Europium(II) carbonate,
2:69, 71



FORMULA INDEX

Eu (CgHst)z
tate, 2:68

Bu(C.H;0:)s
tate, 2:66

EuCl; Europium(IT) chloride, 2:
68, 69, 71

EuS0, Europium (IT) sulfate, 2:69,
70

EU2(0204)3'10H20 Europium(III)
oxalate, 2:66

Eu;0; Europium (III) oxide, 2:66

Eu;Hg, FEuropium amalgam, 2:
68n.

Europium (II) ace-

Europium (IIT) ace-

F

FAg Silver(I) fluoride, 4:136

FBr Bromine(I) fluoride, 3:185

FH Hydrogen fluoride, 1:134; 3:
112; 4:136

FHg Mercury(I) fluoride, 4:136

FPOCI(CH;) Methyl chlorofluoro-
phosphite, 4:141

FPO;Ag; Silver monofluorophos-
phate, 8:109

FPO;K, Potassium monofluoro-
phosphate, 8:109

FPOi;(NH,)» Ammonium mono-
fluorophosphate, 2:155

FPO;Na; Sodium monofluorophos-
phate, 3:106, 108

F.Ag Silver(II) fluoride, 8:176

F.Ca Calcium fluoride, 4:137

F:Hg Mercury(IT) fluoride, 4:136

F.KH Potassium hydrogen fluo-
ride, 1:140

F,Ni Nickel(II) fluoride, 8:173

F:0 Oxygen fluoride, 1:109

F.PO(CH;) Methyl difluorophos-
phite, 4:141

F;PO.NH, Ammonium difluoro-
phosphate, 2:157

F3;As  Arsenic(II1) fiuoride, 4:137,
150

¥;B Bromine(IIT) fluoride, 3:184

F3;Co Cobalt(IIT) fluoride, 8:175

FsP Phosphorus(III) fiuoride, 4:149

¥;8b Antimony(ITI) fluoride, 4:
134

211

F.C Carbon tetrafluoride,
3:178

F.Ge Germanium(IV) fluoride, 4:
147

FSi  Silicon tetrafiuoride, 4:145

F;Br Bromine(V) fluoride, 3:185

FsNb  Niobium(V) fluoride, 3:179

F:Ta Tantalum(V) fluoride, 3:179

FsGeBa Barium hexafluorogerma-
nate(IV), 4:147

FePK Potassium hexafluorophos-
phate, 3:111, 115

F:PNH, Ammonium hexafluoro-
phosphate, 3:111, 114

F;PNa Sodium hexafluorophos-
phate, 8:111, 115

FeS Sulfur(VI) fluoride, 1:121; 8:
119

FeSe Selenium(VI) Auoride, 1:121

FSiBa Barium hexafluorosilicate,
4:145

F¢Te Tellurium(VI) fluoride, 1:121

FeW Tungsten(VI) fluoride, 3:181

FeBr:-6NH; Iron(II) bromide 6-
ammoniate, 4:161

Fe(CHO,)2-2H,0 Iron(II) formate,
4:159

Fe(CO)H; Iron tetracarbonyl di-
hydride, 2:243

Fe(CO),K, TIron [etracarbonyl di-
hydride, potassium salt, 2:244

[Fe(C204):]K;-3H,0 Potassium tri-

- oxalatoferrate(III), 1:36

[Fe(CsH;;N)Cl: Tetrapyridine-
iron(I1) chloride, 1:184

FeCl; Iron(III) chloride,
4:124

FeO,H B-Tron(III) oxide, 2:215

FeOK, Potassium ferrate(VI), 4:
164

Fe,Oz ~-Iron(III) oxide, 1:185

Fe,0:-H,0  g-Iron(I1I) oxide hy-
drate, 2:215

v-Iron (III) oxide hydrate, 1:185

G

Gallium (IT) chloride, 4:111
Gallium (ITI) chloride, 1:26

1:34;

3:190;

GaCl,
G&Cl;
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Ga(ClO4);-6(and 914)H,0 Gallium-
(III) perchlorate, 2:26, 28
Ga,0; Gallium(III) oxide, 2:29
Ge(CH;)I; Methylgermanium tri-
iodide, 3:64, 66
GeCly Germanium (IV) chloride, 2:
109
GeF: Germanium(IV) fluoride, 4:
147
GeF¢Ba Barium hexafluorogerma-
nate(1V), 4:147
Germanium (IT) iodide, 2:106;
3:63
Gel, Germanium(IV) 1odide, 2:112
GeNH Germanium imide, 2:108
Ge(NH), Germanium(IV) imide,
2:114
GeS  Germanium (I1) sulfide, 2:104

H

HfCl, Hafnium chloride, 4:121

HgF Mercury(I) fluoride, 4:136

HgF. Mercury(II) fluoride, 4:136

HgS Mercury(II) sulfide, 1:19

Hg,Fu, Europium amalgam, 2:
68n.

GeIz

I

ICl Iodine(I) chloride, 1:165

ICl; - Todine(III) chloride, 1:167.

IH Hydriodic acid, 1:157, 158,
159, 162; 2:210

Hydrogen iodide, 1:159

IO;Na Sodium iodate, 1:168

10K Potassium metaperiodate, 1:
171

I0.Na Sodium metaperiodate, 1:
170

10:H;
173

I0e¢Na;H: Sodium orthoperiodate,
1:169, 170; 2:212

(I04)2BazH, Barium orthoperio-
date, 1:171

Orthoperiodic acid, 1:172,

K

KI Potassium iodide, 1:163
KNH; Potassium amide, 2:135

INORGANIC SYNTHESES

KN; Potassium azide, 1:79; 2:139,

140
L

LaCl; Lanthanum chloride, 1:32
LiN  Lithium nitride, 4:1

LiNH, Lithium amide, 2:135
Li.COj3; Lithium carbonate, 1:1

M

MgCl, Magnesium chloride, 1:29
Magnesium bismuth nitrate,
2:57

B3Mg(NO;)2-2Ce(NO;);-24H,0
Magnesium cerium (IIT) nitrate,
2:57

Mn(CN)¢K; Potassium hexacy-
anomanganate(I11), 2:213, 214

Mn(CN)eK, Potassium hexacy-
anomanganate(II), 2:214

MnCl, Manganese(IT) chloride,
1:29

MnO; + 2H,0 Pyrolusite, 2:168

MnO,K Potassium permanganate,
2:60, 61

MnPO, Manganesc(I1I) ortho-
phosphate, 2:213

Mo(CN):K,2H:0 Potassium oc-
tacyanomolybdate(IV)  2-hy-
drate, 3:160 .

MoCls Molybdenum(V) ehloride,
3:165 )

[MoCl;H,OJK; Potassium penta-
chloroaquomolybdate (I11), 4:97

[MoCls]K; Potassium hexachloro-
molybdate(11I), 4:97, 99

N

(—N=CHC:H;):
92, 93, 94
N(CHj;).CsHs
174n.
N(CHa),
NC:H;

Benzalazine, 1:
Dimethylaniline, 2:

Trimethylamine, 2:159
Pyridine, 2:173xn.



FORMULA INDEX

NCl,
67
NHBr; Dibromamide, 1:62, 64
NH=C(NH)NHCN Dicyanodi-
amide, 3:43
[NH:C(NH2)2H1N03 Guanido-
nium nitrate, 1:94, 96, 97
NH(CeH;)SO3(NC:;He] Pyridinium
N-phenylsulfamate, 2:175
NHGe Germapium(II) imide, 2:
108
NH(S0O;NH,); Diammonium imido-
disulfate, 2:180
(NH);Ge Germanium(IV)
2:114
(NH,CONH—), Biurea, 4:26
(NH.CONHNH),CO Carbohydra-
zide-N, N-dicarboxamide, 4:38
NH,CONH, Urea, 2:89
NH.CO,NH, Ammonium carbam-
ate, 2:85
NH,CSNHNH,
zide, 4:39
NH,CS;NH, Ammonium dithio-
carbamate, 3:48
NH.Cl Chloramide, 1:59, 62
NH.K Potassium amide, 2:135
NH,Li Lithium amide, 2:135
(NH,NH);CO Carbohydrazide, 4:
32
NH,NHCONHNHCONH, Carbo-
hydrazide-N-carboxamide, 4:36
NH,NH, Hydrasine, 1:90, 92
NH:NH.-2HCl Hydrazine dihy-
drochloride, 1:92
[NH;NH;HSO, Hydrazonium hy-
drogen sulfate, 1:90, 92
NH:NO;. Nitramide, 1:68, 72
NH;Na Sodium amide, 1:74; 2:80,
128
NH.OH Hydroxylamine, 1:87
NH,SO;H Sulfamic acid, 2:178,
177, 178
NH,SO;:NHs; Ammonium sulfam-
ate, 2:175, 180
[(NH.),C(NH;3)JHCO; Aminoguan-
idonium hydrogen carbonate,
3:45

Nitrogen(III) chloride, 1:65,

imide,

Thiosemicarba-
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(NH,),C.H,4
197

NH; Ammonia, 2:76, 128; 8:48

[NH;OH]Cl Hydroxylammonium
chloride, 1:89

[NH;0H],C:0, Hydroxylammo-
nium oxalate, 8:83

[NH;0H];A50, Hydroxylammo-
nium arsenate, 3:83

[INH;OH];PO, Hydroxylammo-
nium phosphate, 3:82

NH,N; Ammonium azide, 2:136,
137

NLi Lithium nitride, 4:1

NNH(SO;NH,),-H,0O Triammo-
nium imidodisulfate, 2:179,180

Ethylenediamine, 2:

NO Nitrie oxide, 2:126

NOCl Nitrosyl chloride, 1:55, 57;
4:48

NOHS0, Nitrogylsulfuric acid,
1:55

NO:CiH, Butyl nitrite, 2:139

NO,Cl Nitryl chloride, 4:52

NO,NHCO;C,Hs Nitrourethan, 1:
69

NO,NH, Nitramide, 1:68, 72

NO,NKCO:K Potassium nitro-
carbamate, potassium salt,
1:68, 70

NOzN(NH4)COzCzH5 Ammonium

salt of nitrourethan, 1:69

NO;H Nitric acid, 3:13; 4:52

N(B0;K); Potassium nitridotri-
sulfate, 2:182

N:0Os Nitrogen(V) oxide, 8:78

N;CS,H Azidodithiocarbonic acid,
1:81, 82

N;CS8;Na Sodium azidodithiocar-
bonate, 1:82

N;C.H:02(NH;) Uragine (4-amino-
urazole), 4:29; galts, 4:31

N3;Cs Cesium azide, 1:79

-NsH Hydrazoic acid, 1:77, 78

Hydrogen azide, 1:77, 78
N:;K Potassium azide, 1:79; 2:139,
140
N;NH; Ammonium azide, 2:136
NaiNa Sodium azide, 1:79; 2:139
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Ns:Rb Rubidium azide, 1:79

(N3)2CO Carbonyl azide, 4:35

(NSCS). “Azido-carbon disul-
fide,” 1:81, 82

NaC=CH Monosodium acetylide,
2:75, 76, 79

NaC=CNa  Disodium acetylide,
2:79, 80

NaNH. BSodium amide, 1:74; 2:80,
128

NaN; Sodium azide, 1:79; 2:139

NaOC.H, Sodium butoxide, 1:88

NaQ, Sodium superoxide; 4:82

Na,0.-8H.0 Sodium peroxide, 3:1

NbF; Niobium (V) fluoride, 3:179

NdCl: Neodymium chloride, 1:32

Nd.(C20.4)5'10H,0 Neodymium ox~
Blate, 2:60

Ni(CN): Nickel cyanide, 2:228

Ni(CN).K,-H:O0 Potagsium tetra-
cyanonickelate(11), 2:227, 228

Ni(CO). Nickel tetracarbonyl,
2:234 .

NiF; Nickel(IT) fluoride, 8:173

[Ni{(NH,)¢]Br; Hexamminenickel-
(II) bromide, 3:194

[Ni(NH;)¢]I, Hexamminenickel-
(I1) iodide, 8:194

0

(OCN)X Potassium cyanate, 2:87
(OCN)Na Sodium cyanate, 2 :88
OF; Oxygen fluoride, 1:109

P

PAl Aluminum phosphide, 4:23
PBr; Phosphorus(III) bromide,
2:147
Phosphorus (I1T)
2:145
Phosphorus(V) chloride, 1:99
Phosphorus(I1I) fluoride, 4:
149
PFK Potassium hexafluorophos-
phate, 8:111, 115
PF¢Na Sodium. hexafluorophos-
phate, 8:111; 115

PClL; chloride,

PCls
PF;

INORGANIC SYNTHESES

PFNH; Ammonium hexafluoro-
phosphate, 3:111, 114

PH.I Phosphonium iodide, 2:141,
143

P(=NH)OC.H;
imidate, 4:65

POBr; Phosphorus(V)
mide, 2:151

POCIF(CH;) Methyl chlorofluoro-
phosphite, 4:141

POCI:(CH;) Methyl dichlorophos-
phite, 4:63

POCI(C.H,Cl) 2-Chloroethyl di-
chlorophosphite, 4:66

POCI:(C:H;) Ethyl dichlorophos-
phite, 4:63

POF:(CH;) Methyl difluorophos-
phite, 4:141

POSCl;(C,H;) .0O-Ethyl
thiophosphate, 4:75

PO,Fo.NH; Ammonium difluoro-
phosphate, 2:157

PO;(C.;H;):H Diethyl
4:58

POa(CsII”)zH DiOCty]. phosphite,
4:61

PO4Cl(C:H;): Diethyl monochlo-
rophosphate, 4:78

PO;FAg; Silver monofluorophos-
phate, 8:109

PO;FK, Potassium monofluoro-
phosphate, 3:109

PO;F(NH,;); Ammonium mono-
fluorophosphate, 2:155

PO, FNa.: Sodium monofluorophos-
phate, 3:106, 108

PO;H; Phosphorous acid, 4:55

PO NH,(C.Hj), Diethyl mono-
amidophosphate, 4:77

(PO;Na), Sodium polymetaphos-
phate, 3:104

PO,CaH (and +2H.0) Calcium
hydrogen orthophosphate, and
2-hydrate, 4:19, 20, 22

POH; Orthophosphoricaeid, 1:101

(POs):CaHyH0  Caleium dihy-
drogen orthophosphate 1-hy-
drate, 4:18

Ethyl phosphen-

oxybro-

dichloro-

phosphite,



FORMULA INDEX

PSBr, Phosphorus(V) sulfobro-
mide, 2:153

PSCl;  Phosphorus(V) sulfochlo-
ride, 4:71

PSFBr, Phosphorus{V} sulfodibro-
mofluoride, 2:154

PSF,Br  Phosphorus(V)
modifluoride, 2:154

PSF; Phosphorus(V) sulfofluoride,
1:154

(PWuOlO)Ha'ﬂ’JHzO 12—Tungsto—

phosphoric acid, 1:132
Diphosphorus tetraiodide,

2:143

P,O¢Na,H;-6H,0 Disodium dihy-
drogen hypophosphate, 4:68

P:0;H, Pyrophosphoric acid, 8:96,
97

P,0;Na:H; Disodium dihydrogen
pyrophosphate, 3:99

P:0;Na; Tetrasodium pyrophos-
phate, 8:100

P;04Na;z-6H,0 Sodium trimeta-
phosphate, 3:104

sulfobro-

P.1,

P30:Nas Sodium triphosphate,
3:101, 103

PbBr¢H, Hexabromoplumbic(IV)
acid, 1:48

Pb(C.H;0,)4 Lead(IV) acetate,
1:47

PbClgH, Hexachloroplumbie(IV)
acid, 1:48

PbO, Lead(IV) oxide, 1:45

PbO;H, “Metaplumbic acid,” 1:
46 '

Pb(SCN).
1:85

Pd(CN)K,-1(and 3)H;0  Potas-
sium tetracyanopalladate(II),
2:245, 246

[Pd (NH;) Q(NOQ) 2] trans-Dinitrodi-
amminepalladium, 4:179

PtCl, Platinum(IV) chloride, 2:
253

PtCisH,; Tetrachloroplatinic(II)
acid, 2:251

PtCLK, Potassium tetrachloro-
platinate(II), 2:247

Lead(II) thiocyanate,

215

[Pt(NH;).Cl;] Dichlorodiammine-
platinum, 2:253

[Pt(NH;),Cl; (and + 1H,0) Tet-
rammineplatinum (II) chloride,
2:250, 252

[Pt(NH;)][PtCl,]
platinum (IT)
nate(II), 2:251

Tetrammine-
tetrachloroplati-

R

RbN;

ReCl;
182

ReCls Rhenium (V) chloride, 1:180

ReClsK; Potassium  hexachloro-
rhenate(IV), 1:178

ReO; Rhenium(VI) oxide, 3:186

ReOsNH; Ammonium perrhenate,
1:177, 178

Re;07 Rhenium (VII) oxide, 3:188

ResS; Rhenium(VII) sulfide, 1:
177

Rubidium azide, 1:79
Rhenium (IT1I) chloride, 1:

8

(SCN). Thiocyanogen, 1:84, 86

(SCN),Ba Barium thiocyanate,
3:24

(SCN).Pb

1:85

Sulfur(VI) fluoride,
3:119
Hydrogen sulfide, 1:111; 8:14,

15

SOBr; Thionyl bromide, 1:113

S0; Sulfur dioxide, 2:160

S0:Cl; Sulfuryl chloride, 1:114

S0, N(CH;); Trimethylamine—sul-
fur dioxide, 2:159

80;CsH;N  Pyridine—sulfur triox-
ide, 2:173

SOa CsH 5N (CHs) 2 Dimethyl&ni—
line—sulfur trioxide, 2:174

S0;CI(C.H,Cl) 2-Chloroethyl chlo-
rosulfonate, 4:85

(SO;H)Cl Chlorosulfonic acid, 4:
52

Lead(II) thiocyanate,
SF, 1:121;

SH.
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(8O;:H)NH,
177, 178

SO;KH Potassium hydrogen sul-
fite, 2:167

4S03KH'8205K2, 2 :167

S0;K, Potassium sulfite,
166

(SO:K);N Potassium nitridotri-
sulfate, 2:182

(SO:[NC:H )NHC;H; Pyridinium
N-phenylsulfamate, 2:175

(SO;NH,)NH: Ammonium sulfam-
ate, 2:175, 180

(SO;NH,);NH Diammonium imi-
dodisulfate, 2:180

(SO;:NH ) .NNH,-H,0  Triammo-
ftium imidodisulfate, 2:179, 180

80:;NaH Sodium hydrogen sulfite,
2:164

SO;Na; (and + 7H,0) Sodium sul-
fite, 2:162, 164, 165

SOxO(CHzCHz)zO Dioxane-sulfur
trioxide, 2:174

2SOaO(CIIzCH2)2O Dioxane—bis-
(sulfur trioxide), 2:174

Sulfamic acid, 2:176,

2:165,

SO0HNO Nitrosylsulfuric acid,
1:55
8:0:Cl;  Disulfur pentoxydichlo-

ride, 8:124, 126

$:0:K, Potassium pyrosulfite, 2:
165, 166; 24-hydrate, 2:165

8:0:K;-480;KH, 2:167

$:0:Na; (and + 7H.0) Sodium
pyrosulfite, 2:162, 164, 165

S:04Ba-2H,0 Barium dithionate,
2:170

5:06Ca-4H,0 Calcium dithionate,
2:168

S;06Na-2H,0 Sodium dithionate,
2:170

28bCl;-3CsCl  Antimony(III) ce-
sium chloride, 4:6

Sb¥F; Antimony (III) fluoride, 4:134

SbIl; Antimony(III) iodide, 1:104

8eCNK Potassium selenocyanate,
2:186

SeCNNa  Sodium
2:186, 187

selenocyanate,

INORGANIC SYNTHESES

SeFs; Selenium(VI) fluoride, 1:121

SeH, Hydrogen selenide, 2: 183,
184

SeOCl; Selenium (IV) oxychloride,
3:130

SeO; Selenium(IV) oxide, 1:117,
119; 3:13, 15, 127, 129, 131

Se0,Cl:H. Dichloroselenious acid,
3:132

S8eO;Sr Strontium selenite, 8:20

SeO,H, Selenic acid, 3:137

Se(S.:CN(CH,)2): Selenium(II) di-
methyldithiocarbamate, 4:93

Se(5:CN(CyHs)s)2 Selenium (II) di-
ethyldithiocarbamate, 4:93

8e(S;COCH;), Selenium (IT) meth-~
ylxanthate, 4:93

Se(S:COC.H;),  Selenium(II) eth-

" ylxanthate, 4:93

SeS,0sNa2-3H0 Sodium “‘seleno-
pentathionate” 3-hydrate, 4:88,
89

SeSr Strontium selenide, 3:11, 20,
22

SesAlz
184

SiBr.H. Silane, dibromo-, 1:38

SiBr,H Silane, tribromo-, 1:38, 41

Aluminum selenide, 2:183,

SiBr, Silicon tetrabromide, 1:38,
40

Si(CH;)Cl.H Silane, methyldi-
chloro-, 3:58

Si(CH,;)Cla Silane, methyltri-
chloro-, 8:58

Si(CH,;):Cls Silane, dimethyldi-
chloro-, 3:56

Si(CH;);Cl Silane,  trimethyl-
chloro-, 3:58

Si(CH=CH,)(CH,)Cl, Silape, vi-

nylmethyldichloro-, 3:58, 61
Si(CH=CH_)(CHj); Silane, vi-
nyltrimethyl-, 8:58, 61
S1(CH=CH_,)Cl; Silane,
chloro-, 8:58
Si{CH=CH.,),Cl, Silane, divinyl-
dichloro-, 8:58, 61
Si(02H302)4 SiliCOIl
4:45

vinyltri-

tetraacetate,
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Si(C.H,C1)Cl, Silane,
ethyl) trichloro-, 8:60

Si(Ce¢H1)Cl; Silane, cyclohexyl-
trichloro-, 4:43

SiCl, Silicon tetrachloride, 1:44

SiF, Silicon tetrafluoride, 4:145

SiF;Ba Barium hexafluorosilicate,
4:145

SiICl; Silane, iodotrichloro-, 4:41

SiI.Cl, Silane, diiododichloro-, 4:
41

(SiMo012040)Hy-zH:0  12-Molybdo-
silicic acid, 1:127, 128

Si(0OC.H,CI)Cl; Silane, (2-chloro-
ethoxy)trichloro-, 4:85, 86

(ehloro-

Si0; Silica gel, 2:95

Si(OH).(CsH;);  Silanediol, di-
phenyl-, 8:62

(Siwrquo)foHzO 12—Tungst0—

silicic acid, 1:129, 131
Si,Brs; Disilicon hexabromide, 2:98
Si;Cls Disilicon hexachloride, 1:42
(8i:0.H,), “Silicooxalic acid,” 2:
101
Si,0sH,
1:42
Si;Cly Trisilicon octachloride, 1:44
Snl, Tin(IV) iodide, 4:119
SrCl; Strontium chloride, 3:21
SrNQO; Strontium nitrate, 3:17
SrS  Strontium sulfide, 3:11, 20, 21,
23
Sr30; Strontium sulfate, 3:19
SrSe Strontium selenide, 3:11, 20,
22
SrSeO;

“Silicoformic anhydride,”

Strontium selenite, 8:20
T

TaBr;
130

TaF; Tantalum(V) fluoride, 8:179

TeBr¢K: Potassium  hexabromo-
tellurate(IV), 2:189

Tantalum(V) bromide, 4:

TeCly Tellurium(IV) chloride, 3:
140
TeCle(NH,), Ammonium hexa-

chlorotellurate(1V), 2:189
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TeFg Tellurium (VI) fluoride, 1:121
TeQ:; Tellurium(IV) oxide, 3:143
TeO¢Hs Telluric acid, 3:145, 147
Te(S:CN(CHjs),): Tellurium (IT)
dimethyldithiocarbamate, 4:93
Te(S;CN(C:Hs)2)2 Tellurium (IT)
diethyldithiocarbamate, 4:93
Te(8:COCH;); Tellurium {II)
methylxanthate, 4:93
Te(8COC:H;); Tellurium (II) eth-
ylxanthate, 4:93
TGS4OGN3,2'2H20 Sodium ““tellu-
ropentathionate’ 2-hydrate, 4
88, 89
ThBr, Thorium bromide, 1:51;
ammoniates, 1:54; hydrates,
1:53
Th(CsH+0:)s Thorium acetylace-
tonate, 2:123; 4-ammoniate,
2:125; compound with aniline,
2:125

ThOBr, Thorium oxybromide,
1:54 o

TiBr; Titanium(III) bromide, 2:
116

TiBr; Titanium(IV) bromide, 2:
114

[Ti(CsH70,);]FeCls Tris(2,4-pen-

tanediono)titanium (IV) chloro-
ferrate(II1), 2:120

[Ti (05H702) s]zTiC].s BiS[tI‘iS (2,4—
pentanediono)titanium (IV)]
hexachlorotitanate(IV), 2:119

U

U(0204)2'6H20 Ura.nium(IV) 0xa~
late, 3:166

U(C;04) K -5H;0 Potassium tet-
raoxalatouranate(IV) 3:169

U0,(CyHsNO): Bis(8-quinolinolo)-
dioxouranium(VI), 4:101; com-~
pound with 8-quinolinol, 4:101

v
VCl; Vanadium (IT) chloride, 4:126
VCl; Vanadium(IIT) chloride, 4:

128; 6-hydrate, 4:130
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VCis Vanadium(IV) chloride, 1:

107

[V(NH3)elCls Hexamminevanadi-
um(III) chloride, 4:130

VOCl; Vanadium(V) oxychloride,
1:106; (correction), 4:80

VO;NH; Ammonium metavana-
date, 3:117

V:0: Vanadium(I1T) oxide, 1:106;
(correction for V.03), 4:80

W

Tungsten (VI) chloride, 8:163
Tungsten (VI) fluoride, 8:181

WCle
WF,

INORGANIC SYNTHESES

¥/

ZrBr, Zirconium bromide, 1:49
Zr(CsH/02)4 Zirconium  acetyl-
acetonate, 2:121; 10-hydrate,
2:121
ZrCly Zirconium chloride, 4:121
ZrOBr, Zirconium oxybromide, 1:
51
Zl‘OClz
8:76
ZrOCl,-8H,0 Zirconium
ride 8-hydrate, 2:121
ZrQ; Zirconium oxide, 3:76

Zirconium oxychloride,

oxychlo-
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