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PREFACE

The present volume of INORGANIC SYNTHESES contains
sixty-five contributions covering a wide range of compounds
and emanating from a large number of laboratories both
in this country and abroad. As in previous volumes of
this series, each synthesis has been carefully checked in a
laboratory other than that from which it was submitted.
Also in accordance with established practice, the syntheses
in Volume VII are arranged on the basis of the Mendeleev
periodic classification, with subdivision into A and B
groups. The author, subject, and formula indexes in this
volume are cumulative for all seven volumes.

Contributions for Volume VIII of this series are invited,
and manusecripts, in triplicate and in the conventional style,
should be submitted to the editor-in-chief of that volume,
Professor Henry F. Holtzclaw, Jr., Department of Chem-
istry, University of Nebraska, Lincoln, Nebraska. The
services of competent checkers are always desired, and
those persons interested in performing this invaluable fune-
tion are urged to communicate with Professor Holtzclaw.

Since the appearance of Volume VI, four new members
have been elected to the Editorial Board. They include
Professor William L. Jolly of the University of California
(Berkeley); Dr. Earl L. Muetterties of E. I. du Pont de
Nemours and Co.; Dr. Morris L. Nielsen of the Monsanto
Chemical Co.; and Professor Robert W. Parry of the Uni-
versity of Michigan.

The editor-in~chief is deeply grateful to his associates on
the Editorial and Advisory Boards for their most valuable

assistance in the preparation of Volume VII. He is par-
vii



viii PREFACE

ticularly indebted to Miss Janet D. Scott for handling all
the problems of nomenclature and indexing, and for her par-
ticipation in the final editing of the manuscript. Finally,
the editor wishes to acknowledge the splendid efforts of
Miss Julia Jeffery, Miss Judith Ann Kleinberg, and Mrs.
Alberta Rogers in typing the manuscript.

The editors welcome suggestions and criticisms pertinent
to this and other volumes of INOrRGANIC SYNTHESES. The
comments of the readers of the series have always been
most useful.

Jacob Kleinberg
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CHAPTER TA

See also: Sodium hydrogen sulfide, synthesis 35
Potassium octacyanotungstate(IV) 2-hydrate, synthesis 40
Sodium fluoride (F'8), synthesis 42
Potassium hexachlororhenate(IV) and potassium hexabro-
morhenate(IV), synthesis 51
Sodium salts of carbonyl hydrides prepared in ethereal media,
synthesis 53

1. LITHIUM HYDROXIDE AND LITHIUM OXIDE

SusmirtEp BY JUsto BrAvVO*
CueckED BY JoHAN H. pE Groott

Anhydrous lithium hydroxide was first obtained by
Troost! by thermally dehydrating the monohydrate in a
vacuum for several weeks. De Forcrand? obtained the
anhydrous product by passing pure dry hydrogen over the
hydrated crystals for an hour at a temperature not exceed-
ing 140°. By fusion of the hydrate, Gmelin® produced an
anhydrous product.

The thermal decomposition of lithium hydroxide has
been effected by Dittmar* by holding it at red heat under
a hydrogen atmosphere for 4 hours. The decomposition
pressures along with the corresponding temperatures have
been published in the International Critical Tables.?

* Foote Minera Company, Berwyn, Pa.

t Research Associate with the Joint Committee on Chemical Analysis by
Powder Diffraction Methods, American Society for Testing Materials,
National Bureau of Standards, Washington, D.C.

1



2 INORGANIC SYNTHESES

A. ANHYDROUS LITHIUM HYDROXIDE
LiOH-H,0 — LiOH + H,0

Procedure

A laboratory roaster (Fig. 1) is provided with a tube to
supply a positive pressure of carbon dioxide—free dry air

In
A
F
Y
BN
aay
[5)
D
L=
1 E
e e——

Fi1c. 1. Apparatus for the preparation of anhydrous lithium hydroxide.
A—Stainless-steel rotating drum, 8 in. in diameter and 14 in. long.
B—Tube supplying carbon dioxide—free dry air.

C—Air-blast gas burner.
D—Reducer drive.
E—110-voltmeter.
F—Metal thermometer,

inside the drum. The drum is heated by an air-blast
gas burner. It is charged with 876.8 g. (20.9 mols) of
lithium hydroxide 1-hydrate (99.5% LiOH-H,0, 0.50%
Li;CO;). The gas burner is lighted and the drum is rotated.
A temperature of 130 to 150°, measured by a metal ther-
mometer inserted at the front end of the drum, is main-
tained by adjusting the gas and air pressure. Within one
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hour the disappearance of the water vapor is observed,
and a granulated dry lithium hydroxide is obtained. The
drum is cooled by shutting off the gas. When the tem-
perature reaches about 50°, the product is scooped into
a bottle. (Note: The transfer of all material is carried
out in a dry-box which contains carbon dioxide—free dry
air.) The bottle is sealed and a sample analyzed. The
yield of 500.0 g. is nearly quantitative. Product analysis:
99.0% LiOH, 1.0% Li,CO;.

Properties

- Anhydrous lithium hydroxide is white, granular, and
free flowing. It readily absorbs both carbon dioxide and
water from the atmosphere. Both the hydroxide and the
monoxide have a marked irritating effect on the skin. The
hydroxide has a density of 2.54 g./cc.

B. LITHIUM OXIDE*
2Li0OH — Li.0 4 H,0

Procedure

In a carbon dioxide—free dry-box, 200.0 g. (8.35 mols) of
anhydrous lithium hydroxide is placed in a nickel trough,
12 in. long, 3% in. in diameter, v% in. thick, lined with silver
foil 16 in. long, 6 in. wide, and 0.002 in. thick. The trough
is placed in a tube furnace (Fig. 2). The furnace is heated
to 675°+£10° and maintained at this temperature by a
temperature controller. The open end of the furnace
is closed with a rubber stopper connected with a glass
tube and rubber tubing to a Dry Ice-acetone trap, which is
directed to a vacuum pump. The pressure is maintained
at about 0.5 in. The process is allowed to proceed for
half an hour at the temperature indicated, after which

* An alternative method for the preparation of this compound has been
given by A. J. Cohen, INORGANIC SYNTHESES, b, 5 (1957).
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the pump and heat are shut off. The rubber tubing is
clamped for vacuum tightness. When the temperature
is about 50°, the vacuum is released by the introduction of
carbon dioxide—free dry air. The stopper is removed
and the trough quickly transferred into the dry-box. The

F1c. 2. Apparatus for the preparation of lithium oxide.
A—Temperature controller.
B—Thermocouple connection.
C—Tube furnace.

D—Nickel trough lined with silver foil.
E—Four-inch-diameter quartz tube.
F—Cooling coil {water circulation).
G—Rubber stopper.

H—Dry Ice-acetone trap.

I—Vacuum gage.

J—To vacuum pump.

K—220-volt power source.

lithium oxide is removed by peeling off the silver foil.
The produet is crushed, bottled, and sealed. The yield of
125 g. is quantitative. Product analysis: 98% Li,0,
2.0% Li,COs.

Properties

Lithium oxide is obtained as a white crusty material.
It readily absorbs both carbon dioxide and water from the
atmosphere. At elevated temperature it attacks glass,
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gilica, and many metals. The high-temperature heat
content and entropy have been evaluated.®

References

. L. TroosT: Ann. chim. phys., [3], b1, 115 (1857).

. R. Ds Forcranp: Compi. rend., 146, 802 (1908).

. C. G. GMELIN: Ann., 62, 399 (1899).

. W. Dirtmar: J. Soc. Chem. Ind., 7, 730 (1888).

. “International Critical Tables,” E. W. Washburn (ed.), McGraw-Hill
Book Company, New York, 1926-1930.

. C. H. SaoMATE and A. J. ConEN: J. Am. Chem. Soc., 77, 285 (1955).
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CHAPTER IB

2. 1-PHENYLBIGUANIDE-p-SULFONIC ACID
COMPLEXES OF COPPER(I)

SueMITTED BY PRIVADARANIAN RAY*
CrEckRED BY SaM N. Houtrer{ anp W. Conarp FErRNELIUST

Two modifications (green and red) of the copper deriva-
tive of phenylbiguanide-p-sulfonic acid (N-(amidinoami-
dino)sulfanilic acid) are known.'? Both are formed by
the careful neutralization of the acid by ammonia in the
presence of copper ion. The two modifications have
almost the same magnetic moment and they dissolve in
alkali to give the same red solution. Although only a
few cis-trans isomers of copper(Il) are known, infrared
spectra indicate that the two forms of the present complex
are cis-trans isomers.?

A. 1-PHENYLBIGUANIDE-p-SULFONIC ACID

HO,;SCeH,NH,H,0 + NCNHC(=NH)NH, —
HO,SCHNHC(=NH)NHC(=NH)NH, + H,0O

Phenylbiguanide-p-sulfonic acid is prepared by the
usual reaction for the synthesis of N-substituted biguanides:
i.e., the addition of dicyanodiamide (cyanoguanidine) to
an amine.!

Procedure

A mixture of 2.0 g. (0.0104 mol) of sulfanilic acid, 1.2 g.
(0.0142 mol) of dicyanodiamide, and 30 ml. of water is

* University College of Science, Calcutta, India.
t The Pennsylvania State University, University Park, Pa.
6
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heated at reflux for about 2 hours, during which a silky
white solid separates. When the mixture has cooled, the
solid is filtered and washed with 50 ml. of water. Yield
(based on sulfanilic acid): 2.0 g. (74%,). For purification,
the product is recrystallized from 170 ml. of boiling water.
Yield: 1.8 g. (67%); m.p. 265 to 268° (decomp.). Anal.
Caled. for HO:SCsH,C:N:;H,: N, 27.20; 8, 12.45. Found:
N, 26.90; S (by peroxide fusion), 12.60.

Properties

Phenylbiguanide-p-sulfonic acid forms silky white crys-
tals which are very slightly acid to litmus. The sub-
stance is nearly insoluble in cold water and organic solvents
such as alcohol, ether, and acetone, but is soluble in strong
acids as well as dilute alkalies and ammonia.

B. COPPER COMPLEXES OF
1-PHENYLBIGUANIDE-p-SULFONIC ACID
2HSO3CGH402N5HG + Cu++ + 2NH3 b d
[CU(HO3SCGH4CQN5H5)2] + 2NH4+

1. Red-violet modification. A mixture of 2.05 g. (0.008
mol) of phenylbiguanide-p-sulfonic acid and 150 ml. of
water is acidified with 1.5 ml. of concentrated hydrochloric
acid (35%) and warmed to 60°. To this solution is added
1 g. (0.004 mol) of copper(II) sulfate 5-hydrate dissolved
in 10 ml. of water. The resulting solution is then treated
with dilute (12%) ammonia water drop by drop until the
solution becomes just alkaline and the red-violet crystals
of the copper complex separate. About 4 ml. of ammonia
is required. The crystals are filtered, washed first with
100 ml. of water and finally with 15 ml. of ethanol, and
dried in air. Yield: 2.2 g. (93% based on copper taken).
Anal. Caled. for [CU(H03SCGH402N5H5)2]'H20: N, 2359,
Cu, 10.71; H.0, 3.04. Found: N, 23.66; Cu, 10.61, 10.64;
H,0 (loss at 90°), 3.0.
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2. Green modification. A mixture of 3 g. (0.0117 mol)
of phenylbiguanide-p-sulfonic acid and 150 ml. of water
is acidified with 2.5 ml. of concentrated hydrochloric acid
(35%) and warmed to 60°. To this solution is added
1 g. (0.004 mol) of copper(II) sulfate 5-hydrate dissolved
in 10 ml. of water. The resulting mixture is then treated
with concentrated ammonia water (24%) until the red-
violet precipitate first formed goes into solution with a
deep blue color. About 200 mil. of ammonia solution is
required. The blue solution is heated with stirring on a
water bath (80°) for 10 minutes with the addition of con-
centrated ammonia water from time to time to replace
what has boiled off. During the latter part of the heating
dark green crystals begin to separate on the side of the
container. After heating for about an hour, the crystals
are filtered and washed with water. They may be purified
by dissolution in 15 ml. of warm dilute hydrochloric acid
(5.8%), reprecipitation from hot solution with 100 ml. of
concentrated ammonia water, and digestion on the water
bath as before. Yield: 2.2 g. (93% based on copper taken).
Anal. Caled. for [Cu(HO;SCsH.C,N;H;),]'1.56H,0: N,
23.23; Cu, 10.54. Found: N, 23.56; Cu, 10.68.

Properties

Both modifications of the copper derivative of phenyl-
biguanide-p-sulfonic acid are insoluble in water but dis-
solve in alkali to form a red solution from which red-violet
crystals separate on neutralization with acid in the cold.
The red form changes to the green form on warming with
ammonia solution. The magnetic moments are: red-
violet, 4 = 1.85 Bohr magnetons; green, p = 1.84 Bohr
magnetons.

References

1. P. RAY and S. K. SippHANTA: J. Indian Chem. Soc., 20, 250 (1943).
2. P. Riy and R. K. Durr: ibid., 26, 563 (1948).
3. P. RAy: unpublished observations.
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3. TETRAKIS[IODO(TRI-n-BUTYLPHOSPHINE)-
COPPER(I)] AND IODO-(2,2'-BIPYRIDINE)-
(TRI-n-BUTYLPHOSPHINE)COPPER((I)

SuBMITTED BY GEORGE B. KAUFFMAN* aND LARRY A. TETER*
Curckep BY T. C. Icentowskif anp A. F. CuiFrorpt

Tertiary alkylphosphines or -arsines combine in equi-
molar amounts with gold(I) chloride, silver(I) iodide, or
copper(I) iodide to form crystalline nonelectrolytic com-
pounds insoluble in water but very soluble in most organic
solvents. X-ray diffraction of the solids as well as ebullio-
scopic and cryoscopic measurements of solutions have
shown the copper(l) iodide derivatives to be tetramers
which dissociate only slightly in solution.! In these
structures the four copper atoms are situated at the apexes
of a regular tetrahedron with the iodine atoms at the cen-
ters, but above the planes of the tetrahedral faces, while
each phosphorus or arsenic atom lies beyond each copper
atom on a line extending from the center of the tetra-
hedron through the corresponding copper atom. The
stability of these compounds can thus be attributed to the
attainment by copper of a coordination number of four
and an effective atomic number equal to the atomic number
of the nearest inert gas, krypton. When acetone solutions
of tetrakisfiodo(tri-n-butylphosphine)copper(I)} and 2,2’-
bipyridine (dipyridyl) are mixed, the tetrameric structure
is ruptured, yielding iodo-(2,2’-bipyridine) (tri-n-butylphos-
phine)eopper(l), in which the monomolecular structure
is stabilized by chelation of 2,2’-bipyridine with consequent
achievement of a coordination number of four by copper.

The stabilities and melting points of the copper(l)
iodide derivatives of tertiary phosphines fall rapidly, and
their solubilities in organic solvents increase as the size

* Fresno State College, Fresno, Calif.
t Purdue University, Lafayette, Ind.
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of the alkyl group increases. The tetramer of copper(I)
iodide with triethylphosphine was first prepared by
Arbusow.?

Procedure

A. TETRAKIS[IODO(TRI-n-BUTYLPHOSPHINE)COPPER (I)]
4(n-CHy)3P + 4Cul — [Cul{(n-C,H,):P}ls

Thirteen and fifteen-hundredths grams (0.069 mol) of
copper(I) iodide* is dissolved with stirring in a solution of
130 g. of potassium iodide in 100 ml. of water. If the
resulting solution is not eolorless, it is shaken for several
minutes with 1 g. of decolorizing charcoal and filtered. ¥
The colorless solution is next shaken vigorously for five
minutes with 12.5 ml. (10.15 g. = 0.050 mol){ of freshly
distilled tri-n-butylphosphine§ (density = 0.812 g./ml.) in
a 250-ml. g'ass-stoppered FErlenmeyer flask until the
initially formed greasy mass becomes erystalline. The
white crystals are collected on a 6-cm. Biichner funnel
and washed free of any occluded copper(I) iodide with
several 10-ml. portions of saturated potassium iodide
solution. They are then similarly washed with distilled
water and 959% ethanol, and air-dried. The yield of crude
product is 19.0 g. (96.7% based on tri-n-butylphosphine).

The product may be purified by recrystallization from
a solvent pair such as ethanol and isopropyl alcohol or
ethanol and acetone. The crystals are dissolved in a hot
mixture of 115 ml. of ethanol and 75 ml. of isopropyl

* Either commercially available copper (I) iodide or that prepared accord-
ing to the directions of Kauffman and Pinnell® may be used.

t This technique may also be used to purify copper(I) iodide which has
become discolored on standing. Upon dilution of the filtered solution with
water, pure white copper(I) iodide precipitates.

1 Since excess tri-n-butylphosphine may give an oily product, copper(I)
iodide is used in excess.

§ Either commercially available tri-n-butylphosphine or that prepared
according to the directions of Kauffman and Teter* may be used.
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alcohol, and the solution is first cooled slowly without
shaking before being placed in an ice bath, so that crystals
rather than a fine powder are obtained. Several such
recrystallizations, each with a percentage recovery of
about 85%, are required to give a produet with a melting
point of 75°. For example, after four recrystallizations
the yield of ethanol-washed and air-dried product is
ca. 9.82 g. (ca. 50%).

B. I0DO-(2,2'-BIPYRIDINE)-
(TRI-n-BUTYLPHOSPHINE)COPPERI)

[CUI{ (n-C4H9)3P}]4 + 4(C5H4N)2 g 4[0“1(05H4N)2(ﬂ-C4H9) 3P]

A solution of 1.00 g. (0.0064 mol) of 2,2’-bipyridine in
20 ml. of cold acetone is stirred into a solution of 2.50 g.
(0.00158 mol) of tetrakis[iodo(tri-n-butylphosphine)cop-
per(I)] (Procedure A) in 20 ml. of cold acetone. The
resulting deep red solution is evaporated at room tem-
perature by directing a stream of air across the surface
until the volume has been reduced to about 15 ml. The
mixture is quickly heated to boiling on a water bath,
filtered tmmediately by suction and cooled in an ice bath.*
The resulting orange-red crystals are collected on a 5-cm.
sintered-glass funnel and air-dried. The yield is 2.30 g.
(66.3%). The compound may be recrystallized from
about 10 ml. of hot acetone, but the loss is severe as the
compound is very soluble in this solvent. Unless re-
frigerated, the compound decomposes in the course of
several weeks.

Analysis

A 1-g. sample of tetrakis[iodo(tri-n-butylphosphine)-
copper(I)] is decomposed by heating with 5 g. of sodium
* Delay and excessive heating cause extensive decomposition with forma-

tion of insoluble red di-g-iodo-bis(2,2’-bipyridine)copper(I). This com-
pound is removed by the filtration.
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carbonate, the residue evaporated to dryness with 30 ml.
of nitric acid and dissolved in 200 ml. of water, 5 ml. of
sulfuric acid added, and copper determined by electrolytic
reduction. Caled. for [Cul{(n-C,H,)sP}j:: Cu, 16.18.
Found: Cu, 16.00.

Properties’

Tetrakis[iodo(tri-n-butylphosphine)copper(I)] forms
white rhombic crystals which melt at 75°, but the melting
point is greatly lowered by even traces of impurities.
It is extremely soluble in chloroform, benzene, toluene,
and ethyl ether, and moderately soluble in ethanol and
water. Unless refrigerated, it decomposes in several days
to a green viscous syrup. On heating tn vacuo it liberates
tri-n-butylphosphine, leaving a crystalline residue of
copper(I) iodide. In acetone solution it reacts with
2,2'-bipyridine to give orange-red iodo-(2,2’-bipyridine)-
(tri-n-butylphosphine)copper(I) (m.p., 123°). On heating
the latter compound in vacuo, 2,2"-bipyridine first sublimes
and then tri-n-butylphosphine distills, leaving a crystalline
deposit of copper(I) iodide; in boiling ethanol, benzene,
or acetone solution, it loses tri-n-butylphosphine and
deposits insoluble deep red di-u-iodo-bis(2,2’-bipyridinedi-

1
VAR
copper(I)], [(C5H4N)2Cu\ /Cu(C5H4N)2], a compound

first prepared by Tartarini.®

References
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See also: Pentacalcium monohydroxyorthophosphate, synthesis 17

4. BARIUM IODATE 1-HYDRATE

Ba(NO;): + 2KI10, + 2CH;CHOHCOOH — Ba(10;),:H.0
+ 2KNO; + 2CH;CHO + 2CO; + H.0

SuBMITTED BY JACK L. LAMBERT AND STANLEY K. YAsupa*
CHECkED BY H. ScHAUBLET

Barium iodate 1-hydrate in granular form is obtained
by the reaction in solution of barium ion with iodate ion
formed by the slow reduction of periodic acid by lactic
acid at room temperature. Periodic acid is a specific
oxidant for glycols and a-hydroxy aldehydes, ketones,
and acids, but the rate of oxidation is very slow for a-hy-
droxy acids.! Thus the barium iodate 1-hydrate crystals
are slowly formed from a dilute solution of iodate ion
which is being formed as a reaction product.

Procedure

Barium nitrate, 3.75 g. (0.0143 mol), potassium meta-
periodate (tetraoxoiodate(VII)), KIO, 5.80 g. (0.0256
mol), and 857, lactic acid, 100 ml. (all reagent grade) are
added to 2 L. of distilled water at room temperature in a

* Kansas State University, Manhattan, Kan.
t University of Illinois, Urbana, Il
13
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190 X 100-mm. crystallizing dish. The solution is stirred
until all the crystals dissolve, as they do with ditficulty;
then the dish is covered and allowed to stand at room
temperature for 48 hours. Crystals begin to form in
several hours and grow to 0.015 cm. and larger in size as
shown by retention of a large portion of the product on a
100-mesh sieve screen. The yield is about 5.2 g. or 827,
of theoretical, based on the potassium metaperiodate; if
the solubility of barium iodate is taken into account, the
yield is probably over 909%. Barium nitrate is present
in excess of the equivalent amount so that at the beginning
the solution is nearly saturated with the two salts.

Analysis

Gravimetric determination of the barium in 0.5000-g.
samples of the iodate monohydrate by precipitation and
ignition as barium sulfate indicated 100.29% purity. The
weighed samples were dried at 50° and dissolved in dilute
hydrochloric acid containing a slight excess of iodide ion,
and the iodine produced was driven off by gentle boiling
before sulfuric acid was added to precipitate barium sulfate.
Titration with 0.1039 N thiosulfate solution to the starch-
iodine end point of the iodine formed by reaction -of
0.1000-g. samples of the barium iodate 1-hydrate with
excess iodide ion in dilute hydrochloric acid solution indi-
cated 99.9% purity. A qualitative test for carbonaceous
material in the monohydrate crystals by ignition and
absorption of the gaseous products in calcium hydroxide
solution was negative.

Properties

The product obtained consists of compact single crystals
having a relatively small surface area per unit weight.
No loss in weight occurred after washing a sample three
times each with ethanol and ethyl ether, followed by
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drying 5 to 10 minutes in a vacuum desiccator. Loss in
weight after heating one hour at 50° was 0.1%.

Solutions of barium iodate thermally equilibrated with
‘excess barium iodate monohydrate by stirring approxi-
mately one hour in a constant-temperature bath were
titrated with 0.01043 N thiosulfate solution after reaction
with excess potassium iodide in acid solution. Solubilities
in grams per liter calculated from four or more determina-
tions at each temperature were as follows: 20°, 3.70 X 107%;
25°,4.25 X 1071; 30°, 4.83 X 107%; 35°% 5.42 X 1071, The
increase in solubility is very nearly linear with increase in
temperature. The solubility product constant for tem-
peratures between 20 and 35° can be found from the
equation.

K, = [2.24 X 10719(t — 20)] + 1.58 X 10~°

where ¢ is the temperature in degrees Centigrade.

Reference

1. R. L. Suriner and R. C. Fuson: “The Systematic Identification of
Organic Compounds,” 3rd ed., p. 115, John Wiley & Sons, Inc., New
York, 1948.
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See also: Phosphorus(V) chloride—boron chloride complex, synthesis 24
Phosphorus(V) chloride—gallium(III) chloride complex, syn-
thesis 25
Chlorine(Cl3%)-labeled thionyl chloride, silicon tetrachloride,
boron chloride, germanium(IV) chloride, and phosphorus-
(III) chloride, synthesis 44
Anhydrous metal chlorides, synthesis 45

5. GALLIUM (III) NITRIDE
900°
G&an + 2NH3 — 2GaN + 3H20

SusMmrrrep BY Ricmarp C. ScuooNMAKER* AND CrLaupia E. Burron*
CHECkED BY J. LunpsTRoMt AND J. L. MARGRAVE}

Gallium(ITT) nitride has been previously prepared by the
reaction of ammonia with liquid gallium at 1000°,*%2 and
by decomposition of ammonium hexafluorogallate(IIT)
in an atmosphere of ammonia at 900°.®> The former reac-
tion proceeds slowly under these conditions and the prod-
uct, while analyzing as relatively high-purity GaN,! is
inhomogeneous in color.’® The method described here
involves passage of ammonia over gallium oxide heated
to 850 to 900°.7 The reaction proceeds rapidly and there
is complete conversion of gallium oxide to the nitride.

* Oberlin College, Oberlin, Ohio.
1 University of Wisconsin, Madison, Wis.
1 A procedure similar to the one reported here has been developed inde-
pendently by M. R. Lorenz (private communication).
16
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Procedure

The apparatus employed in the synthesis is shown in
Fig. 3. The combustion tube (24 in. long and 1% in. o.d.)
is made of fused quartz and the sample boats (3 in. long,
4+ in. wide, and % in. deep) are of high-purity alumina.

Pure gallium(III) oxide (1.5057 g.; 0.00803 mol), obtained

Tube furnace

Thermocouple

Fra. 3. Apparatus for the preparation of gallium (IIT) nitride.

both commercially and by synthesis in the laboratory, is
placed in the sample boats, and dry nitrogen is swept
through the combustion tube to remove atmospheric cop-
taminants. The temperature of the gallium(III) oxide
is then raised to approximately 900°. After stabilization
of the temperature, the flow gas is changed from nitrogen
to ammonia. The reaction is allowed to proceed for
approximately one hour. At the end of this period the
conversion of white gallium(III) oxide to a homogeneous
pale yellow powder, GaN, is apparently complete. The
yield is 1.3089 g. (97%). To assure completion of the
reaction, however, the yellow powder is removed from
the furnace, stirred up, and replaced for a second rup
during which the previously described procedure is
Tepeated.
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Analysis and Properties

X-ray powder patterns of GalN produced by the present
method are in excellent agreement with those reported*
for a sample which was analyzed as 99.99, pure GaN and
which was prepared by the older technique. The crystal
parameters for the Wurtzite structure agree very closely
with those tabulated by Wyckoff® for GaN. The nitride
is stable toward water and most acids, but when heated
in air is slowly transformed to the oxide.

References

1. W. C. Jonnson, J. B. Parsons, and M. C. Crew: J. Phys. Chem., 36,
2651 (1932).

. J. C. Marcrave and R. J. SiME: J. Phys. Chem., 60, 810 (1956).

. R. Juza and H. HauN: Z. gnorg. u. allgem. Chem., 244, 111 (1940).

. R. Juza and H. Hapn: ¢bid., 239, 282 (1938).

. R. W. G. Wyckorr: “Crystal Structures,” p. 31, Interscience Publishers,
Ine., New York, 1953.
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6. INDIUM (I) BROMIDE

2In 4+ HgBr, — Hg -+ 2InBr

SuemrittEp BY R. J. CLARK,* ERNEsST GRIswoLD,T AND JacoB KLEINBERGt
Cueckep BY RicHarDp D. Barnes] anp JouaN D. Corserri

Previous methods™ for the preparation of indium(I)
bromide, as well as other indium monohalides and the
dihalides, have utilized two main approaches. Either the
metal was halogenated with free halogen or hydrogen
halide under the appropriate conditions, or indium tri-

* Jowa State University, Ames, Iowa.
1 University of Kansas, Lawrence, Kan.
1 Iowa State University, Ames, Iowa,
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halide was reduced by means of hydrogen or indium metal.
These methods offer a number of difficulties. Some of
the chemicals are troublesome to handle, either because
of their high vapor pressures or their hygroscopic nature.
Also, in some cases rigorous control of experimental con-
ditions is necessary in order to obtain the appropriate
composition of the final product.

The procedure described below for the preparation of
indium(I) bromide is extremely simple. Moreover, by
appropriate variation of the stoichiometry of the reactants,
it can be used for the preparation of indium dibromide.
The preparation consists of the reaction of indium metal
with mercury(II) bromide at an elevated temperature
in a sealed evacuated tube. Mercury(I) bromide can be
used in place of the mercury(Il) compound. The same
method can also be used for the synthesis of the chlorides
and iodides of lower-valent indium.?

Procedure

The reaction is carried out in a 20 X 0.8-cm. piece of
thick-walled Pyrex tubing* which has a small well of 8-mm.
tubing sealed about 6 cm. from the closed end of the tube.
One and fifteen-hundredths grams (0.01 mol) of indiumf
and 1.80 g. (0.005 mol) of mercury(Il) bromide are weighed
into the reaction tube. The tube is then evacuated to a
pressure of 10 to 15y, sealed, and heated to 350° in a mufile
furnace for about 30 minutes. The mercury set free is
separated from the molten indium(I) bromide by removing
the tube from the furnace and carefully tilting it so that
the mercury runs into the well. To ensure complete

* The checkers report that it is not necessary to use thick-walled tubing.
The reaction can be initiated in well-evacuated tubing of ordinary thickness
with perfect safety by means of a hand torch, provided part of the tube is
left cool enough for condensation if the initial reaction becomes too vigorous.

1 (Source, Fairmount Chemical Co., New York, cited purity, 99.999%.)
The checkers recommend the use of excess indium (6 to 79) beyond the
stoichiometric quantity to ensure completion of reaction.
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removal of the mercury, the end of the tube containing
the indium halide product is placed in a tube furnace at
350° for about 2 hours, while the portion to which the well
is attached is maintained at room temperature. The
yield is quantitative, except for mechanical losses.*

A series of preparations gave products having the fol-
lowing bromide to indiumf atomic ratios: 1.01, 1.06, 1.07,
1.03, 1.00.

Properties

Some of the physical properties of the halides of lower-
valent indium are listed in Table I.

TasLe I
Compound | Color of solid | Color of melt | M.p., °C.| B.p., °C.
InCl Deep red Red to black 225 ca. 600
InCl, White Yellow *
InBr Deep red Red to black 662
InBr, White Yellow A 632
Inl Brownish red | Black 365 ca. 700
InI, Chartreuse Black 224

* There is some question as to whether material of the composition InCl,
is a compound melting sharply at 235°¢% an incongruently melting com-
pound,? or indeed a true compound at all.?

These halides are generally unstable toward water and
undergo disproportionation in this medium. The ultimate
products are indium metal and trihalide. The rate of dis-
proportionation varies considerably from halide to halide.

References

1. W. KLeMM: Z. anorg. u. allgem. Chem., 152, 252 (1926).
2. W. Kuemum and F. Digrks: ibid., 219, 42 (1934).

* The initial reaction, once started, is so vigorous that it is unsafe to
scale the reaction up without use of proper safety precautions.

1 According to the checkers, the most satisfactory method for the deter-
mination of indium is by EDTA titration, as described by H. Flaschka
and H. Ahdine, Chemist-Analyst, 46, 58 (1956).



INDIUM(I) BROMIDE 21

3. L. F. Nizson and O. PeETTERSSON: Z. physik. Chem., 2, 657 (1888).

4. A. TrieL: Z. anorg. Chem., 40, 280 (1904).

5. A. TaieL and H. KorwLscH: ¢bid., 66, 288 (1910).

6. J. K. Aigen, J. B. Havey, and H. TerreY: Trans. Faraday Soc., 82,
1617 (1936).

7. M. WgnrLI and E. Migscuer: Helv. Phys. Acta, 7, 298 (1934).

8. R. J. Crark, E. Grisworp, and J. Kueineera: J. Am. Chem. Soc.,

80, 4764 (1958).
9. W. Kuemum and W. TiLx: Z. anorg. u. allgem. Chem., 207, 175 (1932).



Inorganic Syntheses, Volume VII
Edited by Jacob Kleinberg
Copyright © 1963 by McGraw-Hill Book Company, Inc.

CHAPTER IVA

See also: Phenylbiguanide-p-sulfonic acid complexes of copper(II),

synthesis 2

Tetrakis[iodo(tri-n-butylphosphine)copper(I)] and iodo-(2,2'-
bipyridine) (tri-n-butylphosphine)copper(I), synthesis 3

Bis[tris(acetylacetonato)titanium(IV)] hexachlorotitanate-
(IV), synthesis 12

Biguanide sulfate, synthesis 14

Biguanide, synthesis 15

(Triphenyl)aminophosphonium chloride, synthesis 19

(Dimethylamido)phosphoryl dichloride, synthesis 20

Bis(dimethylamido)phosphoryl chloride, synthesis 21

Octamethylpyrophosphoramide, synthesis 22

Methylbromoarsines, synthesis 26

Cyclopentadienyl metal carbonyls and some derivatives,
synthesis 31

Trichloro(tripyridine)chromium (I1I), synthesis 36

Tris(3-bromoacetylacetonato)chromium(I1I), synthesis 37

Cyclopentadienyl tricarbonyl hydrides of chromium, molyb-
denum, and tungsten, synthesis 38

Trichloro(tripyridine)molybdenum(III), synthesis 39

Potassium octacyanotungstate(IV) 2-hydrate, synthesis 40

Chlorine(Cl3¢)-labeled thionyl chloride, silicon tetrachloride,
boron chloride, germanium(IV) chloride and
phosphorus(III) chloride, synthesis 44

Unipositive halogen complexes, synthesis 46

Monopyridineiodine(I) chloride, synthesis 47

Manganese(I1I) acetylacetonate, synthesis 49

Triiron dodecacarbonyl, synthesis 52

Sodium salts of carbonyl hydrides prepared in ethereal media,
synthesis 53

Iron-labeled cyclopentadienyl iron complexes, synthesis 54

Tris(3-nitroacetylacetonato)cobalt(I1I), synthesis 55

Inner complexes of cobalt(III) with diethylenetriamine,
synthesis 56

Hydrated rhodium(III) chloride, chloroamminerhodium(III)

22



HEXACHLORODISILOXANE 23

salts, and a note on the recovery of rhodium wastes, syn-
thesis 57

cts- and frans-Tetrachlorobis(pyridine)iridium(IV), synthesis
58

cts- and trans-Trichlorotris(diethyl sulfide)iridium(I1I), syn-
thesis 59

cts- and trans-Pyridinium tetrachlorobis(pyridine)iridate(ILI),
synthesis 60

cts- and trans-Tetrachlorodiammineplatinum (I1V), synthesis 62

cts- and frans-Dichlorodiammineplatinum (I1), synthesis 63

cts- and trans-Dichlorobis(tri-n-butylphosphine)platinum (IT),
synthesis 64

¢is- and trans-Dichlorobis(pyridine)platinum(II), synthesis 65

7. HEXACHLORODISILOXANE

SusMitrED BY B. A. Gricor* anp C. J. WiLkins*
Cueckep BY A. T. Bravrrf anp R. J. Ancericrt

Methods given in the literature for the preparation of
hexachlorodisiloxane include the reaction of heated silicon
with a mixture of oxygen and chlorine,’ the controlled
hydrolysis of silicon tetrachloride in dilute solution,? and
the high-temperature reaction between silicon tetrachloride
vapor and oxygen.® Although each method has its advan-
tages and preference could depend upon availability of
materials and equipment, the procedure for the last is
described here as offering ease in the preparation of small
samples and suitability for scaling to larger quantities.*
Details of the equipment recommended depend upon the
scale of operation.

* University of Canterbury, Christchurch, New Zealand.
t Northwestern University, Evanston, Il
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Procedure

SMALL-SCALE PREPARATION

The assembly shown in Fig. 4 is set up in a fume hood.
Oxygen dried with a sulfuric acid bubbler is passed through
500 g. (2.94 mols) of silicon tetrachloride in a 500-ml.
distillation flask maintained in a water bath at 50°. The

¥ Oxygen

Fia. 4. Apparatus for small-seale preparation of 8i,0Cl.

oxygen and entrained silicon tetrachloride vapor pass
through a preheated silica tube loosely packed with chips
(15 mm.) of unglazed porcelain. (This packing increases
the reaction rate about sixfold.) The issuing vapors are
condensed in a 500-ml. distillation flask with an upswept
sidearm, immersed in an ice-salt freezing mixture. With
a silica tube 90 cm. long and 3.0 cm. i.d., heated to 960 to
990° in a furnace 45 cm. long, an oxygen flow of 18 to 201.
per hour is appropriate. Almost all of the silicon tetra-
chloride will pass through the furnace in the course of two
hours, and a yield of 25 to 30 g. of hexachlorodisiloxane
may be expected. With a smaller reaction tube the oxygen
flow should be reduced in proportion.*

* Attention must be drawn to several experimental points. The porcelain
packing must be heated to reaction temperature before use; this removes
moisture which would cause hydrolysis and contribute to possible blockage.
It is most convenient to do this preheating in the silica tube under a slow

stream of oxygen (before introducing silicon tetrachloride) and without the
adapter fitted over the rubber sealing ring. The delivery tube from the
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Separation of the hexachlorodisiloxane (b.p. 137°) from
unreacted silicon tetrachloride is accomplished by dis-
tillation. A 40-cm. fractionating column packed with
glass helixes and provided with a heating jacket is suitable.
The distillation is started cautiously since much dissolved
chlorine is expelled initially. (Care. Use a fume hood!)
Silicon tetrachloride (b.p. 57°) will pass up the column
with little or no heat applied to the jacket. When the
bulk of the tetrachloride has passed over, the heat to the
flask and the column jacket is increased carefully so that
distillation continues steadily. The product passing over
at 135 to 138° is collected and redistilled if desired. The
recovered silicon tetrachloride may be recirculated.

If desired, the crude reaction product may be returned
to the volatilization flask without fractional distillation.
In this case, the liquid is transferred to the flask before
the water bath is heated in order to avoid rapid expulsion
of dissolved chlorine. (Caution!) Not more than about
three-quarters of the liquid is volatilized since it now con-
tains high-boiling material. However, after 90 minutes
the temperature of the water bath may be raised progres-
sively to 60°.

LARGER-SCALE PREPARATION

If larger quantities of hexachlorodisiloxane, say more
than 60 g., are desired, it is better to use apparatus provid-
ing automatic circulation of silicon tetrachloride (Fig. 5).
Details of equipment recommended are as follows (though
sizes and flow rates may be scaled somewhat). The silica

adapter should have a diameter of 10 to 12 mm. as an added precaution
against blockage by any solid which might form during the initial stages of
the reaction. This delivery tube should extend about one-third of the
distance into the bulb of the collecting flask. The effluent gas is discharged
through a large loosely packed calcium chloride tube. On a branch from
the oxygen line, a trap is provided containing a 5-mm. head of mercury
to act as a safety valve.

Glassware coated with silica may be cleaned by leaving for half an
hour in hot alkali.
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tube, 90 X 3.0 cm., should be heated to 1000° over a length
of 45 em. The heated section must be loosely packed
with dry unglazed porcelain (as for the small-scale prepara-
tion). A silicon tetrachloride boiler of 1000 to 1200 ml.
takes a charge of 1000 g. (5.88 mols). The fractionating
column, 30 X 2.0 em., should be sealed to the flask and
must be packed with glass helixes. The flow of silicon

F1a. 5. Apparatus for larger-scale preparation of Si,0Cls.

tetrachloride should be regulated to 200 to 280 g. per hour
(4 to 5 drops per second) and the oxygen flow to 15 to
20 1. per hour. The condensing traps should have a liquid
capacity of at least 150 ml. to the bottom of the center
tube. The first trap will fill with liquid in about three
hours. The initial temperature rise of the liquid in the
boiler will be 1 to 2° per hour, with a final rise of 25° in
10 to 12 hours. The oxychloride formed and most of the
unreacted tetrachloride are retained by the reflux con-
denser and returned to the boiler by way of the tube A,
which must reach close to the bottom of the flask.*

* Residual silicon tetrachloride vapor carried through the condenser is
retained in the two Dry Ice—acetone traps. This silicon tetrachloride
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The progress of the reaction is indicated by the ther-
mometer B, which measures the temperature of the liquid
in the boiler. When this temperature has risen to 80 to
85°, the reaction is stopped. The boiler is disconnected
at C and D and the liquid removed to a distillation flask
with a 40-cm. fractionating column and heating jacket.
The fractional distillation is then continued as described
for the small-scale preparation.*

The total weight of liquid remaining in the boiler when
the reaction is stopped is usually 500 to 600 g., comprising
250 g. of hexachlorodisiloxane, 50 to 70 g. of higher oxy-
chlorides, and the balance silicon tetrachloride.}

Properties

Hexachlorodisiloxane is a colorless liquid boiling at 137°.
It is the first member of the open-chain series of oxy-
halides of general composition $1,0,.1Clssys. The re-
activity of the silicon-chlorine bond in the molecule is

should be returned eventually to the boiler, but since it is heavily contami-
nated with dissolved chlorine it is better to replenish the boiler with an
equivalent quantity of fresh tetrachloride. This may be added carefully
through the top of the condenser without interrupting the process. The
silicon tetrachloride from the traps should be allowed to warm to room
temperature (either in the traps or in some other vented vessel, to permit
escape of chlorine) and may be added to the cold boiler at the start of a
subsequent run.

* Accumulated high-boiling residues left after the distillation of hexa-
chlorodisiloxane afford a source of the higher members of the oxychloride
series $1,0,_1Cl2.;2 and of the eyclic members 8i,0,Clz.. For information
on their separation reference 5 should be consulted.

t Rubber hardens in contact with silicon tetrachloride vapor and this
can lead to slight leakage of vapor where disconnections are made between
runs. The yields quoted include such losses. It is recommended that the
outlet be fitted with an unpacked calcium chloride tube, because packing
impedes escape of gas and can increase leakage loss. To avoid breaking
seals at C and D the product may be drawn into a tap funnel inserted
through the thermometer port. Ground joints should not be used on the
main apparatus, because lubricants do not prevent seizing. Ground joints
on the cold traps are satisfactory (though not essential), and should be
greased with silicone.
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similar to the reactivity of this bond in silicon tetra-
chloride. Thus the compound hydrolyzes vigorously and
completely, reacts with Grignard reagents,* and undergoes
halogen-exchange fluorination.® The last reaction is ac-
companied by disproportionation to silica and silicon
tetrahalide.

References
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8. TRICHLOROSILANETHIOL

SiCly + H,S — SiCl;SH + HCI

SusMmirtep BY D. J. PanckHURsT* AND C. J. WILRINS*
Caeckep BY A. T. Bravrrt anp R. J. AxgeLicrt

Trichlorosilanethiol is the primary product of the high-
temperature reaction between silicon tetrachloride and
hydrogen sulfide,* which leads also to the formation
of tetrachlorocyclodisilthiane, Si,S;Cl,, sulfide dichloride
polymer, (SiSCl.),, and a little bis(trichlorosilyl) sulfide
(hexachlorodisilthiane), (SiCl;).S2. A satisfactory yield of
the thiol may be obtained by passing silicon tetrachloride
and hydrogen sulfide through a silica tube heated to 900
to 950°.

* University of Canterbury, Christchurch, New Zealand.
t Northwestern University, Evanston, Ill.
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Procedure

The apparatus required is similar to that shown in Fig. 4
for the preparation of hexachlorodisiloxane, but with the
addition of a tower (25 X 5 cm.) packed with granular
calcium chloride to dry the incoming hydrogen sulfide,
and of a condensing trap to retain silicon tetrachloride
in the effluent gas, as in Fig. 5. The silica tube should be
left unpacked. The whole assembly must be set up under
a fume hood. The hydrogen sulfide is bubbled through
the silicon tetrachloride (500 g.) held at 40° in the water
bath. The reactants are then passed through the silica
tube and the product is allowed to condense in the receiving
flask cooled in ice. A hydrogen sulfide flow of 6 1. per hour
and a silica tube, 60 X 2.5 c¢m., heated to 950° over a
30-cm. length are recommended.* Silicon tetrachloride
will pass over at about 45 g. per hour and yield 6 g. of
thiol per hour.

The condensing trap, having a liquid capacity of at
least 100 ml., should be held at —40 to —50°. This trap
retains residual silicon tetrachloride along with some
hydrogen sulfide (b.p. —52°). The latter must be volatil-
ized by allowing the trap to warm to room temperature
before the tetrachloride is returned to the apparatus for a
subsequent run.

The liquid from the condensing flask is fractionally dis-
tilled to separate the thiol, boiling at 95 to 96°, from un-
changed silicon tetrachloride (b.p. 57.6°).t

* The checkers recommend that the portion of the exit end of the silica
tube which is not heated be surrounded by a copper coil through which cold
water is passed to ensure shock cooling of the product vapors.

t If instead of trichlorosilanethiol a high yield of tetrachlorocyclodisil-
thiane is desired, it is necessary to recirculate the thiol through the hot tube.
This may be done without the need to isolate the thiol by using the kind
of apparatus in Fig. 5, provided the column above the boiler carries no
packing. For details on experimental conditions and the separation of the
products reference 2 should be consulted.
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Properties

Trichlorosilanethiol is a colorless liquid boiling at
95.5 to 95.6° at 759 mm. pressure. It hydrolyzes vigor-
ously to hydrogen chloride, hydrogen sulfide, and silicic
acid, and slowly deposits sulfur on exposure to air. The
pure compound decomposes at 700° in approximate accord
with the equation:

28iCl;8H — H,S + SiCl, 4 SiSCl, (as SizS:Cls and polymer)

At 80 to 100° aluminum chloride catalyzes this reaction
together with a simultaneous decomposition to bis(tri-
chlorosilyl) sulfide:

28iCl;8H — (SiCl;) .S + H.S
With bromine there occurs the reaction:
SiCl;SH + Br;— SiCl;Br + HBr + S

References
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9. TRIS(ACETYLACETONATO)SILICON CHLORIDE
HYDROCHLORIDE AND SOME DERIVATIVES

[Tris(2,4-pentanedionato)silicon chloride
hydrochloride and some derivatives]

SusMITTED BY REED F. RIiLEY,* ROBERT WEST,} AND ROBERT BARBARINT
CHECKED BY GEORGE SLUSARCZUK§ AND STANLEY KIRSCENER$

The chelates which silicon forms with g-diketones
(1,3-diketones)”? and B-keto esters®* are of interest as

* Polytechnic Institute of Brooklyn, Brooklyn, N.Y.

t University of Wisconsin, Madison, Wis.

1 University of California at Los Angeles, Los Angeles, Calif.

§ Wayne State University, Detroit, Mich.
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compounds in which silicon attains the relatively unusual
coordination number (for silicon) of six. Furthermore,
these hexacoordinate chelates represent the only firmly
established examples of cationic species containing silicon.
The acetylacetonato compound [Si(Cs;H70.);]Cl1-HCl and
two derivatives, [Si(CsH:0.);]FeCly and [Si(Cs;H;0,);]-
ZnCl;, may be prepared easily by a modification of the
original method of Dilthey.!

Procedures

A, TRIS(ACETYLACETONATO)SILICON
CHLORIDE HYDROCHLORIDE

SiCl, + 3C;HO, — [Si(CsH;0,)5]CI-HC1 4 2HCI

A 300-ml. three-necked flask is equipped with a dropping
funnel and with a short condenser, both isolated from
atmospheric moisture by means of calcium chloride drying
tubes. If the reaction is not to be carried out in a hood, a
tube should lead from the drying tube at the top of the con-
denser to a trap for absorbing gaseous hydrogen chloride.

In the flask is placed 30 g. (0.0178 mol; 20.5 ml.) of silicon
tetrachloride dissolved in 80 ml. of benzene,* and a boiling
chip of porous porcelain is added. A solution of 17.7 g.
(0.0178 mol; 18.1 ml.) of acetylacetone (2,4-pentanedione) {
in 40 ml. of benzene is placed in the dropping funnel.

The acetylacetone solution is then added over a period of
10 minutes with ocecasional agitation of the flask and its
contents. A light yellow oily layer appears immediately,
accompanied by evolution of hydrogen chloride. Upon
completion of the addition of the acetylacetone, the solution
is brought to reflux and heated for thirty minutes, during
which time the oily layer changes to an ivory-colored solid.
The precipitate is removed by rapid filtration with suction

* Practical-grade reactants may be used without decrease in yield of
product. The benzene should be dry.

t The molar proportion 1:1 is chosen because it yields the highest per-
centage of pure product, as judged from its color and melting point.
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(best carried out in a hood). The crystalline product is
then washed three times with ether and dried briefly in
vacuo until a free-flowing material is obtained. The yield
is approximately 23 g. or 97% based on the amount of
acetylacetone present. Although Dilthey reports a melting
point of 85 to 90°* the authors found that the compound
melts with decomposition in the range 171 to 174°. Anal.
Caled. for [Si(C;H;0,);]CI-HCl: Cl, 17.9%. Found: Cl,
17.6%.

B. TRIS(ACETYLACETONATO)SILICON
TETRACHLOROFERRATE (IIT)

[Si(CsH02)5]CI-HCl + FeCl; — [Si(CsH,0:)5]FeCl, + HC1

Five grams (0.0125 mol) of [Si(CsH0;);]CI'-HCl is placed
in a 250-ml. Erlenmeyer flask and is dissolved in 40 ml. of
dry chloroform. Two and two-tenths grams (0.0138 mol,
a 109 excess) of anhydrous iron(III) chloride* is then
added and the mixture gently shaken until hydrogen
chloride evolution ceases. The solution is vacuum-filtered
to remove any insoluble hydrolysis products, and approxi-
mately 80 ml. of ether is added slowly to the filtrate. The
solution is allowed to stand for 15 minutes, and the yellow-
green needles are collected by vacuum filtration, washed
three times with anhydrous ether, and dried briefly in
vacuo. The yield is approximately 709 and the substance
melts with decomposition in the range 184 to 186° (re-
ported! 186 to 187°). Anal. Caled. for [Si(CsH0:):FeCl,:
(Si0; + Fe 0;), 26.8%; Cl, 27.1%. Found: (SiO, +
Fe,0y), 26.1%; Cl, 27.0%.

* The checkers report that the hydrated salt can be used.
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C. TRIS(ACETYLACETONATO)SILICON
TRICHLOROZINCATE

[Si(CsH702);]CI-HCL + ZnCl, — [Si(CsH0,):1ZnCls + HCI1

Two and seventeen-hundredths grams (0.0159 mol, a
109, excess) of zine chloride which has been dried in a
vacuum oven at 105° and 18-mm. pressure is slurried in
30 ml. of acetic acid to which 2.5 g. of acetic anhydride
has previously been added. After addition of 5.5 g.
(0.0138 mol) of [Si(CsH:0,);]CI-HCl, the mixture is al-
lowed to stand one-half hour with occasional shaking.
Vacuum filtration of the mixture yields a precipitate which
is dissolved in a minimum of boiling dry chloroform. The
chloroform is then treated with twice its volume of an-
hydrous ether and the mixture allowed to stand for 15
minutes. The white crystalline solid is collected by
vacuum filtration and washed three times with ether.
The yield of dried [Si(CsH;0;);]ZnCl; is over 80%. The
substance does not melt but decomposes gradually above
190°. Anal. Caled. for [Si(CsH70,)]ZnCl;: (Si0O: + ZnO),
28.5%; Cl, 20.9%. Found: (Si0O, 4+ ZnO), 27.8%,; Cl,
20.8%.

Properties

All the compounds are soluble in chloroform, slightly
soluble in carbon tetrachloride, and insoluble in ether and
benzene. In water and alcohols rapid solvolysis of the
M—CI bonds and slower solvolysis of the Si—O bonds
take place with the liberation of acetylacetone. Pro-
longed drying of [Si(CsH.0,);]CI'-HCl in wvacuo removes
much of the hydrogen chloride, yielding a product which
is much less hygroscopic.
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10. HYDRIDES OF GERMANIUM, TIN,
ARSENIC, AND ANTIMONY

SumITTED BY WiLniam L. JoiLny anp Joun E. Dragr*
CeEckeED BY RarpH Ruporpai aNp T. WARTIKT

Volatile hydrides may be prepared from ether solutions
by the reaction of the appropriate chlorides with lithium
tetrahydroaluminate.! In this general method, it is neces-
sary to work with strictly anhydrous reagents and solvents
because of the great reactivity of lithium tetrahydro-
aluminate toward water. The procedures described below
are believed to be much more convenient because the
reducing agent employed is potassium tetrahydroborate,
which is relatively insensitive toward water. Since only
aqueous solutions are involved, there are no solvent-
purification steps and there is no dissolution or contamina-
tion of stopcock grease, etc.

General Procedure]

The apparatus shown in Fig. 6 may be used for the
preparation of the hydrides of germanium, tin, arsenic,

* Department of Chemistry and Lawrence Radiation Laboratory, Uni-
versity of California, Berkeley 4, Calif.

1 Pennsylvania State University, University Park, Pa.

1 These syntheses are based in part on references 2 and 3. For a discus-
sion of general vacuum technique, see reference 4.
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or antimony. Aqueous acid is placed in a 500-ml. three-
necked round-bottomed flask equipped with a magnetic
stirrer, an inlet tube for nitrogen or argon (dipping beneath
the solution), a 100-ml. dropping funnel, and an outlet
tube leading to a vacuum line. The flask is partially
immersed in an ice-water bath. During a run, nitrogen

To
vacuum

0
vacuum pump T

80-90 cm

F1q. 6. Apparatus for the preparation of volatile hydrides.

or argon is continuously bubbled (at a rate of approxi-
mately 500 ce./min., S.T.P.) through the magnetically
stirred acid solution and passed through a series of three
traps (numbered 1, 2, and 3 in Fig. 6). The pressure in
the system is maintained at approximately 100 mm. by
adjustment of the stopcock leading to the vacuum pump
on the right side of the line. Two of the traps are immersed
in Dewar flasks containing liquid nitrogen.
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A. GERMANE AND DIGERMANE

HGeO3_ + BH.;- + 2H+ — GeH4 + H3B03
SHGEO:;- + 7BH4~ + 15H+ — 4G62He + 7H3BO3 -+ 3H20

Procedure

The apparatus used is similar to that deseribed under
General Procedure except that the ice bath is not included.
The reaction flask is charged with 120 ml. of glacial acetie
acid and is flushed with nitrogen or argon. In 25 ml. of
water are dissolved successively 2 g. of potassium hydroxide
pellets, 1 g. of germanium dioxide, and 1.5 g. of potassium
tetrahydroborate, giving a ratio of BH,/Ge(IV) of 2.9.
This solution is added, over a period of 10 minutes, to the
glacial acetic acid. A small quantity of yellow polymeric
GeH, forms in the reaction flask. The flow of inert gas
is maintained for a further 5 minutes after all the solution
has been added, and then the stopcock connecting the
reaction flask to the vacuum line is closed. The line is
evacuated thoroughly.

The contents of the liquid-nitrogen traps are germane,
digermane, a trace of trigermane, water, acetic acid, and
carbon dioxide. The material is distilled through a chloro-
form slush trap (—63.5°) to remove trigermane, water,
and acetic acid. The carbon dioxide is readily removed
by passing the gases through successive traps of ascarite
and magnesium perchlorate. Finally, by distilling the
gases through a carbon disulfide slush bath (—111.6°) to
remove digermane, pure samples of both germane and
digermane are obtained.

Typically, this procedure gives 0.007 mol, or about
160 cc. (S.T.P.), of pure germane, corresponding to a
germanium conversion of 73%. The amount of digermane
prepared is 0.00031 mol, or about 7 cc. (S.T.P.), cor-
responding to a germanium conversion of 6.5%. The
vield of digermane is improved if a lower concentration
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of tetrahydroborate is used, the best result being a ger-
manium conversion of 9.19, when the BH, /Ge(IV)
ratio is 1.5. However, the yield of germane is decreased
by any appreciable variation in the quoted amount of
tetrahydroborate.

Properties

The germane prepared has a vapor pressure of 181 mm.
at —111.6° (literature, 182 mm.?). The infrared spectrum
of the gas in the NaCl region shows the fundamental fre-
quencies vj; vy, and vy at 2105, 943, and 815 em.7}
respectively.® Germane is stored in a glass vessel with a
greased stopcock.

The digermane prepared by this procedure has vapor
pressures of 6 mm. at —63.5°, 77 mm. at —22.9° and
221 mm, at 0° (literature, ca. 9 mm., ca. 8 mm., and
243 mm., respectively”’). The infrared spectrum of the
gas in the NaCl region shows the fundamental frequencies
vs, vs, and we at 2069, 885, and 759 ecm.™!, respectively.®
Digermane is absorbed by stopcock grease and should be
kept in a vessel sealed with a mercury float valve or in an
all-glass ampul. On heating it decomposes violently
into its elements.

B. TRIGERMANE AND POLYMERIC GeH.*

6HG803— + 5BH4_ + 11H+ — 2G63H8 + 5H3BO3 + 3H20
8HGeO;~ + (4 + 2)BH 4 (12 + z)H+ —
8GeH, + (4 + 2)H;BO; 4+ (12 — 32)H;0

Procedure

The procedure described for the production of germane
and digermane gives very poor yields of trigermane and
polymeric GeH,, and changes must be made in the pro-
cedure to obtain better yields of these last compounds.

* Where z = 1.0.
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The apparatus used is identical to that described under
General Procedure. The flask is charged with 120 ml.
of 3 M sulfuric acid; the system is cooled in the ice bath,
and the flask is flushed with nitrogen or argon. In 25 ml.
of water are dissolved successively 2 g. of potassium
hydroxide pellets, 1.0 g. of germanium(IV) oxide, and 3.0 g.
of potassium tetrahydroborate, corresponding to a ratio of
BH,=/Ge(IV) of 5.8. This solution is added, over a
period of 15 minutes, to the sulfuric acid. During the
addition some foaming occurs and an appreciable amount
of yellow polymeric GeH, is deposited. On completing
the addition, the flow of inert gas is maintained for a further
5 minutes before the line is thoroughly evacuated.

The trigermane and water present in the liquid-nitrogen
traps can be separated from germane, digermane, and
carbon dioxide by distilling the materials through a chloro-
form slush bath (—63.5°). The germane and digermane
may be separated as described previously, but the yields
are not as good as those obtained with acetic acid. The
trigermane is easily separated from the water by passage
through a trap containing magnesium perchlorate.

Typically, this procedure gives 0.00007 mol or 1.6 cc.
(S.T.P.), of pure trigermane, corresponding to a germanium
conversion of 2.2%,.

The contents of the reaction flask are filtered immedi-
ately after the reaction is complete and the yellow poly-
meric GeH, is thoroughly washed with water. It is then
dried by pumping it on the vacuum line.

Typically, this procedure gives 0.0016 mol, or about
0.1 g. of polymeric GeH,, corresponding to a germanium
conversion of 17%,.

Properties

The trigermane prepared has a vapor pressure of 9.5 mm.
at 0° (literature, 14 mm.”). The infrared spectrum in the
NaCl region shows two bands at 2041 and 794 cm.™ %
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Trigermane, like digermane, is absorbed by stopcock
grease and should be kept in an all-glass ampul.

The polymeric GeH, prepared is a yellow solid, which
turns orange-brown without change of composition on
treatment with concentrated alkali, but is decomposed by
concentrated acids. It must be handled with care since
on exposure to air it sometimes decomposes explosively
into its elements. Both the yellow and the orange-brown
materials explode on heating to give germanium, hydrogen,
and a trace of germane. The value of z is usually close
to unity (values between 0.95 and 1.10 are usually found);
thus the product prepared by this procedure appears to
resemble the polymeric compounds (GeH), described by
ear ier workers.*'® The infrared spectrum (KBr pellet)
in the NaCl region shows three main bands at 2062, 833,
and 775 cm.™%,

C. STANNANE AND DISTANNANE

4HSn02‘ + 3BH4_ + TH+ + H2O e d 4SIIH4 + 3H3BO3
SHSHO{_ -+ 5BH4_ + 13H*+ — 4SII2H6 + 5H3BO3 + H2O

Procedure

The apparatus is assembled as described under General
Procedure. The reaction flask is charged with 150 ml. of
6 M hydrochloric acid and is flushed with nitrogen or ar-
gon. The solution to be added from the dropping funnel
is prepared immediately before use as follows. An ice-
cold solution of 36 g. of 859, potassium hydroxide in 60 ml.
of water is added, with stirring, to an ice-cold solution of
15 g. of tin(II) chloride 2-hydrate in 60 ml. of water. A
solution of 1.5 g. of potassium tetrahydroborate in 20 ml.
of water is then added to the solution. The resulting
stannate(II)-tetrahydroborate solution is added, over a
period of about 30 minutes, to the stirred hydrochloric
acid solution. During the reaction, a brown precipitate
(which soon turns gray-black) forms in the flask. The
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flow of inert gas is continued for several minutes after the
complete addition of the stannate(II)-tetrahydroborate
solution. The stopcock connecting the reaction vessel
with the vacuum line is then closed and the line is thor-
oughly evacuated.

During subsequent operations, it is best to keep the stop-
cock above the mercury manometers closed except when
it is necessary that they be open for pressure measurements.
The crude product is distilled into trap 3 preparatory to
its purification by fractional condensation. If only stan-
nane is sought, the material is distilled through a carbon
disulfide slush trap (—111.6°) to remove both water and
distannane. The stannane which passes through this
trap is highly contaminated with earbon dioxide originating
from the carbonate impurity in the potassium hydroxide.
This impurity can be removed by distilling the stannane
several times through a trap containing +%-in. pellets of
Linde Molecular Sieve, Type 4A,* at 0°. A small amount
of stannane decomposes in this process; so it is necessary
to pump on the system during each distillation. Typically,
0.001 mol, or about 22 cc. (S.T.P.), of purified stannane
is prepared by this procedure. This yield corresponds to
2.7% based on the hydroborate consumed.

If it is desired to isolate the distannane, the crude product
is distilled through a chloroform slush trap (—63.5°) to
collect water and through a carbon disulfide slush trap to
collect distannane. The distillation must not be pro-
longed, or appreciable amounts of water will pass through
the —63.5° trap. Typically, 0.00002 mol, or about 0.4 cc.
(S.T.P.), of distannane is prepared by this procedure.
Slightly better yields may be obtained by making the
stannate(II)-tetrahydroborate solution more concentrated.f

* Obtainable from the Linde Air Products Company, Division of Union
Carbide Corporation. The molecular-sieve pellets should first be heated
in the trap to 200° for several minutes while pumping to desorb highly
volatile materials.

T It is possible to dissolve the reagents in a total of 110 ml., rather than
140 ml., of water.
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Properties

Stannane, prepared as described, has a vapor pressure
of 17 mm. at —111.6°, in good agreement with the literature
value of 17.5 mm.!* The melting and boiling points of
stannane are reported as —150° and —51.8°, respectively.!?
The infrared spectrum in the NaCl region shows a promi-
nent triple band (the Sn-H stretching vibration,'® v;) at
1900 em.™, a medium band at 760 em.™?, and strong bands
at 700 and 675 em.”.'* The presence of carbon dioxide
in stannane may be readily determined from the infrared
spectrum; carbon dioxide has a strong absorption band at
2300 cm.”!. Stannane has been stored without decom-
position in clean glass vessels in the absence of mercury
for periods of several weeks. Traces of oxygen are re-
ported to inhibit the decomposition.'> Once started,
decomposition is usually quite rapid and results in the
formation of a beautiful tin mirror on the walls of the vessel.
Stannane is best stored in a glass bulb with an extended
tip immersed in liquid nitrogen.

Distannane is an extremely unstable substance which,
when warmed to room temperature, completely decom-
poses into its elements, forming a mirror on the walls
of the container. However, distannane may be readily
distilled from a trap without decomposition if the dis-
tillation is carried out at very low pressures and if the trap
is allowed to warm up very slowly.?

D. ARSINE
4AS(OH)4_ + 3BH4—' -+ 7H+ — 4ASH3 + 3H3BO3 + 7H20

Procedure

The apparatus is assembled as described under General
Procedure. The reaction flask is charged with a solution
of 25 ml. of concentrated sulfuric acid in 200 ml. of water
and is flushed with nitrogen or argon. Four grams of
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sodium hydroxide, 8.0 g. of arsenic(III) oxide, and 2.0 g.
of potassium tetrahydroborate are dissolved, in that order,
in 20 ml. of water. This solution should be prepared
immediately before its use, because it decomposes with
evolution of arsine and precipitation of arsenic. The
solution is added through the dropping funnel, over a
period of 15 minutes, to the sulfuric acid solution. An
orange precipitate of arsenic forms in the flask. A small
amount of yellow polymeric As;H forms at the entrance
to each of the liquid nitrogen traps. This material forms
as the result of the decomposition of diarsine, As,H,.'®
The flow of inert gas is continued for several minutes after
the complete addition of the arsenite-tetrahydroborate
solution. The stopcock connecting the reaction vessel
with the vacuum line is then closed and the line is thor-
oughly evacuated.

The crude arsine is distilled into trap 1 (Fig. 6), a U-tube
packed with ascarite is substituted for trap 2, and the
arsine is then distilled through the ascarite into trap 3.
Trap 2 is put back and immersed in a carbon disulfide slush
bath (—111.6°), and the arsine is distilled into trap 1.
Typically, 0.029 mol, or 650 cc. (S.T.P.), of purified arsine
is prepared by this procedure. This corresponds to 599
yield, based on the tetrahydroborate consumed.

Properties

Arsine has a vapor pressure of 35 mm. at —111.6°,'7 a
melting point of —116.93°,'® and a boiling point of —62.48°.18
The infrared spectrum in the NaCl region shows a triple
band at 2122 em.™! (»; and »;) and bands at 10605 and 906
em.”! (y; and w;, respectively).'® Arsine is a relatively
stable gas, which may be stored in glass vessels for several
months with less than 59, decomposition. Ordinary stop-
cock grease is blackened by prolonged exposure to the gas.
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E. STIBINE
4Sh{OH),~ + 3BH,~ + 7H* — 4SbH; 4 3H;BO; 4+ 7H.0

Procedure

The apparatus is assembled as described under General
Procedure. The reaction flask is charged with a solution of
25 ml. of concentrated sulfuric acid in 200 ml. of water and
is flushed with nitrogen or argon. Twelve grams of 859
potassium hydroxide, 15 g. of potassium antimony tartrate,
and 2.0 g. of potassium tetrahydroborate are dissolved, in
that order, in 100 ml. of water. This solution is added
through the dropping funnel, over a period of 15 minutes,
to the sulfuric acid solution. A black precipitate of anti-
mony forms in the flask  The flow of inert gas is continued
for several minutes after the complete addition of the anti-
monite-tetrahydroborate solution. The stopcock connect-
ing the reaction vessel with the vacuum line is then closed
and the line is thoroughly evacuated.

The crude stibine, with its impurities of water and carbon
dioxide, is distilled into an ampul attached to the ball joint
which was previously connected to the reaction vessel.
Trap 1 is immersed in a toluene slush bath (—95°); trap 2
is immersed in an n-pentane slush bath (—130°), and trap 3
is immersed in liquid nitrogen. By slowly distilling the
crude stibine through these traps, the water with traces of
stibine is condensed out in the —95° trap, pure stibine is
collected in the —130° trap, and the carbon dioxide with
traces of stibine is collected in the liquid-nitrogen trap.
With suitable precautions (because of the poisonous nature
of stibine), the contents of traps 1 and 3 are discarded.
Typically, 0.025 mol, or 560 cc. (S.T.P.), of purified stibine
is prepared by this procedure. This corresponds to a 519,
yield, based on the tetrahydroborate consumed.
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Properties

Stibine has vapor pressures of 81 mm. and 224 mm. at the
melting points of chloroform (—63.5°) and chlorobenzene
(—45.2°), respectively.?’ The boiling point is —18.4°.2°
The infrared spectrum in the NaCl region shows a triple
band at 1890 cm.™! (»; and »;) and bands at 831 and 781
em.™! (v, and v, respectively).?! Stibine lies between
arsine and stannane in its stability toward decomposition
into the elements. If it is to be stored longer than two or
three days, it should be kept frozen with liquid nitrogen.
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11. TITANIUM(III) CHLORIDE

(Titanium Trichloride)

2TiCl, + H, = 2TiCl; + 2HCl

SueMmiTTED BY W. L. GROENEVELD,* G, P. M, LEGER,* J. WOLTERS* AND
R. WaTerMant
CuECKED BY A. L. McCLELLAND}

Anhydrous titanium(III) chloride can be prepared
according to several methods, most of which, however, give
only low yields of an impure product. The present method
is essentially the same as that described by Sherfey,! which
consists in vapor-phase reduction of titanium(IV) chloride
with hydrogen on or near the surface of a glowing tungsten
wire. Some modifications have been introduced into the
method, resulting in a much higher yield than that reported
by Sherfey. The present method also employs more readily
available laboratory glassware.

Procedure

The apparatus for the preparation is assembled as shown
in Fig. 7. Standard ground-glass joints are used through-

* Leiden University, Netherlands.

t Technical University, Delft, Netherlands.

1 E. 1. du Pont de Nemours and Company, Wilmington, Del.
45
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out. Wherever these may come into contact with tita-
nium(IV) chloride, they should be lubricated with silicone
grease (other lubricants were found to be unsatisfactory).
The wide central neck of the 2-1. three-necked flask carries a
special stopper, provided at the top with two small rubber
stoppers through each of which passes a 3-mm. tungsten

N, or H, from
\ cylinder

Concd. 2SO4 ) ' T 1 To ga%lgm

Pl Glass wool

Mercury safety
valve

Thermostat

F1g. 7. Apparatus for the preparation of titanium (III) chloride.

rod. (As an alternative, one may use, as in Sherfey’s origi-
nal preparation, a cylindrical flask with a separate four-hole
cover, joined to the flask with a flat grind. Two of the
holes in the cover are then used for the tungsten wire leads.)
The ends of the rods are connected inside the flask by a
30-cm. length of 0.5-mm. tungsten wire, wound into a loose
spiral. Some specimens of tungsten wire cannot be wound
into a spiral without heating because of their brittleness.
If this is the case, the wire can be wound around an
alumina tube of suitable diameter while it is heated with a
gentle gas-oxygen flame from a glass-blowing torch. The
spacing of the turns should be regular, as otherwise the wire
will not be heated uniformly. The spiral can be connected
to the lead rods by bending its ends into hooks and forcing
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these into notches at the ends of the rods. If the lead wires
are not too thick, their ends can be bent into hooks (with
heating, if necessary), and the spiral connected by simply
hooking it to the lead wires. It is then held in place by
gravity and a slight tension of the spiral.

The reaction vessel is supported in an electric heating
mantle. The apparatus is freed from moist air and the film
of moisture adhering to the glass walls is removed by evacu-
ating the apparatus with an oil pump and carefully applying
a small luminous flame to all its parts before dried nitrogen
is admitted. The lead-in tube for nitrogen (and, subse-
quently, hydrogen) should be fairly wide to prevent plug-
ging with solid titanium(III) chloride during the reaction.
The empty distillation flask is now quickly replaced by one
containing about 1500 g. (7.9 mols) of pure titanium(IV)
chloride,* which is then distilled into the reaction vessel.

During the distillation, a stream of dry nitrogen is passed
into the reaction vessel, serving both to prevent the
entrance of moist air in the event of sucking back and to
drive out atmospheric oxygen, which must be absent during
the subsequent reaction. After the distillation, the nitro-
gen stream is temporarily increased and the distillation
condenser is quickly replaced by an efficient reflux con-
denser, e.g., of the Dimroth type. The inner surface of this
condenser should also have been dried by evacuation, appli-
cation of a flame, and admittance of dry nitrogen. The
reflux condenser is fitted at the top with a joint carrying a
stopcock and connected by means of a long rubber tube
to a wash bottle containing paraffin oil, so that the outflow
of gases from the apparatus can be estimated. When it
may be assumed that all the air has been driven out by
nitrogen, the nitrogen is replaced by purified hydrogen.

The purification is effected by passing the hydrogen
through a porcelain tube containing copper turnings, which
is heated in a tubular electric oven to about 800°, and next

*If the tetrachloride is discolored, it should be distilled from copper
powder until colorless, several times if necessary.
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through a tube containing an efficient drying agent, such as
phosphorus(V) oxide. The reaction vessel is now heated,
and as soon as reflux equilibrium is established a direct or
alternating current is passed through the tungsten spiral.
If alternating current is used, a particularly convenient pro-
cedure is to use two a.-c. transformers in series. This is
desirable because 20 volts should be sufficient, and this is
too easily exceeded when only one transformer is used. One
of the two is set at 20 volts and the other is gradually raised
from zero until copious formation of violet fumes of tita-
nium(III) chloride is noted. The tungsten wire should
then be a bright red color. The current will be about
15 amp.; so the connecting wires must be of adequate size to
carry such a current.

At this stage the heating mantle may be switched off,
because the heat emitted by the tungsten spiral (if the latter
is suspended close above the surface of the liquid) is suffi-
cient to maintain the titanium(IV) chloride at the reflux
temperature. In view of the fact that the reduction is an
equilibrium reaction, the stream of hydrogen should be
fairly rapid. The titanium(III) chloride tends to deposit
on the walls of the flask and on the lower parts of the con-
denser, and sometimes a small mound of the compound
builds up towards the spiral. These deposits of the tri-
chloride cannot easily be removed by tapping; so in order to
remove them it is advisable temporarily to switch off the
current and reflux the tetrachloride by switching on the
electric heating mantle. The reaction should be stopped
by switching off the current as soon as smooth refluxing
ceases, i.e., when it starts to bump severely. The hydrogen
is then replaced with nitrogen, which this time should be
freed from possible traces of oxygen by passing it through
the same apparatus that was used for purification of the
hydrogen (except that the temperature of the copper turn-
ings may be reduced to about 500°).

When all the hydrogen has been driven out by nitrogen,
the reflux condenser is quickly replaced by a downward con-
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denser to distill off the excess titanium(IV) chloride. This
is connected to an oil pump via two liquid-air traps preceded
by an ice trap.

Of any tetrachloride that passes over, most will be con-
densed as a liquid in the ice trap, so that the possibility of
plugging the liquid-air traps with condensed solid is
reduced. During the final stages of removal of the tetra-
chloride, when a good vacuum is needed, the ice trap can be
replaced with liquid air to prevent volatilization of the
tetrachloride from the trap. The stream of nitrogen is dis-
continued and the excess of the tetrachloride is distilled off
in vacuo, the flask being heated again by the heating mantle.
If 1t is desired to avoid the switch of condensers, the reflux
and the downward condenser ean be set up as a single unit
by simply connecting the latter to the top of the former.
The excess of tetrachloride can then be distilled after remov-
ing the water from the jacket of the reflux condenser. Dur-
ing the distillation the temperature should be kept as low as
possible, as otherwise some of the product may dispropor-
tionate into the dichloride and tetrachloride, the former
remaining behind as an impurity. To dislodge the tetra-
chloride from the surface of the trichloride, it is advantage-
ous from time to time to disconnect the vacuum, allow the
flask to fill up with nitrogen, shut off the latter, and sud-
denly reconnect the vacuum (‘“flash vacuum effect’’).
When all the tetrachloride has been removed, the flask is
allowed to cool and fill up with nitrogen. The condenser is
replaced by a stopper, the stopcock of the lead-in tube is
closed, and the contents of the flask are transferred to stor-
age vessels in an atmosphere of nitrogen. This is done in a
dry-box. A dry-box from which the air can he completely
removed by evacuation should be used.

During 8 to 10 hours’ operation, 300 to 350 g. of titanium-
(IIT) chloride may be prepared. The yield on the basis of
TiCl, not recovered is 80-85%. On the basis of total
titanium(IV) chloride, the yield is 30 to 409, (Sherfey!
obtained 109).
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Properties

Titanium(III) chloride, as prepared according to the
above method, is a violet crystalline powder, which is the
alpha modification (a brown modification is also known).
If oxygen and moisture have been painstakingly excluded,
the produect is substantially pure. The intensities of the
lines in the x-ray powder diagram agree closely with those
calculated by Klemm and Krose? for pure «-TiCl;. The
trichloride is soluble in oxygen-free water without decom-
position. It is deliquescent and is slowly attacked by
atmospheric oxygen. When heated in vacuo at about 450°,
the trichloride disproportionates according to the equation:
2TiCl; — TiCly + TiCl,.

References
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12. BIS[TRIS(ACETYLACETONATO)TITANIUM (IV)]
HEXACHLOROTITANATE(IV)

(Bis|tris(2,4-pentanedionato)titanium(IV)]
Hexachlorotitanate (IV))

SusMiTTED BY VERA DoORON®
CHECKED BY DUWARD SHRIVERT

Bis[tris(acetylacetonato)titanium(IV)] hexachlorotitan-
ate(IV) has been prepared by reaction of titanium(IV) chlo-

* Ford Motor Company, Scientific Laboratory, Dearborn, Mich.
T University of Michigan, Ann Arbor, Mich.
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ride and acetylacetone (2,4-pentanedione) in acetic acid
medium?? and also by the interaction of the diketone with
the etherate of the titanium halide.? The procedure out-
lined below, in which reaction between titanium(IV) chloride
and acetylacetone is effected in benzene, is simpler than the
methods described previously and gives substantially higher
yields of product.

Procedure

A mixture of 20 g. (0.105 mol) of titanium(IV) chloride,
45 g. (0.45 mol) of acetylacetone, and 300 ml. of anhydrous
benzene is refluxed for approximately 3 hours and then
about two-thirds of the benzene is removed by distillation.
The orange-red precipitate which forms is filtered, washed
with petroleum ether, and vacuum-dried. The yield is
30.1 g. (90%). Anal. Caled. for [Ti(CsH70,);].TiCls: Ti,
15.10; Cl, 22.37; C, 37.89; H, 4.45. Found: Ti, 14.90; Cl,
20.07; C, 38.17; H, 4.41.

Properties

Bis[tris(acetylacetonato)titanium(IV)] hexachlorotita-
nate(IV) is soluble in benzene and chloroform, slightly solu-
ble in cold glacial acetic acid, and relatively insoluble in
ether and petroleum ether. The compound undergoes
hydrolysis on exposure to moist air, yielding acetylacetone,
hydrous titanium(IV) oxide, and hydrochloric acid. When
heated, the crystals change from a reddish orange to yellow
and decompose at about 230°,
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13. ZIRCONIUM(1V) IODIDE

(Zirconium Tetraiodide)
ZI' + 2I2 — ZI'I4

SusMiTrED BY KENNETH C. EBERLY*
CHECKED BY BERT CHAMBERLANDT

Zirconium and titanium halides have recently come into
prominence as catalysts for the low-pressure synthesis of
polyethylene (Ziegler reaction). The nature and amount
of zirconium or titanium halide employed in the preparation
of the Ziegler- catalyst has a great influence upon the con-
figuration of the resulting polymer.

A search of the literature does not reveal a synthesis of
zirconium(IV) iodide from the elements. However, Blum-
enthal®' mentions the fact that zirconium and iodine will
react at temperatures as low as 340° but no details are
given. Bailey? and Dennis and Spencer?® state that iodine
vapor in a current of hydrogen does not attack heated
zirconium.

Chaigneau* reported the preparation of zirconium(IV)
iodide in high yield by heating zirconium(IV) oxide with
anhydrous aluminum iodide. A check of this method gave
a moderate yield of zirconium(IV) iodide (free from
aluminum).

Procedure

In the rounded-off end of a dry 2.5-cm.-o0.d. Pyrex bomb
tube is placed 20.3072 g. (0.08 mol) of c.p. iodine. While
the tube is laid horizontally, 3.6488 g. (0.04 mol) of fine

* Firestone Tire and Rubber Company, Akron 17, Ohio.
t E. 1. du Pont de Nemours and Company, Wilmington, Del.
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zirconium turnings is added in a pile 5 in. from the iodine.
The iodine in the tube is cooled to —80° with Dry Ice, and
the tube is evacuated to 0.1-mm. pressure and sealed off
12 in. from the rounded end. The tube, still horizontal, is
eased carefully into a 1-in. X 12-in. tube furnace until the
zirconium but not the iodine is in the furnace. The furnace
temperature is then quickly brought up to 450°.* As the
iodine reacts with the zirconium, the tube is moved further
and further into the furnace until completely housed (an
operation consuming about 25 hours). After the com-
pletely housed tube is heated for another 15 hours in order
to complete the reaction, the furnace is turned off.f When
cool, the tube is cracked at both ends, and the crystals are
transferred quickly and quantitatively to a dry tared weigh-
ing bottle (this operation is best performed in a dry-box).
A trace of unreacted zirconium (about 0.0214 g.) remains in
the middle of the tube at the end of the reaction. The yield
of zirconium(IV) iodide is 23.725 g. (99.69, of theory based
on the zirconium that had reacted).i Amnal. Caled. for
Zrly: Zr, 15.23; 1, 84.77. Found: Zr, 15.39, 15.25; 1, 84.82,
84.71.

Analysis

About 0.5 g. of zirconium(IV) iodide is weighed analyti-
cally from a dry weighing bottle into a 250-ml. beaker. The

* As measured by a thermocouple in the middle of the furnace.

t The checker found it necessary to remove unreacted iodine at this
point to obtain a pure product. This was done in the following manner.
The reaction product, appearing at both ends of the tube (coolest parts
of the furnace), was assembled at one end. This was accomplished by
heating one end of the tube to 450° until all the zirconium(IV) iodide had
collected at the cooler (room-temperature) end. The product was then
centered in the furnace and heated to 150° for 24 hours to remove the
unreacted iodine mixed with the product. The excess iodine was collected
at the cooler end outside the furnace. When cool, the tube was cracked
in a dry-box and the tetraiodide transferred rapidly to a weighing bottle.

t The yield obtained by the checker was 88% of theory based on the
zirconinm that had reacted.
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weighed crystals are dissolved in 20 ml. of water containing
1 drop of nitric acid. The solution is poured quantitatively
into a mixture of 10 ml. of concentrated ammonium hydrox-
ide (28% NH;) and 40 ml. of water. A somewhat gelati-
nous precipitate of zirconium hydroxide is formed and is
filtered off, washed, and dried on the filter paper in an oven.
Ignition of the whole in a platinum crucible yields zirconium-
(IV) oxide, and it is weighed as such., The filtrate from
above is just acidified with nitric acid, then treated with a
known excess of standardized 0.2 N silver nitrate solution.
The whole is then treated with 5 ml. of 109, iron(III) nitrate
solution and titrated with standardized 0.1 N potassium
thiocyanate solution to a faint red color.

Properties

Anhydrous zirconium(IV) iodide is an orange crystalline
solid which fumes heavily in air. It dissolves completely in
water with the liberation of energy. According to Blumen-
thal,! it has a heat of formation of 90 kcal./mol at 25°. It
sublimes at 431° at atmospheric pressure and melts at 499°
at elevated pressures. Its heat and entropy of sublimation
are 29.0 and 41.2 keal./mol, respectively, Its magnetic
susceptibility is —0.238 X 107% ¢.g.s. electromagnetic units.
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14. BIGUANIDE SULFATE

(Guanylguanidinium Hydrogen Sulfate)

Il\llH II\IIH NH
A l
H?N—C—*NH—CN + NH4CI -— HgN—C—~NH—C—NH2'HCl
NH NH

| |
2H,N—C—NH—C—NH»HCI + [Cu(NH;)S0s —

[Cu(02N5H7)2]SO4 + 2NH4CI + 2NH3
[Cu(02N5H7)2]SO4 + 2H2SO4 + 4H,0 —
NH NH

I l
2H ZN—C—NH—C_N HQ'H2SO4‘2H20 + CUSO 4
NH NH

] ] A
HgN*—C—NH—C_NHszsO42H20 o

NH NH

| |
H;N—C—NH—C—NH.-H,80, + 2H,0

SusmirrEp BY D, KariripEs* anp W, CoNarp FErneLius*
CHECEED BY MELVIN D. JoEsToNTt

Biguanide is prepared by the ammoniation of dicyanodi-
amide (cyanoguanidine). The reaction is accomplished by
ammonium salts in the molten condition®? or by ammonia
under pressure.>* In the following preparation, which is
essentially that of Bamberger and Dieckmann,! ammonium
chloride is used as the ammoniating agent. The influence
of reaction conditions on this type of reaction has been
studied in some detail.>®

* The Pennsylvania State University, University Park Pa.
1 University of Illinois, Urbana, IlI.
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Procedure

Twenty-five and twenty-two hundredths grams (0.3 mol)
of dicyanodiamide and 40.1 g. (0.75 mol) of ammonium
chloride are separately ground to a fine state and then inti-
mately mixed. This mixture, in a 250-ml. beaker, is gently
heated with a Bunsen flame under constant stirring until a
liquid melt is obtained (10 to 15 minutes). This melt is
held at 160 to 165° for 10 minutes with constant stirring.

After the melt has cooled, the solid is erushed into small
lumps and dissolved in 150 ml. of hot water (90 to 100°).
The resulting mixture is filtered and the precipitate is
washed with two 25-ml. portions of hot water. (The insolu-
ble product is ammeline.') The filtrate is next treated with
a slight excess of ammoniacal copper(1l) sulfate solution
(the excess is noted by the appearance of a slight purple
coloration). The precipitated rose-red copper biguanide
sulfate is filtered, washed with water, and dissolved in 35 ml.
of hot 109, sulfuric acid (the temperature should not exceed
90°). The resulting solution is then cooled by immersion in
an ice bath. The crude erystals which form are separated
and dissolved in 25 ml. of boiling water and the solution is
cooled in ice. Again the crystals which form are dissolved
in 25 ml. of boiling water and the solution is cooled in ice.
The resulting colorless erystals of biguanide sulfate 2-hydrate
are filtered, washed first with 10 ml. of cold water and then
with 10 ml. of absolute ethanol, and dried at 110° for about
15 hours. The yield of anhydrous biguanide sulfate is 9.2 g.
(15.4%); m.p. 231 to 232°. Anal. Caled. for C;HeN;0,S:
N, 35.16. Found: N, 35.28.

Properties

Pure anhydrous biguanide sulfate is a white amorphous
solid that is not very soluble in cold water but is soluble
in hot water, from which it erystallizes in colorless glistening
rhombic crystals.! An aqueous solution of biguanide sul-
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fate is acidic to litmus. The compound does not dissolve in
absolute ethanol to any appreciable extent and is insoluble
in common organic solvents.
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16. BIGUANIDE

(Guanylguanidine ; Amidino Guanidine)

o
H;N—C—NH—C—NH,-H.S0, + 2NaOH —
NH NH

| |
H,N—C—NH—C—NH, + Na,80, + 2H,0

SusMiTTED BY SAMUEL N. HoLreEr* aND W. CoNaRp FERNELIUS*
CHeEckED BY DEvoN MEEXKT

From biguanide sulfate (synthesis 14) the free base can
be obtained by treating a solution of the sulfate with barium
hydroxide! or sodium hydroxide,? or by refluxing biguanide
sulfate with alcoholic sodium ethoxide.®? The procedure
using sodium hydroxide is simple and cheap and produces a
satisfactory product.

* The Pennsylvania State University, University Park, Pa.
t The Ohio State University, Columbus, Ohio



BIGUANIDE 59

Procedure

To a solution of 16 g. (0.4 mol) of sodium hydroxide in
350 ml. of dry methanol, 19.9 g. (0.1 mol) of anhydrous
biguanide sulfate is added. The mixture is stirred for
2 hours at room temperature and then for 45 min. at the
reflux temperature. The hot solution is filtered and the
sodium sulfate cake is washed with 40 ml. of hot methanol.
The filtrate and wash are concentrated under reduced pres-
sure (solution temperature below 45°) until a heavy crop of
crystals separates. Precipitation is completed by the addi-
tion of 150 ml. of dry ethyl ether. The product is filtered,
washed with dry ether, and dried in a vacuum desiccator.
Yield 9.0 g. (899%); m.p. 133 to 134° (decomp. 137 to 139°).
The product is stored in a desiccator since it turns yellow on
exposure to the atmosphere.

Properties

Pure biguanide crystallizes from absolute ethanol in
colorless prisms. Biguanide is soluble in cold water. Its
aqueous solution is alkaline. Biguanide is a stronger base
(pK, = 11.52; pK, = 2.93)* than ammonia (pK = 9.61).
It is soluble in absolute ethanol and insoluble in ethyl ether,
chloroform, and benzene. It gradually decomposes on
heating or on long standing in aqueous solution.! The
melting point is given as 130°! (decomp. 142°3%).
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16. BLACK PHOSPHORUS

SusMmiTTED BY H. KREBS*
CueEckED BY H. Majewskrt

Black phosphorus was prepared for the first time by
Bridgman! by heating white phosphorus to 200° under a
pressure of 12,000 atmospheres. This modification of
phosphorus can also be prepared without the application of
pressure by heating an intimate mixture of white phos-
phorus and metallic mercury at temperatures between 200
and 400°.2 Above 400° red phosphorus is formed; below
360° the rate of conversion is very slow.

Procedure

White phosphorus of commercial grade is first freed from
oxygen-containing contaminants by melting and agitating
it in dilute aqueous potassium dichromate solution weakly
acidified with sulfuric acid. After decanting and washing
the phosphorus with cold water, the melting in the oxidizing
solution is repeated until the phosphorus appears trans-
parent. It is washed with cold water and cut into pieces,
most suitably under ice water.

The preparation of black phosphorus is carried out in a
glass ampul A (see Fig. 8) of 7-cm. length and 2-cm. i.d.
Inside the ampul are five steel balls, like the ones used in
ball bearings. Twenty grams of mercury and about 50 mg.
of black phosphorus (seed crystals) in pieces, not pulverized,
are placed in the ampul. About 20 g. of purified white
phosphorus is then transferred under an inert atmosphere to
B and the apparatus sealed at C.

* Chemical Institute, University of Bonn, Bonn, West Germany.

t Victor Chemical Works, Division of Stauffer Chemical Company, Chi-
cago Heights, Ill.
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A connection to a high-vacuum pump is made via the
ground-glass joint at D, and the white phosphorus is dis-
tilled into the glass tube A until the latter is about two-
thirds full. The ampul is then sealed off at the constriction
E.

By means of a sealed-on glass rod F, the ampul is brought
to the center of a horizontally positioned tubular furnace in
such a way that it can be rotated rapidly by a motor.

—

e

D

\/ c

E T

Th SN
4

Motor

F1a. 8. Apparatus for the preparation of black phosphorus.

Several asbestos plugs (S) serve as heat insulators. The
temperature is measured by a thermocouple (T).

The polymerization of the white phosphorus to the ini-
tially still reactive light red phosphorus takes place at 280°
under rapid rotation of the ampul, so that the seed crystals
are dispersed in the molten white phosphorus and an inti-
mate mixture of red phosphorus, seed crystals, and metallie
mercury results. After 3 days, the temperature is raised
to 360° for one day and then maintained at 380° for 3 days.
The rate of the rotation of the tube may now be reduced
since its contents have become solid. After cooling, the
tube can be opened. A fine film of impure red phosphorus
which is observed occasionally on the surface of the black
phosphorus can be blown off easily. The black phosphorus
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is soft, like graphite, and can be cut with a knife. The
yield, if seed crystals are used, is quantitative.*

Most of the mercury adhering to the reaction product can
be removed by amalgamation with lead. The pulverized
black phosphorus is placed in one half and lead in the other
half of an ampul which is constricted in the middle. The
free gas space is to be kept as small as possible since the
vapor phase consists of P, molecules. The ampul is heated
for several days at a temperature between 300 and 450°.
By repeating this procedure, a mercury content of less than
1 atom per cent is reached. Finally, by replacing the lead
with gold, a mercury content of about 0.5 atom per cent is
reached.

Properties

Black phosphorus is a semiconductor.®* It has a density
of 2.70 g./sq. cm. and a hardness of 2. The crystal lattice
is built up of double layers, each layer consisting of zigzag
chains of phosphorus atoms. In these chains the P-P-P
bond angle is 99° and the phosphorus—phosphorus distance
2.17 A. Black phosphorus is stable in air.
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mately 0.8mm. o.d. and 6-cm. length, The ampul in an iron shield is
placed in an oven which has been preheated from 300 to 320° and the
ampul is maintained at this temperature for 3 days. The ampul is then
heated for 2 days at 340° and finally for 2 additional days at 360°. Gen-
erally, in a sample so treated, about one-half of the phosphorus is converted
to the black form, which is mixed with the mercury.
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17. PENTACALCIUM
MONOHYDROXYORTHOPHOSPHATE

(Hydroxylapatite)

5Ca(NO;). + 3(NH);PO, + NH,OH —
Cas(OH)(PO4)3 + 10NH4N03

SvsmiTTED BY ERicH HavyEx* aANp HEINRICH NEWESELY*
CHeckKED BY Max L. RumpELt

Hydroxylapatite is the stable orthophosphate of ealeium
in neutral and alkaline media. Its preparation in pure form
is difficult, since with the customary precipitation reaction
the monohydrogen phosphate ion always forms according
to the reaction:

5Ca+* + 4P~ + H,0 = Cas(OH)(POy); + HPO, -

Therefore, tetracalcium monohydrogen triphosphate (“octa-
phosphate’’), Ca,H(PO,);2H,0, which displays a structure
similar to apatite, readily forms, solely or at least partially,
in the place of hydroxylapatite.! Such precipitates change
to the B-tricalcium phosphate upon ca'cination. In the
preparation of a uniformly crystalline product one must per-
form a tedious boiling-out process? or the hydrothermal
synthesis ;? either of these methods, however, accommodates
only a small lot (ca. 70 mg., crystal size 0.3 mm.) or else the
preparation has a small sodium content* (0.5% from 2 g. of
material and up to 2-mm. crystal size). In either case,
considerable apparatus and expenditure of time are required.

These difficulties can be overcome, for example, by carry-
ing out the precipitation at normal temperature in a
medium of sufficiently high pH so that the PO,3~ concentra-
tion is not exceeded by that of HPO,~~ and, moreover, by

* Institute for Inorganic and Analytical Chemistry, Innsbruck University,

Innsbruck, Austria.
t University of Kansas, Lawrence, Kan,
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employing the easily volatilized ammonia in the precipita-
tion.® It is necessary both to bring the reaction medium to
a high pH value and to allow the phosphate solution to flow
into that of the calcium salt to obtain a homogeneous prod-
uct. Furthermore, it is important to employ a nitrate
solution instead of a chloride; otherwise, during calcination
of the voluminous precipitate, some ammonium chloride
and chlorapatite may be formed through metathesis.

Procedure

Seventy-eight and seven-tenths grams (0.33 mol) of
Ca(NO;)»4H,0 is dissolved in 300 ml. of water in a 2-l.
flask. The solution is adjusted to a pH of 12 by the addi-
tion of concentrated ammonia (CQs-free) and is then diluted
to 600 ml. Into this solution is dropped slowly, with vigor-
ous stirring, a solution of 26.4 g. (0.2 mol) of diammonium
hydrogen phosphate in 500 ml. water, which similarly has
been brought to pH 12 with ammonia and thereafter diluted
to 800 ml. A voluminous precipitate forms. The filtering
properties of the reaction mixture may be improved by
gently boiling it for 10 minutes. The precipitate is allowed
to settle and the supernatant solution is separated from the
precipitate by decantation and by use of a suction filter,
with application of a weak vacuum.

The filter cake is washed with 100 ml. of hot water, dried
at 150°, and heated for an hour at 240° to remove the
ammonium nitrate. By strong heating at 800° for an hour,
the product becomes largely anhydrous and considerably
hardened. This hardening is of importance when the solid
is to be ground to a predetermined particle size. '

The yield, theoretically 33.5 g., amounts to 30 to 32 g.
because of mechanical losses which are difficult to avoid.

Properties

The hydroxylapatite obtained by this method is in
the form of white fragments which appear highly porous.
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Under the electron microscope the material shows a struc-
ture corresponding to hexagonal prisms which terminate in
pyramids, length about 30 to 60 mu, width 10 to 20 mpu.
By the use of analytically pure starting materials in the
indicated proportions, the atomic ratio Ca/P corresponds
within a deviation of less than 19, of the theoretical value
1.67. Even by using less pure starting materials important
amounts of the impurities iron, aluminum, and manganese,
as well as in part magnesium, are removed by filtration of
the ammoniacal solution. Owing to the great surface area,
a little water content (<19) is retained even after heating
at red heat according to the above procedure; it can be
removed only by long heating at 900°. Hydroxylapatite
begins to decompose above 1100°.
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18. TETRAAMMONIUM PYROPHOSPHATE

H4P207 + 4NH3 - (NH4)4P207

SusmiTrEp BY C. Swanson* anp F. McCorrouveH*
Curcgebp BY Rarra K. BIRDWHISTELL}

Tetraammonium pyrophosphate has been prepared by
bubbling ammonia into an ice-water solution of pyrophos-
* Victor Chemical Works, Division of Stauffer Chemical Company,

Chieago Heights, I11.
t Butler University, Indianapolis, Ind.
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phoric acid and then precipitating the salt with ethanol.!
The procedure given be ow, in which ammoniation of pyro-
phosphoric acid is carried out in ethanol solution, is rapid
and convenient and gives high yields of the product.

Procedure

Fifty grams (0.28 mol) of solid pyrophosphoric acid? is
dissolved, with stirring, in 2 1. of 959, ethanol maintained
at 5° in a 3-l. beaker. A small quantity of decolorizing
charcoal is added and the solution is filtered by suction into
another 3-1. beaker which is kept in a salt-ice-water bath.
The pyrophosphoric acid solution is agitated vigorously
while ammonia is bubbled through a gas inlet tube of 1 cm.
i.d. into the solution. The ammonia is added at a rate such
that the temperature of the solution does not rise above
10°.* Almost immediately, diammonium dihydrogen pyro-
phosphate precipitates from solution; however, continued
ammoniation converts this substance to the tetraammonium
salt.

Ammoniation is complete when a 19, solution of a portion
of the solid product (which has been washed thoroughly
with fresh ethanol) has a pH of approximately 8.2. (For
complete reaction, ammonia must be added for 2 to 4 hours.)
When conversion to the tetraammonium salt has been com-
pleted, passage of ammonia is discontinued, but stirring is
maintained until the temperature of the reaction mixture
reaches 20°. The product is then filtered under suction
onto a Biichner funnel and air is pulled through the filter
cake for one hour. The product is placed on a large dish
and vacuum-dried at 25°.  Yields of 90 to 959, are obtained.
Anal. Caled. for (NH,)P;07: P, 25.2; N, 22.8. Found: P,
25.6; N, 22.8.

*If the reaction mixture becomes too warm, the pyrophosphoric acid
reacts with the ethanol to form ethyl dihydrogen orthophosphate and
orthophosphoric acid.
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Properties

Tetraammonium pyrophosphate is a colorless, water-
soluble crystalline compound which loses ammonia very
slowly when exposed to the atmosphere.

References

1. J. R. Van Wazgr: ‘“Phosphorus and Its Compounds,” Vol. 1, p. 626,
Interscience Publishers, Inc., New York, 1958.
2. J. E. MarLowaN: INORGANIC SYNTHESES, 3, 96 (1950).

19. (TRIPHENYL)AMINOPHOSPHONIUM
CHLORIDE

(CsHi3)sP -+ NH.Cl — [(CesH);PNH,|C1

SumiTTED BY Harry H. SisLEr* anp Nataan L. Smura*
CHECKED BY PETER Barnat

The chloramidation of fertiary amines by introducing gas-
eous chloramide (chloramine) into the anhydrous amine or
a solution of the amine in an inert solvent results in the
formation of 1,1,1-trisubstituted hydrazonium chlorides.!
It has been found that a similar chloramidation reaction
with tertiary phosphines can be made to yield analogous
compounds of the general formula [R;PNH,]CI, 1i.e.,
P,P P-trisubstituted aminophosphonium chlorides.? The
following aminophosphonium chlorides were prepared by
this reaction: P,P,P-triphenyl; P,P,P-tri-n-butyl; P-phenyl-
P,P-(cyclotetramethylene) ; and P-phenyl-P,P-(cyclopenta-
methylene). The methodforthe preparationof (triphenyl)-
aminophosphonium chloride is given as representative of
the procedure.

* The University of Florida, Gainesville, Florida.
t University of California, Berkeley, Calif,
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Procedure

The apparatus used for the generation of chloramide is
the same as described previously.! - The gaseous effluent of
the chloramide generator (at a flow rate of ca. 0.1 mol of
chloramide per hour) is passed into a solution of 5.0 g.
(0.19 mol) of triphenylphosphine in 35 ml. of dry benzene*
maintained at 15 to 25°. Crystallization of (triphenyl)-
aminophosphonium chloride begins to occur as the chlor-
amide is passed through the solution. The reaction is con-
tinued for 10 to 15 minutes. The reaction mixture is filtered
and the residue washed thoroughly with ethyl ether and
dried. The washed residue (4.8 to 5.2 g.) consists of
(triphenyl)aminophosphonium chloride contaminated with
2 to 49, of ammonium chloride. The yield of aminophos-
phonium salt is better than 959,. The product, which
melts at 224 to 227°, is sufficiently pure for most synthetic
work.

It may be purified by the following procedure. The
crude aminophosphonium chloride is dissolved in a con-
veniently small volume (ca. 25 ml.) of chloroform, leaving
most of the ammonium chloride undissolved. After filtra-
tion, aminophosphonium ecrystals of high purity (m.p. 238
to 240° uncor.) are obtained by the addition of cyclohexane
to the chloroform solution. The identity of these crystals
was checked by elementary analysis. Amnal. Caled. for
[(CeHy);PNH,]CL: C, 68.90; H, 5.42; N, 4.46; P, 9.89; Cl,
11.32. Found: C, 68.50; H, 5.75; N, 4.40; P, 9.78; Cl,
11.18.

Properties

The trisubstituted aminophosphonium chlorides are
colorless crystalline compounds which are generally highly
hygroscopic. They are readily and quantitatively hydro-

*The reaction may also be conducted in dry ethyl ether or dichloro-
methane.
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lyzed to the trisubstituted phosphine oxides in neutral,
acidie, or basic aqueous solutions. They may be conven-
iently converted to a variety of different aminophosphonium
salts by metatheses involving the corresponding sodium or
potassium salts. (Triphenyl)aminophosphonium salts pre-
pared in this way include the hexafluorophosphate, the
perchlorate, the nitroprusside, the periodate, and the hexa-
chloroplatinate(IV). Such metatheses must be carried out
rapidly to avoid hydrolysis of the aminophosphonium ion.
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20. (DIMETHYLAMIDO)PHOSPHORYL
DICHLORIDE

(Dimethylphosphoramidic Dichloride)

POCl; + 2(CH;),NH — (CH;),NPOCI; + (CH;).NH-HCI
POCl; + (CH;),NH-HCl — (CH;).NPOCI, + 2HCl

Susmittep BY E. N. WaLsa* ano A. D. F, Tox*
Cueckep BY M. L. Niersent ano T. J. Morrowt

(Dimethylamido)phosphoryl dichloride has been pre-
pared by the action of dimethylamine on an excess of phos-
phorus(V) oxychloride.! This procedure combines the reac-
tions shown above. If dimethylammonium chloride is
available as the raw material, the compound may be pre-

* Victor Chemical Works, Division of Stauffer Chemical Company, Chi-

cago Heights, II1.
t Monsanto Chemical Company, Dayton, Ohio.
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pared by the reaction shown in the second equation.? This
reaction may be carried out easily by heating the mixture
of dimethylammonium chloride with an excess of phos-
phorus(V) oxychloride as described in the second half of the
following procedure.

Procedure

In a 3-1. three-necked flask equipped with a stirrer, a
thermometer, a gas-inlet tube having a $-in. bottom opening
and a reflux condenser protected with a soda-lime drying
tube is placed 1675 g. (10.9 mols) of phosphorus(V) oxy-
chloride. In a distilling flask containing a boiling chip,
there is condensed 118 g. (2.62 mols) of dimethylamine by
cooling in an ice-salt bath. This distilling flask is then con-
nected to a safety bottle which in turn is connected to the
gas-inlet tube of the reaction flask, and the dimethylamine is
distilled into the phosphorus(V) oxychloride under the
liquid surface. The temperature of the reaction mixture is
kept below 50° by means of an ice-salt bath. Dimethyl-
ammonium chloride precipitates immediately. The addi-
tion of dimethylamine is completed within one hour. The
distillation flask is removed and the opening is sealed with a
rubber stopper. The reaction mixture is heated to reflux
(110 to 115°) and held at reflux with stirring until the evolu-
tion of hydrogen chloride almost ceases (12 to 18 hours).
At this point only few, if any, crystals of dimethylammo-
nium chloride remain. The reaction mixture is cooled and
transferred to a 2-1. flask connected to a distillation appa-
ratus provided for fractionation. Most of the excess phos-
phorus(V) oxychloride is removed by distillation to a liquid
temperature of 140° at atmospheric pressure. Ice water is
then circulated through the condenser and the remaining
phosphorus(V) oxychloride is removed by gradually reduc-
ing the pressure to 20 mm. and heating the still pot residue
to 80°. The product is then collected by distilling at 1 mm.
of pressure. The fraction boiling at 43 to 46° at 1 mm. is
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collected as product. This fraction weighs 403 g., 96% of
theory based on the dimethylamine used. Redistillation
through an 18-in. Vigreux column yields the pure product
(b.p. 45° at 1 mm.) in 88 to 95% yield. Anal. Caled. for
(CH;).NPOCl,: P, 19.1; N, 8.7; Cl, 43.7. Found: P, 19.1;
N, 8.7; Cl, 43.5.

Properties

(Dimethylamido)phosphory! dichloride is a water-white
liquid with the following physical constants: b.p. 45° at
1 mm.; 88° at 18 mm.; 90 to 91° at 22 mm.; 194 to 195° at
760 mm. ;sp. gr., 1.369 igg ;npy, 1.4610. It is very reactive
toward water, alcohol, and amines. On long standing, some

precipitation of dimethylammonium chloride is noted.
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21. BIS(DIMETHYLAMIDO)PHOSPHORYL
CHLORIDE

(Tetramethylphosphorodiamidic Chloride)

(CH,):NPOCl; + 2(CH;),NH —
[(CH;):N],POCI + (CH;);NH-HC]

SusMmiTrEp BY E. N. Warsu* anp A. D. F. Tox*
Creckep BY M. L. NieLsent ano T. J. Morrowt

Bis(dimethylamido)phosphoryl chloride has been pre-
pared by the reaction of phosphorus(V) oxychloride with

* Vietor Chemical Works, Division of Stauffer Chemical Company, Chi-
cago Heights, IlI,
t Monsanto Chemical Company, Dayton, Ohio.
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the calculated quantity of dimethylamine,! by the reaction
of hexamethylphosphoramide with phosphorus(V) oxy-
chloride,? and by the action of dimethylamine on (dimethyl-
amido)phosphoryl dichloride.? The procedure described
here is a modification of the preparation using (dimethyl-
amido)phosphoryl dichloride as the starting material.

Procedure

In a 3-1. three-necked flask equipped with a stirrer, ther-
mometer, gas-inlet tube with a 4-in. bottom opening, and a
reflux condenser equipped with a soda-lime drying tube at
the top, are put 400 g. (2.47 mols) of (dimethylamido)phos-
phoryl dichloride (synthesis 20) and 1250 ml. of carbon
tetrachloride. Dimethylamine, 222.3 g. (4.94 mols), is con-
densed in a 500-ml. distilling flask containing a boiling chip.
This distillation flask is then attached to a safety bottle,
which is connected to the gas-inlet tube of the reactor.
With stirring, the dimethylamine is distilled into the reactor
under the surface of the liquid. The temperature of the
reaction is maintained below 45° by means of an ice-salt
bath. Dimethylammonium chloride separates immedi-
ately. When the addition of dimethylamine is complete
(in about 4 hours), the reaction mixture, a thick suspension
of dimethylammonium chloride in the carbon tetrachloride
solution of the desired product, is held at 45° for one more
hour. Itis then cooled and filtered through a sintered-glass
funnel. The dimethylammonium chloride is washed free of
product with a total of 500 ml. of carbon tetrachloride.
The filter cake may be freed of solvent under reduced pres-
sure and used as a reagent for the preparation of (dimethyl-
amido)phosphoryl dichloride. The filtrate is placed in a
distillation apparatus equipped for fractionation and distil-
lation under reduced pressure. An 18-in. Vigreux column
is inserted in the still, and ice-cooled water is circulated
through the condenser. The major portion of the carbon
tetrachloride is removed by distillation at atmospheric pres-
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sure to a liquid temperature of 80°. The pressure is then
reduced gradually to 40 mm. to remove the last trace of
solvent. The pressure is reduced further to 1 mm., and
after removal of a small forerun (10-20 g.) consisting pri-
marily of (dimethylamido)phosphoryl dichloride, the frac-
tion boiling at 64 to 67° at 1 to 2 mm. is collected as product.
This weighs about 400 g. (959 yield). Redistillation
through an 18-in. Vigreux column results in a yield of 377 g.
(86%) of pure product. Anal. Caled. for [(CH;).N],POCI:
P,18.2;N, 16.4;Cl,20.8. Found:P,18.2;N, 16.2; Cl, 20.8.

Properties

Bis(dimethylamido)phosphoryl chloride is a water-white
liquid having the following physical constants: b.p., 63° at
1 mm.; 97 to 98° at 4 mm.; 102° at 6 mm.; n2° 1.4642;
15.5

sp. gr., 1.177 15.5°
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22. OCTAMETHYLPYROPHOSPHORAMIDE

2[(CH3)2N]2POCI + Hgo + 2(02H5)3N -
[(CH;):N},OPOPO[N(CHj3),]> + 2(C,H;);N-HCI

SusMiTTED BY A. D. F. Tov* anp E. N. WaLse*
CuEckED BY M. L. NigrsEnt anp T. J. Morrowt

Octamethylpyrophosphoramide has been prepared by the
action of [(CHj;);N],POCl on [(CH,;).N],OPOC,H; or
* Victor Chemical Works, Division of the Stauffer Chemical Company,

Chicago Heights, Ill.
1 Monsanto Chemical Company, Dayton, Ohio.
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[(CH;):N];OPONa,! and by the treatment of [(CHj),N],-
POCI with inorganic alkali,>3* or with water and tertiary
amine.>® 1t is also reported to have been prepared by the
reaction of pyrophosphoryl chloride with dimethylamine,’
and from the reaction of [(CH;),N]J,OPOCH; with acetic
anhydride.® The procedure described here is a modification
of the reaction of [(CH,),N],POCI with water in the pres-
ence of triethylamine.®

Procedure

Caution! Octamethylpyrophosphoramide is very toxic
(see Properties) and must be handled with great care. All
work should be conducted in a vented hood; rubber gloves
and plastic aprons should be worn by all personnel. Typi-
cal symptoms of intoxication from this compound are
abdominal cramps and diarrhea. A common symptom of
acute intoxication is constriction of the pupils of the eyes.
In case of accident leading to possible intoxication, get
immediate medical attention. Atropine sulfate is a specific
antidote. The checkers make it a practice to soak glass-
ware that has been used for octamethylphosphoramide in
a 20 per cent sodium hydroxide solution for 24 hours to
destroy residues.

In a 1-l. three-necked round-bottomed flask equipped
with a 50-ml. buret, a 500-ml. graduated dropping funnel, a
thermometer, a stirrer, and an exhaust vent protected with
a soda-lime drying tube, is placed 378.4 g. (2.22 mols) of
bis(dimethylamido)phosphoryl chloride (synthesis 21). In
the buret there is placed 20 ml. (1.11 mols) of water, in the
graduated dropping funnel is added 232.0 g. (2.30 mols) of
triethylamine, and the volume (approximately 320 ml.) is
recorded. The contents of the reaction flask are heated to
45 to 50° and then the heater is removed. One milliliter of
water is added, followed by one-twentieth (approximately
16 ml) of the triethylamine. The reaction mixture is
stirred until the mildly exothermic reaction subsides (ca.
5 minutes), and the addition of 1 ml. of water followed by
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the approximately 16-ml. inecrement of triethylamine is
repeated. Again, the reaction mixture is stirred until no
further evolution of heat is noted. This alternate addition
of water and triethylamine is repeated eighteen times, the
1 ml. of water always being added before the triethylamine.
The reaction temperature is maintained at 45 to 50°
throughout this addition period by alternate heating or
cooling as required. The total addition time required is
approximately 100 minutes. When the addition is com-
plete, 20 ml. of water is placed in the buret. This water is
added to the reaction mixture dropwise at 45 to 50° with
stirring. The reaction becomes much more vigorous during
this addition, which is complete in 30 minutes. The reac-
tion mixture, a thick but stirrable paste, is held at 45 to 50°
for 4 more hours. After the first hour, the reaction is no
longer noticeably exothermic and external heating must be
applied. The reaction mixture is then cooled to 25° and
400 ml. of chloroform is added to dissolve the product.
Water (300 ml.) is added to dissolve the triethylammonium
chloride. The solutions are then transferred to a separa-
tory funnel and the chloroform phase (lower) is separated
and washed first with 200 ml. and then with 100 ml. of
water. The aqueous phase and the two wash waters are
each extracted separately and in turn with two 400-ml. por-
tions of chloroform. The three chloroform solutions are
combined and placed in a distillation flask connected to a
distillation apparatus equipped for fractionation and distil-
lation under reduced pressure. The chloroform is removed
by distillation under reduced pressure with ice-cooled water
circulating through the condenser. The bulk of the chloro-
form is distilled at 200-mm. pressure to a still-pot tempera-
ture of 60°. The pressure is then gradually reduced to
2 mm. and the residue is heated to 60° at 2 mm. The
residue thus collected weighs 300 g. (94.59% yield). Anal.
Caled. for [(CHj3):N],OPOPO[N(CHj),l:: P, 21.6; N, 19.6;
Cl, 0.0. Found: P, 21.5; N, 19.5; C], 0.0.

The crude product has an assay of 99.0%, by pager chro-
matographic analysis.
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Properties

Octamethylpyrophosphoramide, when very pure, is a
colorless somewhat viscous oil with the following physical
constants: b.p. 120 to 122° at 0.5 mm.; 154° at 2 mm.; sp. gr.,
1.093°. Normally the color is yellow to amber. The com-
pound is miscible with water, soluble in most organic solv-
ents, and insoluble in higher aliphatic hydrocarbons.® 1t is
a very toxic substance with a MLDjs, to white mice of
17 mg./kg. by intraperitoneal injection.
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23. TRIMERIC AND TETRAMERIC
PHOSPHONITRILE BROMIDES

nPBr; + nBry + nNH,Br — (PNBr,), + 4nHBr
(n=3o0r4)

SusmITTED BY KARL Joun* AND THERALD MOELLER*
CuEckED BY Raymonp E. McGrorauint aANp R. A. ZiNGarot

The phosphonitrile bromides were first obtained by the
ammonolysis of phosphorus(V) bromide.! Reported prepa-

* University of Iilinois, Urbana, IIl.
t Agricultural and Mechanical College of Texas, College Station, Tex.
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rations based upon reaction of phosphorus(V) bromide with
ammonium bromide in sym-tetrachloroethane® * give com-
paratively small yields. A comparable reaction involving
phosphorus(III) bromide, bromine, and ammonium bromide
in the same solvent gives somewhat better yields of trimer
and tetramer.®

Procedure

Three hundred grams (3.06 mols) of dry, finely ground
ammonium bromide and 300 g. (1.1 mols) of phosphorus-
(I1I1) bromide in 600 ml. of dry sym-tetrachloroethane are
placed in a 1-1. round-bottomed flask equipped with a
dropping funnel* containing 350 g. (2.19 mols) of bromine
and an efficient condenser connected to a drying tube con-
taining phosphorus(V) oxide.f To start the reaction,
approximately one-half of the bromine is added, and the
mixture is shaken thoroughly. The flask is then immersed
up to its neck in an oil bath, the temperature of which is
raised gradually over a period of 5 days to 142°. The bath
is maintained at this temperature for an additional 5 days.1
Evolution of hydrogen bromide, together with some bro-
mine, begins at ca. 100°. To compensate for losses, the
remaining bromine is added in small quantities as the reac-
tion proceeds. At the end of the reaction period, the hot
suspension is filtered by means of an exposed, coarse, sin-
tered-glass funnel, to remove unreacted ammonium bro-
mide. The dark brown filtrate is evaporated under a
pressure of 2 mm. with the water-bath temperature begin-
ning at 40°.§ The resulting residue is then digested with

* Concentrated sulfurie acid may be used as a stopcock lubricant.

t If smaller quantities of product are desired, the synthesis can be carried
out on any fraction of the recommended scale. Periodic replacement of
the drying agent is essential.

1 The appearance of dark-brown solid PNBry-PBr, indicates that either
the temperature was too low or the period of heating too short. A cor-
responding reduction in yield then results.

§ Bromine and hydrogen bromide are evolved at this temperature. It

is necessary to raise the temperature finally to 80 to 90° for complete
removal of the solvent.
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800 ml. of anhydrous benzene for 12 hours by heating in an
oil bath at 90°. The benzene layer is decanted from any
remaining solid, and the extraction is repeated with a fresh
500-ml. portion of anhydrous benzene. The combined
benzene extracts are evaporated to a dark semicrystalline
mass which contains the trimer, the tetramer, and the oily
higher polymeric homologs. The mixture is then heated
in a sublimation apparatus at 160 to 180° and 0.25 to
0.50 mm. The trimer and tetramer sublime almost com-
pletely, but the higher homologs polymerize to a rubber.*
The sublimate, which is commonly colored as a result of
splashing, is resublimed to a white crystalline product con-
taining about 8% of the tetramer. The yield is 119 to
132 g. (52.5 to 58.09%,).

The trimer and tetramer are best separated by fractional
crystallization from anhydrousf n-heptane or petroleum
ether (b.p., 90 to 100°).1 The mixture is dissolved in suffi-
cient hot solvent to yield a nearly saturated solution. The
solution is cooled slowly as long as the characteristic flat
prismatic crystals of the trimer continue to form but not
until the needle-like crystals of the tetramer form. The
remaining mother liquor is then removed by decantation,
and the procedure is repeated with the decantate until
about 70 to 759, of the trimer is recovered. Further crys-
tallization from more dilute solutions then yields the
tetramer. Both trimer and tetramer are purified by recrys-
tallization from the same solvent, using activated charcoal
to remove traces of color. The total recovery of separated
trimer and tetramer depends upon how far the fractionation
is carried but should amount to 90 to 959, of the original
trimer-tetramer mixture. Anal. Caled. for (PNBr,); or
(PNBry)4: N, 6.84. Found: N, 6.87.

* Small but varying quantities of trimer and tetramer are occluded by
the rubber. These can be removed by finely dividing the rubber and sub-
liming 4% vacuo at 220°,

t Dried over sodium.

1 These solvents dissolve only small quantities of the trimer and tetramer
at room temperature and exhibit the largest differences in solvent power
for trimer and tetramer of any solvents studied.
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Properties

Pure trimeric and tetrameric phosphonitrile bromides melt
at 192° and 202°, respectively. Both compounds dissolve
in a variety of organic solvents, but the trimer is the more
soluble. Thus, solubilities in anhydrous n-heptane and
petroleum ether (b.p., 90 to 110°) at 25° are, respectively,
trimer, 1.45 g. and 2.30 g., and tetramer, 0.15 g. and 0.27 g.,
each per 100 g. of solvent. The pure compounds hydrolyze
slowly in contact with water or moist air. The infrared
spectra are characterized by P—-N stretching frequencies of
1175 em.™! for the trimer and 1272 em.™ for the tetramer.
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24. PHOSPHORUS(V) CHLORIDE-BORON
CHLORIDE COMPLEX

PCl; 4+ BCl; — PCl:-BCl,

SusmiTTEp BY R. R. HoLMEs*
CHecgEp BY H. MaJEWskrt

The phosphorus(V) chloride-boron chloride complex has
been prepared by the chlorination of the phosphorus(11I)
bromide-boron bromide complex at room temperature,* by
chlorinating an equimolar mixture of phosphorus(11I)

* Carnegie Institute of Technology, Pittsburgh 13, Penn.

t Victor Chemical Works, Division of Stauffer Chemical Company, Chi-
cago Heights, Ill.
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chloride and boron chloride at —78°,% and by the reaction
of phosphorus(V) chloride and boron chloride in the vapor
phase or in carbon tetrachloride solution.2 The last is the
most convenient method, simply involving bubbling tank
boron chloride through a carbon tetrachloride solution of
phosphorus(V) chloride. It also has an advantage in that
almost any desired amount of material may easily be
prepared.

Procedure

A 250-ml. Erlenmeyer flask is fitted with a two-hole
stopper containing an inlet tube extending nearly to the
bottom. The other hole is fitted with a drying tube filled
with Drierite to protect the contents from moisture and to
allow excess boron chloride to escape. Freshly sublimed
phosphorus(V) chloride (4.5 g.; 0.022 mol) in carbon tetra-
chloride (125 ml., dried with calcium hydride) is placed in
the flask and boron chloride from a tank is bubbled through
the solution. A white precipitate forms. The boron chlo-
ride bubbling is continued until the solution is saturated
with the gas, as noted by the hydrolysis of excess boron
chloride emerging through the drying tube. After most of
the solvent is decanted, the white precipitate is filtered
through a sintered-glass crucible in a filtering flask, the
operation being carried out in a nitrogen-filled dry-box.
Suction may be applied by means of a rubber bulb aspirator.
The product is then washed with small portions of dry car-
bon tetrachloride, transferred to weighed ampuls, and dried
by pumping off the remaining liquid which is caught in a
liquid-nitrogen trap. The ampuls containing the powdery
product are sealed under vacuum, reweighed, and stored
until needed. The yield of produet is 4.3 g. (629% of
theory).

Alternatively, the filtering operation may be carried out
in a nitrogen-flushed filtration apparatus, a positive nitrogen
pressure being maintained above the sintered-glass filter.
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Properties

The compound PCls-BCl; is a white solid, easily hydro-
lyzed by water, and insoluble in nonpolar solvents such as
carbon tetrachloride and chloroform. It sublimes com-
pletely in a sealed tube at about 340°, the temperature of
sublimation varying somewhat with the pressure developed
in the tube. The vapor at 340° is yellow-green, indicating
dissociation into chlorine, boron chloride, and phosphorus-
(I11) chloride. Conductance in liquid phosphorus(V) oxy-
chloride? indicates an ionic structure, postulated to be
[PCLJ*T[BCL].
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95. PHOSPHORUS(V) CHLORIDE-GALLIUM (III)
CHLORIDE COMPLEX

2PC15 + G&zCle 4 2PCI§G&CI3

SusmiTTED BY R. R. HoLmEes*
CueckEp BY R. N. Ramsevt anp Joun D. CorserTt

The phosphorus(V) chloride-gallium(IIT) chloride com-
plex has been prepared! by a method analogous to that used
for the preparation of the corresponding phosphorus(V)
chloride-boron chloride complex (synthesis 24).

Procedure

Solutions of freshly sublimed phosphorus(V) chloride
(1.44 g.; 0.00692 mol) in carbon tetrachloride (40 ml.) and

* Carnegie Institute of Technology, Pittsburgh, Pa.
t Iowa State University, Ames, Iowa.
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gallium(III) chloride (1.22 g.; 0.00692 mol based on the
formula GaCl;) in carbon tetrachloride (35 ml.) are made
up inside a nitrogen-flushed dry-box. The two solutions
are then mixed slowly. A white crystalline precipitate
forms. This is filtered (in the dry-box) through a sintered-
glass crucible, washed with dry carbon tetrachloride, and
transferred to ampuls. The ampuls are removed from the
dry-box, the remaining solvent is pumped off, and the prod-
uct is sealed under vacuum. The yield of product is about
2.5 g. (949, of theory).

Properties

Phosphorus(V) chloride~gallium (ITI) chloride is a mois-
ture-sensitive white crystalline solid melting at 368 to 371°.
It is insoluble in carbon tetrachloride and chloroform, reacts
with acetone, and is immediately hydrolyzed by water. In
comparison with the corresponding phosphorus(V) chlo-
ride-boron chloride complex, it is much more difficult to

sublime. Indications' are that the structure is ionic,
[PClH[GaCl,].

Reference

1. R. R. HowmEs: J. Inorg. & Nuclear Chem., 14, 179 (1960).

26. METHYLBROMOARSINES
3CH;;Br + 2As % (CH;):AsBr + CH;AsBr;

SusmiTTED BY Lupwic Maier*
CHECKED BY WILLIAM JENSEN{

Dimethylbromoarsine, one of the first known organo-
arsenic compounds, may be prepared by distilling cacodyl

* Monsanto Research, S. A., Zurich, Switzerland.
1 State University of Iowa, Iowa City, Iowa.
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oxide—mercury (II) chloride with fum ng hydrogen bromide!
or by reducing cacodylic acid with sodium hypophosphite
and hydrogen bromide.” Other methods may also be used.?
Methyldibromoarsine is not described in the literature, but
probably the same methods can be applied for its prepara-
tion as described for the preparation of methyldichloro-
arsine.® The recommended method for the preparation of
methylbromoarsines involves the direct reaction of methyl
bromide with arsenic at 370° in the presence of copper as a
catalyst.*

Procedure

Caution! Both of the methylbromoarsines must be han-
dled with the greatest care, and use of a very efficient hood
is necessary. Contact must be avoided with either the
liquid or the vapor. The vapor irritates the mucous mem-
branes very severely.

-\- [_\\] Glass wool

Fie. 9. Apparatus for the preparation of methylbromoarsines.

One hundred grams (1.334 mols) of commercial arsenic
(crushed to pass a DIN 40 sieve) is mixed with 20 g. of
copper powder.* The ground powders are packed loosely
with glass wool into a Pyrex tube (A) (Fig. 9) 2.5 em. in
diameter and 70 em. long; this tube has ground joints on

* Cuprum per electrolysem pulv., F. Merck A. G. Darmstadt.



84 INORGANIC SYNTHESES

both ends. The reaction tube is heated in a combustion
furnace (B) to 370° while a slow stream of hydrogen is
passed through the charge for one hour. Then one end of
the tube is connected to a receiver (C) and a trap (D) kept
at —80° while the outlet tube leads to the hood. The
other end bears a short inlet tube which is connected to the
methyl bromide container (E).

The methyl bromide vaporizes fast enough at room tem-
perature to give a stream of about 45 to 48 g. per hour in the
arrangement shown in the figure. Over an interval of 10
hours the total yield is about 230 g. or 23 g./hour. Alto-
gether, 480 g. (5.05 mols) of methyl bromide is introduced,
100 g. of which is recovered in the trap D. The reaction
products are distilled through a column, yielding fractions
in approximately the proportions shown in Table I. Redis-

TasLe I
Weight
Products B.p. at 717 mm,, °C.
g. Percentaget
1 forerun* 64-120 5.5 3.3
2 (CHj;)2AsBr 126-131 54.5 33.8
3 CH;AsBr, 176-182 100 62.5

* The forerun contains traces of As(CH;)s and other methylarsines.

t If no catalyst is used in the reaction of methyl bromide with arsenic
under the conditions as described, the yields are lower (about 100 g. in
10 hours). The composition of the reaction products also changes and
about 1% forerun, 429% (CH;):AsBr, and 579, CH;AsBr; are obtained.

tillation of fractions 2 and 3 under reduced pressure yields
the pure compounds (CHj3).AsBr, b.p. 51° at 42 mm., and
CH3ASBI’2, bp 89° at 41 mm.

Properties

Dimethylbromoarsine is a nearly colorless liquid which
boils at 51° at 42 mm. or 128 to 130° at 720 mm. ; d3* 1.9053;
ng’ 1.5713. Methyldibromoarsine is an oily pale yellow
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liquid which boils at 89° at 41 mm. or 179 to 181° at
720 mm.; d2® 2.6588; n2® 1.6808. The compounds hydro-
lyze slowly in cold water and react with halogenated hydro-
carbons to form the arsonium salts.

Notes

Other alkyl halo compounds of the group V elements may
be prepared similarly:
1) The action of methyl chloride on powdered arsenic at
350 to 370° with copper as a catalyst gives a mixture of
809, CH;AsCl, and 209, (CHj;),AsCl; methyl iodide reacts
at 280° to produce the corresponding methyliodoarsines,
and ethyl chloride gives a low yield of ethylchloroarsines.*
Halides of unsaturated hydrocarbons, such as vinyl bromide
and vinyl chloride, react at 400 to 440° with a mixture of
arsenic, copper, and zinc to give vinyldihaloarsines, divinyl-
haloarsines, and arsenic trihalides. At 500° bromobenzene
reacts with arsenic in the presence of silver as a catalyst to
yield phenyldibromoarsine.® 2) Methyl chloride reacts
with red phosphorus in the presence of copper as a catalyst
at 340 to 360° to give good yields of CH,PCl,, (CH3),PCl,
and (CHj);P; other methylphosphines are formed in small
quantities. Methyl bromide gives (at 350°) excellent yields
of CH3PBr; (979%,) in this reaction; (CH;),PBr (29%) is also
produced. Ethyl bromide yields about 959, C,H;PBr, and
49, (C,H;).PBr.> 3) Antimony reacts with methyl chlo-
ride at 360° in the presence of copper to form 109, (CHs).-
SbCl, 589, CH:SbCl,, and 329, SbCl;, and with methyl
bromide at 350° to yield 389, (CH;),SbBr, 409, CH;SbBr.,
and 229, SbBr;.* 4) In the reaction of bismuth with
methyl chloride, no methylbismuth chloride (methylchloro-
bismuthine) has been isolated. However, it is possible
to isolate methylbismuth dibromide (methyldibromobis-
muthine) in low yield in the reaction of methyl bromide
with bismuth at 250°.4
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CHAPTER VB
See also: Anhydrous metal chlorides, synthesis 45

27. VANADIUM (III) FLUORIDE

(Vanadium Trifluoride)

250°
6NH,HF; 4 V,0; — 2(NH,);VF¢ 4+ 3H,0
500°
(NH,);VFs — VF; + 3NH; + 3HF

SusmirTED BY B. J. STURM* AND C. W. SHERIDAN*
Creckep BY P. H. Crayront anp R. N. Vanck, Jr.i

The product resulting from the evaporation of a hydro-
fluoric acid solution of vanadium(IIT) oxide is the hydrate
VF;3H,0.72 It can be dehydrated by treatment with
anhydrous hydrogen fluoride gas at 300°.%* Anhydrous
hydrogen fluoride similarly converts vanadium(III) oxide
into anhydrous vanadium(III) fluoride by forming
VF;3H,O as an intermediate.>®® The procedure is
regarded as a very difficult and mechanically complex oper-
ation,* as agitation is required to ensure complete reaction.?
Hydrofluorination of vanadium(III) chloride®™! at 600°
or of vanadium(II) chloride!! at 700° gives vanadium(III)
fluoride. Conversion of the chlorides entails a procedure
involving many steps for the preparation and purification

* Oak Ridge National Laboratory, Oak Ridge, Tenn.

t Research and Development Division, The Carborundum Company,
Niagara Falls, N.Y.

t Research Center, Hooker Chemical Company, Niagara Falls, N.Y.
87
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of the starting material.!! Vanadium(III) fluoride, con-
taminated with tin, is produced by the reaction of vanadium
metal with molten tin(II) fluoride.!t

Pure anhydrous vanadium(III) fluoride is more con-
veniently prepared by the thermal decomposition, in an
inert atmosphere, of ammonium hexafluorovanadate(III),
the latter being formed by the fusion of ammonium hydro-
gen fluoride with vanadium(IIT) oxide. Long and Wilhelm?3
were unsuccessful in their efforts to prepare vanadium(III)
fluoride by these reactions; their product became oxidized
since it was not protected by an inert atmosphere. Also,
there is evidence that these investigators started with
impure vanadium(III) oxide. The procedure described
below employs an inert atmosphere for the decomposition
of the hexafluorovanadate.

A. PREPARATION OF
AMMONIUM HEXAFLUOROVANADATE (IIT)

Previously, ammonium hexafluorovanadate(III) has been
obtained only from aqueous solution.>1>1% Its preparation
in molten ammonium hydrogen fluoride has the advantage
that it yields a product which is anhydrous. Aqueous
preparations of ammonium hexafluorovanadate(III) tend
to have sorbed moisture, which, during the decomposition,
could through hydrolysis contaminate the vanadium(III)
fluoride with oxide.

Procedure

One hundred and fifty grams (1 mol) of vanadium(IIT)
oxide, either the commercial powder or that prepared by
hydrogen reduction of vanadium(V) oxide,** is mixed with
684 g. (12 mols) of ammonium hydrogen fluoride. The
excess ammonium hydrogen fluoride serves to ensure com-
plete reaction of the vanadium(III) oxide. The mixture
is heated in a graphite crucible of the approximate dimen-
sions 5-in. 0.d. X 6-in. height X %-in. thickness. After it
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has-become fluid at 100°, the material is stirred with a
graphite rod (approx. #-in. o.d. X 10-in. length) which has
a well drilled into it to accommodate a thermocouple.*
(During the stirring process, gloves should be used for pro-
tection of the hands from the irritating fumes.) The tem-
perature is slowly raised to 250° to hasten the evolution of
water and excess ammonium hydrogen fluoride. This
treatment leaves a green solid residue. This residue has
the crystallographic properties reported for ammonium
hexafluorovanadate(1IT).13-15—18

B. DECOMPOSITION OF
AMMONIUM HEXAFLUOROVANADATE(III)

Procedure

The ammonium hexafluorovanadate(I1I) is thermally
decomposed in a gas-tight cylindrical nickel containert
made by welding a plate to close one end of a 6-in. length
of standard 4-in. pipe. A gas-inlet tube of +-in. or slightly
larger nickel tubing extends through the lid nearly to the
bottom of the container. The lid also has an outlet of
standard $-in. nickel pipe which is electrically heated to pre-
vent condensation of the volatile decomposition products.
During the decomposition an inert gas, nitrogen or helium,
is passed through the reactor to drive off the vapors. A
temperature of 500 to 600° is maintained until white fumes
are no longer observed. The flow of inert gas is continued
while cooling the product to room temperature. If the
ammonium hexafluorovanadate(III) is not protected from

* During the fusion of ammonium hydrogen fluoride with pure vana-
dium(I1T) oxide the yellow fumes reported by Long and Wilhelm?® were
not observed. However, yellow fumes were obtained on heating the acid
fluoride with vanadium (V) oxide. This indicates that their vanadium (I1II)
oxide was contaminated with pentoxide. Vanadium(V) oxide probably is
converted to the pentafluoride, which is reported to react with moist air
to form yellow oxyfluorides.!0

1 The checkers found a graphite crucible to be a satisfactory container
for the thermal decomposition of ammonium hexafluorovanadate (I1I).
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air during the decomposition, it is oxidized to vanadium(V)
oxide, presumably by the reaction:

When pure reactants are employed, the yield of vanadium-
(III) fluoride is quantitative, as this procedure does not
involve the formation of volatile vanadium compounds.

Analysis

The product is a fine gray-green powder which has the
crystallographic properties reported for the trifluoride.!® 2
Anal. Caled. for VF;:V, 47.0; F, 53.0. Found:V, 47.0; F,
52.1. Fluorine is determined by a pyrohydrolytic pro-
cedure.”* Vanadium is determined by permanganate titra-
tion of a sample dissolved in sulfuric acid.?? Contamina-
tion of the product by nickel from the container is less than
0.05%, the limit of detection by spectroscopy.

Properties

Vanadium(III) fluoride is a yellow-green solid which is
practically insoluble in all ordinary solvents.!®

Melting Point. Previously reported to be above 800°,*°
the melting point of vanadium(III) fluoride proved to be
even too high for measurement by thermal analysis in equip-
ment useful to 1250°. When heated to 1250°, it did not
even sinter, but remained a free-flowing powder. No
allotropic modifications were indicated up to this tem-
perature. The melting point was found by heating the
compound to various higher temperatures with a Baker High-
Temperature Furnace. To prevent oxidation or volatiliza-
tion during heating the compound was sealed in platinum
capsules (3-in. o.d. X 0.010-in. thickness X 13-in. length)
with a helium atmosphere. Examination of the cooled
product showed that melting had occurred in capsules
heated to 14194 5°, but not in those heated to 1392 +5°.
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Accordingly, the melting point is represented as 1406 4 15°.
No decomposition took place during melting, as shown by
analysis of the cooled material.

Optical Crystallographic Properties. As prepared by the
thermal decomposition of ammonium hexafluorovanadate-
(I1II), vanadium(III) fluoride has too fine a crystal size for
the determination of optical properties with a polarizing
microscope. Heating to 1350° in a platinum tube forms
twinned crystals that are easily studied. According to
Weaver,? these crystals are biaxial (<) with optic angle
(2V) of 5 to 10°. The a- and ~-refractive indexes are,
respectively, 1.536 and 1.544.

Chemical Properties. Vanadium(III) fluoride was found
not to attack vanadium or nickel metal at temperatures up
to 1250°. Published free-energy values?* had indicated
reduction to a hypothetical vanadium(II) fluoride under
these conditions.
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28. VANADIUM (I1I) SULFATE
VzOs + 3H2SO4 + S — "72(804)3 + 3H20 + SOZ

SusmitTED BY ROBERT T. Craunce* AND Mark M. JoNes*
CueckeEd BY Wayne C. WoLseyt

Pure anhydrous vanadium(III) sulfate can be prepared
by the reduction of vanadium(V) oxide dissolved in sulfuric
acid with elemental sulfur as the reducing agent.’? The
procedure given below is an adaptation of this method.

Procedure

A 500-ml. three-necked, round-bottomed Pyrex flask is
used as the reaction vessel. A glass or Teflon stirrer is
inserted in the central opening and a water or air condenser

* Vanderbilt University, Nashville, Tenn.
1 University of Kansas, Lawrence, Kan,
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and a thermometer are inserted in the side openings.
Thirty-six and four-tenths grams (0.2 mol) of pure vana-
dium(V) oxide is added to 9.6 g. (0.3 mol) of sulfur. Four
hundred and fifty grams of concentrated sulfuric acid (95 to
989,) is then added and the mixture is stirred. The mix-
ture is heated with a heating mantle to 170 to 200° and
kept there with continuous stirring for 16 hours. The
initial brown color of the slurry changes first to light blue
and finally to yellow. This yellow powder is collected on a
fritted-glass Biichner funnel and washed with 100 m'. of
water. The unreacted sulfur is removed by suspending
the material in 100 ml. of 509, ethanol, pouring 100 ml. of
carbon disulfide into this, and stirring at room temperature
for half an hour. If a large excess of sulfur is used in the
reduction process, the excess collects in spheres which can
be easily separated from the vanadium(III) sulfate. The
yield is 75 g. (96%).

If the length of reaction time is extended from 16 to 30
hours, larger particles of vanadium(I1I) sulfate are obtained
which are much easier to handle. If the length of reaction
time is decreased to 12 hours, a very fine powder is obtained
which is very difficult to use.

Analysis

Vanadium is determined by ignition of the sulfate in air
to vanadium(V) oxide. Sulfate is determined by dissolving
a sample of the vanadium(III) sulfate in hot 3 N HNOs;,
adding about 1 ml. of 659, hydrazine hydrate to reduce any
vanadates which may have formed, and precipitating the
sulfate as barium sulfate. Anal. Caled. for V,(SOy4)s: V,
26.12; SO,~—, 73.88. Found:V, 26.13; SO,~—, 74.16.

Properties

Vanadium (III) sulfate is a lemon-yellow powder, which
is quite stable in air in contrast to most vanadium(III)



94 INORGANIC SYNTHESES

compounds. However, upon exposure to moist air over a
period of several weeks a green hydrate forms. Vanadium-
(II1) sulfate dissolves slowly in boiling water and very
slowly in water at room temperature. It dissolves more
readily in dilute and concentrated nitric acid. The com-
pound is essentially insoluble in eoncentrated sulfuric acid.
When heated in a vacuum at or slightly below 410°, it
decomposes into vanadium(IV) oxide sulfate, VOSO,, and
sulfur dioxide.?

References

uGER: Compt. rend., 178, 306 (1921).

1. V. A
2. F. RivenaG: Bull. soc. chim. France, 4, 1697 (1937).

29. VANADIUM(II) SULFATE

V.05 + SO; + H,80,— 2VOS0, + H,0
VOSO4 + 2H+ + 2¢— — VSO4 + HzO

SusMiTTED BY MARsYMILiaN KraNz*
Creckep BY Davip E. GoLpBERGT AND AaRoN RIBNERT

Vanadium(II) sulfate can be prepared by reduction of
vanadium(V) oxide in sulfuric acid solution either electro-
lytically or with sodium amalgam or with zine, followed by
evaporation of the solution in vacuo over phosphorus(V)
oxide.’ ¢ It also may be prepared by the electrolytic reduc-
tion of vanadium(IV) oxide sulfate, VOSO,, which is the
basis of this procedure.

Procedure

Eighteen grams (0.099 mol) of vanadium(V) oxide, 30 ml.
of concentrated H,SO,, and 40 ml. of water are stirred and
* Institute of Applied Chemistry, A. Mickiewicz University, Poznan,

Poland.
t Brooklyn College, Brooklyn, N.Y.
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heated on a water bath for 20 minutes. Distilled water is
added to dilute the solution to 375 ml. and sulfur dioxide is
bubbled through the solution to reduce the vanadium(V) to
vapadium(IV). The muddy suspension is changed into
a deep blue solution of vanadium(IV) oxide sulfate, which
must be further reduced electrolytically.

The sulfate solution is evaporated to one-fifth its original
volume; then carbon dioxide is bubbled through to ensure

Fig. 10. Apparatus for the preparation of vanadium(II) sulfate solution.

complete removal of sulfur dioxide. Before reduction, the
solution is diluted to one liter with boiled water saturated
with carbon dioxide. Ten milliliters of this solution con-
tains about 0.1 g. of vanadium(IV), The solution is
titrated with potassium permanganate to determine the
exact titer:

5VO+t 4+ MnO,~ + 8H* — 5VO* + Mn*++ + 4H,0

A 100-ml. three-necked flask (Fig. 10) is used for the
reduction, This arrangement, based on the work of
Piccini,!? ensures air-free conditions and gives a good yield.
The solution is conveniently discharged from the vessel by
the hydrogen generated in the cell after the reduction of the
vanadium is complete. The anolyte (about 3 ml. of
2 N H.S0.,) is placed in a vertical tube with a sintered-glass
bottom. The anode is a 1-sq.-cm. sheet of platinum, and
the cathode is mercury.
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One hundred milliliters of vanadium oxide sulfate solution
is placed in the flask, and the level of the solution is marked.
The level must be maintained by the continual addition of
distilled water saturated with carbon dioxide. A current of
2-2.5 amp. is applied with a voltage of 9 volts for approxi-
mately 3 hours. During electrolysis, the flask is cooled by
water. The yield is equivalent to about 1 g. of vanadium
in the form of a solution of VSO, 7H,O. The solution may
be stored for several hours without oxidation by tightly
closing the hydrogen outlet.

If erystals of VSO,7H,O are desired, the solution is
removed by lowering the hydrogen outlet tube while hydro-
gen is still being generated. The solution is passed into a
200-ml. flask fitted with a two-hole rubber stopper with two
tubes. Carbon dioxide is passed into one tube, and the
carbon dioxide and water vapor escape from the other.
The solution in the flask is thus evaporated to about 20 ml.
The flask is cooled in running water (about 12°) for 5 days.
After crystallization has occurred, the product is removed
under a carbon dioxide funnel, washed with ethanol which
has been distilled in a nitrogen atmosphere, and dried on
filter paper. The product must be stored away from con-
tact with air.

Properties

V80,7H,0 is a violet salt which it is extremely easy* to
oxidize. It forms mixed crystals with other salts of the
type MSO,7H,;0 and is isomorphous with such salts.
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30. VANADIUM(II) HYDROXIDE

V80, 4+ 20H~ — V(OH), + SO,

SuBmITTED BY MARsYMILIAN Kranz*
Cueckep BY Davip E. GoLpBERGT AND AArRON RIBNER?

Vanadium(II) hydroxide is among the most powerful
reducing agents known in inorganic chemistry.! It is very
unstable and extremely sensitive to
atmospheric oxidation. In aqueous VSO,
solution it is oxidized by water, unless
some stabilizing substance such as thio-
cyanate or tellurate(IV) ion is present.?
In this procedure the hydroxide is made
from the corresponding sulfate (synthe-
sis 29).

Procedure

Thirty milliliters of sodium hydroxide
solution (0.02 g./ml.), 10 to 15 ml. of
potassium thiocyanatef or potassium
tellurate(IV), and 70 ml. of distilled F'® 11. Apparatus for

’ . . e preparation of va-
water are placed in a 500-ml. reaction nadium(II)hydroxide.
flask (Fig. 11). The pH of this solution
is about 10. The mixture is boiled for 30 minutes with the
stopcock open to remove dissolved air. The heating is
stopped and the stopcock closed simultaneously. When
the temperature drops to 20°, 10 ml. of freshly reduced
vanadium(II) sulfate solution, containing about 0.1 g. of
vanadium(II), is added directly from the electrolytic cell

* Institute of Applied Chemistry, A. Mickiewicz University, Poznan,
Poland.

t Brooklyn College, Brooklyn, N.Y.

1 One mg./ml. of arion, i.e., 0.1674 g. of KSCN or 0.1442 g. of K;TeO;
per 100 ml. of distilled water, is required.
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(synthesis 29). The precipitated vanadium(II) hydroxide
is filtered and washed with freshly boiled distilled water or
with water saturated with carbon dioxide under the CO,-
funnel shown in Fig. 12. The product is then dried in a
vacuum desiccator. Analysis* is performed by permanga-
nate titration. The conversion is essentially quantitative.

Fra. 12. Apparatus for filtration and washing of vanadium(II) hydroxide.

Immediate analysis of a product prepared under similar
conditions but with no added thiocyanate or tellurate(IV)
ion shows only about 809, vanadium(II), and analysis after
17 hours shows only 629, vanadium(II).

The quantity of stabilizing substance may be ingreased
to provide greater protection from atmospheric oxidation.
For example, with the use of 30 to 40 ml. of potassium thio-
cyanate or tellurate(IV) (or a mixture of the two) it is possi-
ble to obtain the hydroxide in a form which may be filtered
in air and dried for 17 hours on the filter funnel without
oxidation. The stabilized hydroxide will return to its
original unstable form by treatment with oxidation-acceler-
ating substances such as tetrachloroauric(III) acid [hydro-
gen tetrachloroaurate(III)]l, copper(Il) sulfate, or palla-

* Before analysis, the stabilizing ions must be removed.
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dium(I1) chloride in quantities equal to those of the
stabilizing ions.*

Properties

Vanadium(II) hydroxide is a grayish violet gelatinous
substance. It absorbs oxygen from the air, even when dry,
to form a greenish hydroxide of vanadium(III).

References

1. J. W. MELLoOR: ‘A Comprehensive Treatise on Inorganic and Theoretical
Chemistry,” Vol. IX, p. 740, Longmans, Green & Co., London, 1929;
Gmelin-Kraut, ‘‘Handbuch der anorganischen Chemie,”” Vol. III,
Part 2, p. 74, Carl Winter’'s Universitidtsbuchhandlung, Heidelberg,
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2. M. Kranz: Przemysl Chem., 89, 18 (1960).

31. CYCLOPENTADIENYL METAL CARBONYLS
AND SOME DERIVATIVES

SusMIiTTED BY R. B. Kina{] anp F. G. A. StoNET
CHECKED BY WiLniam L. Jorry,§ Gorpon Avustin,§ Wirriam Covey,§
Davip RasiNovicH,§ HENRY STEINBERG,§ aND Roy Tsucawa$

Cyclopentadienyl carbonyls of several transition metals
have been reported during the last decade, and these com-
pounds have been shown to undergo a variety of interesting
reactions.! Two general methods have been used to pre-
pare these materials: treatment of metal carbonyls with
cyclopentadiene or cyclopentadienylsodium, and the reac-

* One mg./ml. of AuCl,~, Cut+, or Pd+4, i.e., 0.1215 g. of HAuCl,-4H,0,
0.3928 g. of CuS80,-5H;0, or 0.2004 g. of PdCl;-2H,0 in 100 ml. of distilled
water.

t Harvard University, Cambridge, Mass,

t Present address: Explosives Department, Experimental Station, E. 1.

du Pont de Nemours & Company, Wilmington, Del.
§ University of California, Berkeley, Calif.
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tion between cyclopentadienyl metal derivatives and carbon
monoxide under pressure. Procedures are described below
for the preparation of cyclopentadieny] carbonyls of vana-
dium, chromium, molybdenum, iron, and cobalt. Syn-
theses of certain derivatives of some of the cyclopentadienyl
metal carbonyls are also given. The preparations of cyclo-
pentadienylvanadium tetracarbonyl, C;H;V(CO),, and
cyclopentadienyleobalt dicarbonyl, CsH;Co(CO),, illustrate
the reaction of the bis(cyclopentadienyl) metal derivatives
with carbon monoxide. Cyclopentadienylmanganese tri-
carbonyl, C;H;:Mn(CO);, can also be synthesized by an
analogous procedure. The preparations of compounds con-
taining the cyclopentadienylchromium tricarbonyl, cyclo-
pentadienylmolybdenum tricarbonyl, and ecyclopentadi-
enyliron dicarbonyl groups illustrate preparations invelving
treatment of metal carbonyls with cyclopentadiene.

A, CYCLOPENTADIENYLVANADIUM TETRACARBONYL
[Tetracarbonyl(cyclopentadienyl)vanadium}

The only known syntheses of cyclopentadienylvanadium
tetracarbonyl, C;H;V(CO),, are based on the reaction of
bis(cyclopentadienyl)vanadium with carbon monoxide
under pressure.! The procedure given below is based
on this reaction but avoids isolation of pyrophoric bis-
(eyclopentadienyl)vanadium by direct carbonylation of
the solution obtained from vanadium(III) chloride and
cyclopentadienylsodium. )

For this synthesis anhydrous vanadium(III) chloride is
required. This may be purchased,* or prepared either from
vanadium(V) oxide via vanadium(IV) chloride? or by
refluxing vanadium(V) oxide with excess hexachloropropene
for several days and filtering the purple solid produced.

Procedure

A 1-1. three-necked flask is fitted with a nitrogen inlet,
reflux condenser, and stirrer. After flushing the apparatus
* Anderson Chemical Co., Weston, Mich.
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with nitrogen, 100 ml. of xylene (previously dried over
sodium) and 11.5 g. (0.5 mol) of sodium metal are placed in
the flask and the mixture is heated to the boiling point of
the xylene. The molten sodium is stirred at the boiling
point to produce sodium sand. After stopping the stirring,
the sodium is allowed to cool to room temperature and the
xylene is removed with a syringe. The sodium sand* thus
obtained is washed once with about 100 ml. of tetrahydro-
furan, freshly distilled from lithium aluminum hydride
(lithium tetrahydroaluminate) to remove water and per-
oxides. After removing tetrahydrofuran with a syringe, a
further 150 ml. of redistilled tetrahydrofuran is added to the
sodium.

Meanwhile, cyclopentadiene is prepared from commercial
dicyelopentadiene (3a,4,7,7a-tetrahydro-4,7-methanoindene)
by heating it at the boiling point in a flask fitted with a
Vigreux column with a distillation head and condenser.
Monomeric cyclopentadiene distills over at about 42° as a
colorless liquid, which should be used within one hour or
kept at —78° until use.

A dropping funnel is attached to the flask containing the
sodium and tetrahydrofuran, and 50 ml. (40 g.; 0.6 mol) of
the freshly cracked cyclopentadiene in 150 ml. of tetra-
hydrofuran is placed in the funnel. This cyclopentadiene
solution is added to the sodium sand over a period of about
30 minutes to 1 hour with stirring, and the stirring con-
tinued for about 1 to 2 hours until all of the sodium dis-
solves, giving a red solution of cyclopentadienylsodium. If
some of the sodium fails to dissolve after a reasonable
amount of time, more of the cyclopentadiene may be added
and the stirring continued. If the tetrahydrofuran used as
solvent has not been carefully purified, the cyclopenta-
dienylsodium solution may be brown.{

*If commercial sodium dispersions are used in this preparation, the
mineral oil in which they are shipped contaminates the final product.

+ All manipulations are carried out under nitrogen. Cyclopentadienyl-

sodium solutions are quite air-sensitive and the solids obtained on evapor-
ating such solutions are pyrophoric.



102 INORGANIC SYNTHESES

The cyclopentadienyl sodium solution, obtained as just
described, is treated with 25 g. (0.16 mol) of anhydrous
vanadium(III) chloride.* An exothermic reaction occurs
and the solution becomes a dark purple.

The next step of the synthesis, carbonylation of the
resulting solution of bis(cyclopentadienyl)vanadium, is car-
ried out in an autoclave capable of withstanding at least
5000 p.s.i., and preferably 10,000 p.s.i., and equipped with
devices for heating and rocking, and preferably with
attached temperature and pressure recorders. For the
quantities of reactants given above, an autoclave equipped
with a stainless-steel liner of 1-l. capacity is suitable.

After stirring the solution of bis(cyclopentadienyl)vana-
dium for 1 to 2 hours, it is loaded into the liner of the auto-
clave. In order to prevent oxidation of the solution during
the transfer, both the flask containing the solution and the
liner of the autoclave are kept under rapid streams of pre-
purified nitrogen. When the vanadium solution has been
added, the liner is closed, placed in the autoclave, and the
latter closed and connected to the high-pressure system.
The high-pressure apparatus is then flushed out once with
500 p.s.i. of ¢.p. carbon monoxide,t and then pressurized to
800 to 1000 p.s.i. of carbon monoxide. The apparatus is
heated with rocking at 120 to 140° for 6 to 12 hours. After
cooling to room temperature and venting the gases, the
autoclave is opened and the dark solution transferred to a
flask. Solvent is removed at 15 to 40 mm. (water aspi-
rator). If the residue is still sticky, it may be dried at
about 1-mm. pressure.

The resulting residue is then transferred to a sublimation
apparatus (Fig. 13) and the product sublimed from the

* Vanadium (IV) chloride may be substituted here, but a correspondingly
larger quantity of cyclopentadienylsodium must be used and the halide
must be diluted with benzene to avoid too vigorous a reaction. For an
autoclave of the size specified, however, no more than 400 ml. of solvent
should be used. Vanadium(IV) chloride has the disadvantage of being
very corrosive and unstable,

t Caution! Extremely poisonous gas.
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residue at 80 to 100° at 0.1 mm. onto a water-cooled probe.
The sublimation will probably have to be done in several
portions and it will probably take 1.5 to 3 hours to sublime
the product from each portion. The product appears (on

[~ ]
j 1
Vacuum
~ 107 mm,
«55/50 %
~
Water-
cooled
probe
2.5 cm.
16 cm.
45 cm. ﬂ
Oil
bath

Fra. 13. Apparatus for the sublimation of C;H;V(CO),.

the probe) as bright orange crystals in yields of 15 to 259,
(5.4 to 9.0 g.). The residues from the sublimations are
very pyrophaoric.

Properties

Cyclopentadienylvanadium tetracarbonyl is an orange
crystalline solid. On prolonged exposure to air, especially
when slightly impure, it darkens in color, finally becoming
black. It is therefore best stored under a nitrogen atmos-



104 INORGANIC SYNTHESES

phere. It has been used to prepare many novel organo-
vanadium compounds.

B. CYCLOPENTADIENYLCHROMIUM TRICARBONYL
DIMER AND BIS(CYCLOPENTADIENYLCHROMIUM
TRICARBONYL)MERCURY

{ Tricarbonyl(cyclopentadienyl)chromium Dimer and
Mercuribis[tricarbonyl(cyclopentadienyl)chromium]}

Two methods have been reported for the prepara-
tion of cyclopentadienylchromium tricarbonyl dimer,
[CsHsCr(CO);),: partial oxidation of the hydride C;H;Cr-
(CO);H,® and the reaction of bis(cyclopentadienyl)chro-
mium with earbon monoxide.* Both of these methods
suffer from the disadvantage that they require the handling
of pyrophoric intermediates, and furthermore, the method
involving bis(cyclopentadienyl)chromium proceeds in low
yield.

The mercury derivative, [C;Hs;Cr(CO);},Hg, is more
easily prepared and handled than is [CsH;Cr(CO)s],.

The syntheses described below involve the sequence of
reactions:

BV, 3C0 + CsHCr(CO):Na (1)
2C5H5CI'(CO)3N& + 2C7H7BI‘ -

[CsHCr(CO)sls + 2NaBr + CiHu  (20)
or  2CsH;Cr(CO);Na + Hg(CN); —
[CsHsCr(CO););Hg + 2NaCN  (2b)

g
NaCsH; + Cr(CO)s —2

Procedure

Although the chromium hexacarbonyl necessary for this
preparation may be obtained by the method described in an
earlier synthesis,® several improved procedures have been
developed recently.’ Of these, the carbonylation of a mix-
ture of chromium(III) acetylacetonate [2,4-pentanedionato-
chromium(I1I)], magnesium, and pyridine in the presence
of catalytic quantities of iodine,® or the carbonylation of a
mixture of chromium(III) chloride, aluminum chloride,
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aluminum powder, and benzene,” are the most convenient
and economical.

Tropylium bromide (cycloheptatrienocarbonium bro-
mide), C;H;Br, required for reaction (2a) above may be
prepared by bromination of cycloheptatriene* in carbon
tetrachloride, followed by removal of the carbon tetrachlo-
ride and heating the residue in vacuo (60° at 20 mm.) for
several days.® The product so obtained is washed with
tetrahydrofuran. Recrystallization is unnecessary. Tro-
pylium bromide is deliquescent and must be stored in a dry
atmosphere. Allyl chloride or bromide may be substituted
for tropylium bromide in reaction (2a).

A 500-ml. three-necked flask is fitted with a nitrogen
inlet, reflux condenser, and stirrer. Unless otherwise indi-
cated, the reactions are carried out under nitrogen. After
flushing out the apparatus with nitrogen, 1.4 g. (0.06 mol)
of sodium metal and 50 ml. of the dimethyl ether of diethyl-
ene glycol (“diglyme,” Ansul Ether 141)1 are placed in the
flask, and the sodium is converted to sodium sand by the
procedure described above for the preparation of cyclo-
pentadienylvanadium tetracarbonyl. It will be noted, how-
ever, that the use of xylene is unnecessary since diglyme has
a boiling point considerably above the melting point of
sodium. Commercial 509 sodium dispersion in mineral
oil may also be used in this preparation.

The sodium sand is treated with excess of freshly cracked
cyclopentadiene (see preparation of cyclopentadienylvana-
dium tetracarbonyl for details) to prepare a red solution of
cyclopentadienylsodium. To the resulting solution is
added 8.8 g. (0.04 mol) of solid chromium hexacarbonyl, and
the mixture is then refluxed with stirring until no unreacted
chromium hexacarbonyl, or very little, remains in the reflux
condenser (3 to 6 hours). The resulting yellow solution of

* Available from the Shell Chemical Co.

t The commercial product should be redistilled over lithium aluminum
hydride. Tetrahydrofuran cannot be used here because its boiling point
is too low.



106 INORGANIC SYNTHESES

the sodium compound, CsH;Cr(CO);Na, is allowed to cool
to room temperature.

If cyclopentadienylchromium tricarbonyl dimer is desired
[reaction (2a)], the resulting solution is treated with 10.2 g.
(0.06 mol) of tropylium bromide or an equivalent quantity
of an allyl halide. The reaction is exothermic, and the mix-
ture becomes dark brown. When the solution has cooled
to room temperature (about 30 minutes), 10 ml. of methanol
followed by 200 ml. of water is added, precipitating out
cyclopentadienylchromium tricarbonyl dimer, ditropyl
(bicycloheptatrienyl), and some brown decomposition prod-
ucts. After filtration, the ditropyl is washed out with
250 ml. of pentane in several portions and may be recovered
by evaporation of the pentane washings followed by subli-
mation (50° at 0.1 mm.). The residue from the pentane
washings is sublimed at 100 to 120° at 0.1 mm. (Fig. 13) to
give the product, a deep green sublimate. The residue from
the sublimation is very pyrophoric and care must be taken
that absolutely none of this residue is transferred mechani-
cally to the sublimation probe. If this occurs, the product
will be pyrophoric and will inflame spontaneously upon
exposure of the probe to air. Although eyclopentadienyl-
chromium tricarbonyl dimer is not especially air-sensitive,
the product from this preparation is best handled under
nitrogen because of its potentially pyrophorie character.
In a typical experiment 3.0 g. (379, yield) of cyclopenta-
dienylchromium tricarbonyl dimer and a corresponding
amount of ditropyl are obtained.

If the mercury derivative, [C;H;Cr(CO);],Hg, is desired
[reaction (2b)], the diglyme solution of C;HsCr(CO);Na is
poured into 200 ml. of an aqueous solution of 20 g. (0.08 mol)
of mercury(II) cyanide, a voluminous yellow precipitate of
the mercury derivative forming. After about 30 minutes,
the precipitate is filtered by suction, washed with two
300-ml. portions of water, and sucked dry. The yield of
crude material is nearly quantitative.

In order to obtain a more nearly pure, more crystalline
product, the crude material is dissolved in about 500 ml. of
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boiling acetone. The deep yellow solutions of the mercury
compound seem to be fairly stable to air oxidation and an
inert atmosphere is not necessary at this point. The mix-
ture is filtered and the product crystallized by addition of
pentane and by evaporation with the use of a water aspira-
tor. The stable yellow crystalline solid is obtained in about
409, yield.

Properties

Cyclopentadienylchromium tricarbonyl dimer is a deep
green crystalline solid, sparingly soluble in organic solvents
to give yellow or green solutions, depending on the concen-
tration. The solid sublimes at 100 to 120° at 0.1 mm. The
mercury derivative, [CsH;Cr(CO);).Hg, is a yellow crystal-
line solid, which is fairly so'uble in organic solvents. For a
compound which must contain a mercury-chromium bond,
it is remarkably stable thermally. It sublimes at 130° at
0.1 mm. with only slight decomposition. Unlike many
metal-metal bonds, such as that in manganese carbonyl, the
mercury-chromium bond is even stable to 19, sodium
amalgam in tetrahydrofuran at 25°, none of the sodium salt,
CsHyCr(CO);Na, being formed. The mercury compound
is considerably more stable to oxidation than cyclopenta-
dienylchromium tricarbonyl dimer.

C. CYCLOPENTADIENYLMOLYBDENUM TRICARBONYL
DIMER AND CYCLOPENTADIENYLMOLYBDENUM
TRICARBONYL HYDRIDE

{ Tricarbonyl(cyclopentadienyl)molybdenum Dimer and
Hydrogen tricarbonyl(cyclopentadienyl)molybdate (-I)}

tetrahydrofuran

NaC;sH;s + Mo(CO)s ———"%, 0;H;Mo(CO);Na + 3CO
CsHsMo(CO);Na + CH,COOH —
CH,COONa + CsH;Mo(CO),H

tetrahydrofuran

4C5H5MO(CO)3H + Oz —_—> 2[05H5M0(CO) 3]2 + 2H20

Cyclopentadienylmolybdenum tricarbonyl dimer has
been prepared by oxidation of the hydride CsHsMo(CO);H
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by air in ethereal solution.® The procedure given below is
based on this reaction but avoids the isolation of the inter-

mediate hydride. The preparation of this hydride is also
described.

Procedure®

The synthesis is carried out in a 500-ml. three-necked
flask equipped with a nitrogen inlet, reflux condenser, and
stirrer. A solution of cyclopentadienylsodium is prepared
under nitrogen, as described under Procedure A, from 2.8 g.
(0.12 mol) of sodium sand (or an equivalent quantity of
commercial sodium dispersion in mineral oil) in about
125 ml. of redistilled tetrahydrofuran and about 13 ml.
(about 0.16 mol) of freshly cracked cyclopentadiene. This
solution is treated with 26.4 g. (0.1 mol) of molybdenum
hexacarbonyl and the mixture is refluxed at the boiling
point for 10 to 16 hours with stirring, producing a yellow
to yellow-brown solution of the sodium compound,
CsH;Mo(CO);Na. Heating should be kept to the mini-
mum necessary to maintain the mixture at the boiling point
and at the same time prevent excessive loss of solvent.
However, the salt CsH;Mo(CO);Na is sufficiently stable so
that even if complete loss of solvent should oceur during
this heating period, some product would still be obtained.

After cooling the C;H;Mo(CO);Na solution to room
temperature and replacing any solvent lost by evaporation,
excess (2 to 4 times the stoichiometric amount) of glacial
acetic acid is added. If the pure hydride is desired, the
solvent is removed in the vacuum of a water aspirator after
about an hour of stirring and a residue colored purple-red
from traces of cyclopentadienylmolybdenum tricarbonyl
remains. Nitrogen is admitted to the evacuated flask and
the residue is transferred to a sublimation apparatus (Fig.
13) under nitrogen. The sublimation onto an ice-cooled

* The molybdenum hexacarbony! required for this preparation may be
purchased from Climax Molybdenum Co.
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probe is carried out at 50 to 70° at 0.1 mm., yielding air-
sensitive yellow crystals of the hydride, CsH;Mo(CO);H,*
which may be removed and stored under nitrogen. The
residues from such sublimations may be pyrophoric.

If the dimeric cyclopentadienylmolybdenum tricarbonyl
is desired, the tetrahydrofuran solution of C;H:Mo(CO);H,
obtained from the sodium compound and glacial acetic acid,
is treated with a rapid stream of air for about 5 hours. The
mixture becomes dark red immediately, and considerable
solvent loss occurs during this process. After the aeration
treatment is complete, the remaining solvent is removed
with a water aspirator and the produet extracted from the
residue with several hundred milliliters of hot benzene.
The product is not especially air-sensitive, and the extrac-
tions with hot benzene may be carried out in air. As long
as the extracts are dark red, worth-while product is being
obtained. The combined benzene extracts are filtered, and
the filtrate is evaporated at aspirator pressure, leaving
about 12 g. (509, yield) of red-violet crystals of the dimer,
[CsHsMo(CO);)s.  Although this material is sufficiently
pure for preparative purposes, further purification may be
carried out if desired, but with considerable loss, by subli-
mation at 150 to 160° at 0.1 mm. or by recrystallization
from mixtures of pentane and dichloromethane.

Properties

Cyclopentadienylmolybdenum tricarbonyl hydride is a
yellow crystalline solid subliming easily at 50° at 0.1 mm.
It is quite air-sensitive, darkening noticeably immediately
on exposure to air, and therefore it should always be handled
and stored under nitrogen.

Cyclopentadienylmolybdenum tricarbonyl dimer is a red-
violet crystalline solid subliming with difficulty at 150° at
0.1 mm. with fairly extensive decomposition. It is spar-

* See also synthesis 38 for details for the preparation of this compound.
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ingly soluble in pentane but more soluble in polar organic
solvents. Unlike the hydride, it is not particularly air-
sensitive and may, if pure, be stored in air. However,
solutions or impure material are oxidized gradually in air.

D. CYCLOPENTADIENYLIRON DICARBONYL DIMER AND
CYCLOPENTADIENYLIRON DICARBONYL IODIDE

{Dicarbonyl(cyclopentadienyl)iron Dimer and
Dicarbonyl(cyclopentadienyl)iron Iodide}

2Fe(CO)5 + QCsHe b d 2[H] + [C5H5F8(CO)Q]2 + 600
[05H5FC(CO)2]2 + Iz - ZC5H5FB(CO)2I

The only practical preparations of cyclopentadienyliron
dicarbonyl dimer involve reactions of iron pentacarbonyl
with either cyclopentadiene'® or its dimer'! at elevated
temperatures. Although the use of monomeric cyeclo-
pentadiene is reported to give a higher yield and possibly
a purer product, use of an autoclave is required because of
the low boiling point of cyclopentadiene if a reasonable
amount of product is to be prepared. For this reason the
reaction between iron pentacarbonyl and dicyclopentadiene
may well be more convenient since it can be carried out in
an open system. The preparation described below involves
dicyclopentadiene.

Procedure

The synthesis of the dimer is carried out in a 2-1. three-
necked flask equipped with a nitrogen inlet, reflux con-
denser, and thermometer well. The reaction is conducted
under nitrogen. During the heating period the tempera-
ture should never be allowed to exceed 140°. If this occurs,
extensive decomposition will result and little or no product
will be obtained.

The flask is charged with a mixture of 1 kg. of technical
dicyclopentadiene and 150 ml. (ca. 215 g.; 1.1 mols) of iron
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pentacarbonyl.* The mixture is heated at 130 to 140°f
until yellow vapors of iron pentacarbonyl are no longer
observed. This process takes about 8 hours. The deep
red mixture is allowed to cool to room temperature, prefer-
ably over a period of several hours, during which time red-
purple crystals of the product separate. The crystals are
filtered by suction and washed with several portions of
pentane to remove excess dicyclopentadiene. In this man-
ner about 76 g. (389, yield) of red-violet crystals are
obtained. The product will still contain traces of dicyclo-
pentadiene, as evidenced by its odor. Although the prod-
uct is now satisfactory for preparative purposes, it may, if
desired, be purified either by recrystallization from a
pentane-dichloromethane mixture or by sublimation in
small portions at 110° at 0.1 mm. Significant loss of com-
pound, however, occurs during purification.

If several preparations of cyclopentadienyliron dicar-
bonyl dimer are contemplated, it is desirable to retain the
dicyclopentadiene filtrate (but not the pentane washings);
the filtrate should be kept under nitrogen, and about 50 or
100 ml. of fresh dicyclopentadiene should be added for the
next preparation. Besides being more economical in terms
of dicyclopentadiene consumed, this technique may raise
the yield of product from 40 to 60-70%.

In order to convert cyclopentadienyliron dicarbonyl
dimer to cyclopentadienyliron dicarbonyl iodide, it is
treated with iodine in chloroform.®

A mixture of 50 g. (0.141 mol) of cyclopentadienyliron
dicarbonyl dimer, 50 g. (0.197 mol) of iodine, and 250 ml. of
chloroform is refluxed in a 500-ml. flask for about 30 min-
utes, an inert atmosphere being unnecessary. After cooling
to room temperature, the mixture is washed in several por-
tions in a separatory funnel with a solution of 100 g. of

* Iron pentacarbonyl is commercially available (Antara Chemicals) and
inexpensive. It is quite toxic and should be handled in a hood.

t The checkers found it necessary to employ a femperature of 140 to
150°; no product was obtained at 130 to 140°,



112 INORGANIC SYNTHESES

sodium thiosulfate 5-hydrate in 400 ml. of water. The
black chloroform layer is separated from the aqueous layer
and filtered, and the filtrate is evaporated to dryness with
the use of a water aspirator, to give black crystals of
CsH;Fe(CO).I. The crystals are washed on a filter with
150 ml. of pentane in several portions and are sucked dry,
giving 61 g. (659, yield) of the product.

Properties

Cyclopentadienyliron dicarbonyl dimer is a red-violet
crystalline solid, sparingly soluble in pentane, but more
soluble in polar organic solvents. It is fairly air-stable in
the solid state, although solutions are slowly oxidized to
iron(I1I) oxide. It may be sublimed at 110° at 0.1 mm.,
but extensive decomposition usually occurs. It reacts with
dilute sodium amalgam to produce the sodium derivative,
CsH;Fe(CO),Na, which may be used to prepare a variety
of derivatives.

Cyclopentadienyliron dicarbonyl iodide is a black crystal-
line solid, which resembles cyclopentadienyliron dicarbonyl
dimer in its solubility and air stability. It sublimes at
about 90° at 0.1 mm. It may be used to prepare a variety
of organoiron compounds.?

E. CYCLOPENTADIENYLCOBALT DICARBONYL
[Dicarbonyl(cyclopentadienyl)cobalt]

Two general methods have been used for the preparation
of cyclopentadienylcobalt dicarbonyl: the reaction between
dicobalt octacarbonyl and cyclopentadiene'? and the reac-
tion of bis(cyclopentadienyl)cobalt with carbon monoxide
at elevated temperatures and pressures.'®* The method
given here is a modification of the second method, and as in
the preparation of cyclopentadienylvanadium tetracarbonyl
described above, avoids isolation of the intermediate
pyrophoric bis(cyclopentadienyl)metal derivative.
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Procedure

The anhydrous cobalt(1I) chloride required for this prep-
aration is conveniently prepared by heating reagent-grade
cobalt(1I) chloride 6-hydrate at 160° or above at a pressure
of 5 mm. or less until the pink salt has turned blue. The
water may be collected in a trap cooled in a —78° bath in
order to protect the pump. To prevent clogging of the sys-
tem, it may be necessary to remove the water from time to
time.

Preparation of the solution of bis(cyclopentadienyl)cobalt
is best carried out in a 2-1. three-necked flask equipped with
a nitrogen inlet, reflux condenser, stirrer, and dropping
funnel. A solution of cyclopentadienylsodium in 1 1. of
redistilled tetrahydrofuran is prepared from 40 g. (1.74 mols)
of sodium metal* and about 200 ml. (160 g.; 2.4 mols) of
freshly cracked cyclopentadiene. This solution is then
treated with 110 g. (0.85 mol) of anhydrous cobalt(II) chlo-
ride, and the mixture is stirred for at least 2 hours at room
temperature.

The stirrer is replaced with a stopper in order to prevent
possible oxidation of the bis(cyclopentadienyl)cobalt, and
solvent is removed by means of an aspirator, leaving a
sticky black residue. To avoid oxidation, nitrogen is
admitted to the flask.

Meanwhile, approximately 300 ml. of thiophene-free
benzene is deaerated by bubbling prepurified nitrogen
vigorously through the solvent for several minutes. The
bis(cyclopentadienyl)cobalt is extracted with this benzene
and the deep purple extracts are poured under nitrogen into
the liner of the 1-l. autoclave, the techniques being similar
to those described for the preparation of cyclopentadienyl-
vanadium tetracarbonyl. The liner is ¢'osed immediately
and placed in the autoclave, and the autoclave is closed and
connected to the high-pressure system. After being flushed

* Commercially available 509, dispersion in mineral oil, or sodium sand
prepared as described in earlier procedures.



114 INGRGANIC SYNTHESES

out once with hydrogen, nitrogen, or carbon monoxide
under at least 800 p.s.i., or several times with gas under a
lower pressure, the autoclave is pressurized with at least
2250 p.s.i. of carbon monoxide. The autoclave is heated
with rocking at 130° for about 10 hours; considerable carbon
monoxide absorption occurs initially. After the reaction is
over, the autoclave is cooled below 50°, the excess carbon
monoxide is vented and the autoclave is opened, preferably
after being flushed with an inert gas.

The dark solution in the autoclave is removed and filtered
with suction. The autoclave is rinsed and the residues are
washed with at least an additional 200 ml. of benzene. The
filtrate is then distilled through a Vigreux column at reduced
pressure. Benzene is removed first at such a pressure as to
give a pot temperature of 35 to 45°. The benzene distills
over slightly red in-color due to the presence of traces of the
product. The product is then distilled at 37 to 38.5° at
2 mm. to give 39 g. (259, yield) of cyclopentadienylcobalt
dicarbonyl as a deep red liquid. The product is best stored
under nitrogen in a refrigerator.

Properties

Cyclopentadienylcobalt dicarbonyl is a deep red liquid,
easily miscible with the usual organic solvents. It is some-
what air-sensitive and is best stored under nitrogen. It
undergoes a variety of interesting reactions.b!*
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32. SULFUR(S%*)

SusMiTTED BY C. Brisxe,* N. H. HarrsuorNE,* anp D. R. STrankst
CuecxeEp BY Froyp B. Baxrer}

Sulfur-35 is the only long-lived radioactive isotope of
sulfur and it may be produced by the direct neutron irradi-
ation of elemental sulfur: S*(n,vy)S%. However, the spe-
cific activity attained is quite low even in high-neutron
fluxes. It is preferable to irradiate potassium chloride and
take advantage of the reaction: C1**(n,p)S%%. Four weeks’
irradiation of ten grams of potassium chloride in a thermal-
neutron flux of 10'2 neutrons em.”? sec.”! yields about
5 millicuries of S5, which when dissolved in water is isolable
as ‘‘carrier-free”’ sulfate ion. Nevertheless, the isotopes
CI3¢ P32 K*2) and Na?* are concurrently produced in the
neutron irradiation of potassium chloride, and a chemical

* School of Chemistry, University of Leeds, Leeds, England.

1 University of Melbourne, Victoria, Australia.

} Los Alamos Scientific Laboratory, Los Alamos, N.M.
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separation, based on the precipitation of MgNH,PO, in the
presence of a “hold-back’ sulfate carrier, is necessary.
This separation has been performed on the “carrier-free’”
‘sodium sulfate(S3%) solutions* available commercially at
relatively low cost. The following preparation employs
such a solution, since for the S% activities normally required
(e.g., millicuries) an individual chemical separation of an
irradiated potassium chloride sample is uneconomic.

Procedure
A. SODIUM SULFIDE(S#%)
Na,S380Q, + 4H, — Na,S3% + 4H,0

This preparation should be conducted in a well-ventilated
fume hood. Analytical reagent-grade anhydrous sodium
sulfate (0.500 g.; 0.0035 mol) is heated to constant weight
in a platinum combustion boat whose surface area should
be as large as possible. The desired quantity of sodium
sulfate(S?®%) ‘““carrier-free’’ solution is added dropwise to the
solid sodium sulfate and the contents of the boat are dried
slowly under an infrared lamp. The boat is placed in a
silica tube through which is passed a stream of oxygen-free
hydrogen previously dried by passage through a calcium
chloride tube. The hydrogen gas is led out through a sin-
tered-glass bubbler charged with dilute potassium hydroxide
solution (to trap sulfur compounds) and then through a
small aluminum jet. The hydrogen is passed for about five
minutes to displace air in the apparatus, the hydrogen is
then ignited at the exit jet, and the platinum boat is slowly
heated to a dull red heat by means of an efficient fish-tail
Bunsen burner. For best results all the sodium sulfate
sample should be molten during the reduction process. (In
the final stages a slight darkening of the contents of the boat

* These solutions usually contain about 10 micrograms of sodium sulfate
per millicurie of S35,
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may be observed.) After two and a half hours, the heating
is stopped, and after cooling in a desicecator, the boat is
weighed. The mass of the residue should correspond to
within 39, of the theoretical yield of sodium sulfide (0.258 g.).
If necessary, an additional heating period of thirty minutes
is permissible but prolonged heating is inadvisable as losses
of product may result.

B. SULFUR(S%)
Na,S% + I,— §% + 2Nal

The sodium sulfide(S%°) is quantitatively transferred with
the minimum of cold distilled water to a 15-ml. centrifuge
tube. The tube is placed in a rack within a hot-water bath
and a saturated solution of iodine in 109, potassium iodide
1s added dropwise. After a yellow suspension forms, the
iodine is cautiously added until one drop causes the yellow
suspension to turn white. The white solid is coagulated by
standing for five minutes in the hot water bath and is then
centrifuged.® The sulfur precipitate is washed first with
0.01 M potassium iodide solution (three times) and then
with distilled water (normally at least six times) until the
washings are completely free from iodide. After the
washed sulfur is nearly dry in the boiling water bath, it is
transferred to a vacuum desiccator and dried for 24 hours.

The chemical and isotopic yields, based on the conversion
of sodium sulfate to sulfur, are 929,. Usually 2 to 39 of
unreduced sulfate is recoverable. The remaining losses of
about 59, are mainly due to losses of colloidal sulfur and of
hydrogen sulfide from the solid sodium sulfide.

The synthesis may be conducted with larger or smaller
amounts of sodium sulfate provided a relatively large sur-
face of molten sulfate is presented to the hydrogen stream.

* The supernatant liquid will contain any unreduced sulfate, which may
be recovered as barium sulfate.

t If the active sulfur is to be employed in different allotropic forms, it
should be first annealed in an oven at 90 to 95° for two days.
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The synthesis is not limited by the amount of S3* employed.
With an initial activity of 10 millicuries of S%0, ™, the
final specific activity of sulfur will be about 100 millicuries
per gram for the quantities specified above.

Properties

Isotopic. Sulfur-35 emits B-particles of 0.167 M.e.v.
maximum energy and has a half-life of 87.1 days. It is
readily assayed as a solid with a thin-mica-end-window
Geiger counter.

Chemical. In addition to its intrinsic interest, sulfur
serves as a starting point for the synthesis of many labeled
molecules. Digestion of sulfur in aqueous sulfites yields
thiosulfates, which when heated with iodine lead to tetra-
thionates and trithionates. Digestion of sulfur in aleoholic
cyanide solutions yields thiocyanates, thence thiocyanogen
and thiourea with its derivatives and coordination com-
plexes. Oxidation of sulfur to sulfur dioxide is a potential
route to labeled sulfamic acid and its derivatives and to
labeled sulfuryl chloride. The intermediate sodium sulfide
readily yields hydrogen sulfide and metallic sulfides.

33. SULFUR(IV) FLUORIDE
(Sulfur Tetrafluoride)

38CL; + 4NaF — SF, + 8.Cl, 4+ 4NaCl

SusmrrTeDp BY F. 8. Fawcerr* ano C. W. TurLLock*
Cueckep BY CrLaupe I. MgrriLLt

Sulfur(IV) fluoride has been prepared by fluorination of
elemental sulfur with cobalt(III) fluoride! or with elemental

*E. I du Pont de Nemours & Company, Wilmington, Del. Contri-
bution No. 578 from the Central Research Department, Experimental
Station.

t University of Washington, Seattle, Wash.
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fluorine? and by the reaction of iodine(V) fluoride with
sulfur(I) bromide.? The present procedure is based on a
synthesis recently reported by Tullock.*

Procedure

Caution. Sulfur(IV) fluoride, sulfur chlorides, and sodium
fuoride are toxic chemicals. This procedure should be carried
out in a well-ventilated hood with allowance for the fact that
vapors heavter than air are involved.

A 21, four-necked glass flask with ground-glass joints is
provided with a thermometer, a 500-ml. dropping funnel
equipped with a pressure-equalizing side tube, a Tru-bore
stirrer with a paddle of Teflon polytetrafluoroethylene, a
heater, and an efficient reflux condenser cooled with water
at a temperature below 10°. Ground-glass connections are
lubricated with silicone or with Halocarbon stopcock grease.
The top of the reflux condenser is connected by means of
Tygon polyvinyl chloride tubing to a receiver cooled in a
mixture of solid carbon dioxide and acetone. The appa-
ratus is thoroughly dried before use and is protected from
moisture during the preparation. Four hundred and
twenty grams (10 mols) of finely divided sodium fluoride*
and 1 1. of dry acetonitrilef are put in the flask, and 520 g.
(325 ml.; 5 mols) of distilled sulfur(II) chloride (b.p. 20 to
25° at 115 mm.) I is placed in the funnel. The dichloride is

* Sodium fluoride of small particle size is essential for good results.
Mallinckrodt Analytical Reagent powder has generally been satisfactory.
Estimation of particle sizes by examination with an optical microscope
has indicated that samples having a major portion of the particles below
8u in diameter are suitable. Bulk density of the powdered material meas-
ured after tapping in a graduated cylinder to constant level gives some
indication of reactivity. Bulk densities for very good samples of sodium
fluoride have been in the range 0.85 to 0.90 g./ml., whereas some samples
with bulk densities of 1.35 to 1.67 g./ml. have given poorer results.

t Anhydrous grade, Carbide and Carbon Co.

1 Technical-grade sulfur(II) chloride obtained from Matheson, Coleman
& Bell (SCl;, b.p. 76°) commonly contains 25 to 30% sulfur(I) chloride
(8:Cl;, b.p. 138°) and some free chlorine (b.p. —35°). The S8,Cl; has no
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added during half an hour to the stirred slurry initially at
25°.* During the addition the temperature rises spontane-
ously to about 40° and, near the end, refluxing occurs at a
low rate and a small amount of product collects in the cooled
receiver. After the addition is completed the mixture is
stirred and heated to 50° over a one-hour period, to 70° over
an additional one-hour period, and then maintained at 65 to
70° for another half-hour while the crude liquid sulfur(IV)
fluoride is collected in the receiver. After the preparation
is completed, the cooled reaction residue is disposed of by
pouring it slowly into a stirred mixture of aqueous sodium
hydroxide and ice. All connections are disassembled and
cleaned promptly in order to prevent freezing. Rinsing
with acetone is effective in cleaning vessels containing small
amounts of sulfur halides. (Caution. Vigorous reaction if
on a large scale.)

The erude sulfur(IV) fluoride that collects in the receiver
is distilled into the pot of a dry low-temperature glass frac-
tionating column, for example, one having a rectifying sec-
tion 12 mm. in diameter and 280 mm. in length packed with
7%-in.-i.d. glass helixes and cooled with solid earbon dioxide

deleterious effect on the reaction. The presence of free chlorine, however,
is undesirable because it is not readily separated from SF; by distillation.
The preparation is preferably carried out with distilled SCl; by using the
portion boiling at 20 to 25° at 115 mm. Good results have also been
obtained with technical sulfur(II) chloride from which the chlorine has
been stripped by distillation at 115 mm.; distillation is stopped when about
10 to 15% of the charge has collected in a receiver cooled in a mixture of
acetone and solid carbon dioxide. Density data for binary mixtures of
SClI; and S,Cl; have been reported.s

* This method of adding the dichloride provides a product that, after
moderately efficient distillation, is essentially water-white. For larger-
scale operation this procedure is not recommended, but rather the sodium
fluoride-acetonitrile slurry is preheated to 65 to 70° the sulfur(II) chloride
is added gradually to the mixture, and the sulfur(IV) fluoride is collected
as it is formed. On the scale shown, the gradual addition of SCI; at 65 to
70° during 2 hours followed by an additional 1 hour at this temperature
gives a yield of sulfur(IV) flucride equal to that shown, but more careful
fractionation is required to separate the low-boiling colored impurities.
The preparation has been conducted by gradual addition of dichloride at
65 to 70° on a scale six times that shown with equally good results.
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and acetone refrigerant.* During this transfer there is left
behind a residue of 5 to 10 ml. of a less volatile red liquid,
which is discarded. On distillation at atmospheric pres-
sure, a yellow-colored forerun of about 5 ml. (liquid at
—78°) is rejected and then 120 to 160 g. (60 to 809%,) of
sulfur(IV) fluoride is collected at —38° to —35° (uncor.) as
a water-white to very pale yellow liquid eontaining 5 to 109,
thionyl fluoride as determined by infrared absorption data
(see Properties). It may be stored temporarily in glass
vessels at —78° or indefinitely in metal cylinders at room
temperature.

If the product contains free chlorine and is accordingly
yellow or greenish yellow in color (as may occur, for exam-
ple, if chlorine is not removed completely from the sulfur
chloride or if sodium fluoride of insufficient reactivity is
used and sulfur(Il) chloride is decomposed in situ), the
chlorine may be removed as follows. The crude tetrafluo-
ride is condensed into an evacuated metal vessel that con-
tains powdered sulfur. It is stored overnight at room
temperature and is redistilled to separate it from the
higher-boiling sulfur chloride that is formed.

The sulfur(IV) fluoride may be transferred to a stainless-
steel cylinder for storage as follows. The distilled product
is collected in a trap that can be agitated or swirled while
the liquid is frozen with liquid nitrogen. A stainless-steel
cylinder equipped with a safety rupture disk assembly and
of sufficient volume to provide at least 1 ml./g. of the tetra-
fluoride is dried and evacuated before use. The trap con-
taining the tetrafluoride is connected by means of glass and
heavy-wall tubing (Tygon polyvinyl fluoride, Butyl rubber,
or neoprene) to the cylinder via a T-connection, the third
arm of which is connected via another T-connection to a
1-m. mercury-filled open-end manometer and a stopcock
leading to a vacuum pump. With cautious swirling to
avoid breaking of the trap during freezing, the tetrafiuoride

* Podbielniak columns with stainless-steel Heli-grid packing may also
be used.
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is cooled in liquid nitrogen, the trap and lines are evacuated
to ca. 1 mm., and the connection to the pump is closed.
The stainless-steel (18-8 type 304) cylinder is cooled in
liquid nitrogen, and the tetrafluoride is distilled into it
in vacuo without the application of heat. (Caution. Use
of ordinary steel cylinders in liquid-nitrogen baths may result
in sertous fatlure due to low-temperature embrittlement of the
metal.®)

Properties

Sulfur(IV) fluoride has b.p. —38° and m.p. —121°.3 Its
vapor pressure at 25° is about 12 atmospheres and the criti-
cal temperature is approximately 90°. Although sulfur(IV)
fluoride is very reactive with water, it can be handled in dry
Pyrex-brand glass equipment without etching. Theadverse
effect of moisture on the preparation and handling of the
tetrafluoride is increased in glass apparatus since hydrogen
fluoride is formed along with thionyl fluoride. The former
may cause etching of the glass with formation of silicon
tetrafluoride and water, with the possibility of further etch-
ing. Any thionyl fluoride (b.p. —44°) so formed is not
easily removed from the tetrafluoride, but it generally does
not interfere with the reactions of the latter.

The purity of sulfur(IV) fluoride may be estimated from
infrared absorption data. Characteristic absorption bands
are as follows, the walicized values being those most useful
for this analysis: for SF4,® moderately intense sharp band at
1744 em, 7 (5.741), moderately intense band at 1281 cm.™!
(7.80u), strong triplet bands centered at 889 cm.™* (11.25u)
and 867 em.”t (11.55u), and a strong band at 728 em.™!
(13.75u) ; for SOF,,” strong bands at 1546 em.™! (6.47u) and
1480 em.™! (6.76u), strong doublet at 1333 cm.™! (7.50u),
and strong bands at 806 cm.™! (12.40u) and 748 cm.™!
(13.35u). Sulfur(IV) fluoride prepared by this procedure
has typically contained 5 to 10 mol 9 SOF, as determined
by infrared or mass spectrometry.
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34. PEROXYDISULFURYL DIFLUORIDE
AgF.
280, 4+ Fy —— S;06F,

SuBMITTED BY JEAN'NE M. SHREEVE* AND GEOrRGE H. Capy*
CrECKED BY CHARLES CLEAVER} axp E. L. MUETTERTIES T

Peroxydisulfuryl difluoride can be prepared by reaction
of fluorine with an excess of sulfur trioxide at about 250°
and by the combination of fluorine fluorosulfate with sulfur
trioxide. The catalytic fluorination of sulfur trioxide vapor
by fluorine in the presence of a heated catalyst of copper
ribbon coated with silver(II) fluoride provides a good
method for the preparation of a product which can be
purified easily.

Procedure
A 1-1. flask is equipped with a 24/40 standard taper outer
joint and an exit tube attached at the neck. An inlet tube

* University of Washington, Seattle 5, Wash.
1 E. 1. du Pont de Nemours & Company, Wilmington, Del.
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sealed through a ring seal to a 24/40 inner joint is extended
nearly to the bottom of the flask. It is convenient to fit
the inlet and exit tubes with 2-mm. stopcocks to prevent
the entrance of moist air when the generator is not in use.
When used in the process, this flask contains about 500 g. of
“Sulfan B.”* At first this material is a liquid (y-SOj3). As
it is used it becomes largely a solid (3-SOy).

A copper tube about 90 cm. long and 7.6 cm. in diameter,
packed with copper turnings which are plated with silver, is
used as the reaction vessel. The reactor is closed at the
ends by disks of copper fastened on by silver solder. An
inlet tube of 1-in. copper tubing is silver-soldered to the
vessel at one end and an outlet tube is attached in the same
manner at the other end. In the preparation of the catalyst
about 4.5 kg. of annealed thin copper ribbon (in the form of
“‘chore balls” of the type normally used for cleaning dishes) {
is plated with 50 to 100 g. of silver by displacement from a
solution containing Ag(CN).™ ion.! The plated ribbon is
washed, dried, and packed firmly into the reactor to which
one end-plate is attached.f The second end-plate is then
attached and the reactor is insulated with a layer of asbestos
paper and wound with Nichrome ribbon to permit electrical
heating. Before use, the reactor is heated to 200° and
treated with fluorine until the gas appears to be absorbed
no longer. About 40 g. of fluorine is required.

Apparatus is assembled so that dry nitrogen flowing at a
rate of about 8 1. per hour through a calibrated flowmeter
(made with 1-mm. capillary tubing as the orifice) passes
through the sulfur trioxide in its flask at about 25° and
thence into the reactor.§ A stream of fluorine also enters

* Commerecially available from the Allied Chemical Co.

T Available from the Metal Textile Corp., Roselle, N.J,

1 The checkers were able to pack only 2.2 kg. of catalyst into their
reactor. They did not anneal the copper ribbon.

§ Checkers’ comment: ‘“‘Dry helium which flows at a rate of about 8 L.
per hour through a calibrated Fisher and Porter Flowrator (size 08 bore)
passes through the sulfur trioxide in its flask at about 30-35°. We found
very little product when the SO; was held at 25°.”
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the reactor, the two streams of gas coming together just
before entering the reactor. The reactor is held at about
150° and the residence time of the reactants is about 15
minutes. Gases coming from the reactor are passed
through: (1) a glass trap at about —78° where most of the
crude S;04F; condenses and (2) a glass trap cooled to —183°
by liquid oxygen. Volatile by-products and some S,;0F,
collect in the second trap. Use of oxygen as the coolant
precludes the possibility of condensing liquid fluorine which
is run in in slight excess.* The rate of flow of fluorine from
a commercial cylinder of the gas is adjusted (to about 1.1 1.
per hour) with a nickel diaphragm valve (Hoke No. 413K)
and the gas is passed through a calibrated flowmeter (made
by using a pin hole in a thin platinum sheet as the orifice),
so that some unreacted fluorine passes through the system.
This is detected- by darkening of potassium iodide paper
held in the stream of gas issuing from the trap at —183°.7
After the flow rates have become established, all material
which has condensed in the trap at —78° is allowed to evap-
orate, by warming the trap to room temperature, and the
trap is again cooled to —78°. The product which now col-
lects is free from sulfur trioxide. The only reason for
continuing to use the trap at —183° is to provide a means
of testing for excess fluorine in the exit gases. Substantially
all the peroxydisulfuryl difluoride condenses in the trap at
—78°.

Purification of the product is accomplished by holding
the trap at —78° and pumping away the volatile materials

* Checkers’ comment: “(2) a glass trap cooled to —196°C by liquid
nitrogen, and (3) an exit bubbler containing a low liquid level of ‘Halocarbon
oil.” The exit bubbler is a convenient way of roughly checking gas flow
rates and gives an immediate visual check as to whether air or liquid oxygen
is condensing in the liquid nitrogen trap.”

t The checkers used as a flowmeter a flowrator composed of a 08 Fisher
and Porter tube connected at each end with Z-in. Teflon tubing, the stain-
less ball being stopped at each end of the glass tube by a sliver of platinum.
A ball reading of 1 to 2 was used. Fluorine was used from a cylinder con-

taining 100 g. of sodium fluoride pellets to remove hydrogen fluoride and
thereby reduce the rate of attack upon the flowrator tube.
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through a condenser trap cooled by liquid nitrogen or oxy-
gen. Pumping is continued until the observed molecular
weight of the remaining material is 198 to 200. The vapor
density may be measured from time to time by allowing the
material to warm temporarily to room temperature so that
a sample of its vapor can be collected at about 100-mm:.
pressure in a 250-ml. gas density bulb equipped with a Kern
stopeock lightly lubricated with Kel-F grease. When the
correct, vapor density is reached, the product is substan-
tially pure S;O¢F,. This situation probably would not be
true if an excess of fluorine were not used in the reactor so
that sulfur trioxide would be totally consumed.*

The above conditions produce about 6 g. of S;O¢F, per
hour after flow conditions are established and the reactor
has become filled with reactants. The yield based upon the
consumption of SO; may exceed 909, of theoretical.

Properties

Peroxydisulfuryl difluoride is a colorless liquid having an
extremely unpleasant odor and a vapor pressure of 146.4 mm.
at 25.8°. It has a melting point of —55.4° and a boiling
point of 67.1°, and its density is given by the equation
g = 2.3959 — 2.434 X 1072 T°K for the temperature range
of 35.5 to 45.0°.2 It hydrolyzes in water, giving oxygen
and fluorosulfuric acid; the latter continues to hydrolyze
slowly to give sulfuric and hydrofluoric acids. Peroxy-
disulfuryl difluoride reacts readily with potassium iodide
solution, liberating iodine. It ignites organic materials
immediately upon contact. In many of its reactions the
gas becomes brown, presumably because of the presence of
fluorosulfate free radicals. Purity may be determined from

* The checkers purified their product by distillation in a 1-ft. glass spin-
ning band column containing a platinum band, Teflon platinum take-off
regulators, and lubricated where necessary with Halocarbon stopcock grease.
From 26 g. of crude product they obtained 5.2 g. of a foreshort boiling at
48 to 65° composed mainly of SO;, and 16 g. of 8;04F: boiling at 65 to 67°.
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vapor-density and infrared measurements. Elementary
analysis may be performed after a 24-hour basic hydrolysis
at 100°.

References

1. K. B. Kerroce and G, H. Capy: J. Am. Chem. Soc., T0, 3986 (1948).
2. F. B. Dupiey and G. H. Caoy: ¢bid., 79, 513 (1957).

36. SODIUM HYDROGEN SULFIDE

C,H:ONa + H,S — NaHS + C.H;0H

SusmitTep BY RicHArRD E, Emsrck*
CHECEED BY RALPH A. ZiNnGarRot anp Raymonp E. McGroTHLIN

Anhydrous sodium hydrogen sulfide was first obtained by
the action of hydrogen sulfide on sodium.! The anhydrous
material was again reported by Sabatier,? who obtained it
by saturating sodium sulfide 9-hydrate with hydrogen sul-
fide and then evaporating the water in an atmosphere of
hydrogen sulfide. A novel synthesis, upon which the fol-
lowing procedure is based, was reported by Rule in 1911.°
Rule prepared sodium hydrogen sulfide from sodium
ethoxide and hydrogen sulfide, using ethanol as a solvent.
The anhydrous material may also be prepared by adding
sodium to liquid hydrogen sulfide* or by passing hydrogen
sulfide into a solution of sodium in liquid ammonia until the
blue color is discharged.®

Procedure

An oven-dried 1-l. three-necked flask is fitted with a
stirrer (all glass or glass shaft with Teflon paddle) and a

* General Chemical Division, Allied Chemical Corp., Morristown, N.J.
t Agricultural and Mechanical College of Texas, College Station, Tex.
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reflux condenser with a calcium chloride drying tube
attached to its other end. The other opening of the flask is
closed with a solid stopper.*

The flask is placed in a 1-1. heating mantle so that it may
be heated when necessary to speed up the reaction between
sodium and ethanol.

The flask is flushed with dry nitrogen, and 200 ml.
(3.40 mols) of anhydrous ethanol is added. Twelve grams
(0.522 mol) of clean sodium metal, cut into small pieces, is
then rapidly added to the ethanol. Reaction occursimmedi-
ately. The flask is closed and the reaction allowed to
continue. The reaction mixture is stirred and heated so
that the ethanol refluxes. This serves to speed up the reac-
tion and to increase the solubility of the produet, sodium
ethoxide. The excess ethanol is necessary to keep the
sodium ethoxide in solution.

After the sodium has dissolved, the flask is fitted with a
gas-delivery tube (5-mm. i.d.) in the unused neck. (See
footnote below.) The delivery tube is arranged so that the
end is below the surface of the sodium ethoxide solution.
Care is taken that the stirrer blade does not hit the delivery
tube. It is advisable to have the hydrogen sulfide passing
through the tube before it is inserted into the flask so as to
prevent clogging by sodium hydrogen sulfide.

Hydrogen sulfide, dried over phosphorus(V) oxide, is then
passed through the stirred solution, at a rate of five to ten
bubbles per second, for two hours. As the resulting solu-
tion cools, some sodium hydrogen sulfide is deposited.
When the solution has cooled to room temperature, 750 ml.
of anhydrous ethyl ether is added as rapidly as possible to
precipitate completely the sodium hydrogen sulfide.

* The checkers have suggested that a gas-delivery tube be inserted ini-
tially instead of a solid stopper. The delivery tube is attached, through
a stopcock, to a phosphorus(V) oxide drying tube, which in turn is attached
to a Y-tube leading directly to the nitrogen or hydrogen sulfide source.
The flow of these gases may be controlled individually with stopcocks.

This arrangement avoids the necessity of removing the stopper during the
actual operation.
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The following operations are performed as rapidly as
possible to prevent the absorption of water by the sodium
hydrogen sulfide. The precipitate is quickly separated
from the ether-ethanol solution by vacuum filtration on a
coarse fritted-glass filtering funnel and is washed three
times with anhydrous ethyl ether. After the last washing,
nearly all of the ether is allowed to evaporate and the prod-
uct is rapidly transferred to a container which is then placed
in a vacuum desiccator over calcium chloride. The desicca-
tor is connected to a vacuum line for several hours to free
the product of residual ethyl ether.

The pure white sodium hydrogen sulfide is very hygro-
scopic and may be exposed to the atmosphere for only very
short periods. From 10 g. of sodium it is possible to pre-
pare approximately 24.5 g. of sodium hydrogen sulfide
which is over 989, pure. The yield is practically quantita-
tive, except for mechanical losses.

Analysis

The method of analysis involves oxidation of the sulfide
to sulfur by means of iodine. A sample of approximately
60 mg. is added from a weighing bottle to 25 ml. of 0.100 N
iodine in potassium iodide solution. After the sample has
reacted, 70 ml. of water and 5 ml. of 1:1 hydrochloric acid
are added. The excess iodine is then back-titrated with
0.100 N sodium thiosulfate solution to a starch end point.

Properties

Anhydrous sodium hydrogen sulfide, as prepared by the
foregoing method, is a fine white hygroscopic powder. The
melting point of the substance is 350°. It is soluble in
water, ethanol, and probably other hydroxylic solvents with
slow decomposition. Anhydrous sodium hydrogen sulfide
also dissolves in dry N,N-dimethylformamide to give a
blue-green solution. Two hydrates, NaHS-2H,O and



SODIUM HYDROGEN SULFIDE 131

NaHS-3H.0, are known.® Below 90°, sodium hydrogen
sulfide has a rhombohedral structure, whereas above 90° its
structure is cubic.?

The anhydrous material is readily hydrolyzed in moist
air to sodium hydroxide and hydrogen sulfide.
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CHAPTER VIB

See also: Cyclopentadienyl metal carbonyls and some derivatives,
synthesis 31
Anhydrous metal chlorides, synthesis 45

36. TRICHLORO(TRIPYRIDINE)CHROMIUM (III)
CrCl; + 3CsHN — [Cr(CsH:sN);Cl,]

SupmiTTeED BY JAMES C. Tarr* AnD MarRk M. JonEs*
CuECKED BY RoNaLDp 8. ScHrREIBERT AND HENRY F. Howvrzcraw, JR.t

Pfeiffer prepared trichloro(tripyridine)chromium(III)
from anhydrous chromium(III) chloride! and from dichloro-
tetraaquochromium(III) chloride 2-hydrate? (the common
hydrated chromic chloride of commerce), but neither details
of the preparations nor yields were reported. The reaction
of [Cr(H,0).CL]CIl-2H,0 with pyridine gives [Cr(C;H;N);-
Cl;] with a yield of about 49;. In the procedure described
here, the complex ean be prepared in about 909, yield when
anhydrous chromium(III) chloride is used as the starting
material.

Procedure

Caution. This reaction should be carried out in a well-
ventilated hood.

Twenty-six and four-tenths grams (0.16 mol) of anhy-
drous chromium (IIT) chloride} and 79.1 g (1 mol) of anhy-
drous pyridine and a stirring magnet are placed in a 1-l.
round-bottomed flask which has a standard taper opening.

* Vanderbilt University, Nashville, Tenn.
t University of Nebraska, Lincoln 8, Neb.
1 See INORGANIC SYNTHESES, 2, 193 (1946); 6, 154 (1957); the compound
is also available from Diamond Alkali Co., Cleveland, Ohio.
132
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A water condenser (65 cm. in length) is connected to this
opening and a Vigreux column (25 ecm. in length) is inserted
in the top of the condenser. The slurry is stirred with a
magnetic stirrer and heated slowly with a heating mantle
until the pyridine boils gently.* In 10 to 15 minutes a
vigorous reaction occurs and most of the chromium (1IT)
chloride reacts. A considerable amount of heat is evolved
and the Vigreux column serves to prevent the loss of
pyridine at this point. After this stage the mixture is
stirred and heated at reflux for 5 hours. The contents of
the flask should be swirled around the sides occasionally to
remove any solid above the liquid level. The solution is
then allowed to cool (pyridine vapors are toxic) and 500 ml.
of ice-cold water is poured into the flask. The dark green
crystals which result are collected on a Biichner funnel and
washed with cold water until the filtrate is clear. The solid
is dried thoroughly on a porous clay plate and is then
extracted with chloroform in a Soxhlet extractor. The
compound has a limited solubility in chloroform (3.4 g./
100 ml. at 29°), and the solvent in the extractor should be
renewed when enough solid collects in the bottom flask to
cause bumping. Extraction is complete when the chloro-
form returning to the distilling flask is colorless or nearly so.
If the solid in the extraction thimble lumps up in the proc-
ess, these lumps should be pulverized and reextracted.
The complex can then be obtained by evaporating the
chloroform in the extract. The final yield is 60 g. (919, of
theory). Anal. Caled. for [Cr(C;H;N);Cl;}: Cr, 13.14;
C, 45.53; H, 3.82; N, 10.62. Found: Cr, 13.15; C, 44.96;
H, 3.77 (the checkers found C, 45.46; H, 3.75; N, 10.85).

Properties

Trichloro(tripyridine)chromium(I1I) is a light green
solid when finely pulverized. The compound does not

* The initial heating should be very gentle; otherwise, the Vigreux col-
umn may not contain the reaction once it begins.



134 INORGANIC SYNTHESES

melt, but loses pyridine rapidly at 255 to 260°. It is
slightly soluble in pyridine, chloroform, ethanol, and
methanol. The solubility in nitrie acid has been described
by Pfeiffer.! The compound is extremely soluble in con-
centrated nitric acid and can be reprecipitated from this
medium by the addition of water if the minimum amount
of acid is used to dissolve it. It is insoluble in concentrated
hydrochloric acid but dissolves in concentrated sulfuric acid
with decomposition and the evolution of hydrochloric acid.

References

1. P. PrEIFFER: Z. anorg. Chem., 24, 283 (1900).
2. P. PreIrrER: ibid., 66, 99 (1907).

37. TRIS(3-BROMOACETYLACETONATO)-
CHROMIUM (III)

Tris(3-bromo-2,4-pentanedionato)chromium (III)]

[(CHaCO)zCH]sCI‘ + 3C4H402NBI‘ —>
[(CHsCO)zCBI‘]aCI‘ + 3C4H502N

SusmiTTED BY JaMEs P. CoLLMan*
CueckEp BY GEORGE B. KaurrMant anp Stanpey E. Gorbonf

The direct substitution of bromine into the chelate rings
of metal acetylacetonates is an example of the reaction of a
coordinated ligand. Tris(3-bromoacetylacetonato)chro-
mium(III) has been prepared by the action of elementary
bromine on chromium(IIT) acetylacetonate [2,4-pentane-
dionatochromium(III)].? The procedure given here is

* The University of North Carolina, Chapel Hill, N.C.
1 Fresno State College, Fresno 26, Calif,
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general, and iodine and chlorine can also be introduced into
the chelate rings of several metal acetylacetonates by this
method.?

Procedure

To a solution of 5.0 g. (0.014 mol) of chromium(III)
acetylacetonate* in 75 ml. of chloroform is added 8.0 g.
(0.044 mol) of N-bromosuccinimide,{ and the mixture is
heated to boiling for 5 minutes in a hood. During this
period, mechanical agitation is necessary to prevent bump-
ing. The initially violet solution becomes deep green and a
brown precipitate forms. The mixture is transferred to an
evaporating dish and the solvent is removed under a stream
of air in a hood.

The brown solid is collected on a suction filter and washed
successively with 15 ml. of 959, ethanol, two 15-ml. portions
of 5% aqueous sodium hydrogen sulfite solution, 20 ml. of
water, and two 20-ml. portions of hot 959, ethanol.
Although the ethanol washings are green, little product is
lost in this step.

The air-dried brown powder is dissolved in 50 ml. of boil-
ing benzene; the solution is filtered through a fluted filter
and combined with 100 ml. of boiling heptane. The mix-
ture is allowed to cool to room temperature over at least a
4-hour period, then chilled in an ice bath and filtered. The
brown crystals are washed with two 10-ml. portions of 959,
ethanol and air-dried. The yieldis 5.8t06.2 g. (70t075%).
The melting point is 227 to 229°.

Anal. Caled. for Cr(CsH:0,Br);: C, 30.74; H, 3.09; Br,
40.91. Found: C, 30.95; H, 3.35; Br, 40.72.

* Prepared according to the directions of W. C. Fernelius and J. E.
Blanch, INoraanic SynTHEsSES, 5, 130 (1957).

t The N-bromosuccinimide was purified by dissolving the erude material
in a minimum amount of boiling water, rapidly filtering the mixture into
a cooled beaker, collecting the white crystals on a suction filter, and drying
the solid in a vacuum desiccator. Use of unrecrystallized N-bromosue-
cinimide results in a lower yield.



136 INORGANIC SYNTHESES

Properties

Tris(3-bromoacetylacetonato)chromium(III) is a dark
red-brown crystalline material, which dissolves in benzene
to form a green solution. The infrared spectrum of this
chelate exhibits a characteristic strong singlet at 1540 cm.™?,
whereas chromium (I11) acetylacetonate exhibits two peaks
in this region, at 1560 and 1520 cm.”’. The ultraviolet
spectrum of the brominated chromium chelate in chloroform
exhibits a A... at 358 mu(e = 13,070).2 The brominated
chelate is reported to form a stable clathrate complex with
chloroform (m.p. 240 to 241°).3

References

1. H. RemieN, R. Iuug, and R. WriTrig: Ber., 58B, 12 (1925).
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38. CYCLOPENTADIENYL TRICARBONYL
HYDRIDES OF CHROMIUM, MOLYBDENUM,
AND TUNGSTEN

{Hydrogen tricarbonyl(cyclopentadienyl)chromate(0),
-molybdate(0), and -tungstate(0)}

M(CO)s + M'CsHs; — M'[C;:H:M(CO),] + 3CO
M'ICsH:M(CO);] + HC,H;0;, — C:H:M(CO);H + M'C.H;0,
(M = Cr,Mo,W; M’ = alkali metal)

SusMiTTED BY E. O. FIscHER*
Cueckep BY Roy L. Pruerrt

Cyclopentadienyl tricarbonyl hydrides of chromium,
molybdenum, and tungsten can be prepared by reaction of

* Institute for Inorganic Chemistry, The University, Munich, Germany.
t Union Carbide Chemicals Company, South Charleston, W.Va.
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the hexacarbonyls of these metals with alkali metal deriva-
tives of cyclopentadiene in polar solvents such as N,N-
dimethylformamide, followed by acidification of the reac-
tion mixture.! The cyclopentadienyl tricarbonyl hydride
of chromium can also be prepared by reaction of bis(cyclo-
pentadienyl)chromium, Cr(C;Hs),, with hydrogen (50 atm.)
and carbon monoxide (150 atm.) for 12 hours at 70° in an
autoclave.?

Procedure

A 250-ml. three-necked flask, equipped with reflux con-
denser, nitrogen-inlet tube, and stirrer, is charged with equi-
molar quantities (e.g., 0.02 mol) of metal carbonyl [4.4 g. of
Cr(C0)s; 5.3 g. of Mo(CO)s; 7.0 g. of W(CO)s] and an alkali
metal derivative of cyclopentadiene (1.4 g. of LiC:H;; 1.8 g.
of NaCsH;; 2.1 g. of KCsH;) in about 70 ml. of carefully
dried N,N-dimethylformamide as solvent, and the system is
well swept out with nitrogen. A mercury valve is placed
on the reflux condenser. (It is necessary to make all joints
secure to accommodate the pressure which is built up during
reaction.) The nitrogen stream is discontinued and the
reaction mixture warmed slowly with vigorous stirring to
about 130° over the course of 30 minutes. It is maintained
at this temperature for 2 hours. The beginning of car-
bon monoxide cleavage (Cr(CO)s ~ 110°; Mo(CO)s ~ 75°;
W(CO)s ~ 110°), as well as its completion, can be observed
by means of the mercury valve.

After carbon monoxide evolution is complete, the light
brown solution is cooled, the stirrer and reflux condenser are
removed under nitrogen, and the solvent is distilled in a
vacuum at about 100°. The dark brown oily residue is dis-
solved in about 25 ml. of 0.5 N nitrogen-saturated sodium
hydroxide solution and filtered under nitrogen through a
sintered-glass filter of average pore diameter in the range
15 to 40u. For the removal of organic impurities, the solu-
tion is extracted twice with ether. The solution is then
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transferred to the apparatus shown in Fig. 14 where, under
the careful exclusion of air and with cooling by means of an
ice bath, it is acidified with 2 N acetic acid saturated with

Fig. 14. Apparatus for the acidifi-
cation of the alkali metal derivatives
of the cyclopentadienyl carbonyl
hydrides of chromium, molybdenum,
and tungsten.

for CsH;Cr(CO);H: Cr, 25.73; C, 47.53; H, 2.99.

nitrogen. The voluminous
precipitate of free hydride
which forms immediately is
filtered with suction through
the sintered-glass filter (Fig.
14) of average pore diameter
in the range 3 to 15u. The
precipitate is washed under
nitrogen with 10 ml. of water
saturated with nitrogen.
Better yields can often be
obtained, if, instead of filter-
ing, the free hydride is dis-
solved in ether and the sol-
vent is removed in vacuo.
After careful drying in a
high vacuum, the crude
product is transferred under
nitrogen into a suitable
sublimation apparatus and is
subjected to sublimation at
45°in a high vacuum. Difli-
cultly volatile by-products
are thereby left behind.
The cyclopentadienyl car-
bonyl hydrides are separated
as yellow crystals in 30 to
609% yield. Anal. Caled.
Found:

Cr, 25.84; C, 47.42; H, 2.99. Caled. for C;H;Mo(CO);H:

Mo, 39.02; C, 39.02; H, 2.46.

Found: Mo, 39.29; C, 38.97;

H, 2.20. Caled. for C;H;W(CO);H: W, 55.09; C, 28.81;

H, 1.81.

Found: W, 55.22; C, 29.08; H, 1.79.
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Properties

The three hydrides are readily volatile, oxidation-sensi-
tive, diamagnetic compounds, which are very soluble in
such organic media as benzene, ether, and petroleum ether.
In conformity with their character as weak acids, they dis-
solve in solutions of alkali to form anions which are con-
siderably more stable in air than the parent compounds.
The hydrides are bright in color, ranging from golden-yellow
for CsH;Cr(CO);H to bright yellow for CsHsMo(CO);H to
pale yellow for C;H;W(CO);H. The chromium and molyb-
denum compounds evolve the hydrogen very slowly at
room temperature but rapidly at the respective melting
points of 57 to 58° and 50 to 52°, with the formation,
respectively, of the d'meric green [CsH:;Cr(CO);), and the
red [C;:H;Mo(CO);].. The former dimer is converted to
the original hydride by the action of hydrogen (150 atm.) at
70°. The cyclopentadienyl tricarbonyl hydride of tungsten
remains as a stable pale yellow liquid far above its melting
point of 66 to 67°. With oxygen, the tungsten compound,
like the other hydrides, reacts to form a dimeric compound
of the type [CsHsM(CO),;]s (synthesis 31). With all
three cyclopentadienyl tricarbonyl hydrides the hydro-
gen is replaceable by alkyl and aryl groups. Thus,
CsH;W(CO)3H reacts with diazomethane to yield the
readily volatile orange C;H;W (CO);CH,.2

Structures for the compounds have been proposed which
involve bonding between hydrogen and the metals.®*
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39. TRICHLORO(TRIPYRIDINE)MOLYBDENUM (III)
K;MoCls + 3CsH:N — Mo(CsH;N),Cl, + 3KCl

SueMiTTED BY HANns B. JonassEN* aAnD LionNeL J. Barnin*
CBECkED Y GEORGE SLUsARCzUKT AND STANLEY KIRsCHNER?

Trichloro(tripyridine)molybdenum(III) has been pre-
pared by the reaction of molybdenum(III) chloride with
pyridine at 270° for 5 hours in a sealed tube.! The prepara-
tion described below using potassium hexachloromolybdate-
(III) as starting material is carried out at a lower tempera-
ture, requires less time, and involves no special apparatus.

Procedure

To 50 ml. (about 0.6 mol) of reagent-grade pyridine in a
125-ml. round-bottomed flask there is added 8.5 g. (0.02
mol) of potassium hexachloromolybdate(I1I).2 The mix-
ture is heated with a Glas Col mantle, or microburner, and
refluxed at 115 to 117° for 3 hours using a conventional
water-cooled reflux column. At the end of the reaction
time, upon cooling, a yellow prec.pitate suspended in a dark
brown solution is observed.

The entire contents of the reaction vessel are now poured
into about 300 ml. of distilled water. A color change from
dark brown to yellow-green occurs. The mixture is stirred
thoroughly for 2 hours and the color changes to yellow-
brown. The suspension is filtered by suction through a
90-mm. No. 40 Whatman filter paper in a Biichner funnel.
The yellow precipitate is washed with 1 L. of distilled water,
air-dried on the filter paper, and then dried at 100 to 110°
under nitrogen in a conventional tube furnace or a drying
pistol containing Drierite. The yield is approximately
6 g. (about 709) based on the weight of the potassium
hexachloromolybdate(III).

* Tulane University, New Orleans, La.
t Wayne State University, Detroit, Mich.
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Purification for purposes of elemental analyses is carried
out by redissolving the precipitate in 40 ml. of pyridine and
refluxing for 2 hours and then precipitating, washing, and
drying as above. Removal of traces of water and pyridine
is carried out by pistol drying under 10-mm. pressure at the
reflux temperature of acetone, 57°.

Analysis

Molybdenum : About 0.3 g. of the product in a porcelain
crucible is treated with 5 ml. of 60 to 62% perchloric acid
to destroy the organic part of the molecule and to oxidize
the molybdenum to the +6 state. The mixture is evapor-
ated slowly to near dryness, allowed to cool, and diluted
with distilled water. It is then made basic with 2 N sodium
hydroxide, neutralized with 2 N sulfuric acid, and buffered
with 2 N ammonium acetate to a pH of 5 to 6. To this
solution in a 400-ml. flask there is added 10 ml. of a 5%
solution of 8-quinolinol. The 8-quinolinolate is filtered onto
a tared sintered-glass crucible, washed, dried in the usual
manner, and then weighed. Chloride: To about 0.10 to
0.15 g. of sample in a poreelain crucible there is added 3 ml.
of 16 N nitric acid, and the mixture is diluted to 10 ml. with
distilled water. The sample is transferred to a 125-ml.
Erlenmeyer flask and digested on a steam bath for 20 min-
utes. After cooling, titration in the acid solution is carried
out with a standard solution of mercury(II) nitrate. Car-
bon and hydrogen are determined by combustion tech-
niques, and nitrogen by difference. Anal. Caled. for
Mo(CsH;N);;Cl;: Mo, 21.83; Cl, 24.19; C, 40.98; I, 3.44;
N, 9.56. Found: Mo, 21.47; C], 23.49; C, 40.85; H, 3.52;
N, 10.05.

Properties

Trichloro(tripyridine)molybdenum(III) is a deep yellow
solid, which decomposes at 172 to 182°, yielding free
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pyridine. 1t does not melt, but turns black and then yellow
on ignition in air, forming molybdenum(VI) oxide.

The compound is almost completely insoluble in hot or
cold water, slightly soluble in 959, ethanol, benzene, and
acetone, and soluble in methanol and glacial acetic acid.
No solution is observed in hot or cold concentrated hydro-
chloric acid or in aqueous ammonia. It decomposes to give
solutions in hot and cold concentrated nitric and sulfuric
acids. In concentrated sodium hydroxide solutions, decom-
position occurs on heating, with the formation of violet-
black precipitates.
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40. POTASSIUM OCTACYANOTUNGSTATE(1IV)
2-HYDRATE

H2WO4 + KzCOg - K2W04 + COz + Hzo
2KCl + WCl.*—= 4 4H,0 + (x — 6)H*

2WCLE5* 4+ 38Sn — W, Clg* + 3Snt+ 4+ (22 — 9)Cl-
C:HsOH
WzClgs_ + 3Kt — KngClg

2K ;W Cly + 32KCN + Op + 2H.0 —

4K, W(CN); + 18KCl1 4+ 4KOH
C:H:0H
SusmiTTED BY EpWaRD A. HEINTZ*
CHECKED BY WILMER J. STRATTONT

Although the structure,"? properties,? and reactions® of
potassium octacyanotungstate(IV), K,W(CN)s, are well

* Metals Research Laboratories, Union Carbide Metals Company, Divi-
sion of Union Carbide Corporation, Niagara Falls, N.Y.; present address,
University of Buffalo, Buffalo, N.Y,

{ Earlham College, Richmond, Ind.
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known, satisfactory methods for its preparation have not
been completely developed. The difficulties center around
the preparation of the intermediate chloride, tripotassium
enneachloroditungstate(I1I), K;W2Cly. Thissynthesis may
be accomplished by reduction of an acidic solution of
tungsten(VI) either with tin**® or by electrochemical
methods.®?” The former method, which is employed here,
has been found to be satisfactory with respect to yields and
purity of the desired cyanide. In addition, the time of
preparation has been shortened considerably over that
required for the electrolytic method. The reduction with
tin also has the advantage that no elaborate equipment or
techniques are required.

Procedure

Twenty-eight grams (0.11 mol) of tungstic acid(VI) is
mixed with 30 g. (0.22 mol) of potassium carbonate and
30 ml. of water. The mixture is stirred for a half-hour
until a completely white slurry is formed and is then cooled
to 0° in an ice bath.* The white slurry of potassium
tungstate(VI) is added slowly over a period of 90 minutes
to 500 ml. of concentrated hydrochloric acid (sp. gr. 1.19),
which has also been precooled to 0° in an ice bath. After
each addition, the solution is rapidly stirred until complete
clarification is obtained. Toward the end of the addition,
a slight turbidity may be present; this may be tolerated.
When the addition of the tungstate is complete, an addi-
tional 200 ml. of concentrated hydrochloric acid is added,
and the solution is allowed to stand for about 30 minutes
at 0°.7 One hundred grams (0.84 mol) of tin foil is added

* An equivalent quantity of tungsten(VI) oxide, WO;, may be substi-
tuted for the tungstic acid but a completely white slurry will never be
obtained and the steps following may proceed with some difficulty. Its
use should be avoided if possible.

t The checker was unable to obtain clear solutions using this procedure
but was still able to achieve satisfactory yields of the final product.
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to the cooled solution.* When the first tinge of blue color
appears, the solution is transferred to a water bath main-
tained at 40°, where it is permitted to stand for the duration
of the reduction (approximately 45 minutes). The blue
solution rapidly becomes deep purple. In order to deter-
mine whether reduction is complete, a sample of the solution
is withdrawn and diluted with water. The formation of a
dark green solution that yields a dark green precipitate upon
the addition of 959, ethanol indicates the presence of the
W,Cle®~ ion. If a red aqueous solution is obtained, the
reduction must be continued. When a positive test is
observed, the acid solution is decanted from any unreacted
tin into twice its volume of 95% ethanol and rapidly filtered
by vacuum. The dark green precipitate is washed with
ethanol and ether. At this point the preparation may be
conveniently stopped and the K;W,Cl, stored in a vacuum
desiccator overnight.

This chloro salt is added to a solution of 100 g. (1.5 mol)
of potassium cyanide in 400 ml. of water, and the mixture
is heated on a steam bath for two hours. During the heat-
ing, a stream of air is passed through the solution to oxidize
the tungsten to the tetrapositive state. After the addition
of decolorizing charcoal, the solution is filtered while hot
and is then concentrated on a hot plate for crystallization.
The first crystals are a mixture of potassium chloride and
cyanide and these are removed by filtration. The filirate
i1s evaporated until additional crystals form and is then
allowed to cool to room temperature. A second batch of
potassium chloride and cyanide crystals is obtained and
removed by filtration in the same manner. The filtrate,
which by this time has a volume of approximately 200 ml.,
is added to twice its volume of 959 ethanol in order to
precipitate orange-yellow crystals of K,W(CN)s2H,O.
The precipitate is filtered under vacuum and redissolved in
100 ml. of distilled water. Itis then reprecipitated by add-

* Granular or finely divided tin powder will not give as satisfactory
results as tin foil,
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ing 200 ml. of 959, ethanol, filtered under vacuum, washed
with two 25-ml. portions of ethanol, and placed in a vacuum
desiccator to dry. On occasion, an orange ‘“‘oil” may form
upon the addition of ethanol. This “0il” can be made to
crystallize by the simple addition of more ethanol. The
yield is 18 to 31 grams (29 to 50%,).

Analysis

The desired K,;W(CN);s was analyzed in the following
manner. Potassium was precipitated as the tetraphenyl-
borate salt and weighed as such. Tungsten was determined
by fuming an aqueous solution of the salt with concentrated
nitric and perchloric acids and then weighing the precipi-
tated tungsten(VI) oxide. Cyanide was determined by
fusion of a solid sample of the salt with sodium metal
followed by an argentometric titration of the sodium cyanide
formed. Anal. Caled. for KsW(CN)g2H0: K, 26.76; W,
31.46; CN, 35.62. Found: K, 27.3, 26.9; W, 31.3, 31.4;
CN, 35.7, 35.7.

Properties

Potassium octacyanotungstate(IV) 2-hydrate, K,W-
(CN)2H:0, is obtained as well-formed orange tetragonal
crystals. The W(CN)s* ion is dodecahedral and is iso-
morphous with the more common Mo(CN)g*~ ion.2 The
free acid, H,W(CN);, has been observed only in aqueous
solution. It is a strong acid requiring 4 gram equivalents
of base per formula weight of acid to yield one break in the
titration curve. The tetrapositive tungsten salt is easily
oxidized in aqueous solution with potassium permanganate
or cerium(IV) sulfate to the pentapositive analog, potassium
octacyanotungstate(V), K;W(CN);s. The measured stand-
ard potential of the W(CN)*~/W(CN);*~ couple is —0.457
volt vs. the normal hydrogen electrode at 25°.2 The
magnetic susceptibility of the solid has been found to be
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Xz = —3.58 X 1077, demonstrating the diamagnetism ex-
pected for tetrapositive tungsten with d*sp?® hybridization.?
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41. URANYL CHLORIDE 1-HYDRATE
(Dioxouranium (VI) Dichloride 1-Hydrate)

U0.(NO;)26H,0 4 2HCl — UO,Cl,-6H,0 + 2HNO,
U0:Cl,-6H.0 + 5S0Cl; — UO,Cly-H,0 + 580, + 10HCl

Susmitrep BY Jack D. HerLEY,* Dantern M. MaTtHEWS,* AND EDpWARD
S. Amrs*
CuEckED BY L. SHEFT} AND JosErH J. KaTz}

Anhydrous uranyl chloride has been prepared by reaction
of oxygen with uranium(IV) chloride at 300° to 350°.}
Other procedures for preparing uranyl chloride are:? reac-
tion of chlorine with uranium(IV) oxide at 500°; reaction of
carbon tetrachloride with uranium(VI) oxide at 290°; and
reaction of hydrogen chloride with partially hydrated

* University of Arkansas, Fayetteville, Ark. Financial support for this
research was received from the Atomic Energy Commission on Contract
No. AT-(40-1)-2069.

1 Argonne National Laboratory, Lemont, Ill.
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uranium(VI) oxide to give the monohydrate, followed by
the removal of this water in dry hydrogen chloride at 300°.
The easiest way to prepare uranyl chloride 1-hydrate in a
state of high purity is by the use of high-purity uranyl
nitrate 6-hydrate* as a starting material.

Procedure

Two hundred and fifty grams, or any convenient weight
depending on the weight of product desired, of pure uranyl
nitrate 6-hydrate is treated with sufficient concentrated
hydrochloric acid so that the salt is readily dissolved.
Amounts of reagents in this preparation are not critical.
The solution of the salt in the acid is evaporated by distilla-
tion until it becomes very viscous. At this point, concen-
trated hydrochloric acid is added in small portions and
distillation continued until no brown oxides of nitrogen can
be seen and until the brucine test?® indicates that no nitrate
is present in the solution.

At this point, the reaction vessel is transferred to an oil
bath maintained at 180°, and dry hydrogen chloride gas is
kept flowing over the product. The contents of the flask
are stirred vigorously with a sturdy glass stirring rod while
the hydrogen chloride is flowing to prevent the produect
from hardening into a rocklike mass. When the material
is solid and appears dry, heating is stopped and the material
is crushed and covered with freshly distilled thionyl chloride
in a flask. Refluxing speeds up the further dehydration
considerably, but is not essential. Upon dehydration, the
lumps of uranyl chloride 1-hydrate form a light yellow pow-
der having an appearance very similar to that of powdered
sulfur. The excess thionyl chloride is decanted and the
flask connected to a water aspirator through a drying tube.
During the application of suction, the flask is warmed gently
in a water bath until no liquid can be seen in the flask, at
which time the product is transferred to a vacuum drying

* Mallinkrodt Chemical Co. reagent-grade.
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oven maintained at 80° and allowed to dry there for an
hour. The yield of product is essentially quantitative.

Since reagent-grade uranyl nitrate is used in the prepara-
tion, since no traces of nitrate are left in the product, and
since the analyses for uranium, chlorine, and oxygen agree
so well with theory, the criterion for per cent purity and for
the composition of the compound can be based on the
analyzed and theoretical percentages of uranium, chlorine,
and oxygen in the product. No water analysis, as such,
need be made since the one water molecule is bound
so tightly by uranyl chloride that its determination would
be of doubtful value. Anal. Caled. for UO,ClyyH,O:
U, 66.31; Cl, 20.82; O, 13.4. Found: U, 66.24, 66.20;
Cl, 19.74, 19.72; O, 13.3. Ratio: CI/U = 2.001. On the
assumption that metallic impurities are absent, the formula
is U0O,Cl,-1.008H,0.

Properties

Uranyl chloride 1-hydrate is a yellow powderlike material
resembling powdered sulfur in appearance. The compound
is very hygroscopic, takes up water vapor from the air
readily, and must be handled in a dry-box. 1Its other prop-
erties are similar to those listed for anhydrous uranyl
chloride.? The monohydrate is soluble in polar solvents
such as ethanol and acetone but does not dissolve in non-
polar solvents. Its aqueous solutions are stable at room
temperature and its alecoholic solutions are unstable. The
anhydrous compound, several hydrates, and addition com-
pounds with halides and amines have been described.
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Phosphorus(V) chloride-gallium(III) chloride complex, syn-
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Methylbromoarsines, synthesis 26
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Peroxydisulfuryl difluoride, synthesis 34
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Trichloro(tripyridine)molybdenum(I1I), synthesis 39

Uranyl chloride 1-hydrate, synthesis 41
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cts- and trans-Tetrachloro(dipyridine)iridium(IV), synthesis
58

cis- and trans-Trichlorotris(diethyl sulfide)iridium(I1I), syn-
thesis 59

cts- and trans-Pyridinium tetrachloro(dipyridine)iridate(11I),
synthesis 60

cts- and trans-Tetrachlorodiammineplatinum (I'V), synthesis 62

cis- and trans-Dichlorodiammineplatinum (II), synthesis 63

c¢ts- and trans-Dichlorobis(tri-n-butylphosphine)platinum (IT),
synthesis 64

cis- and trans-Dichlorobis(pyridine)platinum(I1), synthesis 65

42. SODIUM FLUORIDE(F')

SusmiTTEDp BY D. R. STRANKS*
. CeeEckED BY Froyp B. Bakerf

One hundred-and-eighteen-minute F!* is the longest-
lived radioisotope of fluorine and may be produced by one
of three nuclear reactions:!

(1) F3(y,n)F18 using 48- to 84-M.e.v. x-rays from a
betatron and KHF, as a target material.

(2) F**(n,2n)F'8, using fast neutrons from the Li%(d,n)Be’
reaction in a cyclotron and KHF; as a target.

(3) O'(t,n)F'3, using the 2.65-M.e.v. tritons from the
Li%(n,a)H? reaction in a nuclear reactor.

The most generally accessible machine is the nuclear reac-
tor, and large activities of F!® can be induced by the neutron
bombardment of oxygen salts of lithium [reaction (3)].
Lithium carbonate is the most convenient oxygen salt
because of its high thermal stability (temperatures around
250° are developed by self-heating of lithium salts in an
intense neutron flux), its ease of purification (since lithium
carbonate has a negative temperature coefficient of solu-

* University of Melbourne, Victoria, Australia.
1 Los Alamos Scientific Laboratory, Los Alamoes, N.M.
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bility), its nondeliquescent nature, and the relatively high
yield of F1® produced per gram of material irradiated.

The recommended procedure yields NaF!® solutions of
known chemical composition, from which other inorganic
F18 compounds may be synthesized either by direct chemi-
cal methods or by isotopic exchange. The use of apparatus
of polyethylene (or other comparable plastics) is recom-
mended for most parts of the preparation, first to reduce
contaminants in the target material and second to reduce
losses of HF'® in the final purification stage.

Procedure

Lib(n,a)H%;  O(HSn)F1s

Fifteen grams of analytical-grade lithium carbonate* is
dissolved in 1 1. of double-distilled water in a polyethylene
beaker. The solution is first boiled on a steam bath and
the beaker is then placed in an oven at 100° to allow the
lithium carbonate crystals to settle. As much as possible
of the hot supernatant solution is decanted and the remain-
ing wet crystals are dried at 100°. Approximately 8 g. of
recrystallized lithium carbonate is obtained.

A standard aluminum irradiation can (e.g., 1.2-cm.
radius, 5-cm. length) is fitted with an aluminum liner tube
(e.g., 0.9-cm. radius, 5-cm. length) to provide a 3-mm.
annulus into which lithium carbonate can be packed.t
Depending on the amount of F!® required (see below for the
expected yield of F*2 per gram) up to 10 g. of recrystallized
lithium carbonate is packed into the annular space within

* The purification of lithium carbonate by taking advantage of its negative
coefficient of solubility has been described by E. R. Caley and P. J. Elving,
INORGANIC SYNTHESES, 1, 1 (1939).

T Because of the high neutron cross section of lithium salts, the effective
neutron flux at thicknesses of lithium exceeding 3 to 4 mm. is quite small.?
Thus greater thicknesses of Li;COs do not improve the F® yield yet lead
to more serious radiation problems.
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the irradiation can, which is irradiated in a nuclear reactor
for up to 10 hours.* After a half-hour ‘“cooling period” for
the decay of 2.27-minute Al?, the contents of the can are
transferred to a small glass beaker containing 5 ml. of a
carrier solution consisting of 20 mg. of sodium fluoride and
5 mg. of sodium chloride. The lithium carbonate is dis-
solved completely by the dropwise addition of concentrated
nitric acid and the final solution transferred to a 15-ml. glass
centrifuge tube. Chloride ion is precipitated by the drop-
wise addition of silver nitrate until the coagulation of silver
chloride (which scavenges most contaminant activities) is
just complete. After centrifugation, the supernatant solu-
tion is transferred by dropper pipet to a polyethylene
centrifuge tube containing 50 mg. of magnesium chloride.
The solution is made alkaline to methyl red by the dropwise
addition of dilute sodium hydroxide solution, and complete
precipitation of {Mg(OH), 4+ MgF,} is ensured by chilling
the centrifuge tube for 5 minutes in ice. After centrifuga-
tion, all but approximately 0.5 ml. of the supernatant
liquid is removed by dropper pipet. The centrifuge tube
containing the wet fluoride precipitate is attached to a
bubbling train consisting of polyethylene centrifuge tubes
fitted with polyethylene plugs drilled for 2-mm.-i.d. poly-
ethylene tubing (Fig. 15.). The tubing is jointed by stand-
ard cones and sockets machined from polyethylene block.
All plugs and standard joints are lightly lubricated with a
silicone, or better, a fluorinated vacuum grease. Tube I
contains 5 ml. of concentrated sulfuric acid, tube II the wet
fluoride sample, tube III acts as a simple spray tube, and
tubes IV and V each contain 5 ml. of 0.1 N sodium hydroxide
(carbonate-free).t

After the bubbling train is assembled, sulfuric acid is
gently forced from tube I into II by nitrogen pressure, and

* Longer irradiation times do not increase significantly the F18 yield but
produce more long-lived contaminants.

t If methanolic NaF!® is required, the sodium hydroxide can be prepared
in anhydrous methanol.
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evolution of HF!® commences immediately. Nitrogen is
forced through the bubbling train at a rate of about two
bubbles per second. After the initial reaction has abated
(a few minutes), tube II is heated with a beaker of boiling
water for a further fifteen minutes. Approximately 909,
of the F13 activity is trapped in IV and the remainder in V.
(The course of the reaction is readily followed by means of a

MgF,

F1a. 15. Apparatus for the preparation of NaF!8 solutions.

well-shielded portable Geiger counter or monitor.) Finally
the solutions in I'V and V are removed by suction pipet to a
glass storage vessel. The combined solution will be 0.05 N
in NaF1® and 0.05 N in NaOH. If desired, the alkali can
be neutralized with the stoichiometric quantity of mineral
acid or dilute hydrofluoric acid. The entire chemical treat-
ment may be completed within an hour.

Irradiation of 1 g. of lithium carbonate in a thermal neu-
tron flux of 1 X 10'2 neutrons em.™2 sec.”! produces
approximately 0.5 millicurie of F!® at the time of removal
from the reactor, but larger quantities of lithium carbonate
or higher neutron fluxes will yield proportionately higher
F18 activities. The efficiency of the O1%(¢,n)F® reaction in
lithium carbonate is 1.6 X 107°. Decay measurements
show that the F!® samples usually contain less than 0.01%
of radioactive contaminants. Chemical tracer work is
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usually possible with an initial 0.5 millicurie of F1# for 12 to
24 hours after irradiation has ceased.

Properties

Isotopic. Fluorine-18 exhibits a half-life of 112 minutes
and emits 0.65-M.e.v. positrons, with which are associated
the 0.51-M.e.v. y-annihilation radiation. Samples are most
simply assayed as solids or liquids with a Geiger counter,
but positive identification of the isotope is best carried out
by spectrometry of the y-radiation combined with decay
measurements over a period of at least 8 hours (i.e., four
half-lives of F1¥).

Chemical. Many fluoro complexes can be labeled by
reaction with the acidified NaF'® solution, as for example,
the reaction of complexes of the type CoX. ;CO; with
aqueous HF!8, Simple inorganic salts may be prepared by
conventional ion-exchange techniques. Some compounds
may be labeled by direct isotopic exchange as with HF}}
and H,SiF,? although fluorinated methanes do not readily
exchange.* The preparation of anhydrous HF!® and the
halogen fluorides must be performed in metal vacuum
apparatus by exchanging the gaseous fluoro compound
directly with the irradiated lithium salt.’
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43. CHLORINE (CI%%)-LABELED
DEUTERIUM CHLORIDE

{Hydrogen-D Chloride(C12°%)}
D.SO, + NaCl¥® — NaDSO, + DCI3s

SusmrtTEp BY R. H. HERBER*
CHeckeDp BY B. J. MasTERst

The investigation of isotope effects in chemical kinetics
has come to play an important role in the study of reaction
mechanisms. Doubly labeled hydrogen chloride is useful
in the elucidation of isotope effects in isotopic exchange
reaction studies.

In the preparation of DCI®¢ it is important to avoid the
introduction of either H,SO, or H.O into the sulfuric
acid-D, (deuterosulfuric acid), D,SO,, used in the final step
of the synthesis. For this reason, sulfur trioxide is first
distilled from fuming sulfuric acid into an ice-cooled
receiver. The sulfur trioxide is then revaporized into D.0O.
Under these conditions any H,SO, carried over in the first
distillation step will remain behind in the sulfur trioxide
reservoir. For maximum isotopic purity, it is necessary to
use an all-glass system in the preparation of the D;SO4 since
neither stopcock grease nor flexible tubing is inert to attack
by sulfur trioxide. '

Procedure

The synthesis of deuterium chloride (CI%%) requires the
preparation of completely deuterated sulfuric acid. This
material is prepared from sulfur trioxide and 999, deuterium

* Rutgers—The State University, New Brunswick, N.J. Research sup-
ported in part by the U.S. Atomic Energy Commission.
t Los Alamos Seientific Laboratory, Los Alamos, N.M.
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oxide as described below.* The apparatus for obtaining
sulfur trioxide is shown in Fig. 16. The boiler of the dis-
tilling set-up is charged with 58 ml. (100 g.) of fuming sul-
furic acid (with 659, excess sulfur trioxide). The boiler
is then warmed gently with a flame until the oxide (b.p.

F1a. 16. Apparatus for the preparation of sulfur trioxide.

44.8°) is evolved. There is usually considerable fuming
before all of the atmospheric moisture is eliminated from
the system. (This initial fuming, although it does not
interfere with the synthesis, can be eliminated by flushing
the apparatus with dry nitrogen.) The sulfur trioxide is
allowed to condense in the condenser (through which water
should be circulated only if the ambient temperature is in
excess of 32°) and flow into the ice-cooled receiver, where

* The procedure given for making D,SO, is a modification of one described

by N. N. Greenwood and A, Thompson, INoRGANIC SYNTHESES, 6, 121
(1960).
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it sets to a white crystalline mass composed of long needles.
The distillation of the trioxide is continued until the tem-
perature of the vapor exceeds 45°.

At this point the flask containing the solid sulfur trioxide
is transferred to a warm water bath and connected via an
all-glass delivery tube ending in a sintered-glass gas disper-
sion tip to a receiver containing 5 ml. of 999, D,O (Fig. 17).

Drying tube

24 19 ||

40 38

Gas dispersion frit

Fic. 17. Apparatus for the preparation of deuterosulfurie acid.

The receiver flask is vented through a drying tube contain-
ing a small amount of phosphorus(V) oxide to prevent back
diffusion of atmospheric moisture into the D,SO,. The
receiver flask, which is provided with a magnetic stirring
bar, is set in an ice bath on top of a magnetic stirrer. After
the assembly is completed, the water bath surrounding the
sulfur trioxide is warmed gently until the oxide bubbles into
the D,O. The heat of the aguation reaction is sufficient to
keep the pores of the fritted plug open, even though the
temperature of the receiver flask is below the melting point
of the trioxide. The transfer of gaseous trioxide is con-
tinued until the temperature of the water bath reaches
about 70° or until the liquid volume in the receiver is 15 ml.
At this point the D,SO, in the ice-cooled receiver will corre-
spond to about 1009 sulfuric acid.
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The sulfurie acid-D, is transferred to the separatory fun-
nel of the apparatus shown in Fig. 18. Since this device
will become part of a high-vacuum gas-handling system,
both the funnel stopcock and the standard-taper ground

12
30

&y

F1c. 18. Apparatus for the preparation of Cl*¢-labeled deuterium chloride.

joint must be lubricated. Any nonprotonated stopcock
grease* may be employed for this purpose to ensure a
vacuum-tight seal. The reaction vessel is charged with
100 mg. (0.00171 mol) of ¢.p. sodium chloride dissolved in a
minimal quantity (about 0.5 ml. is sufficient) of distilled
watert to which has been added 0.2 ml. of HCI**{ having a

* For example, Kel-F grease, M. W. Kellogg Co., Item 8-8076, Scientific
Glass Supply Co.

t If the supply of D,0 is adequate, the use of heavy water as a solvent
for the sodium chloride will avoid the possibility of contamination of the
final produet with HCI by oceluded H:O in the crystals.

t Obtained as an aqueous solution, about 1.5 molar, as Item 36-D, Oak
Ridge National Laboratory.
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specific activity of 35 microcuries per mi. The apparatus
(Fig. 18) is attached by means of the male ground joint
to a vacuum system, and the water removed by exposing
the salt solution to vacuum. The solid residue so obtained
may be dried thoroughly by cautious flaming of the salt
under vacuum conditions. Care must be taken to avoid
spattering.

The sulfurie acid-D, is then allowed to fall dropwise from
the separatory funnel onto the dried NaCl®¢. (Care!
Foaming may occur at this point if the rate of addition is
too rapid. This rapid gas evolution can be minimized if
the cold-finger containing the NaCl®® is cooled to about 0°
with an ice bath.) The resultant DCI?® is condensed into
a liquid-nitrogen-cooled cold-finger attached elsewhere on
the vacuum line. Addition of the D,SO, is continued drop-
wise until gas evolution ceases.

It should be noted that at some sacrifice of high specific
activity, the total yield of DCI can be increased by increas-
ing the quantity of sodium chloride used in the synthesis.
Since the quantity of D,SO, prepared is about 0.250 mol,
the stoichiometric quantity of sodium chloride which can be
used is about 14.6 grams. However, practical limitations
of solubility and handling make the use of more than2to 3 g.
of the salt impractical.

The DCI*¢ must be freed of small amounts of excess sulfur
trioxide which may be present in the sulfuric acid and which
will have been condensed by the liquid nitrogen. This is
done by warming the cold-finger carefully to acetone-Dry
Ice temperature (—78°) and transferring the DCI3® to a
second nitrogen-cooled cold-finger by distillation. The
sulfur trioxide will remain behind in the first receiver.

Analysis

The two analytical problems associated with the prepara-
tion of deuterium chloride (CI3¢) are analysis of the product
for Cl3¢ content and for deuterium content. The radio-
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assay can be carried out either by the precipitation and
counting of solid samples (e.g., Hg,Cl,, AgCl)? or by gas-
phase radioassay.? The deuterium analysis of small sam-
ples requires mass spectrometric techniques.* Such analy-
ses should, however, be carried out on replicate DCl samples
prepared in an identical manner from nonradioactive NaCl,
or better with D,O obtained from the original DCI sample.
Such analyses will give only the maximum DCl/HCI ratio
in the final sample, since this cannot exceed the deuterium
purity of the initial heavy water.
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44. CHLORINE (C1*%)-LABELED THIONYL
CHLORIDE, SILICON TETRACHLORIDE,
BORON CHLORIDE, GERMANIUM (IV)
CHLORIDE, AND
PHOSPHORUS (III) CHLORIDE

Susmirtep BY R. H. HerBER*
Caeckep BY Frovyp B. Bakert

A wide variety of volatile chlorides can be labeled with C13¢
radiotracer (7; = 3.08 X 10° years, En.. = 0.714 M.e.v.)

* Rutgers—The State University, New Brunswick, N.J. Research sup-
ported in part by the U.S. Atomic Energy Commission.
t Los Alamos Scientific Laboratory, Los Alamos, N.M,
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by taking advantage of the rapid isotopic exchange reaction
of these halides with anhydrous tetramethylammonium
chloride.

Procedure

A reaction vessel is constructed of a 30-ml. Pyrex test
tube fitted with a 2-mm. stopcock and a male 10/30 stan-
dard-taper ground joint. About 110 mg. (0.001 mol) of
reagent-grade tetramethylammonium chloride is dissolved
in 5 ml. of distilled water and the solution is transferred via
a capillary medicine dropper into the reaction vessel
through the opened stopcock. Two drops (about 0.1 ml.)
of chlorine-36 stock solution* are diluted with 1 ml. of dis-
tilled water and sufficient 6 M sodium hydroxide (about one
drop) to give a basic solution, and this solution is introduced
into the reaction vessel with the capillary dropper.

The reaction tube is shaken to mix the contents and is
then attached to an all-glass vacuum system. The water is
removed by pumping in the usual manner. After the salt
has been sucked reasonably dry, it may be heated on a hot
water bath and exposed to continued pumping until a static
vacuum of 0.1 micron or less is attained (important in
avoiding subsequent hydrolysis).

A measured quantity (normally 0.010 mol) of a volatile
halide such as thionyl chloride, silicon tetrachloride, boron
chloride, germanium(IV) chloride, or phosphorus(III) chlo-
ride is then dosed into the reaction vessel, with liquid nitro-
gen as a refrigerant. The reaction vessel is isolated from
the vacuum manifold and warmed to 0° in an ice bath to
bring about liquefaction of the volatile chloride. Intermit-
tent shaking of the ice-bath-cooled reactants for a period of
1 to 4 hours usually ensures complete exchange of the radio-

* Item 36-P, Oak Ridge National Laboratory. Supplied as 1.64 N HCl
with a specific activity of 0.035 to 0.004 me. /ml.



162 INORGANIC SYNTHESES

chlorine, even though the solubility of the tetramethyl-
ammonium chloride in the chlorides is very limited.

At the end of this time, the volatile chloride is separated
from the tetramethylammonium chloride by distillation, by
again using high-vacuum gas-transfer techniques. Quanti-
tative recovery of the volatile halide can be effected in all
cases. The final specific activity of the labeled chloride
depends upon the initial specific activity of the labeled
tetramethylammonium salt and the quantity of volatile
halide labeled. On the assumption of complete randomiza-
tion of chlorine activity, the specific activity of the volatile
halide is given by:

m mols of (CH;)NCIl X sp. >a,ctivity of (CH3),NCI _ cpm.

n X m mols of volatile halide + m mols of (CH),NCl ~ mg. Cl

in which #n is the number of replaceable chlorine atoms per
molecule of volatile chloride.

Analysis

The specific radioactivity of the labeled product can be
obtained either by solid-sample counting®? of mercury(I)
chloride or by gas-phase radioassay?® of the volatile halide
itself. In the former method it is necessary to distill an
aliquot of the volatile halide into aqueous base and to isolate
the chloride formed on hydrolysis by precipitation with
mercury(I) nitrate. The gas-phase nondestructive radio-
assay yields a specific activity in terms of pressure rather
than in terms of weight of mercury(I) chloride.
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45. ANHYDROUS METAL CHLORIDES*

M;0, + nCCly — 2MCl, + nCOCl,

SusmirTtep BY E. R. EpreErsoN,f S. M. Horner,I K. KnoXx,§ anD S. Y.
TYREE, JR.}
CeECckED BY J. R. CrooKY aAND GEeorGe GiBsONY

The method of Michael and Murphy,! as modified by
Knox et al.,? can be used to prepare several polyvalent metal
chlorides. Oxides are converted to chlorides by heating
with an excess of carbon tetrachloride in a sealed glass tube.
The high pressures generated are balanced by placing the
sealed tube inside a high-pressure steel reaction vessel con-
taining the proper amount of liquid.

There are several advantages inherent in the method.
Oxides of the metals are generally available or easily made
in pure form. The reagents need not be excessively dry,
because small amounts of water are converted to phosgene
and hydrogen chloride. The convers on is complete and
the only losses are manipulative ones. In most cases rather
large crystals are formed which tend to be quite pure and
are relatively insensitive to hydrolysis by virtue of their
small surface-to-volume ratio.

Procedure

Metal oxide and reagent-grade carbon tetrachloride are
placed in the glass reaction tube (13-in. o0.d. and 5 in. long)
shown in Fig. 19. Eight milliliters of liquid carbon tetra-
chloride is used for every 26 ml. of internal volume of the

*For other communications on the general preparation of anhydrous metal
halides see INORGANIC SYNTHESES 4, 1953, synthesis 36; 6, 1957, synthesis 43.

1t Elon College, Elon College, N.C.

1 University of North Carolina, Chapel Hill, N.C.

§ Bell Telephone Laboratories, Murray Hill, N.J.

9 Tlinois Institute of Technology, Chicago, I11.
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glass reaction tube. The amount of metal oxide is that
calculated to allow the presence of a five-fold excess of car-
bon tetrachloride, according to the equation for the reac-
tion. The excess carbon tetrachloride is needed to dissolve
and thereby reduce the final pressure of product gases,
phosgene, and sometimes chlorine, and to dissolve the solid
chlorocarbon by-products which would otherwise contami-
nate the product.

The neck of the reaction tube is sealed and heated care-
fully to give a uniformly thick seal. After flame-annealing
the neck, the reaction tube is placed inside the steel bomb.*
If standard-wall reaction tubes are used, the same propor-
tion of carbon tetrachloride to free volume is maintained in
the steel bomb as in the glass tube. If heavy-wall tubes
are used, 66 ml. of liquid water at room temperature is used
for every 1410.ml. of free volume in the steel bomb.

The steel bomb is closed and the assembly heated to 400°
for 3 to 4 hours, the pressure developed being about 100
atmospheres. There is no danger of an explosion here, but
the usual precautions taken in high-pressure, high-tempera-
ture work should be observed. If a leak shou'd develop in
the seal, obnoxious gases will escape. The assembly is
allowed to cool to room temperature, and the steel bomb is
opened in a hood or out-of-doors.

The reaction tube now contains gases under pressure,
estimated to be about 1 to 2 atmospheres at room tempera-
ture, and so it should be handled carefully. It is opened
in a hood by playing an oxy-gas flame on the sealed tip,
which blows out because of the pressure inside the tube.
(Caution. The tip should be heated on a side which will
make it blow out in a safe direction.) The whole top of the
tube is taken off. This is done by scratching the side of the
tube with a sharp file just below the shoulder (before open-
ing the tip with the flame) and leading the scratch around

* The bomb was obtained from the American Instrument Co., Silver
Spring, Md. It had an id. of 31% in., an 0.d. of 43 in,, and a depth of 10 in.
Tts catalog description was Aminco Reaction Vessel no. 41-4150.
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the tube with a red-hot glass rod. These operations should
be carried out as rapidly as possible so they will be com-
pleted before effervescence ceases and air enters the tube.

=y

*To pump

Stopcock

N

Ground-glass joint

| _—-Opened glass
reaction vessel

| CCly, etc.

——— ——— =1 —CCl,

WMM oxice

Fic. 19. Glass vessel for reaction of Fi1g. 20. Container for removal of
metal oxides with carbon tetra- opened reaction vessel to dry-box.
chloride.

Metal chioride

The tube is placed inside another tube fitted with a ground-
glass joint and stopecock at the top (Fig. 20). The stopcock
is joined to a vacuum system by a rubber tube through a
Dry Ice—acetone trap and a tower of sodium hydroxide
pellets. It is partly opened very carefully, by adjusting
the stopcock so as to give a steady but not violent ebullition,
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Rapid boiling causes cooling, which tends to decrease the
rate of boiling to the point where bumping can be very bad.
The external application of sufficient heat by means of an
infrared lamp is very effective in overcoming the trouble and
in maintaining steady ebullition. About one-half of the
volume of the liquid in the reaction tube is slowly pumped
away in order to remove dissolved phosgene and chlorine.
All of the liquid is not pumped away, as otherwise solid
chlorocarbons will deposit. The tube is removed to an effi-
cient dry-box, opened, and the product filtered and washed
with carbon tetrachloride. None of the chlorides reported
appear to be appreciably soluble in carbon tetrachloride.*

Reaction tubes varying in internal volume from 22 ml. to
185 ml. have been used. Presumably the upper limit in
size is established by the volume of the steel bomb. The
best grease to use as lubricant for the ground-glass joint and
stopcock on the large transfer tube is Halocarbon stopcock
grease.T

Analysis

Analyses of a variety of the chlorides prepared are shown
in Table I. All analyses represent averages of several deter-
minations, usually on separate preparations.

* The checkers isolated the metal chlorides in the following manner.
After the bomb had been opened and the top half of the reaction tube cut
off, the bottom half of the tube was transferred immediately to a container
similar to that shown in Fig. 20 but without a stopcock. This assembly
was quickly transferred (2 to 3 minutes) to a large dry-box and opened,
and the contents in the tube were washed with carbon tetrachloride onto a
sintered-glass funnel and suction flask assembly connected to a suction
system external to the dry-box. In this operation and subsequent washing
with carbon tetrachloride, the chlorides were not drawn completely dry.
After washing, the carbon tetrachloride-wet crystals were transferred to a
smaller version of the container shown in Fig. 20 and pumped dry on a
conventional vacuum line. The dried product and container (under
vacuum) were then transferred to a smaller dry-box, where samples were
taken for analysis, Both dry-boxes were kept flushed with P,O;o-dried,
purified nitrogen.

1 Obtainable from Halocarbon Products Corp., North Bergen, N.J.
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TaBLE I
Analyses*
Chloride Stax:tmg Metal Chlorine
oxide
Cl/M
Caled. Found Caled. Found

FeCl; Fes0, 34.43 34.43 65.57 65.41 2.99
ReCl; Re,0- 51.23 51.18 48 .77 48 .11 4.92¢%
MoCl; MoO; 35.12 35.44 64.88 64.62 4.93%
WCl, WO, 46.36 46.25 53.64 53.50 6.00
NbCl; Nb,Os 34.39 34.52 65.61 65.44 4.97
TaCl; Ta.0; 50.51 50.84 49.49 49.32 4.95
ZrCl, Zr0O, 39.43 39.54 60.57 60.43 3.98%
AICI; ALO; 20,23 20.31 79.77 79.64 2.98

*In the preparation of samples for analysis they are hydrolyzed for
several hours in tubes designed to prevent loss of chloride (as HCIl) in the
fumes frequently formed on reaction with water.

t It is the belief of one of us (S.Y.T.) that these low ratios are due to surface
reaction of these two chlorides with small amounts of oxygen in the dry-
box chamber, and that the method itself yields pure products in both cases.

1 The atomic weight of 92.3 was used for zirconium, since the ZrO, sam-
ple is assumed to contain about 2% hafnium as in natural zirconium ores.

Comments on Individual Preparations

Iron(I1I) chloride crystals are large flat dark green plates.
Some of the very thin plates appear red by transmitted light
although dark green by reflected light.

Rhenium(VII) oxide must be sublimed into the glass reac-
tion tube, the pressure in the system brought to just above
atmospheric pressure, the connecting tube cut, and the car-
bon tetrachloride quickly poured in through a funnel. The
rhenium(V) chloride product is in the form of large green-
black ecrystals, under a green liquid, indicating some slight
solubility in the mother liquor.

Molybdenum(V) chloride crystals are very dark-colored
beneath a brown solution. Upon sucking the crystals dry
during the washing procedure, the surfaces of the crystals
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turn a very pale green, which color is removed by soaking
the crystals in a fresh portion of carbon tetrachloride. It
is believed that the crystals pick up oxygen (in the dry-box),
forming the dioxide chloride. The checkers note that with
their procedure for isolation of products the green color is
not observed.

The tungsten(VI) chloride product forms large black
crystals underneath a reddish liquid. The crystals are not
easily soluble in water, as reported for the direct-synthesis
product.? Digestion with hot aqueous ammonia for one
hour is necessary to dissolve completely samples of the
hexachloride prepared by this procedure.

Lemon-yellow needles of niobium (V) chloride are obtained
under a pale yellow solution. Usually a few small dirty-
white pellets are observed in the product. They are easily
picked out, and upon grinding in the dry-box they turn
yellow. Emission spectra of the ground pellets show only
lines characteristic of niobium, and the pellets are com-
pletely soluble in water. Since only very small amounts of
the white pellets are found in any one preparation, it is not
possible to analyze the material quantitatively, but it is
believed that they are essentially niobium(V) chloride also.

Pure white crystals of tantalum(V) chloride, zirconium-
(IV) chloride, and aluminum chloride are obtained. The
supernatant liquids are pale yellow in these cases owing to
dissolved chlorine.

Under the experimental conditions described above, zinc
oxide, lanthanum(III) oxide, cadmium oxide, and thorium-
(IV) oxide are partially converted to the corresponding
chlorides.

Properties

The properties of tungsten(VI) chloride,? iron(III) chlo-
ride,* niobium(V) chloride,® tantalum(V) chloride,® rhe-
nium(V) chloride,® molybdenum(V) chloride,” zirconium-



UNIPOSITIVE HALOGEN COMPLEXES 169

(IV) chioride,® and aluminum chloride® have been described
elsewhere.
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46. UNIPOSITIVE HALOGEN COMPLEXES

As is well known, the electronegativities of the halogens
decrease with increasing atomic weight. Studies'™ have
shown that positive halogen ions such as X+ or X(H,0),*
do not exist in appreciable concentration in aqueous solu-
tion, even for bromine and iodine. However, unipositive
halogen cations can be stabilized by coordination, and
Carlsohn® has made extensive studies of unipositive iodine
salts in which pyridine or. its homologs are the stabilizing
ligands. The corresponding bromine(I) compounds have
also been obtained.®” In addition to the work cited above,
a number of recent investigations on positive halogen com-
plexes have been reported.®®1%1!

A common method for the preparation of these com-
pounds involves the reaction of a silver salt with the halogen
in a dry, mildly polar solvent such as chloroform, in the
presence of the coordinating base, e.g., pyridine or quinoline.
The silver salt may be used in the form of its complex with
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the coordinating base. The silver halide precipitate is
separated by filtration and the complex is salted out with
anhydrous ether or petroleum ether. Procedures are given
below for the preparation of monoquinolineiodine(I) benzo-
ate, dipyridinebromine(I) nitrate, and dipyridinebromine(I)
perchlorate, as representative examples of positive halogen
complexes.

Evidence indicates that the adduct of iod ne(I) chloride
and pyridine (synthesis 47) contains unipositive iodine
stabilized by coordination with pyridine.

A. MONOQUINOLINEIODINE(I) BENZOATE
[Benzoato(quinoline)iodine (I)]
AgCrH:0; 4 I + CH;N — [I(CoH.N) (C;H:05)] + Agl

SuvemitTEDp BY R. A. ZINGaARO* anp W. B, WirmMER*
CrECKED BY ALEXANDER 1. Porovt

Procedure

In a carefully dried, 500-ml. glass-stoppered Erlenmeyer
flask, 11.5 g. (0.05 mol) of dry powdered silver benzoate is
suspended in 100 ml. of chloroform which has been previ-
ously dried and distilled from calcium chloride. To the sus-
pension of the silver salt is added a solution of 7 g. (slightly
in excess of 0.05 mol) of quinoline in 100 ml. of chloroform.
Dry powdered iodine is added in small portions with vigor-
ous shaking, until a total of 12.7 g. (0.1 mol) has been added
over a period of 5 minutes. After continued vigorous
shaking for an additional 10 minutes the suspension is
transferred rapidly to a sintered-glass filter of medium
porosity through which dried air can be drawn (Fig. 21).

* Texas A. and M. College, College Station, Tex.
T Northern Illinois University, De Kalb, Ill.; present address, Michigan
State University, East Lansing, Mich.
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The chloroform filtrate is separated and transferred to a 1-1.
flask, and 500 ml. of dry, low-boiling petroleum ether is
added. The pale yellow crystalline precipitate is separated
by filtration in a moisture-free atmosphere (Fig. 21) and

—> To drying tower

t— Ground-glass joint

=l 4— Medium-size porous
glass filter

— To vacuum

Fre. 21. Apparatus for moisture-free filtration.

washed with ethyl ether which has been dried over sodium.
The product is then dried, and stored in vacuo over sulfuric
acid. The yield is about 709%,. The product melts over
the range 140 to 150°, with decomposition. Anal. Caled. for
[I(CoH;N)(C;H;0,)]: 1, 33.7; C4H;N, 34.2. Found:1I, 33.5,
33.6; CoH,N, 34.2.
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B. DIPYRIDINEBROMINE(I) NITRATE
[Ag(C5H5N)2]N03 + Bl‘z i [BI‘(CsH5N)2]N03 + AgBI’

SusMITTED BY R. A, ZiNngarRo* aND W. B. WrTMER*
CHECKED BY ALEXANDER 1. Porovi

Procedure

Dipyridinesilver(I) nitrate is prepared by dissolving 8.5 g.
(0.05 mol) of dried powdered silver nitrate in 7.9 g. (0.1 mol)
of pure dry pyridine. The complex separates as a colorless
crystalline solid on cooling. A volume of 30 ml. of dry
chloroform is added to dissolve the complex. In a second
flask, 10 g. of bromine is dissolved in 50 ml. of chloroform.
Both flasks are cooled, in a Dry Ice-acetone bath, to just
above the freezing temperatures. The bromine solution is
added, in small portions, to the solution containing the
silver salt, with frequent, vigorous shaking. Both flasks
should remain stoppered, except during the additions, to
minimize moisture condensation. The addition of bromine
is continued until a permanent orange-brown coloration of
the halogen is observed, which indicates that the reaction is
complete. The silver bromide precipitate is removed by
filtration (Fig. 21). The clear filtrate is poured slowly,
with shaking, into 200 ml. of sodium-dried ethyl ether
cooled in a Dry Ice-acetone bath. The precipitate which
separates is filtered in a dry atmosphere (Fig. 21) and
washed with cold dry ether until colorless. The dipyridine-
bromine(I) nitrate acquires a very pale yellowish cast as
soon as all the ether is removed. The product, obtained in
a yield in excess of 909, melts at 79 to 80°. Anal. Caled.
for [Br(C;H;N);]NO;: Br, 26.6; CsH;N, 52.7. Found: Br,
26.0, CaHsN, 525, 52.3.

* Texas A. and M. College, College Station, Tex.

t Northern Illinois University, De Kalb, Ill.; present address, Michigan
State University, East Lansing, Mich.
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C. DIPYRIDINEBROMINE(I) PERCHLORATE
[Ag(05H5N)2]CIO4 + BI‘z g [BI‘(CsHsN) 2]0104 + AgBI'

SuesMiTTED BY GEORGE B. KAurFMaAN* aND KENNETH L. STEVENS*
CueEckED BY Sigeo Kipa} anp J. V. QuacgrLianot

Procedure

Seven and thirty-one hundredths grams (0.02 mol) of
dipyridinesilver(I) perchlorate'? is dissolved in a mixture of
15 ml. of dry chloroform] and 1.5 ml. of dry pyridine] con-
tained in a 125-ml. Erlenmeyer flask. To this solution,§
which has been cooled in an ice bath,|| is slowly added drop-
wise with continuous stirring a solution of 1.05 ml. (3.27 g.
is slightly >0.02 mol€)) of bromine dissolved in 20 ml. (30 g.)
of dry chloroform. The resulting cream-colored precipitate
of silver bromide is removed by suction filtration on a sin-
tered-glass funnel and washed with two 5-ml. portions of a
chloroform-pyridine mixture (20:1 by volume),** and the
washings are added to the yellow filtrate. About 40 ml. of
absolute ethyl ether is then added with stirring to the filtrate,
whereupon the product precipitates as a fine, white, crystal-
line powder tinged yellow by occluded bromine.tf The

* Fresno State College, Fresno, Calif.

t Florida State University, Tallahassee, Fla.

1 This solvent may be conveniently dried by shaking with anhydrous
granular sodium sulfate and decanting the clear liquid.

§ Since this solution is somewhat light-sensitive, the reaction is run
without excessive delay.

[| Inadequate cooling may result in a partially decomposed brownish
product. However, a pure white product will be obtained by recrystalliza-
tion from warm methanol as directed below.

q A slight excess of bromine is recommended in order to avoid contamina-
tion of the product with unreacted dipyridinesilver(I) perchlorate. Thus,
when the reaction has been completed, the supernatant liquid should be
tinged yellow.

** Dipyridinebromine (I) perchlorate is not soluble in pure chloroform.

t1 The checkers report that the yield of precipitate is improved by cooling
to about 10°,
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crystals are collected on a small sintered-glass or Biichner
funnel, washed free of bromine with several 10-ml. portions
of absolute ether, and air-dried. The product may be fur-
ther dried in vacuo over sulfuric acid, giving a yield of
5.75 g. (85.2%), or the air-dried product may be recrystal-
lized by dissolving in a minimum amount (about 40 ml.) of
warm (40°) methanol, cooling the solution in an ice-salt bath
for 5 to 10 minutes, collecting the white fluffy needles by
suction filtration, washing with several 10-ml. portions of
absolute ether, and finally drying in vacuo over sulfuric acid
for one hour. The yield of recrystallized product (m.p. 120
to 123°, with decomposition) is 4.15 g. (61.59,). The
product should be stored in a refrigerator. Anal. Caled. for
[Br(Cs;H;N).]ClO4: Br, 23.7; C;H;N, 46.9. Found: Br, 23.5,
23.4, 23.7; CsH;N, 46.7, 46.6.

Analysis

Positive iodine and bromine are determined by the oxida-
tion of iodide ion to free iodine, in accordance with the fol-
lowing equations:

+tT4+I- -1
Brt +2I-—> Br- 4 1,
In the analysis of monoquinolineiodine(I) benzoate and
dipyridinebromine(I) nitrate, a sample of about 0.1 g. was
added to a solution containing 2 g. of potassium iodide and
a few drops of hydrochloric acid in 50 ml. of water, and the
liberated iodine was titrated with a standard sodium thio-
sulfate solution in the presence of starch asindicator. Inthe
analysis of dipyridinebromine(I) perchlorate, a 0.2-g. sample
was dissolved in 25 ml. of 0.5 N sodium hydroxide solution
to which 0.5 g. of potassium iodide had been added. The
solution was then acidified with 10 ml. of 2 NV sulfuricacid and
the liberated iodine titrated immediately with thiosulfate.

For the determination of amine in the first two com-
pounds, the following procedure was employed. One-tenth
gram of the complex was dissolved in 100 ml. of glacial
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acetic acid. The amine was titrated with a 0.2 N solution
of perchloric acid in glacial acetic acid, the titration being
followed by means of a high-frequency titrating device, e.g.,
a Sargent-Jensen High Frequency Titrator. Pyridine was
determined in dipyridinebromine(I) perchlorate in the fol-
lowing manner. To a 0.5-g. sample was added 30 ml. of a
potassium iodide-sodium thiosulfate solution containing
1 g. of potassium iodide and 1.5 g. of sodium thiosulfate
5-hydrate. The liberated iodine was decolorized by the
sodium thiosulfate. The liberated pyridine was then
titrated with 0.1 N hydrochloric acid to a gray-blue end
point using bromophenol blue indicator. A blank is recom-
mended to establish the color of the solution at the end point.

Properties

The complexes of unipositive iodine and bromine are
either colorless or pale yellow. It is conceivable that the
yellow color may be due to the release of some free halogen.
They decompose slowly if stored in a dark, dry, moisture-
free atmosphere, but will generally hydrolyze rapidly on
exposure to light and moist air. They are generally soluble
in chloroform, ethanol, acetic acid, pyridine, and related
polar solvents, and may also react with these solvents.
They are only very slightly soluble in such solvents as ethyl
ether, carbon tetrachloride, carbon disulfide, and aliphatic
hydrocarbons. In methanol or pyridine, the positive char-
acter of the halogen can be demonstrated, since, on elec-
trolysis, the halogen migrates quantitatively to the cathode
in these solvents. The complexes have been reported to be
useful as brominating or iodinating agents in some organic
reactions. With few exceptions the melting points are not
sharp, but decomposition occurs over a wide temperature
range.

It is interesting to note that whereas dipyridinebromine(I)
nitrate is hygroscopic and extremely unstable in air and
water, the corresponding perchlorate is a nonhygroscopic,
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relatively stable solid. In fact, it apparently can be recrys-
tallized from water at 40° without decomposition.

With pyridine as ligand, two types of complexes have been
isolated: I{CsH;N)X (X = acid radical) and I(C;H:;N).X.
The former type has been formulated as a nonelectrolyte,
[I(CsH;N)X], and the latter as an electrolyte, [I(CsH;N).]X.5
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47. MONOPYRIDINEIODINE(I) CHLORIDE
[Chloro(pyridine)iodine (I)]
C:H:N + ICI — [I(CsH:N)]CI or [I(C:H:N)CI]

SusMITTED BY GEORGE B. KAUrFFrMaAN* AND KENNETH L. STEVENS*
CrECKED BY Donarp J. RoYER{}

Addition compounds of pyridine and similar organic
bases with halogens and interhalogens have been known for

* Fresno State College, Fresno, Calif.
1 Georgia Institute of Technology, Atlanta, Ga.
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some time.'"!'®* A systematic study’ of the possible com-
pounds of empirical formula C;H;N-XY, where both X and
Y are halogens, reveals that the stability of such compounds
follows the order: C;H;N-IC1 > C;H;N-IBr > C;H;N-BrCl
> C;H;N-Br, > C;H;N-Cl, > C;H;N-I,. The compounds
may be obtained from carbon tetrachloride solution by add-
ing pyridine to the corresponding halogen or interhalogen.

This synthesis of monopyridineiodine(I) chloride, the
most stable member of the series, is based on the work of
Williams.” Because of its extremely low conductivity in
pyridine solution, he considered the compound to be a non-
electrolyte, [C;H;N-I-Cl}, a structure in which the iodine
atom becomes dicovalent by absorption of two of its valence
electrons into its core.!®” On the other hand, physico-
chemical studies (conductivity, thermal analysis, and elec-
trolysis of the system iodine(I) chloride-pyridine led Fialkov
and Muzyka!® to formulate the compound as an electrolyte,
[CHN:ITClY, in concurrence with an earlier view of
Audrieth and Birr.'®* Both views agree that the compound
contains unipositive iodine. Fialkov and Muzyka!® report
the existence of another compound, C;H;N-2ICl, which
they formulate as [C;H;N:I]TICl,.

Procedure

Four and four-tenths milliliters (slightly > 0.05 mol) of
dry pyridine* is mixed with 10 ml. of dry carbon tetrachlo-
ride* in a 250-ml. Erlenmeyer flask. A solution of 8.12 g.
(0.05 mol) of iodine(I) chloride!*f in 100 ml. of dry carbon
tetrachloride is slowly added dropwise with constant swirl-
ing.] The resulting yellow precipitate is collected by suc-

* Conveniently dried by shaking with anhydrous granular sodium sulfate
and decanting the clear liquid.

t The checker suggests that if iodine(I) chloride is not available, one may
substitute a solution prepared by bubbling about 1.77 g. (0.025 mol) of
chlorine into 100 ml. of carbon tetrachloride containing 6.35 g. (0.025 mol}
of iodine.

1 The reverse addition of pyridine to 1odine(I) chloride results in a
product contaminated with oceluded iodine(I) chloride. To prevent con-
tamination, pyridine rather than iodine(I) chloride is used in excess.
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tion filtration, washed with several small portions of carbon
tetrachloride, and air-dried. The yield of crude product is
quantitative (based on iodine(I) chloride). This is added
to a 300-ml. Erlenmeyer flask containing 250 ml. of 959,
ethanol, and the mixture is heated on a water bath until the
compound has dissolved (about 5 to 10 minutes). Partial
decomposition is evidenced by the reddish brown color of
the resulting solution.* The solution is then cooled in an
ice bath (about 10 to 15 minutes), and the bright yellow
needles are collected by suction filtration, washed with
several small portions of carbon tetrachloride, air-dried, and
finally dried #n vacuo over phosphorus(V) oxide for 48 hours.
The yield may vary from 6.04 g. to 8.46 g. (50 to 70%).
Anal. Caled. for [I(C;:H;N)]CI: 1, 52.56; C;H:N, 32.76; Cl,
14.68. Found: I, 52.73, 52.56, 52.57; C;HsN, 32.58, 32.78,
32.47; Cl, 14.55, 14.43, 14.74.

Analysis

Iodine. To a 0.25-g. sample is added a solution of 0.5 g.
of potassium iodide in 20 ml. of distilled water, followed by
0.5 ml. of 6 M sulfuric acid to neutralize the pyridine. The
liberated iodine is immediately titrated with 0.1 N sodium
thiosulfate in the presence of starch indicator.

Pyridine. To a 0.25-g. sample is added 20 ml. of a
potassium iodide-sodium thiosulfate solution containing
0.5 g. of KI and 0.75 g. of Na,S,0;5H,0. The liberated
iodine is decomposed by the thiosulfate. The liberated
pyridine is then titrated immediately with 0.1 N hydro-
chloric acid to a gray-blue end point with bromophenol blue
as indicator. A blank is recommended to establish the
color of the solution at the end point.

Chlorine. A Dry Ice-acetone-cooled condenser is fitted
onto one neck of a two-necked 200-ml. flask, while ca. 30 ml.

* The standard recrystallization technique using a minimum amount of
hot solvent requires the use of higher temperatures to dissolve the crude
product, resulting in more extensive decomposition and an impure (reddish
yellow) product,



MONOPYRIDINEIODINE(I) CHLORIDE 179

of liquid ammonia is introduced through the other neck.
A 0.2-g. sample is then added, followed by enough freshly
cut sodium to preserve the dark blue color of the mixture
for one-half hour. The condenser is then removed, the
ammonia allowed to evaporate, and the excess sodium
decomposed by addition of ethanol. The solution is
diluted with water, filtered if necessary, and acidified with
dilute nitric acid, and the chloride and iodide are precipi-
tated with 0.1 N silver nitrate. From the weight of the
combined silver halides and the percentage of iodine (see
above), the percentage of chlorine can be calculated:

(24.737 X wt. AgX) — (45.763 X 9% I X g. of sample)
g. of sample

% Cl =

Properties”

Monopyridineiodine(I) chloride, as recrystallized from
ethanol, consists of pale yellow fluffy needles, which melt at
134 to 135°. It is very sparingly soluble in water, benzene,
and carbon tetrachloride, slightly more soluble in nitro-
benzene, and readily soluble in pyridine, cold acetone, and
hot ethanol. It reacts slowly with cold ethanol and acetone
to liberate iodine.

In ethanol solution the compound reacts with silver
nitrate to yield an immediate precipitate of silver chloride.
In agreement with expectations for unipositive iodine,
electrolysis of an alecoholic solution gives iodine and
pyridine at the cathode and chlorine at the anode. The
compound also dissolves in aqueous potassium iodide to
liberate iodine. In warm carbon tetrachloride solution it
reacts with phenol to give a white precipitate of sym-
trilodophenol.
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48. ANHYDROUS HYDROGEN IODIDE

CioHi2 + 21, — CyoHs + 4HI

SusmittED BY C. J. HOFFMAN™*
Cueckep BY Epwarp A. HeINTzZT

Gaseous anhydrous hydrogen iodide can be prepared by
the catalytic union of the elements*?2 and by the reaction of
solid iodine with boiling tetrahydronaphthalene.® The
apparatus required for the direct combination of the ele-
ments requires considerable time to fabricate and, although

* Lockheed Missiles and Space Division, Sunnyvale, Calif.

t Metals Research Laboratories, Union Carbide Metals Co., a Division of

Union Carbide Corp., Niagara Falls, N.Y.; present address, University of
Buffalo, Buffalo, N.Y.
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the alternative synthesis requires no special apparatus,
difficulty is often experienced in controlling the rate of gas
evolution. The synthesis described below is a modification
_of the second method, with the advantage that a steady
uniform stream of hydrogen iodide can be generated. Based
on the conversion of all the iodine to the hydrogen halide,
the yield of hydrogen iodide obtained by this method is
nearly quantitative. This is in contrast to the yield of
hydrogen bromide by an analogous method,* which results
in conversion of only one-half of the bromine to hydrogen
bromide.

Procedure

A 500-ml. three-necked ground-joint flask nested in a
heating mantle is connected to a reflux condenser, to an
inlet gas-delivery tube extending to about 1 in. from the
flask bottom, and to a dropping funnel fitted with a Teflon
stopper. Two cold traps fitted with stopcocks are assem-
bled in series to the exit of the reflux condenser through
ground-glass joints. The exit from the last trap is con-
nected to a mercury flow bubbler. All joints are lightly
coated with Halocarbon grease.* The trap connected
directly to the reflux condenser is immersed in an ice bath
to limit entrainment; the succeeding trap, cooled by liquid
nitrogen, is used to collect the anhydrous hydrogen iodide.

The reaction flask is charged with 50 ml. of tetrahydro-
naphthalene and the hydrocarbon is slowly brought to the
boiling point, while a solution of 2.56 g. (0.01 mol) of iodine
in 100 ml. of the same hydrocarbon is made and transferred
to' the dropping funnel. The hydrogen iodide is generated
by dropwise addition of the iodine solution to the moder-
ately boiling tetrahydronaphthalene; the rate of addition is
sufficient to maintain a slight iodine coloration in the reac-
tion flask. To sweep the hydrogen iodide from the reaction
flask, a stream of dry nitrogen is passed into the flask and

* Obtainable from Halocarbon Products, Inc., Hackensack, N.J.
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through the train during the entire reaction. After the
addition of the entire iodine charge, the contents of the
flask are boiled for a few minutes to remove the residual
iodine coloration. The usual vacuum-line techniques® are
used to transfer the hydrogen iodide from the train by dis-
tilling through a trap maintained at 0° and into a storage
bulb. The yield of hydrogen iodide is 909, based on the
quantity of iodine employed.

Analysis

The exit gas from the generator ice trap is dissolved
directly in water. The hydrogen-ion concentration of the
resulting solution is determined by titration with standard
base, and the iodide-ion concentration by the precipitation
of silver iodide. ~ Only traces of tetrahydronaphthalene are
detected by the very slight carbon-hydrogen bond-infrared
absorption in the samples of the anhydrous gas prepared by
this procedure.
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49. ACETYLACETONATOMANGANESE (IIT)

[Tris(2,4-pentanedionato)manganese (III)]

MDCIZ + 2HC5H702 + 2Na02H302 -
’ Mn(C5H7Og)2 + 2NaCl + 2H02H302
4Mn(05H702)2 + KMIIO4 + 7HC§H702 “"' HCzH302 -
5Mn(C5H702)3 + K02H302 + 4.H20

SusMITTED BY ROBERT G. CHARLES*
Cueckep BY B. E. BrRyanTt

Acetylacetonatomanganese(III) has been made by the
reaction of hydrous manganese(III) oxide on acetylacetone
(2,4-pentanedione),! by the air oxidation of a mixture of
hydrous manganese(IT) oxide and aqueous acetylacetone,?
and by the interaction of manganese(II) sulfate with potas-
sium permanganate in an ammoniacal solution of acetyl-
acetone.® The present procedure is similar to the last-
mentioned method.

* Westinghouse Research Laboratories, Pittsburgh 35, Pa.

t Dow Chemical Co., Freeport, Tex.; present address, North Texas

State University, Denton, Texas.
183
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Procedure

To a solution of 5.2 g. (0.026 mol) of manganese(II) chlo-
ride 4-hydrate and 13.6 g. (0.1 mol) of sodium acetate
3-hydrate in 200 ml. of water is added 20.0 g. (0.2 mol) of
acetylacetone. To the resulting mixture a solution of
1.04 g. (0.0066 mol) of potassium permanganate in 50 ml. of
water is slowly added at room temperature, with stirring.
After stirring a few minutes, a solution of 13.6 g. (0.1 mol)
of sodium acetate 3-hydrate in 50 ml. of water is added in
small amounts, with stirring. The mixture is heated on the
hot plate for about 10 minutes and cooled to room tempera-
ture, and the dark solid is filtered on a Biichner funnel.
The product is washed with water and dried in vacuo over
anhydrous ecalcium sulfate. The yield is 6.5 g. (709, of
theory). The dried chelate is dissolved in 20 ml. of warm
benzene, the solution filtered, and the chelate reprecipitated
by cooling the solution and adding 75 ml. of petroleum
ether. The recrystallized material is dried at room tem-
perature in vacuo over anhydrous calcium sulfate. Anal.
Caled. for Mn(C5H;0.);: C, 51.1; H. 6.01; ash (as Mn;0,),
21.6. Found: C, 51.2; H, 6.34; ash, 22.0.

Properties

Acetylacetonatomanganese(I1T) forms lustrous crystals
which are black to dark brown by reflected light and green
by transmitted light.»? It does not melt sharply, but
decomposes above 150°. The molecular weight in such
solvents as amyl benzoate is normal.#? The compound is
soluble in such solvents as benzene, chloroform, and ethyl
acetate and is only slightly soluble in water.
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50. RHENIUM(II1) IODIDE
(Rhenium Triiodide)

Two methods for the preparation of rhenium(III) iodide
are described below. In one procedure (A), perrhenic acid,
obtained by reaction of 309, hydrogen peroxide on pow-
dered rhenium metal, is reduced directly to the triiodide by
the action of concentrated hydriodic acid and ethanol at
elevated temperatures. The second procedure (B) utilizes
the controlled thermal decomposition of rhenium (IV) iodide
in an atmosphere of iodine.! The tetraiodide is prepared
by reduction of perrhenic acid with concentrated aqueous
hydriodic acid, followed by dehydration of the initial
product.

Procedure A

SuBMITTED BY L. MALATESTA™
CueckeEp BY CorLiN Lock} axp GrorrFREY WILKINSONT

The preparation is best carried out in the flask shown in
Fig. 22, but an Erlenmeyer flask covered by a funnel can be
used instead. To a suspension of 1 g. (0.00536 mol) of
powdered rhenium metal in 4 ml. of water, there is added
dropwise 4 ml. of 309, hydrogen peroxide. The colorless
solution is evaporated to a sirupy consistency on a sand
bath. Four milliliters of water is then added and the solu-
tion is evaporated again. The process is repeated twice
more with 4-ml. portions of water to ensure removal of
excess hydrogen peroxide.

The sirupy solution is treated with 20 ml. of a 559, solu-
tion of hydriodic acid and 20 ml. of ethanol and the resulting
mixture is evaporated on a sand bath so that its volume is

* Institute for General Chemistry, University of Milan, Milan, Italy.
t Imperial College of Science and Technology, London, England.
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reduced to about 5 ml. in one hour.* The solution is then
permitted to come to room temperature, and the black
crystalline precipitate is filtered by suction on a Biichner
funnel. The crystals are washed with 5 ml. of cold absolute

Fi1a. 22. Apparatus for the preparation of rhenium (III) iodide.

ethanol and transferred on the Biichner funnel to a desicca-
tor. The mother liquor is evaporated nearly to dryness on
a sand bath, a few milliliters of ethanol is added, and the
precipitate is filtered over that previously obtained. The
product is washed first with 25 ml. of absolute ethanol and
then with 10 ml. of carbon tetrachloride to remove excess
iodine. The yield is 2.16 g. or 719, based on the amount of
rhenium used.T Anal. Caled. for Rel;: Re, 32.8; I, 67.2.
Found: Re, 32.9; 1, 67.0.

* The checkers report that if an Erlenmeyer flask is used for the prepara-
tion, considerable sputtering may occur at this point, even though the
evaporation is carried out carefully. They have found that the use of an
air jet in the evaporation process helps to cut down sputtering.

t The checkers found yields of 55 to 609%,.
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Procedure B

KReO4 + HR — HReO4 —+ KR
(R = resin anion)
2HRCO4 + 14HI — 2ReI4 + 312 + 8H20
2Rel; — 2Rel; + I,

SuBMITTED BY GEORGE W. WaATT* anD RicHarD J. THOMPSONT]
CuecgeEp BY CHARLEsS L. Rurrs,§ DeEan W. CoOKE,§ aND BERNARD
SPIELVOGEL§

A tube 40 cm. in length and 20 mm. i.d. is fitted with a
stopcock. The tube is charged with 50 g. of 50-100-mesh
Dowex 50 W-X1 cation-exchange resin above a 1-cm. layer
of Pyrex wool. The resin is washed with 20 ml. of 6 M
hydrochloric acid and rinsed with pure hot (100°) water
until the effluent is colorless and does not give any turbidity
with silver nitrate solution. (About 200 ml. of water is
required.) A 10.0-g. sample (0.0356 mol) of finely ground
potassium perrhenate is dissolved in 120 ml. of pure hot
(100°) water. The hot solution is added to the resin in four
30-ml. portions and the column is then rinsed with pure
water (boiling, if undissolved potassium perrhenate is
observed). The effluent is collected at the rate of 15 to
20 ml. per minute. The initial neutral portion of the effluent
(ca. 50 ml.) is discarded and the fraction which is acid to
litmus (ca. 130 ml.) is collected in a 250-ml. beaker.

The acidic solution is concentrated to a volume of 20 ml.
and cooled, and 50 ml. of concentrated (549%,) hydriodic
acid is added. (The hydriodic acid is distilled from red
phosphorus just before use.) The beaker is placed in a

* The University of Texas, Austin, Tex.

t North Texas State University, Denton, Tex.

1 Financial support of the Research Corporation, the Atomic Energy
Commission, Contract At-(40-1)-1639, and The Robert A. Welch Founda-
tion is gratefully acknowledged.

§ The University of Michigan, Ann Arbor, Mich.
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vacuum desiccator charged with a mixture of solid sodium
hydroxide and phosphorus(V) oxide and the pressure is
reduced by means of a water aspirator. The desiccants are
changed as necessary and the reduced pressure is main-
tained. About 48 hours is required to remove the water
from the product (Rel,).*

The hard black rhenium(IV) iodide is transferred to a
test tube 30 em. long and 25 mm. o.d., which has been con-
stricted to about 10-mm. i.d. at the center. Five grams of
iodine is placed on the tetraiodide and the tube is evacuated
(oil-pump) and sealed. The tube is heated at 350 +5° for
8 hours in a furnace. The tube is then adjusted in such a
manner that the rhenium(III) iodide which has formed is
maintained in one portion in the furnace at 220° while the
other portion protrudes from the furnace. The latter por-
tion is allowed to cool slowly at first and is then cooled fur-
ther by a jet of air. When all the iodine has apparently
collected in the cooled portion, the entire tube is allowed to
cool to room temperature. The tube is then scored in the
center with a file and broken. (Care is taken to effect a
break without introducing shards of glass into the product.)
The glistening black crystals are transferred onto the
fritted-glass plate of a tared crucible and washed with car-
bon tetrachloride until the washings are colorless. (About
400 ml. of solvent is required.) The product is then rinsed
with two 20-ml. portions each of ethanol and ethyl ether
and dried at 110°. The yield is 16.3 g. or 839,. Anal.
Caled. for Rel;: Re, 32.8: 1, 67.2. Found: Re, 33.0;1, 67.0.

Properties

Rhenium(I1I) iodide forms lustrous black needlelike
crystals. It is only sparingly soluble in water and dilute

* The checkers found that the drying process required considerably more
time than that reported. They suggest that the product be given a pre-
liminary drying with calcium chloride in the desiccator and that this be
followed by several changes of phosphorus(V) oxide. With such a proce-
dure, drying can be effected in about 3 days.
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acids and nearly insoluble in methanol, ethanol, petroleum
ether, ethyl ether, and carbon tetrachloride. The com-
pound evolves iodine slowly in a vacuum, the rate of evolu-
tion increasing with temperature. It dissolves readily in
liquid ammonia, but undergoes extensive solvolysis in this
medium.? The corresponding chloride and bromide are
soluble and apparently stable in liquid ammonia.?
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61. POTASSIUM HEXACHLORORHENATE(IV) AND
POTASSIUM HEXABROMORHENATE(IV)

2KX + 2KReO; 4+ 10HX + 3H:PO—
2K2R6X5 + 3H3PO3 + 5H20
(X = (C), Br)

SusMITTED BY GEorRGE W. Warr* anp RicHArD J. THOMPSONTI
CueckeEp BY JEAN M. GieBONs§

Potassium hexahalorhenate(IV) complexes have been
prepared by reduction of potassium perrhenate in concen-
trated hydrohalic acid media. Among the reducing agents
which have been employed are iodide ion,! chromium(1I),*

* University of Texas, Austin, Tex.

t North Texas State University, Denton, Tex.

1 Financial support of the Research Corporation, the Atomic Energy
Commission, Contract At-(40-1)-1639, and The Robert A. Welch Founda-

tion is gratefully acknowledged.
§ University of Kansas, Lawrence, Kan.
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sulfur dioxide, hydrazine, formaldehyde, and hypophos-
phorous acid.? The chloro and bromo complexes have been
obtained in highest yield and highest purity by use of
hypophosphorous acid as the reductant.

Procedure
A. POTASSIUM HEXACHLORORHENATE(IV)

Ten grams (0.0346 mol) of potassium perrhenate, 2.58 g.
(0.0346 mol) of potassium chloride, 25 ml. of 509, hypo-
phosphorous acid, and 500 ml. of concentrated hydrochloric
acid are placed in a covered 600-ml. beaker. The stirred
mixture is heated until dissolution of the salts occurs. (The
use of a Teflon-sheathed stirrer-bar, in conjunction with a
stirrer-hot plate, facilitates the procedure.) The tempera-
ture is maintained at 951 5°.

The solution changes in color from a pale yellow through
a dark, almost opaque, green to an intense emerald green,
and finally to a pale emerald green. The final color is
attained in about 2 hours. A ribbed watch glass is then
placed over the beaker and the material is concentrated at
95+ 5° to about 50 ml. (The total elapsed time is about
16 hours.)

The material is allowed to cool slowly to room tempera-
ture and the pale green crystals are transferred to a sintered-
glass filter and suction-dried. The product is covered and
stirred well three times with chilled 6 N hydrochlorie acid,
suction drying being effected at the end of each operation.
The salt is then washed with two 20-ml. volumes each of
acetone and of ethyl ether. The washed material is freed
of solvents with suction and dried at 110°. The yield is
15.3 g. (0.032 mol) or 939, of theoretical. Anal. Caled. for
K;ReClg: Cl, 44.6; Re, 39.0. Found: Cl, 44.3; Re, 39.4.

The salt is dissolved in 400 ml. of coneentrated hydro-
chloric acid to which two drops of hydrazine have been
added. The heated mixture is concentrated to 25 ml. at
just below the boiling point, and the recrystallized material
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is isolated, washed, and dried as above. The yieldis 13.5 g.
(0.0283 mol or 829,) of pure crystals. Anal. Found: Cl,
44.6; Re, 39.0. '

B. POTASSIUM HEXABROMORHENATE(IV)

A 600-ml. beaker is charged with 10.0 g. (0.0346 mol) of
potassium perrhenate, 4.11 g. (0.0345 mol) of potassium
bromide, 400 ml. of concentrated hydrobromic acid (499
HBr), and 10 ml. of 509%,_ hypophosphorous acid. The
heated mixture is held at 110+5° until a volume of 25 ml.
is attained (about 16 hours). (The color of the mixture
changes from yellow to an intense dark red within 2 hours;
the intensity of the dark red mixture then fades appreci-
ably.) The mixture is chilled and the dark red crystals are
transferred onto a sintered-glass filter and suction-dried.
The product is covered with chilled 4 N hydrobromic acid
and stirred well, and the acid is removed with suction; the
washing procedure is repeated twice. The salt is then
washed with two 20-ml. volumes each of acetone and of
ethyl ether, freed of solvents with suction, and dried at 110°.
A yield of 24.4 g. (0.0328 mol; 959,) of the bromide is
obtained.

The crude material is dissolved in 250 ml. of concentrated
hydrobromic acid to which a drop of hydrazine has been
added. The volume is reduced to 25 ml. at just below the
boiling point, and the recrystallized salt is isolated and
washed and dried as above. The yield of purified salt is
22.0 g. (0.0296 mol; 869, based on potassium perrhenate).
Anal. Caled. for K,ReBrs: Re, 25.0; Br, 64.5. Found: Re,
25.1; Br, 64.4.

Properties

Compounds of the type K;ReXs, in which X represents I,
Br, or C), are hydrolyzed by water, the hydrolysis proceed-
ing more readily with increasing atomic number of the
halogen. The emerald-green chloride hydrolyzes only
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slowly in water at room temperature, the dark red bromide
reacts within minutes, and the black iodide, it is reported,
cannot be obtained free from hydrolysis products.* In hot
neutral media, hydrolysis of the chloride is accompanied by
air oxidation or disproportionation, as evidenced by the
formation of a white precipitate containing perrhenate ion
when tetraphenylarsonium chloride is added to the filtrate
of the hydrolytic mixture. In the presence of alkalies, the
hexachloro compound disproportionates in a complex man-
ner.® More rapid concentration than that described in the
procedure above can yield yellow-green crystals of the
hexachloro complex which give low chloride values. Simi-
lar treatment of the bromo complex yields a rust-brown
product which gives low bromide values. Both salts can
be obtained as beautiful large rhombs by slow evaporation
of the appropriate solutions.
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52. TRIIRON DODECACARBONYL

Fe(CO)s + 30H- — HFe(CO) 4+ CO;—— 4+ H,0
3HFe(CO)s + 3MnO; 4+ 3H,0 —
Fe3(CO)12 + 3Mn*++ + 9OH~

SusmiTrEp BY R. B. King*} AND F. G. A. STOoNE*§
Caeckep BY R. S. SumMmitri aNp W. E. EpgeLn}

Triiron dodecacarbonyl has been obtained by three differ-
ent methods: the action of heat on the iron carbonyl
Fe,(CO), ! oxidation of the anion HFe(CO),~ by various
oxidizing agents,? and treatment of iron pentacarbonyl with
triethylamine followed by acidification of the reaction mix-
ture.* The method described below is based on the oxida-
tion of the anion HFe(CO),~ with manganese dioxide.

Procedure

The reaction is carried out in a well-ventilated hood using
a 2-1. three-necked flask fitted with a stirrer, nitrogen inlet,

* Harvard University, Cambridge, Mass.
t Present address, E. I. du Pont de Nemours & Co., Wilmington, Del.
§ Present address, Queen Mary College, London, England.
1 Purdue University, Lafayette, Ind.
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and reflux condenser. A safety pan is placed under the
reaction flask. After flushing out the system with nitrogen,
42 ml. (60 g.; 0.3 mol) of commercial iron pentacarbonyl and
170 ml. of methanol are placed in the flask and treated with
a solution of 45 g. of sodium hydroxide in 90 ml. of water.
An exothermic reaction occurs. The mixture is stirred for
about 30 minutes and then treated with 125 ml. of saturated
ammonium chloride solution.

Meanwhile a thick brown aqueous paste of manganese
dioxide is prepared by cautiously treating 67 g. (0.4 mol) of
potassium permanganate and 300 ml. of water with 100 ml.
of 959, ethanol in a large beaker covered with a watch
glass.* The mixture is heated} on a steam bath until reac-
tion begins, as evidenced by formation of a brown precipi-
tate of manganese dioxide. It should be noted that
reaction is vigorous, and the beaker must be kept covered
to avoid spattering. Reaction is complete when no more
purple permanganate is observed.

The suspension of manganese dioxide thus obtained is
added to the buffered HFe(CO),~ solution. Heat is
evolved, and the mixture becomes dark red in color. The
oxidation process is allowed to proceed for 1 to 2 hours with
stirring of the mixture and the excess of manganese dioxide
is then decomposed by gradual addition of a solution of
40 g. of iron(II) sulfate 7-hydrate dissolved in 250 ml. of
dilute sulfuric acid (about 2 N). The mixture, still red in
color, is then treated with 300 ml. of 1:1 sulfuric acid.
Stirring is continued until the black precipitate of triiron
dodecacarbonyl is present in only a weakly colored, usually
very pale green, supernatant solution. The product is then
filtered and washed successively with 400 ml. of hot dilute
(~2 N) sulfuric acid, 200 ml. of 959, ethanol, and 150 ml.

* It is necessary to use freshly prepared manganese dioxide, obtained as
described. Commercial manganese dioxide cannot be used.

T Note added by checkers: The reaction to prepare MnO. often starts
spontaneously with stirring. Heating therefore should be delayed until
it is certain that the reaction will not start without it.
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of pentane, isohexane, or petroleum ether. The ethanol
and pentane washings are dark green, but this represents
negligible loss of product. The yield of triiron dodecacar-
bonyl is 35 to 45 g. (70 to 90%). The iron carbonyl should
be stored under nitrogen. Stability of the product is
improved if traces of ethanol or water are allowed to remain
in contact with it. Triiron dodecacarbonyl thus obtained
is pure enough for most purposes. If necessary, the last
traces of water or ethanol may be removed by application
of high vacuum. If highly pure triiron dodecacarbonyl is
required, it may be obtained by sublimation (60° at 0.1 mm.)
of the crude material, or by placing the crude material in a
Soxhlet apparatus and extracting with pentane under nitro-
gen, with filtration of the product after it separates from the
extracts.

Properties

Triiron dodecacarbonyl® is a black crystalline solid, very
sparingly soluble in organic solvents and affording intensely
dark green solutions. On standing in air the carbonyl is
gradually oxidized to brown iron(I1I) oxide and thus should
be stored under nitrogen. On prolonged storage, decom-
position to pyrophoric products has occasionally been
observed. The compound is appreciably volatile, giving a
black crystalline sublimate. Heating somewhat higher
than 60° results in production of a mirror of metallic iron.

Triiron dodecacarbonyl is a precursor to a great variety
of organoiron compounds. In this respect, it is frequently
a superior reagent to iron pentacarbonyl.® ¢
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53. SODIUM SALTS OF CARBONYL HYDRIDES
PREPARED IN ETHEREAL MEDIA

Susmittep BY R. B. King* anp F. G. A, Stonet

Sodium salts of carbonyl hydrides of general formula
Na,M(CO), or Na,M(CO),C;H;, prepared from metal
carbonyls and bases, have been known for some time in
aqueous or alcoholic media.! More recently the salts have
been synthesized in iquid ammonia? or in ethereal media?
by the action of sodium or sodium amalgams on various
metal carbonyls. The ethereal solutions are especially use-~
ful for synthetic purposes because of the re ative inertness
of the solvent. Tetrahydrofuran is a convenient ether to
use, and carbonyls or carbonyl derivatives which will form
salts include Co3(CO)s, Mn,(CO)1, (CsHj;)eFes(CO)y,
Re2(CO) 10, (CsHs)aMo0,(CO)s, R;PMn(CO)4, V(CO)e, and
Fe3(CO),.. The sodium compounds produced are usually
extremely air-sensitive and are best used ¢n situ for further
reactions, e.g.:
NaMn(CO)s + CH;COCl1

tetrahydrofuran
CH;COMn(CO)s + NaCl
NaFe(C0),CsHs + CFy=CFCF,Cl —
CF;CF=CFFe(CO),C:H; + NaCl
NaCo(CO), + CH,=—CHCH.Cl —
7-CH,;=~CHCH,Co(CO); 4+ NaCl + CO
* Explosives Department, Experimental Station, E. 1. du Pont de
Nemours & Company, Wilmington, Del.

1 Harvard University, Cambridge, Mass.; present address, Queen Mary
College, London, England.
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The first synthesis described below illustrates the prepa-
ration of a salt using a sodium dispersion, whereas the sec-
ond preparation illustrates the use of sodium amalgam.
Usually a more satisfactory reaction results when sodium
amalgam is used, but the method has the disadvantage of
requiring relatively large quantities of mercury (which,
however, may be recovered).

A. SODIUM SALT OF IRON CARBONYL HYDRIDE
{Sodium Tetracarbonylferrate(-II)}

Cueckep BY R. P. M. WERNER*

tetrahydrofuran
Fea(CO) 12 + 6Ng ——M8M8M8M8 3Na2Fe(CO)4

Procedure

The triiron dodecacarbonyl required for this synthesis
may be prepared by manganese dioxide oxidation of basic
solutions of iron pentacarbonyl (synthesis 52).f The
tetrahydrofuran should be freshly redistilled over lithium
aluminum hydride (lithium tetrahydroaluminate) before
use. Sodium dispersions may be obtained commercially,
or prepared by the method described in an earlier synthesis.*

The reaction is carried out in a 1-1. three-necked flask
fitted with a stirrer, reflux condenser, and nitrogen inlet.
After flushing the apparatus with nitrogen, 500 ml. of
tetrahydrofuran, 9.2 g. of 509, sodium dispersion in mineral
oil (equivalent to 4.6 g. or 0.2 mol of sodium), and 17 g.
(0.033 mol) of triiron dodecacarbonyl are placed in the flask.
The mixture is first stirred under nitrogen for an hour while
the color changes from green through red to red-brown and

* Ethyl Corporation, Detroit, Mich.

t The checker has drawn attention to an alternative method for prepar-
ing triiron dodecacarbonyl involving acid decomposition of iron carbonyl
hydride complexes of the type HsFe;(CO)1'NR;, which are easily obtain-
able from iron pentacarbonyl and an amine. See German patent 928044
and also W. H, Hieber, J. Sedimeier, and R. Werner: Ber., 90, 278 (1957).
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then is refluxed under nitrogen for about 6 hours, when the
color becomes somewhat lighter.*

B, SODIUM SALT OF MANGANESE PENTACARBONYL
HYDRIDE AND MANGANESE PENTACARBONYL HYDRIDE

{Sodium Pentacarbonylmanganate(-I) and
Hydrogen Pentacarbonylmanganate(-I)}

tetrahydrofuran

Mn.(CO),0 + 2Na 2NaMn(CO);
NaMn(CO)s + H;PO,— HMn(CO); + NaH,PO,

Curckep BY G. Burcart anp W. Burnst

The manganese carbonyl required for this synthesis may
be obtained by treating anhydrous manganese(II) chloride
with a tetrahydrofuran solution of the sodium ketyl of
benzophenone, followed by carbonylation of the resulting
solution at elevated temperatures and pressures.® An
alternative method for preparing manganese carbony!
involves the reaction between anhydrous manganese(II)
acetate, triethylaluminum in appropriate ethers, and carbon
monoxide at high pressure.® Although this method gives
higher yields, it requires the handling of large amounts of
pyrophoric triethylaluminum,

The preparation is carried out in a 100-ml. three-necked
flask fitted with a reflux condenser, stirrer, and nitrogen
inlet, and the entire experiment is conducted under nitro-
gen. The flask should have a slight bulge of about 0.5-cc.
volume at the bottom in order to facilitate removal of
excess amalgam with a hypodermic syringe. After the
flask has been flushed out with nitrogen, 4 ml. (54 g.) of

* The checker points out that the red color of the solution is due to the
presence of polynuclear carbonylferrates, especially Fe;(CO);2~, which are
very intensely colored. The purity of the desired tetracarbonylferrate (-II),
however, is not affected much by these.

The desired Na,Fe(CO); at this time and after cooling the mixture to
room temperature will be present partially in the solid state,

1 Ethyl Corporation, Detroit, Mich,
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mercury is placed in it and 0.45 g. (0.0195 mol) of sodium is
added in about 0.1-g. portions. The sodium reacts vigor-
ously with the mercury, evolving heat and smoke. After
the sodium amalgam has cooled to room temperature it is
treated with 3.0 g. (0.0077 mol) of manganese carbonyl in
50 ml. of tetrahydrofuran and the mixture is stirred at room
temperature for at least 45 minutes. In general, the solu-
tion is colorless and contains suspended gray matter, proba-
bly finely divided mercury. Sometimes a green or blue
solution may be obtained but this does not affect the
preparation.

Excess amalgam is removed from the solution by using a
syringe, the process being facilitated somewhat by placing
the tip of the needle in the bulge at the bottom of the flask.*
The solution of NaMn(CO); is then “washed’” with 2 ml. of
fresh mercury, which is removed as before. The sodium
salt NaMn(CO); is very air-sensitive and should always be
kept or transferred under nitrogen.

After the mercury has been removed from the flask, the
stirrer is replaced by a stopper in order to minimize leakage
of air when the flask is evacuated. When the solvent is
removed at room temperature, by using an aspirator
vacuum, | a grayish residue remains. Nitrogen is admitted
and the flask is fitted with a dropping funnel containing
30 ml. of 859 phosphoric acid. The apparatus is con-
nected to a vacuum system through a trap cooled to —196°
and containing phosphorus(V) oxide. The apparatus is
evacuated, and the phosphoric acid is added slowly (1 hour),
the product and water distilling into the trap cooled to
—196°. At the end of the addition of acid, the reaction

* The mercury may be easily recovered for future reactions of a similar
type. This is conveniently done by washing the recovered mercury first
with 95% ethanol to remove the sodium and then with water until the
water washings are clear and colorless. The mercury is then suitable for
additional sodium amalgam experiments without redistillation.

t The checkers find that removal of the last traces of tetrahydrofuran
at room temperature under the vacuum of a good oil pump makes purifica-
tion of the final product unnecessary.
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flask should be warmed to 50°. The product is conven-
iently purified by fractional condensation at 45° in the
vacuum system to remove tetrahydrofuran, which is not
condensed under these conditions. The product is dried
again over phosphorus(V) oxide to give about 2.5 g.
(839, yield) of manganese pentacarbonyl hydride.

If it is desired to run reactions with 19, sodium amalgam
on a larger scale than that described in the above prepara-
tion, it is convenient to use a flask with a stopcock attached
to the bottom, rather than one with a bulge, as described.
After the sodium derivative is formed, the excess of amalgam
may be conveniently drained into a small beaker by opening
the stopcock. The authors have found such a flask useful
In reactions involving 0.1 mol or more of 19, sodium
amalgam.

Properties

The sodium salt NaMn(CO); may be used to prepare a
variety of organomanganese compounds.?

Manganese pentacarbonyl hydride is a liquid, colorless
when pure, but usually yellow from traces of manganese
carbonyl due to decomposition. Its extrapolated boiling
point is about 100°. Since it is quite air-sensitive and
volatile, it is most conveniently handled in a vacuum sys-
tem. With diazomethane it gives CH;Mn(CO);” and with
tetrafluoroethylene it gives HCF,CF.Mn(CO);.8
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64. IRON-LABELED CYCLOPENTADIENYL
IRON COMPLEXES

SusMIiTTED BY D. R. STRANKS*
Cueckep BY Froyp B. Bakerft

In principle, radioactive ferrocene [bis(cyclopentadienyl)-
iron] might be synthesized from iron(II)[Fe’® 4+ Fe®®] chlo-
ride and cyclopentadienylsodium in tetrahydrofuran, from
the acetylacetonatoiron(11)[2,4-pentanedionatoiron(1l)}-
[Fe3® 4+ Fe*]-pyridine complex and cyclopentadienylmag-
nesium bromide,? or from iron(Fe® 4 Fe®®) metal and
cyclopentadiene vapor.®! The last procedure in particular
is not readily adapted to a semimicro preparation of high-
specific-activity material in high yield. A simpler method
is to bombard inactive ferrocene with neutrons and take
advantage of the relatively high retention of (Fe?® + Fe®)
as ferrocene in the ensuing Szilard-Chalmers reaction.?
Labeled ‘“ferricinium” [bis(cyclopentadienyl)-iron(I1I)]

* University of Melbourne, Victoria, Australia.

t Los Alamos Scientific Laboratory, Los Alamos, N.M.,
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salts may then be obtained from the active ferrocene either
by the “instantaneous’” isotopiec exchange with ferricinium
salts® or by direct oxidation. As the former involves an
unavoidable dilution of specific activity and the ferricinium
salt must be prepared from ferrocene in the first instance,
electrolytic oxidation (which yields a more nearly pure
product than chemical oxidation) is recommended.

Procedure
A. IRON-LABELED FERROCENE
Fe(C:Hs)s + n— Fe*(C;Hs)s + Fe®*(CsHz)a 4+ v

Inactive ferrocene, synthesized from iron(II) chloride
containing less than 0.059% of other transition metals, is
purified by two steam distillations in an all-glass distillation
assembly and oven-dried at 70°. One gram of the purified
ferrocene is transferred to a small silica test tube (e.g., 5 cm.
long, 6 mm. i.d.), the end is closed with a tight wad of silica
wool, and the tube is inserted in an aluminum irradiation
can.* The can isinserted in a reactor, preferably in a high-
flux irradiation position where a large fast-neutron flux
exists, and is irradiated for six days. After a two-day
“cooling” period,t the sample is annealed for 8 hours in an
oven at 105 to 110°. The active ferrocene is then dissolved
in 25 ml. of hexane and is extracted in a glass separatory
funnel four times with 25-ml. portions of 0.1 N hydrochlorie
acid.] The hexane solution is steam-distilled, the active
ferrocene is filtered off on a sintered-glass disk, washed with
distilled water, and finally dried in a vacuum desiccator.

* No advantage is gained by performing irradiations in an inert atmos-
phere within a sealed silica ampul.

t Shielding from radiation should be unnecessary after this time.

1 This acidic extract contains roughly half of the total iron activity exist-
ing mainly as Fe(III) of high specific activity. Another fifth of the total
activity is adsorbed on the glass walls of the separatory funnel and may be

removed by shaking with acetone; the chemical form of this activity has
not been identified.
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Chemical yield: 959, or better. Isotopic yield: 209, of
the total (Fe®® 4 Fe®?) activity is isolated as ferrocene.
With a thermal-neutron flux of 1 X 10!? neutrons em.™2/
sec.” !, six days’ irradiation produces a total of 140 uC./g. of
Fe’ and 70 uC./g. of Fe®. (Higher neutron fluxes will
yield proportionately higher specific activities.) The spe-
cific activity of the ferrocene is one-fifth of these values.

B. IRON-LABELED FERRICINIUM PERCHLORATE
Fess5(CsHy); — Fess39(CsHg)st + o~

Active ferrocene (0.185 g.; 0.001 mol) is added to 0.244 g.
of sodium perchlorate dissolved in 20 ml. of fractionated
methanol and the solution is transferred to the anode com-
partment (4) of the electrolytic cell illustrated in Fig. 23.
A mercury pool (M) serves as the anode and a platinum
wire (P) as the cathode. The cathode compartment (C)
contains 30 ml. of 0.1 M perchloric acid. The electrode

Fic. 23. Electrolytic cell for the preparation of iron-labeled ferricinium
perchlorate.
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compartments are separated by a sintered-glass disk and a
saturated sodium perchlorate-agar plug (B). A 45-volt
radio battery is connected to the cell and a current of 3 to
4 milliamp. is passed for 2 to 3 hours, when the development
of the blue ferricinium color should be complete. The
course of oxidation may be judged by adding one drop of
the anode solution to 1 ml. of water; the absence of a turbid-
ity indicates complete oxidation but it is advisable to pass
the current for an additional 15 minutes beyond this stage.
The final anode solution contains 0.05 M ferricinium per-
chlorate and 0.1 M sodium perchlorate. The final water
content of the methanol solvent does not exceed 0.5 M and
is usually much less.

If a solid salt is required, the anode solution is poured into
a five-fold excess of petroleum ether, which is cooled in a
Dry-Ice bath. - The precipitated ferricinium perchlorate
may then be removed by centrifugation and dried.

Properties

Isotopic. Iron-55 is an electron-capture isotope with a
half-life of 2.94 years. Iron-59 is a mixed -y emitter the
main radiations of which are0.27 M.e.v.3(46%,),0.46 M.e.v.
B (54%), 1.10 M.e.v. v (57%), and 1.29 M.e.v. v (43%).
The half-life of Fe®®is 45.1 days. The radioactive samples
are most readily assayed with a standard thin-mica-window
Geiger counter which will detect mainly the Fe®® S-particles.
Decomposition of ferrocene and ferricinium salts in a boiling
mixture of four parts by volume of concentrated nitric acid
and one part of 759, perchloric acid and the subsequent
electrodeposition of iron on copper disks® gives samples
which exhibit excellent counting reproducibility.

Chemical. Ferrocene is an orange solid (m.p. 172.6 to
173°), which sublimes at atmospheric pressure at 100° and
is steam-volatile and readily soluble in common organic
solvents but insoluble in water. The vapor is stable up to
400°. Ferrocene is oxidized, for example, by benzoguinone
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and iron(I1I) chloride to the Fe(III) state. The “sand-
wich’’ structure of ferrocene is typical of many cyclopenta-
dienyl transition-metal complexes.

Ferricinium perchlorate, nitrate, and chloride are readily
soluble in water and alcohols, somewhat soluble in hydro-
carbons, but insoluble in ether-type solvents. The ferrici-
nium ion is blue, and it may be precipitated from solution
as the triiodide, tungstosilicate, picrate, reineckate, etc.
Ferricinium salts may be reduced to ferrocene by tin(II)
chloride.
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55. TRIS(3-NITROACETYLACETONATO)COBALT (IIT)

[Tris(3-nitro-2,4-pentanedionato)cobalt (IIT)]
CLI(NOa) +3H.0

[(CH,;CO),CH];Co (CH;C0):0

[(CH;3CO)2,CNO:)5Co

Susmitrep BY James P, CoLLMaN* anp Witniam L. Youne, III*
Curcxep By GeorGe B, KaurrFMmant anp MicuaeL F. CiTro?

Tris(3-nitroacetylacetonato)cobalt(III) has been pre-
pared only by direct nitration of cobalt(I1I) acetylacetonate
[2,4-pentanedionatocobalt (I11)] under mildly acidic condi-

* The University of North Carolina, Chapel Hill, N.C.
t Fresno State College, Fresno 26, California.
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tions.! A mixture of copper(II) nitrate and acetic anhy-
dride effects this nitration in high yield. It has been
suggested that this mixture contains acetyl nitrate.?
Copper(I1) nitrate has been found to be more effective
than other metal nitrates, suggesting that a copper com-
plex may be involved. Reactive benzenoid systems have
been nitrated by this mild reagent. The procedure
described here is easy to perform and can also be used to
prepare tris(3-nitroacetylacetonato)chromium(III).

Procedure

A mixture of 10.75 g. (0.04 mol) of finely ground copper-
(I1) nitrate 3-hydrate* and 200 ml. of acetic anhydride in a
500-ml. Erlenmeyer flask fitted with a calcium chloride dry-
ing tube is stirred for 15 minutes at 0°. The stirring is best
effected by a magnetic stirrer operating through an ice-water
bath. At the end of this time a portion of the copper(II)
nitrate has dissolved to form a deep blue solution. To this
slurry is added 5.0 g. (0.014 mol) of cobalt(III) acetylace-
tonate® and the resu'ting mixture is stirred for two hours
at 0°. The cooling bath is then removed and the mixture
is stirred for one hour at room temperature. The blue-
green solution is then mixed with 600 ml. of water, 600 g. of
ice, and 15 g. of sodium acetate. The two-phase liquid
mixture is stirred for 2 hours, during which time a finely
divided green precipitate appears. At this point, the mix-
ture should consist of a green solution and a fine green
powder. If any gummy material remains in the mixture,
it should be stirred until the gummy substance disappears.

The green precipitate is collected on a suction filter and
washed with two 50-ml. portions of water and one 15-ml.
portion of cold ethanol. The air-dried green solid is dis-
solved in 40 ml. of boiling chloroformt and this solution is

* The checkers found that dehydrated copper(II) mitrate (a white powder
prepared by heating the hydrate to constant weight at 105°) is insoluble

in acetic anhydride.
t Dichloromethane ean be used instead of chloroform in this step.
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combined with 40 ml. of hot ethanol in an open beaker.
The solution is heated to a gentle boil in a hood, and c¢hloro-
form allowed to distill off until the volume of the solution is
55 to 60 ml. At this point, crystals appear in the solution.
The green mixture is allowed to cool to room temperature,
then is chilled in an ice bath, and the green precipitate is
collected on a filter. The green crystals are washed with
two 20-ml. portions of cold ethanol and air-dried. The air-
dried green needles weigh at least 4.9 g. (719, yield) and
decompose at 198°. Amnal. Caled. for Co(CsHgNOy);: C,
36.67; H, 3.69; N, 8.68. Found: C, 36.42; H, 3.82; N, 8.63.

Properties

Tris(3-nitroacetylacetonato)cobalt (IIT) forms dark green
needles that do not melt but decompose reproducibly at
198°. This substance exhibits an ultraviolet spectrum in
chloroform with Ap.: 262 mu(e = 29,400). This chelate is
slightly soluble in most organic solvents.
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56. INNER COMPLEXES OF COBALT(III)
WITH DIETHYLENETRIAMINE

SusmitTTED BY Prinre H. CrayTon*
CHECKED BY FRED ZITOMERT AND JACK LAMBERT?

Complexes of the terdentate diethylenetriamine (dien)
have been known for some time.! The existence of com-

* Carborundum Co., Research Dept., Niagara Falls, N.Y.
t Kansas State University, Manhattan, Kan.
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paratively stable chelates of this amine with tripositive
metal ions exhibiting a coordination number of six presents
a unique opportunity to study the properties of the “inner
complexes” with a variety of anions completing the coordi-
nation sphere. Since bond angles and distances are favor-
able for the assumption of either a planar or “bent’’ con-
figuration, two possible types of structures, cis and trans,
are possible. The compounds are prepared by mixing the
constituents in aqueous solution. The relative water insolu-
bility of the inner complexes permits their easy separation
and purification. The pH of the solutions is of utmost
importance in direct synthesis from simple salts. This is
most dramatically shown in the case of the thiocyanato
complexes, where the use of water prevents the formation
of a trithiocyanato complex. It is shown less dramatically
in the low yields of thiocyanato hydroxo and trinitro com-
pounds obtained when the proper pH is not attained.

Procedure

A. DITHIOCYANATOHYDROXO(DIETHYLENETRIAMINE)-
COBALT (III)
4Co(NO,); + SKSCN + 4(H,NC,H,),NH + 0, + 2H,0 —
4[Co(dien)(SCN),0H] + 8KNO;

Twenty milliliters of a 109, aqueous solution of diethyl-
enetriamine is slowly added to a solution made by dissolving
5 g. (0.017 mol) of cobalt(II) nitrate 6-hydrate and 5.5 g.
(0.057 mol) of potassium thiocyanate in 50 ml. of water.
The solution is brought to a pH in the range of 4 to 6.
Aeration for one hour causes a dull red noncrystalline solid
to separate. The precipitate is allowed to stand overnight,
then is filtered, washed with water, and dried at 110°. The
compound may be purified by dissolving 4 g. in 100 ml. of
2 M sodium hydroxide solution and then neutralizing the
solution. A yield of 3.7 g. (60%,) is obtained. Anal. Caled.
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for [Co(dien)(SCN),OH]: Co, 19.96; C, 24.39; S, 21.72.
Found: Co, 20.01; C, 24.22; S, 21.60.

B. TRITHIOCYANATO(DIETHYLENETRIAMINE)COBALT (III)

4Co(SCN); + 4KSCN + 4(H,NC;H).NH + O + 4C,H,0H
— 4[Co(dien)(SCN),] + 4C.H;0K + 2H,0

A solution of 6 ml. of diethylenetriamine in 50 ml. of
absolute ethanol is slowly added to a solution of 10 g.
(0.057 mol) of cobalt(1I) thiocyanate and 5 g. (0.051 mol)
of potassium thiocyanate in 200 ml. of absolute ethanol.
A tan precipitate begins to form almost immediately. Air,
dried by passage through a bed of a desiccant, is bubbled
through the mixture for one hour. The precipitate is fil-
tered with suction and washed with absolute ethanol until
the washings are colorless. Care must be taken not to suck
the precipitate dry. A final wash is made with ether and
the compound is stored in a desiccator. The yield is 18 g.
(95%). Anal. Caled. for [Co(dien)(SCN);]: Co, 17.50; C,
24.98; 8, 28.60. Found: Co, 17.55; C, 24.90; S, 28.40.

C. TRINITRO(DIETHYLENETRIAMINE)COBALT (III)?
1. From CoBALT(II) NITRATE

4CO(N03)2 + 12N3N02 + 4(H2NCZH4)2NH + 02 + 4HCzH3O2
— 4[Co(dien)(NO,)3) + 8NaNO; + 4NaC.H;0, + 2H,0

A solution is prepared by adding 10.5 g. (0.036 mol) of
cobalt(IT) nitrate 6-hydrate, 11 g. (0.16 mol) of sodium
nitrite, 2.9 g. (0.072 mol) of sodium hydroxide, and 8.7 g.
(0.145 mol) of acetic acid to 15 ml. of water. Aeration of
the solution is begun and a solution of 3 ml. of diethylene-
triamine in 12 ml. of water is added slowly. The buffer
system maintains the pH between 5 and 6. The pH
should be checked after the amine has been added and is
adjusted if necessary. The formation of a green precipitate
indicates that the amine is being added too rapidly or that
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the pH is too high. After aeration for one hour, the solu-
tion is filtered and the yellow precipitate washed several
times with water and then with ethanol. The yield is
10.3 g. (78%). Anal. Caled. for [Co(dien)(NO,)s]: Co,
19.63; N, 27.99. Found: Co, 19.50; N, 27.95.

2. FroM frans-TRINITROTRIAMMINECOBALT(III)

[Co(NH;)3(NOy)s} + (HoNCoH,),NH —
[Co(dien)(NOs),] + 3NH;T

Ten grams (0.036 mol) of frans-trinitrotriamminecobalt-
(I1I)34 is dissolved in 15 ml. of water by heating. To the
hot solution there is added 2.5 ml. of diethylenetriamine.
A stream of air is passed through the solution, which is kept
at about 60° for 45 to 60 minutes or until the odor of
ammonia cannot be detected. The solution is cooled and
the crystals which form are filtered and washed several times
with water and ethanol. The yield is ten grams (809%,).

3. From Soprum HexanNiTrRocoBALTATE(III)

Nag[CO(NOQ)s] + (H2N02H4)2NH -
[Co(dien)(NO3)s] + 3NaNO,

Seven grams (0.017 mol) of sodium hexanitrocobaltate-
(IT1) is dissolved in 15 ml. of water, the solution is heated to
50°, and 2.7 ml. of diethylenetriamine is added. A yellow
crystalline precipitate forms, which grows as the solution is
cooled. The precipitate is filtered with suction and washed
several times with water and then with ethanol. A second
crop of crystals can be obtained by concentrating the
mother liquor. The yield is 3 g. (59%).

D. DINITROCHLORO(DIETHYLENETRIAMINE)COBALT (IIT)
2[Co(dien)(NOy)] + 2HCI —
2[Co(dien)(NO,),Cl] + H;0 + NOT + NO,!

Ten grams (0.033 mol) of trinitro(diethylenetriamine)-
cobalt(III) is permitted to stand for 24 hours under 100 ml.
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of 6 M hydrochloric acid, whereupon red-brown crystals
appear under a green solution. The crystals are filtered
and washed with warm water until the wash water has only
a faint yellow color. The crystals are dried at 110°. The
yield is 8 g. (829%). Anal. Caled. for [Co(dien)(INO.).Cl]:
Co, 20.40; C, 16.60; N, 14.50; Cl, 12.25. Found: Co, 20.50;
C, 16.50; N, 14.45; Cl, 12.25.

E. DINITROAMMINE (DIETHYLENETRIAMINE)COBALT (III)
CHLORIDE
[Co(dien)(NO,).Cl] + NH,OH —
[Co(dien)(NH3)(NO2),]Cl + H,0

Five grams (0.017 mol) of the dinitro chloro complex is
placed in a solution of 25 ml. of water and 5 ml. of concen-
trated ammonium hydroxide. The solution is heated
nearly to boiling and held there for about 30 minutes, after
which time only a faint odor of ammonia persists. The
solution is allowed to cool overnight and any unconverted
starting material is filtered off. The solution is evaporated
until crystals begin to appear and is then allowed to cool.
The crystals are collected on a filter and washed first with
209, ethanol and then with absolute ethanol. The product
is dried at 110°. The yield is approximately 4.5 g. (90%).
Anal. Caled. for [Co(dien)(NHj)(NO,).]Cl: Co, 19.25; N,
18.25; Cl, 11.60. Found: Co, 19.25; N, 18.00; Cl, 11.40.

F. TRICHLORO(DIETHYLENETRIAMINE)COBALT (III)

2[Co(dien) (NOy)s] + 6HCl —
92[Co(dien)Cly) + 3H,0 + 3NOT + 3NO,}

Ten grams (0.033 mol) of trinitro(diethylenetriamine)-
cobalt(III) is gently heated with 250 ml. of concentrated
hydrochloric acid until nitrogen(IV) oxide evolution ceases.
The resulting solution is cooled and allowed to stand over-
night. The fine brown crystals of trichloro(diethylenetri-
amine)cobalt(III) are removed by filtration on a Biichner
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funnel and washed with acetone until the washings are
colorless. The washings and additional acetone are added
to the mother liquor to give a final volume of about 11. A
second crop of crystals can be recovered after 2 to 3 days.
A yield of 8.6 g. (81%) is obtained. Anal. Caled. for
[Co(dien)ClL;]: Co, 21.94; C, 17.87; N, 15.64; Cl, 38.75.
Found: Co, 22.00; C, 18.87; N, 15.45; Cl, 38.70.

G. TRINITRATO(DIETHYLENETRIAMINE)COBALT (III)

2[Co(dien)(NO,)s] + 6HNO; —
2[Co(dien) (NOy)s] + 3H,0 + 3NOT + 3NO,]

Five grams (0.017 mol) of trinitro(diethylenetriamine)-
cobalt(I11) is warmed with 5 ml. of concentrated nitric acid
(sp. gr. 1.42); nitrogen(IV) oxide is evolved and a deep
violet solution is formed. This solution is allowed to
evaporate to a slurry at room temperature. By mixing
25 ml. of acetone with the slurry and filtering on a Biichner
funnel, violet crystals of trinitrato(diethylenetriamine)-
cobalt(III) are left on the paper. These are washed with
acetone and dried at 110°. The yield is 5.2 g. (90%).
Anal. Caled. for [Co(dien)(NO;);]: Co, 16.95; C, 13.80.
Found: Co, 17.00; C, 13.70.

Properties

Of the complexes prepared, only the trinitro complex is
stable toward water. This compound is relatively insoluble
in organic solvents, as well as in water. Hydrolysis to form
the more stable hydroxo or aquo complexes occurs with
the trithiocyanato and trichloro complexes. The com-
pound [Co(dien)(SCN),(OH)] has the rather remarkable
property of being insoluble in acids and soluble in bases;
it can be recovered from basic solution by precipitation
with acids.
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Absorption spectra have been obtained for those com-
pounds with sufficient solubility and stability in water to
make such information meaningful. Spectral data are
summarized in Table 1.

TaBLE I
Absorption maxima
Compound
mpy loge | mp loge | mu log
[Co(dien)(NOy);} 250 4.38 | 340 3.68 | 433 2.50
[Co (dien) (NH,) (NO,):Cl] 250 4.25 | 346 3.49 | 447 2.27
[Co(dien) (NO,).Cl] 245 4.20 | 336 3.57 | 449 2.32
[Co(dien)(NO3),] ... .... | 3818 2.75 | 520 1.95

The reaction of [Co(dien)(NO,);] with both acids and
bases is of considerable interest. Acids replace first one
nitro group and then the remaining two simultaneously.
The first group replaced is presumably trans to the second-
ary amine group in diethylenetriamine. Replacement of
one nitro group by an amine group can be easily accom-
plished, but all three nitro groups apparently cannot be
replaced. Reaction of propylenediamine(1,2-propanedi-
amine) with the complex leads to the formation of a solid
which behaves as though only one amine group of the
diamine had entered the coordination sphere.
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67. HYDRATED RHODIUM(I1I) CHLORIDE,
CHLOROAMMINERHODIUM (IIT) SALTS,
AND A NOTE ON THE RECOVERY OF

RHODIUM WASTES

SUBMITTED BY SUsaN N. ANDERSON* AND FRED Basoro*
Cueckep BY E. I. OnsTOTT}

A. HYDRATED RHODIUM(III) CHLORIDE

9Rh + 6KCI + 3CI, ~2 9K,RhCl,
K,RhCls + H,0 — Ko[Rh(H,0)Cl] + KCI
9K,[Rh(H;0)Cls] + 6KOH — Rh,0,5H:0 + 10KCl

Hydrated rhodium(I1I) chloride, RhCl;-3H,0, has been
found to be the best starting material for the preparation of
complex rhodium compounds. Although anhydrous rho-
dium(III) chloride may be obtained directly from the ele-
ments, it is insoluble in water and difficult to use as a start-
ing material. The soluble hydrate modification is obtained
by a more circuitous route. The first step in the synthesis
of RhCl;-3H,0 is an adaptation of the method of Gutbier
and Huttlinger! for the preparation of K,[Rh(H,O)Cl;].
The second step is the conversion of the latter compound to
RhCl;3H.0 according to the procedure of Delépine.?

Procedure

Five grams (0.048 mol) of rhodium sponge and 10.9 g.
(0.146 mol) of finely pulverized potassium chloride are
ground together in a mortar. The mixture is then placed
in an unglazed porcelain boat in the center of a ceramic tube
inserted in a furnace heated to 550 to 575°. This tempera-
ture is maintained for 45 to 60 minutes while chlorine is

* Northwestern University, Evanston, Il
t Los Alamos Scientific Laboratory, Los Alamos, N.M.
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bubbled first through water, then through the reaction
tube, and out into a solution of potassium hydroxide used
as a trap. After cooling, the dark red product is extracted
with 300 ml. of water and the unreacted rhodium is removed
on a filter. (At this point K,[Rh(H,0)Cl;] may be isolated
from the filtrate by evaporating the solution on the steam
bath until erystallization begins. It can be recrystallized
from water containing a drop of concentrated hydrochloric
acid. However, the use of this salt for the synthesis of
certain rhodium complexes leads to diffieulty in the removal
of the additional potassium chloride from the desired reac-
tion product.)

To the wine-red filtrate, after removal of unreacted rho-
dium, solid potassium hydroxide is added slowly until the
red color just disappears and the golden yellow hydroxide,
Rh;0;5H,0 or Rh(OH);H,O precipitates. Excess base
should be avoided because it causes dissolution of the
amphoteric hydroxide. The precipitate is then collected
on a fritted-glass filter,* washed with 20 ml. of water to
remove the potassium chloride and excess potassium hydrox-
ide, and dissolved in the minimum amount of concentrated
hydrochloric acid. Upon evaporation to dryness on the
steam bath the resulting wine-red solution gives RhCl;-3H,0.

It is important that the product be left on the steam bath
until there is no longer a noticeable odor of hydrogen chlo-
ride. No attempt should be made to dry the product fur-
ther, as it begins to decompose above 100° into rhodium (11I)
oxide and hydrogen chloride. Yield, 8.2 g. (649%).t

Hydrated rhodium(III) chloride prepared in this way
contains some potassium chloride as a result of the adsorp-
tion of potassium hydroxide during the precipitation of
Rh,035H,0; it also contains a small amount of hydro-

* The first 50 ml. of filtrate may be refiltered to remove the traces of
Rh:0;-5H:0 which pass through the filter. Likewise the filterability may
be improved by allowing the precipitate to stand overnight.

t The checker obtained a 239% yield of rhodium (III) chloride. The

only apparent difference in procedure was that dry chlorine was used
instead of first passing it through water as described here.
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chloric acid which cannot be completely removed by heating
the compound on the steam bath. A typical analysis
showed 429, Rh and 449, Cl. However, for all synthetic
work described here, further purification is not necessary.

B. CHLOROAMMINERHODIUM(III) SALTS

1. Chloropentaamminerhodium(III) Chloride and frans-
Dichlorotetraamminerhodium(III) Chloride

2RhCl;-3H:0 + 5(NH,),CO; —

2[Rh(NH;);Cl|Cl; + 5CO: + 11H,0
2RhCl;-3H,0 4 4(NH,),CO; —

2[Rh(NH3),Cle]Cl 4+ 4CO. + 10H,0

The method used to prepare chloropentaamminerhodium-
(III) chloride and dichlorotetraamminerhodium(III) chlo-
ride is a modification of that reported by Lebedinski? for the
synthesis of the former compound.

Procedure

Three grams (0.011 mol) of RhCl3:3H,0 is dissolved in
40 ml. of water. To this are added 10 g. (0.187 mol) of
ammonium chloride and 7.5 g. (0.078 mol) of ammonium
carbonate, the latter as a finely pulverized powder. The
mixture is allowed to stand on the steam bath for 3 hours
and is then cooled and allowed to crystallize. The golden
yellow product is collected on a filter and then extracted
with 100 ml. of boiling hydrochloric acid: water (2:1 by
volume). Dichlorotetraamminerhodium(I1I) chloride dis-
solves but chloropentaamminerhodium(III) chloride is
insoluble and is left on the filter. The filtrate is allowed to
cool to room temperature, and [Rh(NHj),Cl,;]Cl precipi-
tates. Before analysis, the tetraammine complex is con-
verted into the less soluble nitrate, [Rh(NH;),Cl,)NO;-H,0
by dissolving the chloride in a minimum amount of water
and filtering into 3 ml. of ice-cold concentrated nitric acid.
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Yield, 0.5 g. (139%).* Amnal. Caled. for [Rh(NH;)Cl;]NOy -
H.0:N, 21.69; H, 4.37;Cl, 22.0 Found: N, 21.88; H, 4.14;
Cl, 21.9.

The residue of pale yellow [Rh(NH;);Cl]Cl, is recrystal-
lized from a minimum amount of boiling water. (Care
must be taken to keep the solution as concentrated as possi-
ble to prevent aquation of the complex.) Yield, 1.4 g.
(42%). Anal. Caled. for [Rh(NH;);Cl]Cl.: Cl (ionic), 24.0;
Cl(total), 36.1. Found: Cl (ionic), 24.5; Cl (total), 36.1.

2. cis- and trans-Dichlorobis(ethylenediamine)rhodium-
(IIT) Nitrate

RhCl3-3H:0 + 2(C.Hi(INH,)»-2HCl) + 4KOH —
[Rh(en),Cl,]Cl + 4KCI + 7H,0
[Rh(en):Cl,]Cl + HNO; — [Rh(en),Cl:]NO; + HCl

The cis and trans forms of dichlorobis(ethylenediamine)-
rhodium(III) nitrate are obtained from solutions of the cor-
responding chlorides by reaction with concentrated nitric
acid. Solutions of the chlorides are prepared from hydrated
rhodium(III) chloride by treatment with ethylenediamine
dihydrochloride, the hydrochloric acid set free being neu-
tralized with potassium hydroxide in such a manner that no
excess base is ever present.*

Procedure

A mixture of 1.0 g. (0.0038 mol) of RhCl;3H,0 and
1.01 g. (0.0076 mol) of ethylenediamine dihydrochloridef
in 50 ml. of water containing 0.426 g. (0.0076 mol) of
potassium hydroxide is refluxed until the solution becomes
clear. To the refluxing solution there is added, through the
top of a water-cooled condenser, another 0.426 g. of potas-

* The checker’s yields were 0.25 g. of [Rh(NH,),Cl;]NO;-H,0 and 0.8 g.
of [Rh(NH;);Cl]Cl..

t Ethylenediamine dihydrochloride is made by adding alecoholic hydro-

chloric acid to aleoholic ethylenediamine in an ice bath until precipitation
is complete.
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sium hydroxide in 50 ml. of water (about 5 ml. at a time
every 1 {02 minutes). The resulting golden yellow solution
is evaporated on a steam bath to about one-half its original
volume and is cooled to room temperature. Then 20 ml.
of concentrated nitric acid is added and the solution is
allowed to stand for about 2 hours, during which time the
less soluble trans-[Rh(en),Cl,]NQOj; is precipitated almost
quantitatively in the form of golden yellow crystals. The
product is removed by filtration, washed with a little dilute
nitric acid, and air-dried. The trans isomer may be recrys-
tallized by dissolving it in a minimum amount of water and
filtering into ice-cold concentrated nitric acid. The yield is
0.45g. (339,). Anal. Caled. for [Rh(en),Cl;]NO;: C, 13.49;
H, 4.53. Found: C, 13.87; H, 4.63.

Upon further standing and evaporation at room tempera-
ture for 24 to 48 hours, the filtrate remaining after removal
of the trans isomer yields bright yellow ¢zs-[Rh{en),CI.]NOs.
The product is removed by filtration and purified exactly as
was the trans isomer. The yield is 0.15 g. (119%).* Anal.
Caled. for [Rh(en),Cl,]NO;: C, 13.49; H, 4.53. Found: C,
13.98; H, 4.31.

3. cis-and trans-Dichlorobis(ethylenediamine)rhodium-
(III) Chloride

Proceduret

Either form of the chloride may be prepared by passing a
concentrated aqueous solution of the appropriate nitrate
through an anion-exchange resin (e.g., Dowex 1-X4) in the
chloride form. The solution containing the chloride is then
concentrated on a steam bath to the point of crystallization
and cooled to room temperature. The product is collected

* The checker obtained yields of 0.25 g. of the trans and 0.05 g. of the
cis compound.

t Inasmuch as the cis and trans forms of this compound are very soluble
in water and are difficult to separate from each other and from potassium
chloride, they cannot be conveniently obtained by the initial reaction
described in the procedure for the preparation of the nitrates.
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on a filter and recrystallized by dissolving in the smallest
possible amount of water and filtering into a little ice-cold
concentrated hydrochlorie acid.

cts-[Rh(en),Cl;] may be resolved into its optical isomers
through the d-a-bromocamphor-mr-sulfonate salt. A solu-
tion of 0.45 g. (0.0014 mol) of cis-[Rh(en),Cl.]Cl and 0.9 g.
of ammonium d-e-bromocamphor-r-sulfonate in 15 ml. of
water is frozen in an ice-salt bath. After melting, the l-cis-
[Rh(en),Cl,][d-C1:H1004SBr] is collected on a filter and
washed with a few drops of ice-cold water. This salt is
ground thoroughly with 2 ml. of a 1:1:1 mixture of ethanol:
ethyl ether: concentrated hydrochloric acid and the I-czs-
[Rh(en).Cl,]Cl removed by filtration. The yield is 0.13 g.
(599, of levo salt). Anal. Caled. for [Rh(en),Cl]Cl: C,
14.58; H, 5.89. " Found: C, 14.50; H, 5.08.

Properties

The cis and trans isomers of [Rh(en).Cl,]JCl may be con-
veniently distinguished from each other since their infrared
spectra differ significantly in the 3, 6, and 9u regions, the
cis isomer in each case showing a higher degree of splitting.
The specific optical rotation of a 0.49% aqueous solu-
tion of this isomer has values of [a]s7ymu = —50° and
[a]sssmp = —58°.

C. RECOVERY OF RHODIUM WASTES

Two means of recovering rhodium wastes have been used
successfully.  One is to reduce the rhodium(III) in a water
solution to rhodium metal by means of zinc and hydro-
chloric acid. The other is to heat a solid residue containing
rhodium(I1I) to about 800° (with a Meker burner) and
decompose it. In either case, the residue is extracted with
water and then with aqua regia, to remove any impurity.
Rhodium obtained in this way may contain traces of
rhodium(III) oxide, Rh,O;. Pure rhodium metal may be
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prepared by heating the oxide in hydrogen to about 600°
and allowing it to cool in a hydrogen atmosphere.
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58. cis- AND trans-TETRACHLORO-
(DIPYRIDINE)IRIDIUM(IV)

cis- or trans—CsH5NH[Ir(C5H5N)2014] + NH3 -
cis- or trans-NH  [Ir(CsH;sN).Cly] + C:HsN
cis- or trans-NH[Ir(C;H;N).Cly] + 4HNO; —
cis- or trans-[Ir(CsHN).Cl] + 4NO, + iN.; + 4H.0

SusMIiTTED BY GEORGE B. KaUurrMan*
CuEckED BY J. W. HogarTut anp F. P, DwYER}

The complexes of iridium(IV), fewer in number than
those of iridium(III), often contain pyridine as a ligand.!
An impure substance with the reported composition
Ir(CsH;sN):Cly, prepared by the action of pyridine on an
iridium(IV) chloride solution, was described first by Renz?
and later by Gutbier and Hoyermann.** Since the com-
position was based entirely on iridium content without any
allusion to isomerism and since the color was inconsistent
with his findings, Delépine®¢ concluded that the product
was not a pure substance.

* Fresno State College, Fresno, Calif. Financial support of the Research
Corporation and the National Science Foundation (Grant NSF-G11241)
is gratefully acknowledged.

fJohn Curtin School of Medical Resea‘rch, Australian National Uni-
versity, Canberra, A,C.T., Australia,
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The ecis and trans forms of tetrachloro(dipyridine)-
iridium(IV) were first prepared in pure form by Delépine® 7
by oxidation of the corresponding isomeric tetrachloro-
(dipyridine)iridates(III). Ogawa?® later obtained them by
oxidation of (C 5H 5NH)2[IT(05H5N) Cl5] and [II'(C5H5N)3C]3].
The trans isomer has also been synthesized by aqua regia
oxidation of trans—K[Ir(C5H5N)2(C2O4)2].9'10

The sensitivity of the isomeric tetrachloro(dipyridine)-
iridates(I1I) to oxidation differs markedly, the red trans
salts being more easily oxidized than the orange cis salts.
Thus the trans isomers are oxidized to trans-tetrachloro-
(dipyridine)iridium(IV) almost immediately at room tem-
perature by nitric acid, aqua regia, chlorine water, or
bromine water. On the other hand, oxidation of the cis
isomers with nitric acid requires heating to dryness.
Although the reaction is facilitated by using aqua regia or
chlorine water, a very large excess of these oxidants is
required. Oxidation does not occur at all with bromine
water. This difference in ease of oxidation between the
isomeric tetrachloro(dipyridine)iridates(III) is reflected in
the difference in ease of reduction between the correspond-
ing tetrachloro(dipyridine)iridium(IV) compounds (see
Properties).

The present synthesis employs oxidation of the isomeric
tetrachloro(dipyridine)iridates(IIT) after conversion of the
relatively water-insoluble pyridinium salts (cis, 1 g./65 ml.
at 18°; trans, 1 g./770 ml. at 18°) (see synthesis 60) to the
easily water-soluble ammonium salts (cis, 1 g./10 ml. at 19°;
trans, 1 g./30 ml. at 19°).

Procedure
A. cis-TETRACHLORO (DIPYRIDINE)IRIDIUM(IV)

Two and one-hundredth grams (0.0035 mol) of orange
cis-pyridinium tetrachloro(dipyridine)iridate(III)!! is dis-
solved with stirring in 45 ml. of 2 N aqueous ammonia con-
tained in a 250-ml. evaporating dish. Thirty milliliters of
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nitric acid and 10 ml. of hydrochloric acid are added, and
the solution is evaporated to dryness on a steam bath (hood!).
The resulting violet-black residue is washed by decantation
with three 40-ml. portions of hot water. The crystals are
transferred to a small Biichner funnel, washed with two
suceessive 20-ml. portions of water, ethanol, and ethyl ether,
air-dried, and finally dried at 110° for one hour. The yield
is 1.60 g. (92.59%). Anal. Caled. for Ir(CsH;N),Cl,: Ir,
39.16; C, 24.39; H, 2.01; N, 5.67. Found: Ir, 39.10; C,
24.22:* H, 1.93;* N, 5.55.*

B. trans-TETRACHLORO(DIPYRIDINE)IRIDIUM (IV)

Two and twenty-nine hundredths grams (0.004 mol) of
red i{rans-pyridinium tetrachloro(dipyridine)iridate(I1I)?
1s dissolved with stirring in 75 ml. of 1 N aqueous ammonia
contained in a 150-ml. beaker. The solution is warmed,
and a mixture of 25 ml. of nitric acid and 5 ml. of hydro-
chloric acid is added, whereupon a deep purple powder
immediately precipitates. After the mixture has been
allowed to stand at room temperature for a half-hour, the
precipitate is collected by suction filtration on a small
sintered-glass funnel (fine porosity), washed with 25-ml.
portions of water, ethanol, and ethyl ether, air-dried, and
finally dried at 110° for one hour. The yield is 1.86 g.
(94.3%). Anal. Caled. for Ir(C;Hs;N).Cl;: Ir, 39.16; C,
24.39; H, 2.01; N, 5.67. Found: Ir, 38.98; C, 24.36*; H,
1.97*%; N, 5.67.*

Properties

Both isomers of tetrachloro(dipyridine)iridium(IV) are
nonelectrolytes, which are insoluble in water, ethanol, and
ethyl ether but slightly soluble in chloroform, yielding violet
solutions. Both are deep violet, the cis compound being
somewhat darker than the trans compound.

Both isomers behave as oxidizing agents; the cis com-

* Values supplied by the checkers.
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pound is the stronger oxidant and falls between chlorine and
bromine, whereas the trans isomer falls between bromine
and iodine. Thus, both isomers liberate iodine from potas-
sium iodide solution and are reduced to the corresponding
isomers of K{Ir(C;H;N).Cly], whereas only the cis isomer
reacts with potassium bromide solution to liberate bromine.
Similarly, the cis compound dissolves in warm ethanol to
form a yellow solution of czs-H[Ir(C;H;N),Cl,], whereas the
trans compound is not reduced even by boiling ethanol.
Both isomers oxidize aqueous ammonia to elementary nitro-
gen and are reduced to the corresponding isomers of
NH,[Ir(CsHsN).Cl.], but the reaction is more complex with
thetransisomer. Aninterestingreactionillustratingrelative
oxidizing power occurs when the cis isomer is triturated with
a solution of a trans-tetrachloro(dipyridine)iridate(III):

CiS-[IT(C5H5N)2014] + trans—M[Ir(Cng,N)gCh] (red) g g
trans-[Ir(CsHsN)oCly] + cis-M[Ir(CsH:N),Cl,] (orange)

Although the trans isomer is insoluble in boiling nitrie
acid, the cis isomer dissolves, giving a brown-violet solution.
On evaporation, the cis isomer is recovered as strongly
dichroic green-violet rhomboids. The trans isomer is not
dichroic. Syncrystallization of the cis isomer with cis-
[Pt(C;HsN).Cly] (“Anderson’s salt”’), with which it is
isomorphous and to which it communicates its dichroism,
enabled Delépine®® to establish the configuration of not
only the tetrachloro(dipyridine)iridium(IV) compounds,
but the tetrachloro(dipyridine)iridates(I1I) as well.
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59. cis- AND trans-TRICHLOROTRIS(DIETHYL
SULFIDE)IRIDIUM (III)

(NH,)o[IrCle] + 3(CaHs).8 S
cis- and trans-[Ir{(C,;H;),S}:Cl;] + 2NH,CI + } Cl,

SuvsmiTrED BY GEORGE B. KAUFFMAN*
Cueckep BY J. W. HoGarrat anp F. P. Dwyert

Iridium(III) compounds are generally more stable than
those of iridium(1V), and iridium(III) coordination com-
pounds include some of the most stable complexes known.
On treatment with diethyl sulfide, iridium(IV) chloride
loses chlorine, and the thio ether coordinates with the
resulting iridium (III) chloride to form a mixture of stable,
nonelectrolytic isomers of formula [Ir{(C.Hj).S};Cls).173
The reaction is strongly dependent on the solvent; it is
accelerated in ethanol or acetone but inhibited completely
in chloroform or benzene. Even in the presence of aqua
regia, the same isomers are obtained—an indication of the
extraordinary stability of iridium(III) complexes.

In the present synthesis, the more readily available
ammonium hexachloroiridate(IV) is substituted for iridium-
(IV) chloride. An alternative synthesis involving prelimi-
nary reduction of ammonium hexachloroiridate(IV) to
hexachloroiridate(III) with ammonium oxalate has been
found to give substantially the same total yield of both
isomers, but the amount of cis isomer obtained was about
twice that of the trans isomer.*

* Fresno State College, Fresno, Calif. Financial support of the Research
Corporation and the National Science Foundation (Grant NSF-G11241)
is gratefully acknowledged.

1 John Curtin School of Medical Research, Australian National Uni-
versity, Canberra, A.C.T,, Australia.
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Generalizing from Delépine’s observations on the colors
of a number of iridium(III) isomers, the original investiga-
tors? concluded that the orange compound was the cis
(1,2,3) isomer and the red compound, the trans (1,2,6)
isomer. In view of the fact that the red compound exhibits
solubilities and a melting point that might be expected to be
characteristic of the cis isomer (see Properties) and the fact
that of the two isomers the red compound is preferentially
adsorbed by a polar adsorbent (silica gel),* further stereo-
chemical investigations such as measurements of dipole
moments or absorption spectra would be desirable.*

Procedure

To 300 ml. of distilled water contained in a 500-ml. round-
bottomed flask is added 5.00 g. (0.0113 mol) of ammonium
hexachloroiridate(IV), T followed by 5.00 ml. (4.19 g.; 0.0465
mol) of freshly distilled diethyl sulfide (b.p., 92.1°; density,
0.837) dissolved in 30 ml. of 959, ethanol. A long reflux
condenser is attached, and the deep red mixture is heated
on the water bath at 75 to 80° for about 12 hours. The
mixture, which now contains orange-yellow crystals, is
refrigerated for several hours, filtered by suction filtration,
and the light yellow filtrate (A) is set aside to be reworked
later in obtaining a second crop of cis isomer. After the
crystals have been washed with three 10-ml. portions of
water and air-dried, ] the cis isomer is extracted by washing
it with 5-ml. portions of hot benzene until the originally
bright yellow washings are colorless (six portions should be
sufficient). The dirty brown residue is set aside for extrac-
tion of the trans isomer.

* Note added in proof: A recent study of dipole moment, electrophoretic
behavior, conductance, n.m.r, and absorption spectra, and derivative forma-
tion by G. B. Kauffman, J. H. Tsai, R. M. Kallo, R. C. Fay, and C. K.
Jgrgensen has demonstrated conclusively that while the yellow isomer is
indeed cis, the red compound is an electrolytic “polymerization’ isomer,
trans-[Ir { (CoH,) 28 }4Cls] trans-[Ir { (C2He)2S}:Cl4l

t The commercial product may be used.

} The washings (B) should be set aside.
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A. cis-TRICHLOROTRIS(DIETHYL SULFIDE)IRIDIUMI(III)

Since the cis isomer is too soluble in benzene to be crystal-
lized efficiently from this solvent, the benzene washings are
transferred to an evaporating dish and evaporated to dry-
ness by directing an air stream across the surface of the
liquid. The residue is dissolved with stirring in a minimum
amount (about 35 ml.) of boiling 959, ethanol, transferred
to a 150-ml. beaker, and about 40 ml. of boiling water is
added. The solution is allowed to cool without being
stirred, whereupon large yellow crystals begin to form.
When crystallization appears nearly complete (about half
an hour), the mixture is cooled for an additional half-hour
in an ice bath with frequent stirring.* The crystals are
collected by suction filtration, washed with a little ice-cold
957%, ethanol and ice water, and then air-dried. The yield
is 1.90 g. (29.5%) of yellow crystals melting at 131 to 132°.

The supernatant liquid (4) and washings (B) are com-
bined, evaporated to a volume of about 756 ml., and extracted
in a 125-ml. separatory funnel with three 10-ml. portions of
hot benzene. The combined benzene extracts are evapo-
rated, and the residue is recrystallized from an ethanol-
water mixture as before (about % scale), yielding a second
crop (0.30 g.;4.7%) of less pure crystals (m.p., 125 to 128°).*
The total yield of cis isomer is 2.20 g. (34.29,). Anal.
Caled. for IrC.H;0S:Cls: Ir, 33.88; C, 25.33; H, 5.31.
Found: Ir, 34.12; C, 25.53;1 H, 5.36.F

B. trans-TRICHLOROTRIS(DIETHYL SULFIDE)IRIDIUM((III)

The dirty brown, benzene-insoluble residue is dissolved
with stirring in a boiling mixture of 50 ml. of benzene and
40 ml. of 959, ethanol, and the resulting red solution is
filtered through a Biichner funnel while still hot to remove
the small amount of black residue. After the filtrate has

* The checkers report that recrystallization from ethanol produces very
small crystals; they recommend instead dissolution in cold acetone (about
5 ml.), followed by addition of cold water to incipient cloudiness. Crystal-

lization occurs readily on scratching the sides of the vessel with a glass rod.
t Values supplied by the checkers.
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been cooled in an ice bath for about half an hour, the result-
ing flesh-colored precipitate is collected by suction filtra-
tion, washed with two 10-ml. portions of benzene, and air-
dried. The yield is 3.00 g. (46.6%; m.p., 165 to 168°).*
The filtrate and washings are evaporated (air stream) to
about 20 ml., whereupon a few crystals form. When col-
lected by suction filtration and washed and dried as above,
this second crop of trans isomer weighs 0.50 g. (7.89;
m.p., 158 to 161°). The total yield of trans isomer is
3.50 g. (65.49). Anal. Caled. for IrCoH 30,8;Cl;: Ir, 33.88.
Found:Ir, 33.37. The combined yield of both ¢is and trans
isomers is 5.70 g. (88.69,). All solutions and residues
remaining after completion of the synthesis may be added
to iridium residues.

Properties

cis-Trichlorotris(diethyl sulfide)iridium(III) reportedly
melts at 131°.2  Although reported as an orange solid, it is
obtalned in this synthesis in the form of yellow erystals. It
is insoluble in water, sparingly soluble in ethanol, but very
soluble in benzene, chloroform, and acetone. It is also
soluble in ethyl ether and most organie solvents.

The diethyl sulfide molecules can be replaced by other
ligands. Thus treatment with aqueous ammonia forms
complexes such as [Ir(NH;){(C,H;)sS}.Cls], [Ir(NH;),.-
{(C.H;):8}Cl;), and [Ir(NH,);Cl]Cl,, while ethylamine
yields [Ir(C.:Hs;NH,);CI|Cl,. In benzene solution, treat-
ment with pyridine gives cis-[Ir(C;HsN) {(C,Hjs).S}:Cl;] at
room temperature or cis-[Ir(CsH;N).{(C.H;).S}Cls] on
heating. The third diethyl sulfide molecule cannot be
replaced by pyridine even on long heating although replace-
ment is possible with ammonia or ethylamine; the substitu-
tion seems more dependent upon the basicity of the displac-
ing ligand than upon the reaction temperature.

trans-Trichlorotris(diethyl sulfide)iridium(IIT) reportedly
melts at 171°,23 but is stable to 200°. Although reported

* The checkers report 165.5°(cor.).
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as a bright red solid, it is obtained in this synthesis in the
form of a flesh-colored powder. It is insoluble in water,
but slightly soluble in ethanol and acetone. Recrystalliza-
tion from chloroform, in which it is very soluble, yields an
addition compound trans-[Ir{(C.H;).S};Cls]:CHCl;, which
loses chloroform of crystallization spontaneously at room
temperature, forming a reddish white opaque mass of the
anhydrous compound.

The two isomers have been separated by adsorption
chromatography on silica gel columns; the cis isomer is first
eluted with chloroform, and the trans isomer is then eluted
with ethanol.*
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60. cis- AND frans-PYRIDINIUM
TETRACHLORO(DIPYRIDINE)IRIDATE(III)

2(NH4)2[ITCIG] + (NH4)20204'H20_’ ‘
2(NH,),[IrCl¢] 4+ 2CO, 4+ H:0
C:H:N + HCl — [C;H:NH]CI

A
[CsH;NH]CI 4 (INH,)4{IrClg] + 2CsHsN —
cis- and trans-CsH;NH[Ir(CsH:N).Cly] + 3NH,CI

SueMiTTED BY GEORGE B. KAUFFMAN*
Cuecken BY J. W. Hocartat anp F. P, Dwyert

Pyridine reacts almost immediately at 100° with hexa-
chloroiridates(111), M;[IrCl¢], or pentachloroaquoiridates-

* Fresno State College, Fresno, Calif. Financial support of the Research
Corporation and the National Science Foundation (Grant NSF-G11241)
is gratefully acknowledged.

t John Curtin School of Medical Research, Australian National Uni-
versity, Canberra, A.C.T., Australia.
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(I1I), M,[Ir(H,O)Clg], to form pentachloro(pyridine)iri-
dates(I1I), M,[IrC;H;NCl;].! If the reaction time is
increased to one hour, tetrachloro(dipyridine)iridates(I1I),
M[Ir(C:H;N),Cl,], result.? The third pyridine molecule
required to produce the nonelectrolytic trichloro(tri-
pyridine)iridium, [Ir(Cs;H;N);Cls], is coordinated only after
long heating with excess pyridine.3

Since 6-coordinated iridium has an octahedral configura-
tion, tetrachloro(dipyridine)iridates(I1I) oceur in two iso-
meric forms—cis (orange) and trans (red). The sparingly
soluble pyridinium salts are readily isolated and hence are
convenient starting materials for the synthesis of other
members of the series. Because of their widely differing
solubilities in water, the cis and trans pyridinium salts are
easily separated. The procedure given below, which is
modified from Delépine’s original preparation,* employs
readily available ammonium hexachloroiridate(IV), which
is converted to hexachloroiridate(III) by reduction with
ammonium oxalate.

Procedure

A solution of 0.711 g. (0.005 mol) of ammonium oxalate
1-hydrate in 20 ml. of boiling water is added in 1-ml. por-
tions* with continuous stirring to 4.42 g. (0.010 mol) of
ammonium hexachloroiridate(IV){ contained in a 100-ml.
round-bottomed flask (Caution. Effervescence). The
dark reddish brown solution is warmed on the steam bath
for 10 minutes to ensure complete reduction.} After the
solution has cooled to room temperature, 8.06 ml. (7.91 g.;
0.100 mol) of pyridine (density, 0.892) dissolved in 3.33 ml.

* Stepwise addition prevents possible formation of iridium oxalate
complexes.

t The commercial product may be used.

1 The solution contains ammonium pentachloroaquoiridate (IIT) as well
as hexachloroiridate (III) owing to the aquation reaction:

(NH,)3[IrCls] + H,0 = (NH,).[Ir(H,0)Cl] + NH,CL

As mentioned above, both substances react with pyridine to give the
desired product.
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(0.040 mol) of concentrated hydrochloric acid is added, and
the flask is fitted with a long condenser. The mixture is
refluxed for one hour on a boiling water bath, and the hot
orange supernatant liquid, which contains most of the more
soluble cis isomer, is decanted through a small Biichner
funnel. The mass of orange-red crystals, which consists of
trans isomer contaminated with some cisisomer, is extracted
four times with 20-ml. portions of boiling water in order to
dissolve the cisisomer. The first three extracts are decanted
through the Biichner funnel. After the fourth extraction,
the entire mixture is filtered through the funnel, leaving a
residue of red crystals on the filter paper.

The extracts, which are now combined in the filter flask
with the original supernatant liquid, are cooled for several
hours in an ice bath, the resulting crop of orange erystals is
collected by suction filtration, and the orange filtrate set
aside. These crystals are redissolved in a minimum amount
(about 50 ml.) of boiling water, the orange solution is
allowed to cool to room temperature, and the red crystalline
deposit of trans isomer is collected on the Biichner funnel
with the red crystals previously obtained. The combined
orange solutions are concentrated to a volume of about
15 ml. on a water bath, and a few drops of hydrochloric
acid are added to neutralize any remaining pyridine and
thus decrease the solubility of the cis isomer. After the
solution has been cooled in an ice bath for about half an
hour, the orange crystals are collected by suction filtration,
washed with ethanol and ethyl ether, and air-dried. The
filtrate may be added to iridium residues. The yield of cis
isomer is 2.12 g. (37.09%). The red crystals are washed
with two 25-ml. portions of ice water and air-dried. The
yield of trans isomer is 2.31 g. (40.39,). The total yield
of both isomers is 4.43 g. (77.39%). Both isomers may
be recrystallized from boiling water.* Anal. Caled. for

* The checkers report that the trans isomer does not readily dissolve in
boiling water; they recommend recrystallization of this isomer from a hot
dilute aqueous ethanol solution.
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C15H15N3II'CI4: II', 3369, C, 31.48, H, 2.82, N, 7.34.
Found: (cis) Ir, 33.21; C, 30.03;* H, 2.81;* N, 7.12;* (trans)
Ir, 32.99; C, 31.36;* H, 2.80;* N, 7.41.*

Properties

Unlike most tetrachloro(dipyridine)iridates(ITT), which
contain water of hydration, the pyridinium salts erystallize
in the anhydrous condition. The cis (orange) isomer is
much more soluble in water (1 part/65 parts at 18°) than
the trans (red) isomer (1 part/770 parts at 18°). Both
salts increase in solubility with increasing temperatures.

Although long refluxing with pyridine produces the corre-
sponding cis and trans isomers of trichloro(tripyridine)-
iridium, the tetrachloro(dipyridine)iridates(I1I) are rela-
tively stable towards acids and bases. Acids remove the
coordinated pyridine only with the greatest difficulty.
Bases alone fail to expel the coordinated pyridine, and even
in the presence of sodium sulfide they liberate pyridine
slowly on long boiling from the trans salt but not from the
cis.

Oxidizing agents convert both salts to the corresponding
isomers of tetrachloro(dipyridine)iridium(IV) (synthesis
58). Delépine* established the structure of the tetrachloro-
(dipyridine)iridates(IIT) by oxidizing the orange salts and
synerystallizing the [Ir(C;H;N),Cl,] thus obtained with
“Anderson’s salt,” [Pt(C;H;N).Cly], which is known to
possess the cis configuration.

References

. M. DeLErINE: Compi. rend., 162, 1390, 1589 (1911).

. M. DeLEPINE: thid., 175, 1075 (1922).

M. DeLEPINE: Ann. chim. (Paris), [9], 19, 145 (1923).
. M. DeLEPINE: ¢bid., [9], 19, 5 (1923).
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* Values supplied by the checkers.
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61. RECOVERY OF PLATINUM FROM
LABORATORY RESIDUES

Pt compounds —A> Pt
Pt 4 4HNO; + 6HCl — H,[PtClg] + 4NO, 4+ 4H,0

H,[PtCly] 4+ 2NaCl - Na[PtCle] + 2HCI
INH,CI + Naa[PtCle] — (NH,)[PtCls] + 2NaCl

A
3(NH,),[PtCls] — 3Pt + 2N, + 2NH,CI + 16HCl
H,{PtCle¢] 4 3Zn — Pt + 3ZnCl; 4+ H,

SusMmiTTED BY GEORGE B. KAUrrMAN* AND LarrY A. TETER*
CuECEED BY RicHArRD N. RuODAT

Although many procedures for recovering platinum
appear in the literature, they are not generally applicable to
Iaboratory residues. Since those intended for ores assume
the presence of other platinum metals, they are unneces-
sarily complicated. On the other hand, simpler methods
involving only treatment with formaldehyde, formic acid,
sodium dithionite, iron, magnesium, zine, or other reducing
agents reduce other inactive metals such as copper or silver.
Furthermore, standard reduction methods are seldom
directly applicable to the more stable platinum complexes.

The following procedure, modified from Gilchrist’s
method,! is intended for the recovery of platinum from
residues containing base metals and noble metals (other
than those of the platinum group) as well as strong com-
plexing agents. A preliminary separation of base metals
as hydrated oxides considerably reduces the time required
to obtain pure platinum by the precipitation of ammonium
hexachloroplatinate(IV). The authors have tested the pro-
cedure both with actual laboratory residues and with syn-

* Fresno State College, Fresno, Calif. Financial support of the Research
Corporation and the National Science Foundation (Grant NSF-G 11241)

is gratefully acknowledged.
1 The International Nickel Company, Inc., Bayonne, N.J.
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thetic platinum mixtures containing as much as 509 of the
following combined impurities: aluminum, ammonium,
cobalt, chromium, copper, iron, mercury, potassium, silver,
and sodium ions as well as ethylenediamine, diethyl sulfide,
pyridine, tri-n-butylphosphine, urea, thiourea.

Procedure

The dried residue is heated to redness in a large porcelain
casserole or evaporating dish over a Meker burner, and
ignition is continued until fuming has ceased.* Most of
the soluble salts are now removed by thoroughly washing
and decanting the ignited and powdered residue several
times with five times its volume of boiling water for each
operation.t Since the washings may contain some finely
divided platinum, they should be filtered. After the filter
paper has been charred in a covered crucible, the residue
should be added to the ignited and washed mixture.

The residue is treated with five times its volume of aqua
regia (1IHNO;:4HCI). After the initial effervescence has
subsided, the mixture is gently heated on a hot plate for
about half an hour. It is then allowed to settle, and the
liquid is carefully decanted into a beaker. The residue is
similarly treated with 5-volume portions of aqua regia until
all the platinum has dissolved, i.e., until the decanted
liquid, originally dark reddish orange, is a pale straw color.
A total of about 30 ml. of aqua regia per gram of platinum
should be sufficient. The combined portions of the aqua
regia solution are cooled with running water (not an ice
bath),t and the precipitate of insoluble chlorides is removed

* Ignition removes ammonium salts and volatile substances and decom-
poses platinum complexes to metallic platinum. All {gnitions and evapora-
tions should be carried out under the hood!

1 If potassium salts are present in considerable amounts, much potassium
hexachloroplatinate(IV) will be precipitated when the mixture is boiled
with aqua regia.

1 If the solution becomes too cold, a considerable amount of sparingly
soluble potassium hexachloroplatinate (IV) may precipitate.
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by suction filtration through a sintered-glass funnel (medium
porosity). The insoluble chlorides are added to the residue
insoluble in aqua regia and boiled for a few minutes with
twice the total volume of water. The mixture is filtered by
suetion through coarse paper, and the yellow filtrate,
which contains potassium hexachloroplatinate(IV), is added
to the aqua regia solution. The entire process is repeated
until the filtrate is colorless, whereupon the residue is
discarded.

The aqua regia filtrate is transferred to a very large
beaker, sodium chloride (commercial salt) (1.2 g./g. of
platinum) is added, and the solution is evaporated to near
dryness on a steam bath.* An air stream directed across
the surface of the liquid increases the rate of evaporation
and reduces foaming. The residue is barely covered with
hydrochloric acid and evaporated to dryness in order to
destroy any nitro complexes. It is next just covered with
water, again evaporated on the steam bath, and dried in an
oven at 110° for one hour.t

The residue is dissolved in sufficient water to yield a con-
centration of about 50 g. of platinum per liter, the solution
heated nearly to boiling, and sufficient sodium hydrogen
carbonate (commercial baking soda) added (caution: effer-
vescence) until the resulting solution just turns red litmus
blue. After being cooled with running water for about
10 minutes, the mixture is filtered through a Biichner (not
sintered-glass) funnel to remove the precipitate of hydrated
base metal oxides which has settled. Any platinum-con-
taining solution is removed by washing the precipitate twice

* A Meker burner or hot plate, although faster, would require constant
stirring and swirling to prevent spattering. Sodium hexachloroplatinate (IV)
is easier to handle than hexachloroplatinic(IV) acid, because the latter may
decompose to insoluble products on being heated to dryness. If a reddish
orange sirup rather than a yellowish green crystalline mass is obtained, the
amount of sodium chloride was insufficient.

t This step is intended to remove most of the hydrochloric acid in order
to avoid excessive consumption of sodium hydrogen carbonate and sub-

sequent excess foaming, as well as contamination of ammonium hexa-
chloroplatinate(IV) with coprecipitated sodium chloride.
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with two times its volume of cold water for each operation.
The washings are added to the filtrate.

A slight excess of solid ammonium chloride (0.6 g./g. of
platinum) is then added to the solution to precipitate the
platinum. The solubility of the ammonium hexachloro-
platinate(IV) is reduced by adding an amount of 957,
ethanol equal to about one-tenth the volume of the solution
and by cooling in an ice bath for about 10 minutes. The
yellow precipitate is collected on a Biichner funnel, and the
filtrate is tested for complete precipitation by adding more
ammonium chloride and setting it aside. The ammonium
hexachloroplatinate(IV) is washed with several one-volume
portions (relative to the filtrate) of ice-cold 209, ammonium
chloride solution, 959, ethanol, and ethy! ether and then
air-dried. The precipitate is removed from the filter paper,
placed in a partially covered crucible, and ignited to
metallic platinum over a Meker burner, gently at first, but
then more strongly. The residue is washed several times
with 5-volume portions of 6 N nitric acid and water to
remove any coprecipitated sodium chloride. The platinum
is dried in an oven at 110° for one hour.

Some platinum is still present as hexachloroplatinate(1V)
in the light yellow filtrate. Itisrecovered by strongly acidi-
fying this solution with hydrochloric acid (pH about 1),*
adding excess mossy zine, and allowing the mixture to stand
until reduction appears complete (about one hour), with
occasional stirring if necessary to remove precipitated plati-
num from the zinc and expose fresh metal surface. Addi-
tional acid is added, if necessary, to dissolve any excess zinc,
and the platinumis collected on a Biichner funnel and washed
and dried as was the previously recovered platinum. Since
the metal produced by reduction with zine is not as pure as
that produced by ignition of ammonium hexachloroplati-
nate(IV), the products should be kept separate.

In general, the percentage recovery of platinum increases

* Use of an acid solution considerably reduces the time required for
reduction and avoids evolution of ammonia and precipitation of basic salts.
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with increasing percentage of platinum in the residue. For
example, with a mixture containing 509, platinum, 77.19,
recovery (53.69, by precipitation and 23.59% by reduction)
was attained, while with a mixture containing 759, plati-
num, the recovery rose to 95.7% (80.79, by precipitation
and 15.09, by reduction). If platinum of higher purity is
desired, the recovered material may be dissolved in aqua
regia, reprecipitated as ammonium hexachloroplatinate(IV),
and reignited.

Reference

1. R. GircurisT: Chem. Revs., 82, 306 (1943).

62. cis- AND trans-TETRACHLORODIAMMINE-
PLATINUM (IV)

SusmiTTED BY GEORGE B, KAUFFMAN*
CHECKED BY GEORGE SLUSARCZUK} AND StanpLey KirRscHNERT

In the conversion of a planar tetracovalent compound to
a hexacovalent compound, the two added groups usually
oceupy trans positions in the resulting octahedron.! Thus,
oxidation of c¢is- or trams-dichlorodiammineplatinum(II)
with chlorine results in formation of the corresponding
isomers of tetrachlorodiammineplatinum(IV).""%3 Aqua
regia,*® potassium permanganate,*® ozone,® and nitric acid*
have also been used as oxidizing agents. Oxidation with
chlorine, which is convenient and yields a pure product, is
employed here.

* Fresno State College, Fresno, Calif. Financial support of the Research
Corporation and the National Science Foundation (Grant NSF-G11241)
is gratefully acknowledged.

t Wayne State University, Detroit, Mich.
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Procedure
A. cissTETRACHLORODIAMMINEPLATINUM(1V)
cis-[Pt(NH;).Cl:] + Cl; — cis-[Pt(NH;),Cly]

A suspension of 1.50 g. (0.005 mol) of cis-dichlorodiam-
mineplatinum(II) (synthesis 63) in 10 ml. of water in a
50-ml. beaker is heated to 75 to 80°* on a water bath. This
temperature is maintained while chlorine is slowly bubbled
through the mechanically stirred mixture, the volume of
which is kept at about 10 ml. by addition of hot water.
After one-half hour, the supernatant liquid, originally a
pale yellow, has become dark orange, while the solid has
changed from pale yellow to lemon yellow. After 3 hours,
the flow of chlorine is stopped and the mixture boiled to
remove excess chlorine. The mixture is then cooled in an
ice bath and filtered through a sintered-glass funnel. The
lemon-yellow crystals are washed with several 5-ml. por-
tions of cold water and air-dried. The yield is 1.04 g.
(56%). Anal. Caled. for [Pt(NHj3),Cly]: Pt, 52.61; N, 7.55;
H, 1.63; Cl, 38.22. Found: Pt, 52.64; N, 7.56, 7.72;t H,
1.84;1 Cl, 38.02,

B. trans-TETRACHLORODIAMMINEPLATINUM(IV)
trans-[Pt(NH;),Cly] + Cl; — trans-[Pt(NH;).Cly]

The procedure is the same as that given for the cis isomer
(Procedure A) except that the starting material is 1.50 g.
(0.005 mol) of trams-dichlorodiammineplatinum(II) (Syn-
thesis 63), the reaction temperature is 100° (boiling-water
bath), and reaction time is only one hour. The yield is
1.63 g. (88%). Anal. Caled. for [Pt(NH,),Cl,]: Pt, 52.61;

* Use of a higher temperature may result in formation of a soluble

hexachloroplatinate (IV).
t Values reported by checkers.
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N, 7.55; H, 1.63; Cl, 38.22. Found: Pt, 52.23; N, 7.50;*
H, 1.68;* Cl, 38.00.

Properties’

The cis and trans compounds are both lemon-yellow
crystalline powders. Upon heating, the cis isomer becomes
olive green at 160° and dark green at 210°. Slow decom-
position of the cis isomer begins at about 240°, whereas that
of the trans isomer starts at 200 to 216°. Both are only
slightly soluble in cold water, the symmetrical trans form
being the more soluble.* The solubility of both compounds
in water increases with increasing temperature. Both
isomers are insoluble in most common solvents, with the
exception of N,N-dimethylformamide. Insolubility in non-
polar solvents has prevented dipole moment measurements.

Aqueous solutions of both isomers exhibit conductivities
characteristic of nonelectrolytes, but conductivities increase
with time because of hydrolysis.® Concentrated sulfurie
acid does not attack either isomer. Potassium hydroxide
solution dissolves the trans isomer without evolution of
ammonia. When aqueous solutions of both compounds are
boiled for a long time with silver nitrate, all of the chlorine
is precipitated.
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63. cis- AND frans-DICHLORODIAMMINE-
PLATINUM (II)

SusMiTTED BY GEORGE B. KAUFFMAN* AND Dwamne O. Cowan*
CHECKED BY GEORGE SLUSARCZUK} AND STANLEY KIRSCHNER}

These two compounds, originally called Peyrone’s salt!
and Reiset’s second chloride,? respectively, have long been
known and have played an important role in the historical
development of coordination theory. Werner’s suggestion
that these compounds are cis and trans isomers represents
the earliest proposal of a planar configuration for bivalent
platinum. He correctly identified these compounds by
using his classical concept of “trans elimination.”’?

The cis isomer has been prepared by the action of aqueous
ammonia on ammonium! or potassium® tetrachloroplati-
nate(Il), while the trans isomer has been prepared by the
action of heat*® or concentrated hydrochloric acid' on
tetraammineplatinum(II) chloride. These reactions are in
accord with Peyrone’s rule and Jgrgensen’s rule, respec-
tively, both of which are included in Chernyaev’s trans
effect.

Other methods for the preparation of the cis isomer
include heating the trans isomer® or tetraammineplatinum-
(IT) chloride! with aqueous ammonia and reaction of ammo-
nium carbonate with tetrachloroplatinic(IT) acid.” Other
methods for the preparation of the trans isomer include the
action of hydrochloric acid on dihydroxodiammineplatinum-
(I1)¢ and the thermal decompositions of ammonium tetra-
chloroplatinate(II),? tetraammineplatinum (I1) chloride,” or
tetraammineplatinum(II) tetrachloroplatinate(II) (Mag-
nus’ green salt).?

* Fresno State College, Fresno, Calif. Financial support of the Research
Corporation and the National Science Foundation (Grant NSF-(G11241) is
gratefully acknowledged.

T Wayne State University, Detroit, Mich.
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The preparations given here for the cis and trans isomers
are modifications of the methods of Ramberg® and Peyrone,!
respectively, and involve a minimum of side reactions.
Both methods involve the preliminary preparation of potas-
sium tetrachloroplatinate(Il), which need not be isolated.

Procedure
A. POTASSIUM TETRACHLOROPLATINATE(II)*
2K,[PtCls} + N,H,2HCl — 2K, [PtCli] + N, + 6HCI

To a suspension of 9.72 g. (0.02 mol) of potassium hexa-
chloroplatinate(IV)T in 100 ml. of water contained in a
250-ml. beaker is added in small portions 1.0 g. (0.01 mol){
of hydrazine. dihydrochloride.’® The mixture is stirred
mechanically while the temperature is raised to 50 to 65°
over a period of 5 to 10 minutes. This temperature is main-
tained until only a small amount of yellow potassium hexa-
chloroplatinate(IV) remains undissolved§ in the deep red
solution (about 2 hours). The temperature is then raised
to 80 to 90° to ensure completion of the reaction, and the
mixture is cooled in an ice bath and filtered to remove unre-
acted potassium hexachloroplatinate(IV).|| The latter is
washed with several 10-ml. portions of ice water until the
washings are colorless. The washings, combined with the
deep red filtrate, contain pure potassium tetrachloroplati-
nate(II) and hydrochloric acid. This solution is divided

* An alternative method for the preparation of this compound has been
described by R. N. Keller, INORGANIC SYNTHESES, 2, 247 (1946).

t If it is desired to start with metallic platinum, sponge rather than wire is
recommended, for reasons of economy and as a time-saver.

1 Excess hydrazine dihydrochloride must be avoided to prevent forma-
tion of hydrazine complexes and reduction of potassium tetrachloroplati-
nate(II) to platinum when the solution is made basic with ammonial!
(Procedure B).

§ An insoluble hexachloroplatinate (IV) is used to indicate when the reac-
tion is complete.

| Use of excess potassium hexachloroplatinate (IV) prevents the reduction
to metallic platinum noted by some workers.1.12
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into two equal portions, one for use in Procedure B and one
for Procedure C. A solution containing 4.15 g. (0.01 mol) of
potasstum tetrachloroplatinate(I11) and 2.5 ml. of concentrated
hydrochloric acid tn 75 ml. of water may be substituted for each
of these portions.

B. cis-DICHLORODIAMMINEPLATINUM(IT)

NH.CI
K,[PtCly + 2NH; —— cis-[Pt(NH;)Cl:] + 2KCl

Three grams of ammonium chloride* is dissolved in one
portion of the filtrate from Procedure A contained in a
150-ml. beaker. About 10 ml. of 3 M aqueous ammonia is
cautiously added until the solution is neutral to litmus.
Two one-hundredths mol of additional ammonia (6.75 ml.
of 3 M solution) is then added.t The solution is refriger-
ated until the precipitation of the greenish yellow solid
appears to be complete and the supernatant liquid has
changed from deep red to light yellow (24 to 48 hours).
The precipitate, consisting of the cis isomer containing a
small amount of tetraammineplatinum (IT) tetrachloroplati-
nate(II) (Magnus’ green salt), is separated by suction
filtration and washed free of soluble salts with several 10-ml.
portions of ice water. The precipitate is then transferred
to a 250-ml. Erlenmeyer flask, and 0.1 N hydrochloric acid}
is added to bring the total volume to 150 ml. This mixture
is heated to boiling and stirred until all the cis isomer dis-
solves, leaving a small residue of Magnus’ green salt, which
is removed by filtration. Crystallization of the isomer is
prevented by use of a funnel heater or a jacketed Biichner
funnel. The residue on the filter paper is washed with 10 to

* Use of an unbuffered solution may result in formation of hydroxo
complexes.

t A slight excess of ammonia is not harmful. However, a large excess
will markedly decrease the yield by formation of tetraammineplatinum (IT)
chloride.

1 Dilute acid, rather than water, is used for recrystallization to prevent
formation of aquo complexes (see Properties).
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20 ml. of boiling 0.1 N hydrochloric acid and the washings
are added to the filtrate. The latter is cooled in an ice bath
until crystallization seems complete (1 to 2 hours). The
vellow crystals are separated by suction filtration, washed
with several 10-ml. portions of ice water, and air-dried.
The yield is 1.80 g. (609, based on potassium hexachloro-
platinate(IV)*). Anal. Caled. for [Pt(NH;).Cly]: Pt, 65.02;
N, 9.33; H, 2.01; Cl, 23.62. Found: Pt, 65.23; N, 9.62,
9.81;1 H, 2.33;7 Cl, 23.33.

C. trans-DICHLORODIAMMINEPLATINUM (II)
K,[PtCL] 4+ 4NH; — [Pt(NH;),Cl, + 2KCl
A
[Pt(NHs;)4]Cl: + 2HCl — trans-[Pt(NH;).Cl,] + 2NH,Cl

In a 1-1. beaker, one portion of the filtrate from Procedure
A is heated to boiling on a hot plate, and 10 ml. of concen-
trated aqueous ammonia is slowly added with swirling.}
The resulting straw-colored solution is cautiously evapo-
rated (hood!) to a volume of about 20 ml. (not to dryness),
with continuous swirling during the latter stages in order to
prevent spattering.§ Four hundred milliliters of 6 N hydro-
chloric acid is added to the resulting pale yellow residue of
tetraammineplatinum(IT) chloride, which may already con-
tain some trans isomer, and the mixture is evaporated as
above (hood!) to a volume of from 30 to 40 ml. (not to dry-
ness).| As evaporation proceeds, the solution becomes
turbid and then yellow. Finally, the trans isomer is

* The limiting reagent is actually hydrazine dihydrochloride; so the yield
is really slightly higher.

1 Values reported by the checkers.

{ This technique converts potassium tetrachloroplatinate(II) directly
to soluble tetraammineplatinum (IT) chloride without precipitating insoluble
Magnus’ green salt, [Pt(NH;).J[PtCl4].

§ For this and all subsequent evaporations, an oscillating hot plate is
convenient. Care must be taken to avoid decomposition by excessive
heating. Use of a water bath is very time-consuming.

I| The alternative procedure of heating the dry salt at 250° results in a
much lower yield because of extensive decomposition to metallic platinum.
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deposited as a fine yellow powder. After being cooled for
about 15 minutes in an ice bath, the mixture, now the con-
sistency of slush, is transferred to a 5-cm. sintered-glass
funnel, drained by suction, washed with several 10-ml. por-
tions of ice water, and air-dried. One or two more similar
evaporations of the filtrate with 6 N hydrochloric acid fol-
lowed by washing and drying as above are sufficient to
produce a combined yield of about 2.7 g. (ca. 909;) of a
product which is pure enough for most purposes. The trans
isomer may be recrystallized from a minimum amount of
boiling 0.1 N hydrochloric acid as was the cis isomer. The
percentage recovery for this step is 80 t0 909,. Anal. Caled.
for [Pt(NH;).Cl]: Pt, 65.02; N, 9.33; H, 2.01; Cl, 23.62.
Found: Pt, 65.28; N, 9.54, 9.54;* H, 2.44;* Cl, 23.39.

Properties!®

Both the cis and trans compounds are yellow, the former
possessing a somewhat deeper color than the latter. Both
decompose at about 270° yielding hydrogen chloride,
ammonium chloride, nitrogen, and platinum. Both are
only slightly soluble in cold water, the unsymmetrical cis
form being the more soluble (cis, 0.253 g./100 g. at 25°;
trans, 0.036 g./100 g. at 25°). The solubility of both com-
pounds in water increases with increasing temperature.

In aqueous solution, the cis form slowly changes to the
trans form. Solutions of both isomers exhibit very small
conductivities, but the conductivities increase with time
because of aquation:

[Pt(NH;)yCly] + H:0 <= [Pt(NH,),(H,0)Cl*+ + CI~
[Pt(NHj)2(H,0)Cll+ 4 Hz0 = [Pt(NH;)o(H,0),]++ + CI™

Both isomers are insoluble in most common solvents,
with the exception of N,N-dimethylformamide. Insolu-
bility in nonpolar solvents has prevented dipole moment
measurements.

* Values reported by the checkers.
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These compounds are convenient starting materials for
the preparation of a wide variety of platinum(II) complexes.
The chlorine atoms can be replaced by other negative groups
such as bromide, iodide, hydroxide, nitrate, nitrite, and
thiocyanate. The ammonia molecules can be replaced by
other bases such as pyridine, arylamines, and quinoline.
Oxidation with aqua regia or chlorine yields the correspond-
ing isomers of tetrachlorodiammineplatinum(IV) (synthesis
62). A supposedly third (v-) form has been shown to be a
solid solution or mixture of the cis (8-) and trans (a-)
isomers.

Several tests are available for distinguishing between the
two isomers. They respond to the classical Kurnakov
test :'*in hot aqueous solution, the cis compound reacts with
aqueous thiourea to give a deeper yellow solution from
which yellow needles of tetrakis(thiourea)platinum(II) chlo-
ride deposit on cooling, while the trans compound gives a
colorless solution from which snow-white needles of trans-
bis(thiourea)diammineplatinum(II) deposit on cooling. An
extremely sensitive test using oxydiphenylenetelluronium
hydrogen sulfate [phenoxytellurine di(hydrogen sulfate)]
permits detection of minute traces of cis isomer in large
amounts of trans isomer. The reagent gives an intense
violet color with the former but does not react with the
latter.’> Other tests using sodium sulfite,!® sodium thiosul-
ate,'” and oxalic acid*® require careful control of mol ratios.
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64. cis- AND trans-DICHLOROBIS(TRI-n-
BUTYLPHOSPHINE)PLATINUM (II)

K,[PtCly] + 2(n-CHg):P —
cis- and trans-[PtCly{ (n-CH,y)3sP}2] + 2KCl

SusMiTTED BY GEORGE B. KAUFFMAN* AND LaARrY A. TETER*
CurECKED BY James E. Humeeyt

Coordination compounds of platinum(II) halides with
tertiary alkylphosphines have long been known.»? Treat-
ment of a potassium tetrachloroplatinate(II) solution with
the stoichiometric amount of triethyl- or tri-n-propylphos-
phine yields a precipitate of [Pt(R;P),][PtCl,], which is
transformed to the monomeric isomers, cis- and ftrans-
[PtCl,(R3P).], on several weeks’ standing, or more rapidly
on heating.? The stability of the ionic compound decreases

* Fresno State College, Fresno, Calif. Financial support of the Research
Corporation and the National Science Foundation (Grant NSF-G 11241)

is gratefully acknowledged.
1 Worcester Polytechnic Institute, Worcester, Mass.
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from ethyl to propyl, whereas with tri-n-butyl-phosphine
the molecular compound is formed directly. The mono-
meric isomers are all nonelectrolytes, have low melting
points, and are soluble in organic solvents, the trans isomer
more so than the cis. Solubility in organic solvents
increases from the ethyl to the butyl compound. A modi-
fication of the method of Jensen? for the preparation of the
tri-n-butyl compound is deseribed in this synthesis.

Procedure

A, cis-DICHLOROBIS(TRI-n-BUTYLPHOSPHINE)PLATINUM(II)

A solution of 4.15 g. (0.01 mol) of potassium tetrachloro-
platinate(II) in 50 ml. of water is shaken wvigorously in a
stoppered 250-ml. wide-mouth container* with 4.99 ml.
(4.05 g.; 0.02 mol) of freshly distilled tri-n-butylphosphine*
(density, 0.8118 g./ml.) until no further lightening of the
color of the supernatant liquid occurs (about 3 hours).f
The resulting waxy salmon-colored mass, containing pre-
dominantly cis isomer but also some trans isomer, is scraped
from the sides of the container, washed with several 10-ml.
portions of water, and dried in a vacuum oven at 30° for
about one hour. Complete removal of occluded potassium
chloride and tetrachloroplatinate(IT) from the isomer mix-
ture is difficult because of its waxy nature, but is effected by
subsequent purification steps.

Since the trans isomer is quite soluble in ice-cold low-boil-

* A 250-ml. glass-stoppered Erlenmeyer flask is satisfactory, but removal
of the product is facilitated by use of a wide-mouth vessel.

t The liquid is still orange because of unreacted potassium tetrachloro-
platinate (II). Use of excess tri-n-butylphosphine causes the reaction to go
to completion within a very short time, resulting in utilization of all the
tetrachloroplatinate (II), but oily products are obtained rather than well-
defined crystals. The checker reports that the unreacted potassium tetra-
chloroplatinate (II) can be recovered by concentrating the supernatant
liquid on a steam bath to about one-half the original volume, stirring the
solution into ca. 250 ml. of an acetone-ether (1:1) solution, washing the

precipitated solid, first with acetone-ether solution, then with ether, followed
by air-drying.5
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ing petroleum ether, whereas the cis isomer is only very
slightly soluble, the former is separated from the latter by
repeatedly extracting the waxy mass with ice~cold petroleum
ether (b.p., 30 to 60°).* Not all of the trans isomer can be
extracted in this manner since some of the cis isomer isomer-
izes to the trans isomer in petroleum ether. The petroleum
ether filtrate contains only a small amount of trans isomer,
and it is suggested that this be evaporated to dryness and
added to platinum residues.t

The yellowish white portion of the original waxy mass
which was insoluble in petroleum ether consists mainly of
cis isomer contaminated by a small amount of trans isomer.
It 1s purified by adding 50 ml. of petroleum ether (b.p., 30 to
60°),1 heating to boiling, and then adding 959, ethanol
dropwise (about 1 ml.) with stirring until the solid just dis-
solves. Upon cooling in an ice-salt bath for about half an
hour, crystals of the cis isomer are deposited. About four
such recrystallizations, each of which is almost quantitative
if carried out carefully, are generally necessary in order to
obtain a pure product of snow-white crystals. These are col-
lected by suction filtration and air-dried. Theyieldis4.05g.
[60.39 based on potassium tetrachloroplatinate-(I1I)]. Use
of amounts smaller thanthose specified resultsin decreased yields.

B. trans-DICHLOROBIS(TRI-n-BUTYLPHOSPHINE)
PLATINUMII)

The trans isomer is prepared by carefully heating a sam-
ple of the cis isomer in an evaporating dish on an oil-bath

* Six 10-ml. portions are recommended. Extraction should be continued
until the color of the light yellow filtrate remains constant. Low-boiling
petroleum ether should be used because the cis isomer is soluble in high-
boiling petroleum ether.

t Since attempted crystallization of either isomer in the presence of
impurities often results in oily substances and since the amount of trans
isomer involved is quite small, recovery of the trans isomer seems inadvisa-
ble. The purpose of the extraction is merely to remove most of the trans
isomer from the cis isomer, rather than to prepare the trans isomer.

t If high-boiling petroleum ether is used, the cis isomer will fail to crystal-
lize.
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just above its melting point (about 144°), whereupon it
melts to a yellow liquid. This temperature is maintained
for about one hour.* The residue is dissolved in a minimum
volume of warm 959, ethanol (ca. 5 ml. for each 1 g. of
isomer) and the solution cooled for several minutes in an
ice-salt bath. The resulting yellow crystals are collected
by suction filtration, recrystallized again from warm ethanol,
filtered by suction, and air-dried. The conversion is practi-
cally quantitative, but because of the high solubility of the
trans isomer the yield is only 509, (based on the cis isomer).

Analysis

Ignition of the isomers appears to result in loss of plati-
num, whereas reduction with formic acid or hydrazine
hydrate seems incomplete. The sample is therefore boiled
with concentrated sulfuric acid until the supernatant liquid
becomes clear and almost colorless (about 4 hours). The
residual platinum is collected on a sintered-glass funnel,
washed with water, ethanol, ether, and then air-dried.
Anal. Caled. for [PtCL{(CsHy);P},s]: Pt, 29.10. Found:
Pt, 29.00 (trans), 29.10 (cis).

Properties®*

The cis isomer is snow-white, whereas the trans isomer is
vellow. The melting points are 144 to 144.5° and 65 to 66°,
respectively, and are greatly lowered by traces of impurities.
The cis isomer is only slightly soluble in water, whereas the
trans isomer is virtually insoluble. They are both soluble
in water in the presence of tri-n-butylphosphine because of
the reaction:

[PtClz{ (n-C4H9) 3P} 2] + 2 ('I’L-C4H9) 3P —> [Pt { (7’1/-04H9) 3P } 4]++
4 2CI-

* Excessive heating (>155°) increases the efficiency of conversion but
also decomposes the trans isomer formed.
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The cis isomer is soluble in benzene, carbon disulfide,
ethanol, and N,N-dimethylformamide, whereas the trans
isomer is highly soluble in most organic solvents.

The dipole moments in benzene solution are 11.5 D. and
0 D., respectively. Such measurements were used by Jen-
sen to prove unequivocally that the configuration of tetra-
coordinate bivalent platinum is square planar. Conduc-
tivity measurements of their benzene solutions have shown
them to be nonelectrolytes, but conductivity in alcoholie
solutions increases with time because of alcoholysis. The
conductivity of the cis isomer increases more rapidly than
that of the trans. Aqueous and alcoholic solutions of the
cis isomer give an immediate precipitate with silver nitrate,
whereas those of the trans isomer react more slowly.
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65. cis- AND trans-DICHLORO (DIPYRIDINE)-
PLATINUM (II)

SusMITTED BY GEORGE B. KaUurFMaNn*
CHEckED BY RicHarp J. THOMPSONT

The two geometric isomers of dichloro(dipyridine) plati-
num(II) have been used by many investigators™" in stereo-
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chemical experiments designed to ascertain the configura-
tion of tetracovalent platinum(II). These compounds are
analogous to the corresponding dichloro diammine com-
plexes in structure (square planar), reactions, and methods
of synthesis. Their solubility in organic solvents, although
limited, is greater than that of the dichloro diammines so
that they are more suitable for such studies. The cis isomer
can be prepared by treating aqueous potassium tetrachloro-
platinate(II) with pyridine.!®* The trans isomer can be
prepared, in accordance with Chernyaev’s trans effect, by
the action of heat or concentrated hydrochloric acid on
tetrakis(pyridine)platinum(II) chloride® or of the dilute
acid on frans-dihydroxobis(pyridine)platinum(IT1).

Procedure
A. cis-DICHLORO (DIPYRIDINE)PLATINUM (II)
Kg[PtCL}] + 2C5H5N — C’iS-[Pt(CEH5N)2CIQ] + 2KCl

To a solution of 10.0 g. (0.0241 mol) of potassium tetra-
chloroplatinate(II)* in 100 ml. of water contained in a
400-ml. beaker is added with continuous mechanical stirring
a solution of 3.90 ml. (3.84 g.; 0.0495 mol) 1 of pure pyridine
(density, 0.982 g./ml.) in 25 ml. of water. In afew minutes,
a sulfur-yellow precipitate begins to form. The stirring is
continued for several hours; then the mixture is allowed to
stand in a refrigerator until precipitation appears complete
(about 24 hours). The precipitate is then separated from
the very pale yellow supernatant liquid by means of a 5-cm.
sintered-glass funnel, washed several times with ice water
to remove potassium chloride, air-dried, and finally dried
at 100° for one hour. The yield is 9.15 g. (89.4%). Anal.
Caled. for [Pt(C;H;N).Cl,]: Pt, 46.01. Found: Pt, 45.83.

* This compound may be prepared according to the directions of R. N.
Keller, INORGANIC SYNTHESES, 2, 247 (1946) or as described in synthesis 63
in this volume.

1 Excess pyridine should be avoided to prevent reduction in yield due to
formation of soluble tetrapyridineplatinum (II) chloride.



cis- AND trans-DICHLORO(DIPYRIDINE)PLATINUM(II) 251

B. trans-DICHLORO(DIPYRIDINE)PLATINUM((II)
. C’I:S—[Pt (C 5H 5N) 2012] ~+ 2C 5H 5N — [Pt (C sH 5N) 4] Clz

[Pt(CsHN),ICL: + 2HCL->
trans-[Pt(CsHsN)Cly] + 2C:H:N-HCI

To 5 g. (0.0118 mol) of cis-dichloro(dipyridine)platinum-
(IT) {(Procedure A) contained in a 250-ml. evaporating dish
is added a solution of 20 ml. of pure pyridine in 50 ml. of
water. Stirring during heating on the steam bath helps to
effect the ready dissolution of the yellow solid, yielding a
clean colorless solution of tetrapyridineplatinum(IT)
chloride. After filtering, if necessary to remove any undis-
solved impurities, the solution is evaporated to dryness on
the steam bath (about 1 to2 hours). Fifty milliliters of con-
centrated hydrochloric acid is added to the white residue
and the mixture is again evaporated to dryness on the steam
bath (about 1 to 2 hours), resulting in a pale yellow residue.
If any unchanged white tetrapyridineplatinum(II) chlo-
ride is still present, an additional 25 ml. of hydrochloric
acid should be added and the evaporation repeated. The
small pale yellow crystals are transferred to a 5-cm. sintered-
glass funnel, washed with several portions of ice water in
order to remove hydrochloric acid, and then washed with
ethanol and ethyl ether. The yield of air-dried product is
quantitative except for mechanical losses.

The product may be recrystallized by dissolving it with
stirring in a minimum volume (ca. 325 ml.) of boiling chloro-
form contained in a 525-ml. evaporating dish (hood!), filter-
ing if necessary, concentrating the solution on the water
bath to one-half its original volume* and cooling in an ice
bath for 10 minutes. The resulting yellow crystals are
collected on a 5-cm. sintered-glass funnel, washed with
ethyl ether, air-dried, and dried at 100° for one hour. The
yield is 4.3 g. (86%). An additional crop of crystals

* A stream of air directed across the surface of the solution considerably
reduces the time required for this process.
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(0.35 g.; 7.09%) may be precipitated from the mother
liquor by adding ether (ca. 50 ml.) with vigorous stirring.
The combined yield is 4.65 g. (939). Amnal. Caled. for
[Pt(05H5N)2012] Pt, 46.01. Found: Pt, 45.79.

Properties!:?

cis- and trans-Dichloro(dipyridine)platinum(II) are pale
yellow microcrystalline powders, the latter generally some-
what darker in color than the former.* They are both
virtually insoluble in cold water, the cis isomer being more
soluble than the trans. In general, the cis isomer is less
soluble in organic solvents than the trans. The trans isomer
is soluble in chloroform, acetone, N,N-dimethylformamide,
and benzene, while the cis isomer is soluble in the first three
solvents mentioned. Both isomers dissolve in aqueous
pyridine to yield tetrapyridineplatinum(II) chloride.

On heating, the cis isomer begins to decompose at 224°,
whereas the trans isomer does not begin to decompose until
256°. In phenol solution, the freezing-point depression
shows that both isomers are monomolecular.® Because of
the limited solubility of both isomers in nonpolar solvents,
dipole moments have not been determined.®

Several tests are available for distinguishing the two
isomers. Oxyphenylenetelluronium hydrogen sulfate
[phenoxytellurine di(hydrogen sulfate)] gives a red colora-
tion with the cis isomer, while the reagent. is without effect
on the trans isomer.

Both isomers respond to Kurnakov’s test.® In hot
aqueous solution, the cis isomer reacts with saturated
aqueous thiourea to give a bright yellow solution, from
which yellow needles of tetrakis(thiourea)platinum (IT) chlo-
ride deposit on cooling, while the trans isomer gives no
visible reaction, but on cooling deposits snow-white needles
of trans-dichlorobis(thiourea)platinum(II),

* The exact shade of yellow of any particular isomer probably varies with
particle size.
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A boiling saturated solution of the cis isomer reacts with
hydrobromic acid to give a bright yellow precipitate.
Similar treatment of the trans isomer yields a fine yellowish
white precipitate.

Boiling the isomers with water and silver(I) oxide yields
the corresponding isomers of dihydroxo(dipyridine)plati-
num(II). The cis isomer of this compound is a hygroscopic
yellow glassy mass, which readily dissolves in water to give
a strongly basic solution. The trans isomer consists of long
white asbestos-like needles, which dissolve only sparingly
in water to give a feebly basic solution.

References

. 8. M. JgrgENsEN: J. prakt. Chem., [2], 33, 409 (1886).

. A. WERNER: Z. anorg. Chem., 3, 267 (1893).

. N. 8. Kurnakov: J. Russ. Phys. Chem. Soc., 26, 565 (1893).

. 8. M. JgrGENSEN: Z. anorg. Chem., 26, 353 (1900); 48, 374 (1906).

. A. HanTzscH: Ber., 59, 2761 (1926).

. H. D. K. Drew, F. W, Pingarp, W. WarprLaw, and E. G. Cox: J.
Chem. Soc., 1932, 988, 1004.

. J. P. Mataigu: J. chim. phys., 36, 308 (1939).

. 8. G, Hepin: Acta Univ. Lundensis, 11, 22, 1 (1887).

. K. A. JENSEN: Z. anorg. u. allgem. Chem., 229, 225 (1936).

(=230 I SNV R

O 0~



Inorganic Syntheses, Volume VII
Edited by Jacob Kleinberg
Copyright © 1963 by McGraw-Hill Book Company, Inc.

SUBJECT INDEX

Names employed in the cumulative subject index for Volumes I to VII
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. No major changes seemed to be required for general conformity
with the “Definitive Rules for Nomeneclature of Inorganic Chemistry,” 1957
Report of the Commission on the Nomenclature of Inorganic Chemistry of
the International Union of Pure and Applied Chemistry (J. Am. Chem. Soc.,
82, 5523-44 (1960)).

Some of the general principles that have been followed in setting 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(I11I) chloride, rather than ferric chloride; Potassium hezachlororhenate-
(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(I1I) complex compounds and Ammines are
employed for grouping coordination compounds of similar types. In addi-
tion, entries are made under the specific names for individual compounds.
(Halo 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 com-
pounds, such as Stlicon chlorides and Phosphoric acids, with some duplicate
entries, as Pyrophosphoric acid. (5) Formulas for specific compounds are
used under general headings. The Formula Index should also prove par-
ticularly 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 head-
ings. (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, and as dupli-
cate entries for metal alkyls and aryls, for example, Sodium, cyclopentadienyl-
in addition to Cyclopentadienylsodium, but not for the few organic com-
pounds. For the nomenclature of some of these and other classes of com-
pounds, see the heading Nomenclature.

267



268

INORGANIC SYNTHESES

Headings are alphabeted straight through, letter by letter, as in Chemical

Abstracts indexes, not word by word.

Roman numerals in Stock names are

ignored in alphabeting unless two or more names are otherwise the same.

A

Acetatopentamminecobalt (ITI) ni-
trate, 4:175
Acetic acid, glacial, dehydration for
use in preparation of titanium
derivative of acetylacetone,
2:119
Acetic acid-acetic anhydride solu-
tion, 1:85
Acetylacetone (2,4-pentanedione),
metal derivatives of, 2:14, 17,
25, 119, 121, 123; 5:108, 109,
113, 130, 188; 6:147, 164;
7:183
metal derivatives of, nomencla-
ture of, 2:16
physical properties of, §:110
solubilities of, 5:110, 111
substitution of bromine, iodine,
and chlorine into the chelate
rings of, 7:134, 135
structure of, 2:10
Acetylene, purification of, 2:76
Acidoaquotetramminecobalt (IT1)
salts, formation of, from carbo-
natotetramminecobalt (III) ni-
trate, 6:175
Acidopentaamminechromium (1TT)
salts, 6:131
Acidopentaamminecobalt (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 cyanates, 2:86
Alkali metal pyrosulfites, 2:162
Alkali metal sulfites, 2:162
Alkaline earth azides, 1:79

Allanite, extraction of, 2:44
Allophany! azide, formation of, from
allophanyl hydrazide, 6:51
Allophanyl hydrazide (1-amino-
biuret), §:48
hydrazones of, 5:51
from methyl and ethyl alloph-
anates, §:50
salts of, 5:51
5-Allylamino-1,2,3,4-thiatriazole,
m.p., 6:46
Alumino-oxalates (see Aluminum
complex compounds)
Aluminum bromide, 8:30
of high purity, 3:33
Aluminum chloride, anhydrous,
7:167
compound with selenium (IV)
chloride, 6:127
Aluminum complex compounds,
anions, oxalato, K;[A1(C,0,),]--
3H.0, 1:36
nonelectrolytes, with acetylace-
tone, A1(05H702)3, 2:25
Aluminum iodide, 4:117
6- and 20-ammoniates, 4:119
Aluminum phosphide, 4:23
analysis of, 4:24
Aluminum selenide, 2:183, 184
Alumos, cesium, CsAl(S04).-12H,0,
4:8
cesium titanium, 6:50
Amalgams, 1:5
europium, 2:65, 66, 68n.
rare earth (lanthanon), 1:15;
5:32
concentration of, 1:17
decomposition of, 5:34, 35
Amides, alkali metal, 1:74; 2:80,
128, 135
N-(Amidinoamidino)sulfanilic acid
(see 1-Phenylbiguanide-p-sul-
fonic acid) )
Amidinoguanidine (see Biguanide)
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Amines, chloramination of tertiary,
5:91
coordination compounds with
boron halides, §:26
1-Aminobiuret (allophanyl hy-
drazide), 5:48, 50, 51
Aminoguanidinium hydrogen car-
bonate, 3:45
analysis of, 3:46
5-Aminotetrazole, diazotization of,
6:63
5-Amino-1,2,3,4-thiatriazole, 6:42
5-(substituted)amino derivatives,
6:44
4-Aminourazole (urazine), 4:29, 30,
31
Ammines, of chromium (III), 2:196;
3:153; 6:131
of cobalt(II), 4:168, 177
of cobalt(III), 1:186, 187, 188;
2:216; 4:168, 171
of copper(I), 2:4
of nickel(II), 8:194
of palladium (IT), 4:179
of platinum (II), 2:250, 251
of vanadium (ITT), 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 (IIT) 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 aquopentaamminechro-
mium (IIT) nitrate, 5:132
Armmonium azide, 2:136
by peutralization of hydrazoic
acid with ammonia, 2:136
by reaction of sodium azide with
an ammonium salt, 2:137
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Ammonium carbamate, 2:85
Ammonium compounds, substi-
tuted, polyhalogen complex
salts of tetraalkyl, 6:169, 174
Ammonium difluorophosphate,
2:157
Ammonium dithiocarbamate, 8:48
anpalysis of, 3:49
Ammonium hexabromoosmate (IV),
6:204
Ammonium hexachloroosmate(IV),
5:206
Ammonium hexachloroplatinate-
(IV), formation and ignition of,
in recovery of platinum, 7:235
Ammonium hexachlorotellurate-
(IV), 2:189
Ammonium hexafluorophosphate,
3:111, 114
Ammonium hexafluorovanadate-
(ITI), anhydrous, in molten
ammonium hydrogen fluoride
for decomposition to vanadium-
(11T) fluoride, 7:88, 89
Ammonium hydrogen amidophos-
phate, formation of, by phos-
phoryl triamide, 6:110
Ammonium hydrogen thiophos-
phate, (NH,),HPO,S, forma-
tion of, by thiophosphoryl tri-
amide, 6:112
Ammonium imidodisulfates, HN-
. (SO;NH,),, 2:180
NHN (SO;NHq)z'HzO, 2:179,
180
Ammonium ion, qualitative tests
for, in cyanates, 2:89
Ammonium metavanadate, 3:117
Ammonium monofluorophosphate,
2:155
Ammonium N-nitrosohydroxyl-
amine-N-sulfonate, by meta-
thesis, 5:120
Ammonium perrhenate, mixture of,
with ammonium nitrate for
preparation of rhenium, 1:177,
178
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Ammonium pyrophosphates,
(NH‘)szPzOv, formation Of, in
preparation of tetraammonium
pyrophosphate, 7:66

(NH,)P;0, 7:65

Ammonium salt of nitrourethan,
1:69

Ammonjum sulfamate, 2:180

formation of, from pyridine-sulfur
trioxide, 2:175

Ammonium tetrachloro(dipyridine)-
iridate (I11), cis- and trans-, for
preparation of tetrachloro (di-
pyridine)iridium (IV) isomers
and formation from them,
7:921, 223

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

Ammonoaquosulfuric acids, nomen-
clature of, 2:265

Ammonephosphoric acids, nomen-
clature of, 2:265

Ammonophosphorous acids, nomen-
clature of, 2:265

Anatase, formation of, by +-titan-
ium (IV) oxide, 5:82

Aniline, compound with thorium
acetylacetonate, 2:125

5-Anilino-1,2,3,4-thiatriazole, 6:45

Anions, nomenclature of, 2:258

Antimony (I11) cesium chloride,
28bCl;-3CsCl, precipitation in
extraction of cesium from pollu-
cite, 4:6

Antimony (I1I) fluoride, as fluori-
nating agent, 4:134

Antimony hydride, SbH; (see
Stibine)

Antimony (ITI) iodide, 1:104

Antimony (III) oxyiodide, forma-
tion of, by antimony (I11)
iodide, 1:105

INORGANIC SYNTHESES

Aquopentaamminechromium (IIT)
ammonium nitrate, §:132
Aquopentaamminechromium (I11)
bromide, 5:134
Aquopentaamminechromium (11T)
chloride, formation of, from
chloropentamminechro-
mium (IIT) chloride, 6:141
Aquopentaamminechromium (I1T)
nitrate, 5:134
Aquopentaamminechromium (111)
salts, 5:131
Aquopentaamminecobalt (IIT) bro-
mide, 1:187, 188
Aquopentaamminecobalt (III) salts,
formation of, from carbonato-
tetramminecobalt (ITI) nitrate,
6:175
Arsenic (III) fluoride, 4:150
as fluorinating agent, 4:137
Arsenic hydrides, polymeric AssH,
formation of, in preparation of
arsine, 7:42
(See also Arsine)
Arsenic(I11) iodide, 1:103
Arsine, 7:34, 41
formation of methyl derivatives
of, in preparation of methyl-
bromoarsines, 7:84n.
tertiary alkyl derivatives of, struc-
ture of complexes with copper
(1) iodide, gold(I) chloride,
or silver(I) iodide, 7:9
vinyl halo derivatives of, 7:85
, diethylchloro-, 7:85
——, dimethylbromo-, 7:82
, dimethylchloro-, 7:85
———, dimethyliodo-, 6:116; 7:85
——, ethyldichloro-, 7:85
——, methyldibromo-, 7:82 -
——, methyldichloro-, 7:85
, methyldiiodo-, 6:113; 7:85
——, phenyldibromo-, 7:85
, trimethyl-, formation of,
in preparation of methyl-
bromoarsines, 7:84n. .
Asbestos, platinized, 1:160; 8:129
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Atomic weight, determination of
average, of rare earth elements
in a mixture, 2:58
Azides, alkali and alkaline earth,
1:79; 2:139
carbonyl, formation of, by carbo-~
hydrazide, 4:35
“Azido-carbon disulfide,” (SCSN;),,
1:81, 82
Azidodithiocarbonic acid, HSCSNj,
1:81, 82
Azoimides (see Azides)
Azourea, cyclic, 6:62

B

Barium amalgam, 1:11
by displacement method, 1:14
by electrolytic method, 1:12
Barium bromate, 2:20
Barium dithionate, 2:170
Barium (ethylenediaminetetra-
acetato)cobaltate (I1I) 4-hy-
drate, 5:186
Barium hexafluorogermanate (IV),
preparation of, for decomposi-
tion to germanium (IV) fluoride,
4:147
Barium hexafluorosilicate, prepara-
tion of, for decomposition to
silicon tetrafluoride, 4:145
Barium iodate 1-hydrate, 7:13
analysis of, 7:14
Barium paraperiodate (orthoperio-
date), Ba;H,(I0s),, 1:171
Barium deztro-tartrate, for resolu-
tion of tris(ethylenediamine)-
cobalt (I1I) ion, 6:184
Barium thioeyanate, 3:24
Benzalazine, in recovery of hydra-
zine residues, 1:92
Benzoylacetone, beryllium deriva-
tive of, 2:19
5-Benzylamino-1,2,3,4-thiatriazole,
m.p., 6:46
Beryllium acetate, basie, 83:4, 7, 9
basie, structure of, 8:8
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Beryllium benzoate, basic, proper-
ties of, 3:7
Beryllium butyrate, basic, proper-
ties and structure of, 3:7, 8
Beryllium carbonate, basic, for use
in preparation of basic beryl-
lium acetate, 3:10
Beryllium chloride, anhydrous, §:22
Beryllium o-chlorobenzoate, hasie,
properties of, 3:7
Beryllium complex compounds,
basie, of organic acids, 3:4
basic, structure of, 8:6
nonelectrolytes, with acetylace-
tone, Be(C;H:0.),, 2:17
with benzoylacetone, Be(Cio
HgOz)g, 2:19
with dibenzoylmethane, Be(Cys-
H1102)2, 2:19
with ethyl acetoacetate, Be(Cs-
HgOa) 2 2:19
Beryllium diacetate tetraisobuty-
rate, basic, properties of, 3:7
Beryllium formate, basic, properties
and structure of, 3:7, 8
Beryllium isobutyrate, basic, proper-
ties and structure of, 3:7, 8
Beryllium isovalerate, basic, proper-
ties of, 8:7
Beryllium pivalate, basic, properties
and structure of, 3:7, 8
Beryllium propionate, basic, 8:7, 8,
10
basic, structure of, 3:8
Beryllium triacetate tripropionate,
basie, properties and structure
of, 3:7, 8
Bicycloheptatrienyl, 7:106
Biguanide, 7:58
and its derivatives, complexes
with metals, 6:65, 68, 71
Biguanide sulfate, 7:56
Binary compounds, nomenclature
of, 2:257
2,2’ -Bipyridine, complex nonelectro-
lytes with copper(l), 7:9, 11, 12
Bis(acetylacetonato)beryllium, 2:17
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Bis(acetylacetonato)dioxomolyb-
denum (VI), 6:147
Bis(acetylacetonato)manganese (II),
6:164
Bis(acetylacetonato)oxovanadium-
(IV), 6:113
from vanadium (V) oxide, 8:115
through prior reduction to oxo-
vanadium (IV) ion, 5:114
Bisbenzenechromium (0), 6:132,
133
Bisbenzenechromium (I) iodide,
6:132, 136
Bis[N,N’-bis(o-hydroxybenzyli-
dene)ethylenediamine}-u-
aquodicobalt (IT), 8:196, 198,
200
Bis(chloromethyl)germanium di-
chloride, isolation in prepara-
tion of (chloromethyl)germa-
nium trichloride, 6:40
Bis{cyclopentadienylchromium tri-
carbonyl)mercury, 7:104
Bis(cyclopentadienyl)cobalt, for
preparation of cyclopentadi-
enylcobalt dicarbonyl, 7:113
Bis(cyclopentadienyl)iron (see
Ferrocene)
Bis(cyclopentadienyl)magnesium
(magnesium cyclopentadi-
enide), 6:11
Bis(cyclopentadienyl)vanadium,
7:102
Bis(dimethylamido)phosphoryl
chloride, 7:71
Bis(di-2-pyridylamine)copper (IT)
chloride, 6:14, 15
Bis(N,N '-disalicylalethylenedia-
mine)-p~-aquo-dicobalt (I1), 3:
196, 198
oxygen-carrying capacity of,
3:200
Bis(ethylenediamine)copper (1)
diiodocuprate(I), 6:16, 17
Bis(ethylenediamine)copper(II)
iodide, formation of, from bis-
(ethylenediamine)copper (IT)
diiodocuprate (I), 5:18

INORGANIC SYNTHESES

Bis(ethylenediamine)nickel (IT)
chloride, 6:198
Bismuth (I11) iodide, 4:114
Bismuth magnesium nitrate, 2Bi-
(NO;);:3Mg(NO;)»24H,0,
separation of europium from
samarium and gadolinium by,
2:57
Bismuthine, methyldibromo-, 7:85
Bis(2,4-pentanedionato)beryllium,
2:17
Bis (2,4-pentanedionato)dioxo-
molybdenum (VI), 6:147
Bis(2,4-pentanedionato)manganese-
(11), 6:164
Bis(2,4-pentanedionato)oxovana-
diumIV), §:113-115
Bis(8-quinolinolato)dioxouranium-
(VI), and its addition com-
pound with 8-gquinolinol, 4:101
trans-Bis(thiocyanato)bis(ethylene-
diamine)chromium (IIT) thio-
cyanate, 2:200, 202
Bis(trichlorosilyl) sulfide, formation
of, from trichlorosilanethiol,
7:30
Bis(triphenylgermyl) oxide, 5:78
Bisftris{acetylacetonato)titanium-
(IV)] hexachlorotitanate (IV),
2:119; 7:50
Bis(tris (2,4-pentanedionato)tita-
nium (IV)] hexachlorotitanate-
av), 2:119; 7:50
Biurea, 4:26
from hydrazine sulfate and from
hydrazine hydrate, 4:27
separation of, in preparation of
urazole, 5:53, 54
Borazole (borazine), derivatives of,
from boron halide-amine coor-
dination compounds, §:28
Boric acid, H;BOs, esters of, 5:29
Boron bromide, 3:27, 29
Boron chloride, 3:27, 28, 29
compound with phosphorus(V)
chloride, 7:79 )
compound with trimethylamine,
5:27
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Boron chloride(Cl3%), 7:160
Boron fluoride, for catalysis, 1:23
compound with hexamethyldi-
silazane, b:58
compound with trimethylamine,
5:26
high-purity, 1:21
Boron halides, coordination com-
pounds with amines, §:26
Boron imide, condensed derivatives
of, from boron halide-amine
coordination compounds, 5:28
Boron oxide, porous, 2:22
Bromamide, di- (NHBr2), 1:62
analysis of, 1:64
Bromine, determination of uni-
positive, in complexes, 7:174
Bromine(I) complex compounds,
cations, with pyridine,
[Br(C:H;N),JClO,, 7:173
[BI'(CsHsN)z]NO:;, T7:172
Bromine (I) fluoride, formation of,
in preparation of BrF;, 8:185
Bromine (IIT) fluoride, 3:184
Bromine(V) fluoride, formation of
in preparation of BrF;, 8:185
Bromine solution, in carbon tetra-
chloride, 1:86
3-Bromoacetylacetone, compound
with chromium (IIT), 7:134
Bromopentaamminechromium (I1T)
bromide, 5:134
Bromopentaamminecobalt (ITI) bro-
mide, 1:186
Bromoplumbic(IV) acid, H,PbBrs,
1:48
N-Bromosuccinimide, purification
of, 7:135n.
Brushite, 4:20
1,4-Butadiene, coordination com-
pounds of metals with, 6:216,
217, 218
5-n-Butylamino-1,2,3,4-thiatriazole,
m.p., 6:46
Butyl nitrite, 2:139
N-t-Butyl osmiamate, 6:207

’
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Cadmium chloride, anhydrous,
5:154; 7:168
Calcium, finely divided metal from
a sodium solution, 6:24
metal powder from a sodium
solution, 6:18
reduction of refractory metal
oxides with, 6:47
Calcium chloride, anhydrous, for
preparation of caletum metal
powder, 6:20n.
Caleium dithionate, 2:168
Calcium fluoride, as fluorinating
agent, 4:137
Calcium hypochlorite, 5:161
analysis of, 5:165
Calcium orthophosphates, Ca(H,-
PO,)s, 1-hydrate, 4:18
CaHPO,, and 2-hydrate, 4:19, 20,
22
for preparation of basic caleium
orthophosphate, 6:16-17
B8-Ca;(PO,)., formation of, in
preparation of basic calcium
orthophosphate, 6:17
Ca;(OH)(POy4); or Caro(OH).-
(POy)s, 6:16; T7:63
Carbohydrazide, 4:32
cyanate condensation produets of,
4:36
Carbohydrazide-N-carboxamide,
4:36
Carbohydrazide-N,N’-dicarbox-
amide, 4:38
Carbonates, qualitative test for, in
cyanates, 2:89
Carbonatopentaamminecobalt (I11)
nitrate, 4:171
Carbonatotetraamminecobalt (I1T)
chloride, for preparation of tris-
[tetraammine-u-dihydroxo-co-
balt]cobalt (I11) sulfate, 6:177
Carbonatotetraamminecobalt (IT1)
nitrate, 6:173
Carbonatotetraamminecobalt(III)
salts, 6:174
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Carbon dioxide, reduction of con-
tent of, in preparation of
cyanogen, b:44n.

removal of, from commercial car-
bon monoxide, 6:157n.
from stannane and detection of,
in stannane, 7:40, 41

Carbon disulfide, compound with
tri-n-butylphosphine, 6 :90

Carbon monoxide, 2:81

carbon dioxide removal from com-
mercial, 6:157n.

Carbon tetrafluoride, 1:34; 3:178

Carbon tetraicdide, 8:37

Carbonyl azide, formation of, by
carbohydrazide, 4:35

Carbonylferrates, formation of poly-
nuclear, in preparation of
sodium salt of iron carbonyl
hydride, 7:198n.

Carbony] fluoride, 6:155

Carbonyl hydrides, sodium salts of
metal, in ethereal media,
7:196

Carbonyls, metal, 2:229

metal, eyclopentadienyl deriva-
tives of, 7:99
nomenclature of, 2:264
structure of, 2:232
Catalysts, beryllium chloride, 5:25
boron fluoride, 1:23
chromium (I1T) oxide gel, 2:190
copper, for reaction of methyl
chloride with silicon, 3:56
iron, for preparation of sodium
amide, 2:133
nickel powder, 5:197
silica gel for, or for supports,
2:95, 98

Cement, laboratory, 1:189

Cerite, extraction of, 2:44

Cerium, phosphor containing stron-
tium sulfide and, 8:23

separation of, from rare earth
mixtures, 2:43, 47, 48
test for, 2:50
Cerium amalgam, 1:15

INORGANIC SYNTHESES

Cerium-group earths, separation of,
from yttrium earths by double-
sulfate method, 2:44, 46

Cerium (I11) magnesium nitrate,
2CE(N03)23Mg(N03)224H20,
separation of praseodymium
from lanthanum by, 2:57

Cerium (I1I) nitrate, 2:51

Cerium (IV) nitrate, basic, 2 :49

Cesium, cesium azide for prepara-
tion of, 1:79

extraction of, from pollucite, 4:5
by cesium alum method, 4:8
by cesium antimony (IIT) chlo-

ride method, 4:6
by cesium iododichloride
method, 4:9

Cesium alum, CsAl(S0.),-12H,0,
4:8

Cesium antimony (I11) chloride,
3CsCl1-28bCl;, precipitation in
extraction of cesium from pol-
lucite, 4:6

Cesium azide, 1:79

Cesium dibromoiodate(I), 5:174

Cesium dichloroiodate(I) (iodo-
dichloride), 4:9, 65:174

analysis of, 4:11

Cesium diiodoiodate(T), 5:174

Cesium nitrate, 4:6

i-hydrogen nitrate, 4:7

Cesium titanium alum, 6:50

Charecoal, sugar, 2:74

Chelate compounds, of 1,3-dike-
tones, 2:11; 5:105

of ¢-hydroxy aldehydes and o-

hydroxy phenones, 2:11

Chloramidation, of tertiary amines,
5:91

of tertiary phosphines, 7:67

Chloramide (chloramine, NH,Cl),
1:59

analysis of, 1:62

generator for, §:92

Chloric acid, formation and deter-
mination of, in hypochlorous
acid solutions, 5:161, 164
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Chlorides, anhydrous metal, 5:153;
7:163
volatile, labeled with chlorine-36,
and their analysis, 7:160,
162
Chlorination apparatus, for prepara-
tion of beryllium chloride, 5:22
for preparation of selenium (IV)
chloride, 5:125
Chlorine, determination of, in
chlorine (I) oxide in carbon
tetrachloride and hypochlorous
acid solutions, 5:162, 164
determination of, in monopyri-
dineiodine (I) chloride,
7:178
removal of, from sulfur(IV)
fluoride, 7:122
Chlorine-36, -labeled deuterium
chloride, 7:155
-labeled volatile chlorides, 7:160
Chlorine(I) compounds, §:156
Chlorine(I) oxide, 5:156
in carbon tetrachloride solution,
5:158, 159
analysis of, 5:162
Chlorine (IV) oxide, 4:152
admixed with inert gas and chlo-
rine, 4:153
analysis of effluent gas for chlorine
and, 4:157
free from chlorine, 4:154
8-hydrate, 4:158
Chloroaquotetraamminecobalt (I1T)
chloride and sulfate, cis- for
preparation of tris[tetraammine-
p-dihydroxo-cobalt (IIT)]cobalt-
(I111) sulfate, 6:177, 178
Chloroauric(I1T) acid, HAuCl,, and
its reduction to gold with
hydroquinone, 4:14, 15
Chlorodinitrotriamminecobalt (ITI),
formation of, from trinitrotri-
amminecobalt (III), 6:191
Chloroditungstate ion, W,Cly*—, test
for, 5:112
B-Chloroethoxylsulfuryl chloride,
4:85
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(B-Chloroethoxy)silicon trichloride,
4:85, 86
2-Chloroethy! chlorosulfonate, 4:85
2-Chloroethyl dichlorophosphite,
4:66
(Chloromethyl)dimethyltin chloride,
6:40
(Chloromethyl)germanium trichlo-
ride, 6:39
Chlorooxalatotriamminecobalt (ITI),
formation of, from dichloro-
aquotriamminecobalt (ITT),
6:182
Chloropentaamminechromium (I1T)
chloride, 6:138
formation of, from chromium (ITI)
chloride, 2:196
Chloropentaamminecobalt (I1T) chlo-
ride, formation of, from di-
chloroaquotriamminecobalt-
(III) chloride, 6:182
from pink nitrosylpentammine-
cobalt(I1I) nitrate, 6:185
Chloropentaammineiridium (ITI)
chloride, formation of, from
trichlorotris(diethyl sulfide)-
iridium (ITT), 7:227
Chloropentaamminerhodium (I1T)
chioride, 7:216
Chloropentakis(ethylamine)irid-
ium (ITT) chloride, formation of,
from trichlorotris(diethyl sul-
fide)iridium (II1), 7:227
5-p-Chlorophenyl-1,2,3,4-thiatri-
azole, m.p., 6:46
Chloroplatinic (IT) acid {(chloroplati-
nous acid), H,PtCl,, solution of,
2:251; 5:208, 210
Chloroplumbic (IV) acid, H,PbCls,
1:48
Chloroselenious acid, Se0,2HCl,
3:132
Chlorosulfonic acid (chlorosulfuric
acid), purification of, 4:52
Chromioxalates [see Chromium (I11I)
complex compounds]
Chromium, powder by reduction of
oxide with calcium, 6:50
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Chromium (IT) acetate, 1:122;
3:148; 6:145
Chromium (IT) chloride, 1:125
anhydrous, 3:150
3- and 4-hydrates, 1:126
solution of, 1:124
Chromium (I11) chloride, anhydrous,
2:193; 5:154; 6:129
Chromium (ITT) chromate, forma--
tion of, in reduction of chro-
mium (VI) oxide to chromium-
(II1) oxide, 2:192
Chromium (0) complex compounds,
anions, with cyclopentadiene
and carbonyl, C;H:Cr(CO);H
and derivatives, 7:136, 139
anions, with cyclopentadiene and
carbonyl, C;H;Cr(CO);Na,
7:104, 106
nonelectrolytes, with benzene,
Cr(CsHs)z, 6:132, 133
with cyclopentadiene and
carbonyl, [C;H;Cr(CO);],Hg,
7:104
Chromium (I) complex compounds,
cations, [Cr(C¢Hs),)I, 6:132,136
nonelectrolytes, with cyelo-
pentadiene and earbonyl,
[CsHCr(CO)s),, 7:104, 139
Chromium (IIT) complex compounds,
anions, oxalato, K;[Cr(C30,)s]-
3H,0, 1:37
with biguanide and its derivatives,
structure of, 6:66
cations, ammines, aquopentam-
mine and acidopentam-
mine, §5:131
[Cr(NH;);Br]Br., 6:134
[Cr(NH;)sC1ICl,, 2:196;
6:138
[Cr(NH;)5(H,0)]Br;, 5:134
[CI’(NHg)s(HgO)]Cla, 6:141
{Cr(NHj;)5(H:0)J(NOy)s,
5:134
[Cr(NHj)5(H:0)](NO3) ;-
NH,NO;, 65:132
[Cr(NH4)s(NO2)](NOs)s,
5:133

INORGANIC SYNTHESES

Chromium (I1I) complex compounds,
cations, [Cr(INH,;);(NO;)]-
(NOs)s, §:133
[Cr(NH;)]Cls, 2:196
[Cr(NH;)6](NOg);, 3:153
with biguanide, [Cr(CsN;H7),-
OH(H,0)IS0,, [Cr-
(CzN5H1)3]CI3, 6:69
with ethylenediamine, 2:196,
200
¢is-[Cr{en).Cl,]CI-H,0,
2:200, 201
trans-[Cr(en):(SCN).]-
(SCN)-H,0, 2:200, 202
[Cr(en):]Br;-4H,0, 2:199
[Cr(en);]Cl;-33H,0, 2:198
[Cr(eﬂ)sllg'Hgo, 2:199
[Cr(en)s]2(SO4)s, 2:198
[Cr(en);](SCN);-H,0, 2:199
nonelectrolytes, with acetyl-
acetone, Cr(C;H702);, 5:130
with biguanide, Cr(C:NgHg)a-
H,0, 6:68
with 3-bromoacetylacetone,
[(CH;CO):CBr};Cr, 7:134
with 0,0’-diethyl dithiophos-
phate, Cr[S,P(0C;Hj),]s,
6:142
with pyridine, [Cr(C;HsN);Cl],
7:132
Chromium (IIT) 0,0’-diethyl dithio-
phosphate, 6:142
Chromium (VI) dioxychloride, 2:205
Chromium hexacarbonyl, 3:156
Chromium (II) iodide, formation of,
by c¢hromium (III) iodide,
5:130
Chromium (IIT) iodide, 5:128
analysis of, 5:129
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 (IT) salts, 6:144
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Chromium (III) sulfate, anhydrous,
2:197
Chromyl chloride, 2:205
Cinnabar, 1:20
Cobalt, bis(cyclopentadienyl)-,
7:113
Cobalt (II) carbonate, for preparation
of trinitrotriamminecobalt (I1T),
6:189
Cobalt carbonyls, [Co(CO)sl,, for-
mation of, from [Co(CO)ls,
2:243; 5:191n.
[Co(CO).)2, 2:238, 242; 5:190
from H[Co(CO),], 5:194
Cobalt (IT) chloride, anhydrous,
§:154; T:113
Cobalt (I) complex compounds,
nonelectrolytes, with cyclo-
pentadienyl and carbonyl,
05H5CO (CO) 2, 7:112
Cobalt(IT) complex compounds,
anions, N-nitrosohydroxyl-
amine-N-sulfonato, [Co (8Os~
NzOg)z]", 5:121
with biguanide and its derivatives,
structure of, 6:66
cations, ammines, [Co (INHj)s-
NOICl,, black, 4:168
with pyridine, [Co (C;H;N)d]-
[Co(CO)4ls, 6:192
nonelectrolytes, with di-2-pyri-
dylamine, {Co {NH-
(CEH4N)2 ] Clz], 5:184
with N,N’-disalicylalethylene-
diamine, {[Co(CisH 4N~
0,)]1.H,0}, 8:196, 198
Cobalt(III) complex compounds,
anions, carbonyl, HCo (CO),,
and salts, 2:238, 240; 5:190-
195
anions, (ethylenediamminetetra-
acetato), Ba[Co(enta),
6:186
[Co(en)2(NO.),][Co (enta)]--
3H,0, 6:193
K[Co(enta)], 5:186; d-and [,
6:193, 194
Na]Co(enta)]-4H,0, 5:186

Cobalt (III) complex compounds,
anions, oxalato, K;[Co(C;0,)s],
1:37

with biguanide and its deriva-

tives, structure of, 6:66, 71

cations, ammines, 1:186; 2:216

acidopentammine, 4:171

aquopentammine salts, 6:175

determination of hexammine-
cobalt (IIT) ion, 2:220

diacido- and monoacidoaquo-
tetrammine salts, 6:175

diaquotetrammine salts,
6:175, 179

[Co { (OH),Co (NHa)4}s]-
(504)s, hydrates, 6:176,179

[Co(NH,):(H;0)Cl.]Cl,
6:180, 191

[Co (NH,):(H,0)5}(NOs)s,
6:191

[Co(NH3)CO5INQ; and
corresponding halides,
sulfate, selenate, and
oxalate, 6:173, 174; chlo-
ride, 6:177

cis-[Co (NH;),(H,0) Cl]Cl,
and ¢is-[{Co (NH;)(H,0)-
Cli80,, 6:177, 178

[Co(NH;);Br], 1:186

[Co(NH;);ClICl,, 5:185;
6:182

[Co(NH;):CO;3INQO;, 4:171

[Co(NH;)C:H ;0] (NOs)s,
4:175

[CONH;);FINO;),, 4:172

[Co(NH;);H,0O]Br;, 1:187,
188

[Co(NH;)sI](NOj),, 4:173

[Co (NH3);NO]Cl,, pink,
4:168; 5:185

[CO(NHs)sNOz](NOg)z, 4:174

[CO (NH3)5N03](N03)2, 4:174

[Co(NH;)dBu, 2:219

[CO (NH3)5]2(0204)3'4H20, 2:
220

" [Co(NH;)6Cl; (and +6NH;),

2:217, 220
[Co(NH;)s)(NO3)s, 2:218
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Cobalt (II1) complex compounds,
cations, with diethylenetria-
mine, [Co (dien) (NHj;)-
(NO,),]Cl, 7:211

cations, with ethylenediamine, cis-
and trans-[Co (en),Cl,]Cl,
2:222 223, 224
d- and I-cis-[Co(en)3(NOy)af-
Br, 6:195, 196
d-and l-cis-[Co (en):(NOy;)2]Cl,
6:192
[Co(en)2(NO2)2}{Co(enta)]--
3H.0, 6:193
¢2s-[Co(en)z(NO,)2]NO,,
4:178
cts- and trans-[Co(en)s
(NO)2INO,, 4:176, 177
l-cts-[Co (en)2(NOs) 2] (d-
SbOC.H,O¢), 6:195
[Co (en);1C1(d-C H,O¢)--
5H,0, 6:183
[Co(en);]Cl;, 2:221
d- and I-[Co (en),]I;-H,0,
6:185, 186
with 1-phenylbiguanide, [Co-
(CeH;C,NHe);5]Cla-
2.5H,0, 6:73
[CO (CeH5CzN5Hﬁ)3] (OH)g,
6:72
nonelectrolytes, with acetylace-
tone, C0(05H702)3, 5:188
ammines, Co(NH;);(C20,)NO,,
6:191
Co(NH;);CI{NO,),, 6:191
[Co (NH3);Cls]and [Co (NH;) 5~
CI(C»0.,)], 6:182
Co (NHa)a(NOg)s, 6:189
with diethylenetriamine,
[Co(dien)Cl;), 7:211
[Co(dien) (NO»).Cl], 7:210
[Co(dien) (NOz)s], 7:209,
210
[Co(dien) (NOj3)s], T:212
[Co(dien) (SCN),0H], 7:208
[Co(dien) (SCN),], 7:209
with 3-nitroacetylacetone,
[(CH;CO),CNO,];Co, T:205

INORGANIC SYNTHESES

Cobalt (III) 0,0'-diethyl dithio-
phosphate, 6:142
Cobalt(IT) ethylenediaminetetra-
acetate, COHz(CmHmNzOs),
formation of, in preparation of
barium (ethylenediaminete-
traacetato)cobaltate (I1T)
4-hydrate, 5:187
Cobalt(III) fluoride, 3:191
Cobalt hydrocarbonyl (see Cobalt
tetracarbonyl hydride)
Cobaltioxalates [see Cobalt(III)
complex compounds)
Cobalt nitrosyl tricarbonyl, 2:238
Cobalt (IIT) sulfate 18-hydrate,
5:181
analysis of, 5:183
Cobalt (I1) dextro-tartrate for syn-
thesis of dexiro-tris(ethylene-
diamine)cobalt (111} iodide,
6:187
Cobalt tetracarbonyl hydride
(cobalt hydrocarbonyl), 2:238,
240; 5:192
formation of, in preparation of
dicobalt octacarbonyl, §:190
from the hexapyridinecobalt (IT)
salt, 5:192
potassium salt of, 2:238
from the pyridinium salt, §:194
tris(1,10-phenanthroline)nickel-
(II) salt, 6:193n., 195
Columbium (see Niobium)
Coordination compounds, nomen-
clature of, 2:262, 267
Copper, active form of, for removal
of oxygen, 8:14
catalyst for reaction of methyl
chloride with silicon, 3:56
Copper(I) bromide, 2:3
Copper carbonyl chloride, [CuCl--
CO0]-2H,0, 2:4
Copper(I) chloride, 2:1
Copper(IT) chloride, anhydrous,
5:154
Copper(I) complex compounds,
ammines, from copper(I) chio-
ride, 2:4
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Copper(I) complex compounds,
chloro, from copper(I) chlo-
ride, 2:4

nonelectrolytes, with 2,2'-bipyri-

dine, {Cul(CsHN)sla, T:12

with 1,4-butadiene, BrCuC,He-

CuBr, 6:218

CICHC4HsCuCI, 6:217

with tertiary alkylphosphines
or -arsines, structure of, 7:9

with tri-n-butylphosphine,
[Cul{(n-CH,):P}]y, 7:9, 10

with tri-n-butylphosphine and
2,2' -bipyridine, [Cul-
(C5H4N)2(1’L-C4H9)3P], 7 :g,
11, 12

Copper (1) complex compounds,
anions, oxalato, Ky[Cu{C:0,).l,
8:1

with biguanide and its derivatives,
structure of, 6:66
cations, with di-2-pyridylamine,
[Cu{NH(C;H,N):},]Cl,,
5:14, 15
with ethylenediamine, .
[Cu(en):][Culs);, 5:16, 17
[Cu(en),I,, 65:18
nonelectrolytes, with di-2-pyridyl-
amine, [Cu{NH(C;H,N),}-
Cly], 6:14
with i1-phenylbiguanide-p-
sulfonic acid, [Cu(HO;SCs-
H4CzN5H5)z], 7:6, 7

Copper(I) iodide, 6:3

Crystallization, apparatus for, of
tetrachloro(diethylene)di-
platinum (IT), 65:213

fractional, of magnesium rare
earth nitrates, 2:52, 53
of rare earth bromates, 2:62
Cyanamide, aqueous solution of,
3:39
crystalline, 3:41
Cyanates, alkali metal, 2:86
qualitative test for, 2:89

Cyanides, qualitative test for, in

cyanates, 2:89
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Cyanogen, 6:43, 44
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
Cyanotungstic(IV) acid, H,W-
(CN)s, in solution, 7:145
Cyanuric chloride, formation of,
from cyanogen chloride,
2:94
Cyclodisilthiane, tetrachloro-,
preparation from trichloro-
silanethiol, 7:29n., 30
Cycloheptatrienocarbonium bro-
mide, 7:105
1-Cyclohexyl-1,1-diethylhydra-
zonium chloride, §:92
Cyclopentadiene, ferrocene and
other metal derivatives of, 6:11
metal carbonyl derivatives of,
7:99
for preparation of metal deriva-
tives, 6:11; 7:101
Cyclopentadienylchromium tri-
carbonyl, dimer and mercury
derivative of, 7:104
hydride, derivatives, and dimer
of, 7:104, 136, 139
Cyclopentadienylcobalt dicarbonyl,
7:112
Cyclopentadienyliron dicarbonyl,
dimer, iodide, and sodium de-
rivative of, 7:110, 112
Cyclopentadienylmanganese tri-
carbonyl, 7:100
Cyclopentadienylmolybdenum tri-
carbonyl, dimer, hydride, and
derivatives of, 7:107, 136, 139
Cyclopentadienylsodium, for prep-
aration of eyclopentadienyl
metal carbonyls, 7:101, 108,
113
Cyclopentadienyltungsten tri-
carbonyl, hydride, derivatives,
and dimer of, 7:136, 139
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Cyclopentadienylvanadium tetra-
carbonyl, 7:100

Cyclotetrasilazane, octaethyl-,

formation of, from diethyl-

dichlorosilane and liquid

ammonia, §:62

, octamethyl-, 5:61

Cyclotrisilazane, hexaethyl-, forma-
tion of, from diethyldichloro-
silane and liquid ammonia,

5:62

, hexamethyl-, 6:61

Cyrtolite, extraction of hafnium and
zirconium from, 3:67, 68

D

Deuterium chloride (CI3%%), 7:155
apalysis of, 7:159
Deuterophosphoric acid, D;PO,,
anhydrous, 6:81
Deuterosulfuric acid, D;SO,, anhy-
drous, 6:121; 7:155
Diacidotetraamminecobalt (111)
salts, formation of, from carbon-
atotetraamminecobalt (11I)
nitrate, 6:175
Diammonium imidodisulfate, 2:180
Diaquotetraamminecobalt (IIT)
salts, formation of, from other
tetraamminecobalt (II1) com-
plexes, 6:175, 179
Diazomethane, for preparation of
halomethyl derivatives of sili-
con, germanium, and tin, 6:38
Diazotization, of 5-aminotetrazole
1-hydrate, 6:63
of thiosemicarbazide and 4-alkyl
and 4-aryl thiosemicarba-
zides, 6:42, 44
Dibenzoylmethane, beryllium deriv-
ative of, 2:19
Dibromamide (dibromoamine), 1:62
analysis of, 1:64
Dibromo-g-1,4-butadiene-dicopper-
(I), 6:218
1,2-Dicarbamylhydrazine, 4:26

INORGANIC SYNTHESES

Dichloroaquotriamminecobalt (I11)
chloride, 6:180
formation of, from trinitrotriam-
minecobalt (I1I), 6:191
Dichlorobis(diethyl sulfide)plati-
num (II), ¢is- and trans-, 6:211,
212, 213
cis-Dichlorobis(ethylenediamine)-
chromium (I1T) chloride, 2:200,
201 ,
Dichlorobis(ethylenediamine)cobalt-
(I1I) chloride, cis- and trans-,
2:222, 223
resolution of cis-, 2:222, 224
Dichlorobis(et hylene-diamine)-
rhodium (IIT) chloride, cis- and
trans-, T:218
Dichlorobis(ethylene-diamine)-
rhodium (IIT) nitrate, cis- and
trans-, T:217
Dichlorobis(tri-n-butylphosphine)-
platinum (I1), ¢is- and trans-,
7:245, 246, 247
analysis of, 7:248
Dichloro-u-1,4-butadiene-dicopper-
@O, 6:217
Dichloro-(1,4-butadiene)palladium-
1), 6:218
Dichlorodiammineplatinum (II),
formation from [Pt(INHj;),]Cl,,
2:253
preparation of ¢is- and trans-,
and tests for distinguishing,
7:239, 241, 242
Dichloro (diethylene)platinum (IT),
cis and trans forms(?), forma-
tion of, from tetrachloro (di-
ethylene)diplatinum (I1),
6:215
Dichloro (dipyridine)platinum (II),
cis- and trans-, and tests for,
7:249, 250, 251, 252
Dichloro (di-2-pyridylamine)cobalt-
(I1), 5:184
Dichloro (di-2-pyridylamine)copper-
1), 5:14
Dicehloro (ethylene)platinum (I1),
dimer of, b:210
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Dichlorophosphites, alkyl, 4:63
Dichloroselenious acid, 3:132
trans-Dichlorotetraamminerhodium-
(I1I) chloride, 7:216
Dichrochloride, 6:180, 191
Dicobalt octacarbonyl, 2:238, 242;
§:190, 194
Dicyanodiamide, 3:43
Dicyclopentadienyl iron (see Ferro-
cene)
0,0’-Diethyl dithiophosphate, and
salts, 6:142
Diethylenetriamine, inner complexes
with cobalt (III), and various
anions, 7:207
1,1-Diethyl-1-(2-hydroxyethyl)-
hydrazinium chloride, 5:92
1,1-Diethyl-1-(3-hydroxypropyl)-
hydrazinium chloride, 6:92
1,1-Diethyl-1-phenylhydrazinium
chloride, §:92
Diethyl sulfide, complex nonelectro-
lytes with iridium (IIT), 7:224,
226, 227
complex nonelectrolytes with
platinum (IT), 6:211, 212,
213, 215
Digermane, 7:36
, hexaphenyl-, 5:72, 73
formation of, from triphenyl-
germane and phenyllithium,
6:78
Digermoxane, hexaphenyl-, forma-
tion of, by hydrolysis of tri-
phenylbromogermane, 6:78
Dihydroxobis(diethyl sulfide)plati-
num (I1), 6:215
Dihydroxo (dipyridine)platinum (II),
cis- and trans-, formation of,
from dichloro (dipyridine)-
platinum (IT) isomers, 7:253
Diimidotriphosphoric pentamide,
formation of, from phosphoryl
triamide, 6:110
Di-u-iodo-bis[2,2’-bipyridinedi-
copper (I)], formation of, from
iodo-(2,2’-bipyridine) (tri-n~
butylphosphine)copper (1), 7:12
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1,3-Diketones, metal derivatives of,
2:10, 12, 14; 5:105
metal derivatives, nomenclature
of, 2:16
purification of, 5:109
silicon derivatives of, 7:30
structure of, 2:10
(See also Acetylacetone)
(Dimethylamido)phosphoryl di-
chloride, 7:69
5-Dimethylamino-1,2,3,4-thiatri-
azole, m.p., 6:46
Dimethylammonium chloride, form-
ation and separation of, in
preparation of bis(dimethyl-
amido)phosphoryl chloride,
7:72
formation of, in preparation and
decomposition of (dimethyl-
amido)phosphoryl dichloride,
7:70,71
Dimethylaniline, purification of,
2:174n.
Dimethylaniline-sulfur trioxide,
2:174
1,1-Dimethyl-1-(2-hydroxyethyl)-
hydrazonium chloride, 6:92
1,1-Dimethyl-1-phenylhydrazonium
chloride, 5:92
Dimethylsilicon dichloride (see Sil-
ane, dimethyldichloro-)
1,1-Dimethyl-1-(p-tolyl)hydra-
zonium chloride, 5:92
Dinitroammine (diethylenetriamine)-
cobalt(I1II) chloride, 7:211
cis-Dinitrobis(ethylenediamine)-
cobalt (I1I) bromide, dextro- and
levo-, 6:196
cis-Dinitrobis(ethylenediamine)-
cobalt(III) chloride, dexiro- or
levo-, in resolution of potassium
ethylenediaminetetraacetato-
cobaltate(I11), 6:192
cis-Dinitrobis (ethylenediamine)-
cobalt (I1I) ion, resolution of,
through antimony deziro-tar-
trate, 6:195
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cis- and trans-Dinitrobis(ethylenedi-
amine)cobalt (I1I) nitrate,
4:176, 177
cis-Dinitrobis (ethylenediamine)co-
balt (III) nitrite, preparation of,
for oxidation to the nitrate,
4:178
Dinitrochloro (diethylenetriamine)-
cobalt (IIT), 7:210
trans-Dinitrodiamminepalladium-
(1), 4:179
analysis of, 4:180
Dinitrogen pentoxide, 3:78
Dinitrogen tetroxide, 5:87
Dinitrososulfites, §:117, 120, 121
Dioxane-bis(sulfur trioxide), 2:174
Dioxane—-sulfur trioxide, 2:174
Diphosphates, determination of, in
mixtures of phosphates, 3:93
Diphosphoric acid, 3:96, 97
Diphosphorus tetraiodide, 2:143
Dipyridinebromine (I) nitrate, 7:172
analysis of, 7:174
Dipyridinebromine(I) perchlorate,
7:173
analysis of, 7:174
Dipyridine silver(I) nitrate, for
preparation of dipyridine-
bromine(I) nitrate, 7:172
Dipyridinesilver(I) perchlorate, 6:6
analysis of, 6:8n.
Di-2-pyridylamine, §:14
complex with cobalt(II), 5:184
complexes with copper(I1), 5:14,
15
Dirhenium heptoxide, 3:188
N,N’-Disalicylalethylenediamine,
3:198
complex compound with cobalt-
(1I), 3:196, 198, 200
Disilane, hexabromo-, 2:98
, hexachloro-, 1:42
Disilazane, hexamethyl-, §:56
compound with boron trifluoride,
5:58
, N-methylhexamethyl-, 6:58
Disilicon hexabromide, 2:98

INORGANIC SYNTHESES

Disilicon hexachloride, 1:42
Disiloxane, hexachloro-, 7:23
larger-scale preparation of, 7:25
small-scale preparation of, 7:24
, hexamethyl-, formation of,
by hydrolysis of hexamethyl-
disilazane, §:58
Disilthiane, hexachloro-, 7:30
Disilver fluoride, 5:18
Disodium acetylide, NaC=CNa,
2:79, 80
Dispersion apparatus, for sodium,
5:7
Distannane, 7:34, 39
Disulfur dinitride, 6:126
Disulfur pentoxydichloride, 8:124
analysis of, 3:126
Dithiocarbamates, of selenium (IT)
and tellurium (IT), 4:91
Dithiocyanatohydroxo(diethylene-
triamine)cobalt (IIT), 7:208
Dithionic acid, salts of, 2:167
Dithionite ion, formation of, from
sulfur dioxide by sodium
hydride, 5:13
Dithiotriazoformic acid, HSCSN;,
1:81
Ditropyl, formation of, in prepara-
tion of cyclopentadienyl-
chromium tricarbonyl, 7:106

E

Enneachloroditungstate ion, test
for, 5:142

Ethoxyphosphimide, formation of,
from ethyl dichlorophosphite,
4:65

Ethyl acetoacetate, beryllium de-
rivative of, 2:19

Ethyl allophanate, preparation of,
for synthesis of allophanyl
hydrazide and urazole, b:48,
49, 52

Ethyl amidophosphate, (CeH:O)»-
PONH,, 4:77



SUBJECT INDEX

5-Ethylamino-1,2,3,4-thiatriazole,
m.p., 6:46
Ethyl chlorophosphate, (C:H;0),-
POCI, 4:78
Ethyl dichlorophosphite, 4:63
O-Ethy) dichlorothiophosphate,
4:75
Ethylene, complexes with platinum-
(IT), 6:210, 211, 214, 215
Ethylenebisbiguanide, complexes
with silver (111), 6:74
Ethylenebisbiguanidesilver (ITT)
hydroxide, 6:78
Ethylenebisbiguanidesilver (IIT)
nitrate, 6:78
Ethylenebisbiguanidesilver (111)
perchlorate, 6:78
Ethylenebisbiguanidesilver (I1T)
sulfate, 6:77
Ethylenebisbiguanidinium hydrogen
sulfate, 6:75
Ethylenediamine, anhydrous, 2:197
complex cations, with chromium-
(1I1), 2:196, 200
with cobalt (II1), 2:221, 222;
4:176
with copper(II), 6:16-18
with rhodium (IIT), 7:217,
218
Ethylenediamine dihydrochioride,
for preparation of rhodium (I1T)
complexes, 7:217n.
(Ethylenediaminetetraacetato)co-
balt(I1I) ion, 5:186
resolution of, through deztro- or
levo-cts-dinitrobis(ethylenedi-
amine)cobalt (IIT) salt, 6:192
Ethyl orthoborate, 5:29
Ethyl phosphenimidate, formation
of, from ethyl dichlorophos-
phite, 4:65
Ethyl phosphite, (C.H;0).POH,
4:58
Ethyl phosphoramidate, (CoH:0) o~
PONH,, 4:77
Ethynylsodium, NaC=CH, 2:75,
76, 79
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Europium, isolation of materials
containing samarium, ytter-
bium and, by means of sodium
amalgam, §:32, 33

phosphors containing strontium
sulfide or selenide and, 3:21,
22
purification of, from acetate
solution with sodium amal-
gam, 6:37
separation of, from rare earth mix-
tures, as amalgam, 2:65, 68
from samarium and gado-
linium, as magnesium nitrate
double salt, 2:57
from samarium in concentrated
acetate solution with sulfuric
acid and sodium amalgam,
6:35, 36
tests for purity of preparations of,
2:68

Europium (IT) acetate, formation of,
from europium amalgam, 2:68

Europium (IT1) acetate, 2:66

citrate solution of, 2 :67

Europtum amalgams, 2:65, 66,

68n.

Europium (II) ecarbonate, 2:69, 71

Europium (IT) chloride, 2:69, 71

formation of, from europium
amalgam, 2:68

Europium (I1T) oxalate, 2:66

Europium (I1T) oxide, 2:66

Europium (IT) salts, 2:69

Europium (I1) sulfate, 2:69, 70

F

Faraday tube, for preparation of po-
tassium nitridorhenate(V1I),
6:167

Ferric compounds [see specific com~
pounds under Iron (1I1)]

“Ferricinium (Fe%-59)"’ perchlorate,
7:203

analogous salts, 7:205

Ferrioxalates [see Iron (I1II) com-

plex compounds]
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Ferrocene [bis(cyclopentadienyl-
iron), dicyclopentadienyliron],
6:11

formation of, from magnesium
cyclopentadienide, 6:15

Ferrocene (Fe3%59), 7:201, 202

Ferrous compounds {see specific
compounds under Iron(I1)]

Filters, for moisture-free filtration,
7:170-171

for solutions, 3:16
for use with hydrogen atmosphere,
2:163

Flowrator, for fluorine in prepara-
tion of peroxydisulfuryl difluo-
ride, 7:126n.

Fluo- (see under Fluoro-)

Fluorides, anhydrous metal, 8:171

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-18, and compounds labeled
with it, 7:150, 154

Fluorine oxide, 1:109

Fluoroborie acid, HBF,, 1:25

Fluoropentaamminecobalt (II1) ni-
trate, 4:172

Fluorophosphates, hexa-, 3:111, 116

mono-, 2:156

Fluorosulfuric acid, formation of, by
peroxydisulfuryl difluoride,
7:127

Formate ion, formation of, from
carbon monoxide by sodium
hydride, 5:13

INORGANIC SYNTHESES

Fulvenes, formation of, from mag-
nesium cyclopentadienide and
aldehydes or ketones, 6:15

Furnace-tube assemblies, for high-
temperature, controlled-atmos-
phere operations, 8:17

G

Gadolinite, extraction of, 2:44
Gadolinium, separation of europium
from samarium and, as mag-
nesium nitrate double salt, 2:57
separation of samarium from, in
acetate solution with sodium
amalgam, 5:36
Gadolinium nitrate, analysis of
anhydrous, 6:41
Gallium, 1:26
removal of, from glass, 2:27
Gallium (IT) bromide, 6:33
Gallium (ITT) bromide, 6:31
Gallium (IT) chloride, 4:111
Gallium (ITT) chloride, 1:26
compound with phosphorus (V)
chloride, 7:81
Gallium (ITI) nitride, 7:16
analysis of, 7:18
Gallium (ITI) oxide, insoluble, for-
mation of, from gallium (IIT)
perchlorate 6-hydrate, 2:29
Gallium (IIT) perchlorate, basic, for-
mation of, from gallium (IIT)
perchlorate 6-hydrate, 2:29
6-hydrate, 2:26
93-hydrate, 2:28
Gallium (I) tetrabromogallate (I1I),
6:33
Germane, 7:36
, bis(chloromethyl)dichloro-,
6:40
, (chloromethyl)trichloro, 6:39
, diphenyl-, 8:74
formation of, by triphenyl-
germane, 5:78
——, diphenyldibromo-, formation
of, from diphenylgermane,
5:76
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Germane, methyltriiodo-, 8:64
analysis of, 3:66
, tetraanilino-, formation of,
from trimethyl (anilino)silane
and germanium (IV) bromide,
5:61
, tetraphenyl-, 6:70
formation of, from triphenyl-
germane, §:78
removal of, in preparation of
hexaphenyldigermane,
5:73
, triphenyl-, 6:76, 77
separation of, in synthesis of
diphenylgermane, 5:76
, triphenylbromo-, §:76, 77
formation of, from hexaphenyl-
digermane, 5:74
Germanes, organic derivatives of,
5:64
Germanium, recovery of, from solu-
tion as germanium (IV) sulfide,
3:64
Germanium (IV) chloride, 2:109
Germanium (IV) chloride (C138),
7:160
Germanium compounds, halomethyl
derivatives by the diazo-
methane method, 6:37, 39
nomenclature of, 2:265; 5:64
organo-, §:64
Germanium (IV) fluoride, 4:147
Germanium hydrides, 7:34
polymeric GeH,, 7:37
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; 3:63
Germanium (IV) iodide, 2:112
Germanium (II) sulfide, precipitated,
2:102
from germanium(IV) oxide,
2:103
from germanium (IV) sulfide,
2:104
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Gold(I) complex compounds, non-
electrolytes, with tertiary
alkylphosphines or -arsines,
structure of, 7:9

Gold powder, 4:14, 15

Graham’s salt, 8:88, 104

Guanidinium (guanidonium) nitrate,
1:94

from calcium cyanamide, 1:97
from dicyanodiamide, 1:96

Guanylguanidine (see Biguanide)

Guanylguanidinium hydrogen
sulfate (see Biguanide sulfate)

H

Hafnium, determination of, in zir-
conium-hafnium solution, 3:69
extraction of, from cyrtolite and
separation from zirconium,
3:67, 74
Hafnium chloride, anhydrous, 4:121
Hafnium phosphate, precipitation
of, with zirconium phosphate,
3:71
Halides, anhydrous metal, 4:104,
107
classification of anhydrous metal,
4:104
fluorination of nonmetal, 4:133,
138
formation of ions of, from halo-
gens by sodium hydride,
5:13
Halogens, complex compounds of
unipositive, 7:169, 176
Halomethyl derivatives, of silicon,
germanium, and tin by the di-
azomethane method, 6:37
Haloplumbic(IV) acids, H,PbX,,
1:48
Halotellurates(IV), 2:188
Halotellurites, 2:188
5-n-Heptylamino-1,2,3,4-thiatri-
azole, m.p., 6:46
Heteropoly acids, nomenclature of,
2:263
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Hexaamminechromium (I1T)
chloride, formation of, from
chromium (I1I), chloride, 2:196

Hexaamminechromium (III) nitrate,
8:153

Hexaamminecobalt (III) bromide,
2:219

Hexaamminecobalt (IIT) chloride,
2:217

6-ammoniate, 2:220

Hexaamminecobalt (I11) nitrate,
2:218

Hexaamminecobalt (IIT) oxalate,
2:220

Hexaamminenickel (II) bromide,
3:194

Hexaamminenickel (IT) iodide,
3:194

Hexabromoplumbic (IV) acid, 1:48

Hexachloroethane, removal from
zirconium (IV) chloride, 4:124

Hexachloroplumbic(IV) acid, 1:48

Hexafluorophosphates, 8:111, 116

Hexaguanidinium tetraphosphate
1-hydrate, 5:97, 100

Hexahalogenoplumbic acids, 1:48

Hexahalogenotellurates(IV), 2:188

Hexaiodostannates(IV), formation
of, by tin(IV) iodide, 4:121

“Hexametaphosphates’ (see Meta-
phosphates)

Hydrates, nomenclature of, 2:264

Hydrazidicarbamide, 4:26

Hydrazine, 1:90

and derivatives, from hydroxyl-
amine-O-sulfonic acid, 5:124

derivatives of, by reduction of
N-nitrosohydroxylamine-N-
sulfonates, 5:121

residues, recovery of, 1:92

Hydrazine dihydrochloride, 1:92

Hydrazine urazolate, formation of,
in preparation of urazole, 5:53

Hydrazinium (hydrazonium) chlo-
ride, 1,1,1-tri-substituted deriv-
atives of, 5:91

Hydrazinium hydrogen sulfate,
1:90, 92, 94

Hydrazoic acid, 1:77, 78

INORGANIC SYNTHESES

Hydrazones, formation of, by al-
lophanyl hydrazide, 6:51
Hydrides, preparation of volatile,
by use of potassium tetrahydro-
borate, 7:34
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
(See also Hydrogen iodide)
Hydrobromic acid, 1:151, 152
" constant-boiling, 1:155
(See also Hydrogen bromide)
Hydrogen, formation of, from
sodium hydride, 6:12
for reduetion of titanium tfetra-
chloride and tetrabromide,
6:59; 7:47
Hydrogenation apparatus, for
preparation of sodium hydride,
6:11
for preparation of uranium (IIT)
chloride from uranium (IV)
chloride, 5:146
Hydrogen azide, 1:77
ethereal solution of, 1:77, 78
Hydrogen bromide, 1:39, 114, 149,
150
by bromination of tetrahydro-
naphthalene, 1:151
by direet 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
prevention of loss of, in analysis
of beryllium chloride, 5 :25n.
removal of, in synthesis of diethyl
phosphite, 4:58
removal of water and, from phos-
phorous acid, 4:57
solution of, in titanium tetra-
chloride in preparation of tri-
chloride, 6:55
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Hydrogen-D chloride (C1%¢), 7:155
Hydrogen compounds, binary, no-
menclature of, 2:258
Hydrogen fluoride, anhydrous, 1:134
anhydrous, precautions in using,
3:112
as fluorinating agent, 4:136
formation of, by sulfur(IV)
fluoride, 7:123
Hydrogen fluoride(F1#), by isotopic
exchange, 7:154
Hydrogen iodide, anhydrous,
7:180
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
cis-Hydrogen tetrachloro(dipyri-
dine)iridate (I1I), formation of,
from czs-tetrachloro(dipyri-
dine)iridium (1V), 7:223
Hydroxoaquobis(biguanide)chro-
mium (I1I) sulfate, 6:70
o-Hydroxy aldehydes, metal deriva-
tives of, 2:11
Hydroxyapatite (see Hydroxyl-
apatite)
Hydroxylamine, 1:87
Hydroxylamine-O-sulfonic acid,
5:122
analysis of, §:123
Hydroxylammonium arsenate, 3:83
Hydroxylammonium chloride, re-
covery of, 1:89
Hydroxylammonium ion, from
hydroxylamine-O-sulfonic acid,
5:124
Hydroxylammonium oxalate, 8:83
Hydroxylammonium phosphate,
3:82
Hydroxylammonium salts, 8:81
analysis of, 3:84
Hydroxylapatite (hydroxyapatite),
6:16; 7:63
o-Hydroxy phenones, metal deriva-
tives of, 2:11
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5-Hydroxytetrazole, 6 :62

Hypochlorite solution, 1:90

Hypochlorous acid, 5:160
analysis of, 5:164
2-hydrate, 5:161

Ilmenite, extraction of titanium (IV)
oxide from, 6:79

Imidodiphosphoric acid tetramide,
formation of, from phosphoryl
triamide, 6:110, 111n.

Indium, determination of, in
indium (I) bromide, 7:20n.

Indium (I) bromide, 7:18

Indium (I1) bromide, 7:19, 20

Indium (I) chloride, 7:19, 20

Indium (IT) chloride, 7:19, 20

Indium (I) iodide, 7:19, 20

Indium (A1) iodide, 7:19, 20

Iodination apparatus, for prepara-
tion of ehromium (II1) iodide,
5:128

Iodine, determination of uniposi-
tive, in complexes, 7:174, 178

recovery of, from silver iodide
residues, 2:6, 8

removal of unreacted, in prepara-
tion of zirconium (IV) iodide,
7:53n.

Iodine-131, purification of activity
of “carrier-free”’ solutions of,
5:166

Iodine(I) chloride, 1:165

Iodine (I1I) chloride, 1:167

Todine(I) complex compounds, with
pyridine, [I(CsH;N)]Cl or
[I(C:H;N)Cl], 7:176

with quinoline, [I(C,H;N)-
(C:H:COO0), T:170

Todo-(2,2'-bipyridine){tri-n-butyl-

phosphine)copper(I), 7:9, 11
analysis of, 7:12

Todopentaamminecobalt (I11)
nitrate, 4:173

Iodostannates(IV), formation of, by
tin(IV) iodide, 4:121
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Iridium (I1X) complex compounds,
anions, with pyridine, ets- and
t'rans—C5H5NH[Ir(05H5N)2CI4],
7:228; corresponding acid and
other salts, 7:221, 229, 231

cations, ammines, [Ir(NH;);Cl}-
Cly, 7:227
with ethylamine, [Ir-
(CQH5NH2)5C}}C}2, 7:227
nonelectrolytes, with diethyl
sulfide, {Ir{(C.Hjs).8}:Cl;],
[Tr(NH;) { (C2Hs)28}2Cl],
[Ir(NH;), [ (CoH5)28}Cly),
C’iS—[Ir(CaﬁﬁN) [ (C2H5) 2812‘
Cl;], and cis-[Ir(CsHsN),-
{(CsH5):S}Cl,], 7:224, 226—
228
with pyridine, ¢is- and trans-
[Ir{C;H;N);Cl;], 7:229, 231

Iridium(IV) complex compounds,
nonelectrolytes, with pyridine,
cis- and trans-[Ir(CsH;N),Cl4],
7:220-222, 231

Iron, catalysts for preparation of
sodium amide, 2:133

removal of, in extraction of ti-
tanium (IV) oxide from
ilmenite, b:80
from porcelain eup for prepara-
tion of cobalt (IIT) sulfate
18-hydrate, 5:182

Iron, bis(eyclopentadienyl)- (see
Ferrocene)

Iron (I1) bromide, 6-ammoniate,
4:161

Iron carbonyl, Fe;(CO)is, 7:193
197n.

Iron(II) chloride, anhydrous, 6:172

1-hydrate, formation of, by 2-hy-
drate, 5:181
2-hydrate, 5:179

Iron(IIT) chloride, anhydrous,
3:191; 5:154; 7:167

removal of, in preparation of
beryllium chloride, b:24n.

Iron(III) chloride, removal of, from
zirconium (IV) chloride, 4:124

INORGANIC SYNTHESES

Iron (0) complex compounds, anions,
with cyclopentadienyl and
carbonyl, C;:H:Fe(CO).Na,
7:112

Iron(I) complex compounds, non-
electrolytes, with cyclopenta-
diene and carbonyl, [CsHsFe-
(CO) )y, T:110

Iron(1I) complex compounds,
cations, with cyclopentadine-
and carbonyl, C;HsFe (CO).l,
7:110

cations, with pyridine,
{Fe (CsH;N),]Cl,, 1:184

Iron(—II) complex compounds,
anions, carbonyl, HyFe(CO),,
and potassium salt, 2:243, 244

anions, carbonyl, NaHFe(CO),,
7:103, 194
Na,Fe(CO),, 7:197

Iron(III) complex compounds, an~-
ions, oxalato, K;[Fe(C204)s]-
3H,0, 1:36

Iron(I1) formate, 2-hydrate, 4:159

Iron (ITT) 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
sodium salts of, 7:193, 194, 197

Isopoly acids, nomenclature of,
2:263

Isopropyl acetate, drying of, 3:48

K

B-Keto esters, silicon derivatives of,
7:30

L

Labile compounds, preparation of,
under protective conditions,
6:144

Lanthanide contraction, 2:32



SUBJECT INDEX

Lanthanides, term, 2:29
Lanthanon (I1I) acetates, prepara-
tion and metal exchange with
sodium amalgam, 6:32, 33, 35,
36
Lanthanon nitrates, anhydrous,
6:37, 38
anhydrous, analyses of, 5:41
Lanthanons, term, 5:32, 37
(See also Rare earth elements)
Lanthanum, separation of mixtures
with praseodymium from
monazite, as magnesium nitrate
double salt, 2:56, 57
Lapthanum amalgam, 1:15
Lanthanum chloride, anhydrous,
1:32; 7:168
Lanthanum nitrate, analysis of
anhydrous, 5:41
Lead(IV) acetate, 1:47
Lead (IT) 0,0’-diethyl dithiophos-
phate, 6:142
Lead (IV) oxide, 1:45
Lead (IT) thiocyanate, 1:85
Lithium amide, 2:135
Lithium carbonate, formation of,
from lithium hydroperoxide
1-hydrate, 6:3
purification of, 1:1
Lithium chloride, anhydrous,
b5:154
Lithium hydroperoxide 1-hydrate,
5:1
analysis of, 6:2
from lithium and ethanol, 6:2
from lithium hydroxide 1-hydrate,
5:4
Lithium hydroxide, anhydrous,
7:1,2
Lithium hydroxide 1-hydrate, form-
ation of, from lithium hydro-
peroxide 1-hydrate, 5:3
Lithium nitride, 4:1
Lithium oxide, 6:1, 5; 7:1, 3
Lithium peroxide, §:1
from lithium hydroperoxide 1-
bydrate, 6:3
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Lithium peroxide, from lithium
hydroxide 1-hydrate, 6:4

Lutetium, purification of, from
lutetium ytterbium acetate
solution with sodium amalgam,
5:36

M

Magnesium, bis(eyclopentadienyl)-
(magnesium cyclopentadienide),
6:11

Magnesium bismuth nitrate, 3Mg-
(NO3)2-2Bi(NO;)3-24H,0, sepa-
ration of europium from sama-
rium and gadolinium by, 2:57

Magnesium cerium (ITI) nitrate,
3Mg(NO3)22Ce(NO;)5-24H,0,
separation of praseodymium
from lanthanum by, 2:57

Magnesium chloride, anhydrous,
1:29; 5:154n.; 6:9

Magnesium rare earth nitrates,
2:43, 47, 52

fractional crystallization of, 2:53

Magnus’ green salt (see Tetraamine-
platinum (IT) tetrachloro-
platinate (I1))

Manganates, nomenclature of,
2:261

Manganese carbonyl, Mn,(CQO);,,
for preparation of sodium salt of
manganese pentacarbonyl hy-
dride, 7:198

Manganese(IT) chloride, anhydrous,
1:29

Manganese(I) complex compounds,
nonelectrolytes, with cyclo-
pentadiene and carbonyl,
CsHsMn (CO);, 7:100

Manganese(—I) complex com-
pounds, anions, carbonyl,

HMn (CO);5; and NaMn (CQO)s,
7:198

Manganese (IT) complex compounds,
anions, N-nitrosohydroxyl-
amine-N-sulfonato, [Mn (SO;--
N,02)3]+—, 6:121
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Manganese (I1) complex compounds,
nonelectrolytes, with acetylace-
tone, MD(C5H702)2, 6:164

Manganese(I1I) complex com-
pounds, nonelectrolytes, with
acetylacetone, Mn (CsH70,);,
7:183

Manganese (IIT) orthophosphate,
2:213

Manganese(IV) oxide, for prepara-
tion of triiron dodecacarbonyl,
7:194

Manganese pentacarbonyl hydride,
and sodium salt, 7:198

Manganites, nomenclature of, 2:261

Marble, for use in separation of
cerium from rare earth mixtures
by bromate method, 2:49

Mereury, recovery of, from sodium
amalgam, 7:199xn.

removal of, from black phos-
phorus, 7:62
solubility of metals in, 1:6

Mercury (II) chloride, compound
with tri-n-butylphosphine, 6:90

Mercury (II) chloride dithiourea,
6:27

Mercury (II) chloride monothiourea,
6:26

Mercury (IT) chloride tetrathiourea,
6:28

Mercury (IT) chloride trithiourea,
6:28

Mercury (IT) complex compounds,

cations, with thiourea, [Hg-
(SCN.H,)CIICI, 6:26
[Hg(SCN-H,Cl,, 6:27
{Hg (SCN:H,);]Cl,, 6:28
[Hg(SCN:H,).]Cl,, 6:28
nonelectrolytes, with cyclopenta-
dienylchromium tricarbonyl,
Hg[CsH,Cr(CO);)., 7:104

Mereury flucrides, as fluorinating
agents, 4:136

Mercury (II) oxide, recovery of, in
preparation of chlorine(I) oxide,
6:157, 159

Mercury (IT) sulfide, red, 1:19

INORGANIC SYNTHESES

Metal complex compounds, with di-
olefins, 6:216
Metals, powders of refractory, by re-
duction of oxides with calcium,
6:47
solubility of mercury in, 1:36
Metaphosphates, determination of
poly- (“hexa-""), in mixtures of
phosphates, 3:94
structure of, 3:85
Metaphosphimic acid, H;(PO.NH);,
6:79
“Metaplumbates,’” 1:45
“Metaplumbic acid,”” 1:45
5-o(and p)-Methoxyphenyl-1,2,3,4-

- thiatriazole, m.ps., 6:46
Methyl allophanate, preparation of,
for synthesis of allophanyl
hydrazide and urazole, b:48,

49, 52
5-Methylamino-1,2,3,4-thiatriazole,
m.p., 6:46
Methylbismuth dibromide, 7:85
Methyl chlorofluorophosphite, 4:141
analysis of, 4:143
Methyl dichlorophosphite, 4 :63
Methyl difluorophosphite, 4:141
analysis of, 4:143
Methylgermanium oxide, 3:67
Methylgermanium sulfide, 3:67
Methylgermanium triiodide, 3 :64
analysis of, 3:66
Molybdenum, determination of, in
trichloro (tripyridine)molyb-
denum (III), 7:141
Molybdenum (V) chloride, an-
hydrous, 7:167
separation of, from tungsten (VI)
chloride, 3:165
Molybdenum (0) complex com-
pounds, anions, with cyclo-
pentadiene and carbonyl,
C;H;Mo (CO);H and deriva-
tives, 7:107, 136, 139
Molybdenum (I) complex com-
pounds, nonelectrolytes, with
cyclopentadiene and carbonyl,
[CsHsMo(CO)sls, T:107, 139
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Molybdenum (IT1T) complex com-
pounds, anions, K:[MoCl;-
H,0], 4:97

nonelectrolytes, with pyridine,
Mo (05H5N) 3013, 7:140

Molybdenum (VI) complex com-
pounds, nonelectrolytes, with
acetylacetone, MoO3z(C;H;0:)s,
6:147

Molybdenum (VI) oxide chloride,
MoO.Cl,, formation of, by
molybdenum (V) chloride, 7:168

12-Molybdosilicie 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) (see Chloramide)

Monosodium acetylide, 2:75, 76, 79

‘N

Neodymium, determination of
atomic weight of, in neo-
dymium 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; 5:154n.

Neodymium nitrate, analysis of
anhydrous, 5§:41

Neodymium oxalate, determination
of atomic weight of neodymium
in, 2:60

Nickel, powder, 5:195

Nickel(II) chloride, anhydrous,
5:154

anhydrous, for preparation of
nickel powder, 5:19n.

Nickel(0) complex compounds, non-
electrolytes, with phosphorus-
(ITI) chloride, Ni(PCl,),, 6:201
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Nickel(I) complex compounds,
anions, carbonyl, Ko[Ni(CN);-
CO0J, 5:201

Nickel(II) complex compounds, with
biguanide and its derivatives,
structure of, 6:66

cations, ammines, [Ni(NH;)¢Br,
and [Ni(NHa)(;]Iz, 3:194
with ethylenediamine, [Ni(ens)]-
Cl,, 6:198
[Ni(en);]Cl,-2H,0, 6:200
with 1,10-phenanthroline, [Ni-
(C1oHN )5 [Co (CO) s,
6:193n., 195
with propylenediamine, [Ni-
(pn)a]C]2-2HgO, 6 :200

Nickel(I) cyanide, formation of, by
potassium hexacyanodi-
nickelate(I), §:200

Nickel(IT) cyanide, 2:228

Nickel(II) 0,0’-diethyl dithiophos-
phate, 6:142

Nickel(II) fluoride, 3:191

Nickel(IV) potassium paraperiodate
2+-hydrate, 5:201, 202

analysis of, 5:203

Nickel(IV) sodium paraperiodate

1-hydrate, §:201
analysis of, 5:203

Nickel tetracarbonyl, 2:234

Niobium (V) chloride, anhydrous,
7:167

Niobium (V) fluoride, 3:179

Nitramide, 1:68, 72

Nitrates, preparation of anhydrous,
5:38

Nitratopentaamminechromium (IIT)
nitrate, 5:133

Nitratopentaamminecobalt (II1) ni-
trate, 4:174

Nitrie acid, anhydrous, 4:52

purifieation of, by distillation,
3:13

Nitric anhydride, 8:78

Nitrice oxide [see Nitrogen (IT) oxide]

Nitrido compounds, with osmium,
6:204
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3-Nitroacetylacetone, compound
with cobalt (I1I), 7:205
Nitrocarbamates, 1:68-70
Nitrogen, for use in preparation of
titanium (I1T) chloride, 7:48
pure, azides for preparation of,
1:79
removal of oxygen and water
vapor from, 3:14
Nitrogen (I1I) 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
for preparation of N-nitroso-
hydroxylamine-N-sulfonates,
5:118n., 119
Nitrogen(IV) oxide, §:87
Nitrogen (V) oxide, 3:78
Nitrogen selenide, as explosive prod-
uct in reduction of strontium
selenite with ammonia, 8:21
Nitrooxalatotriamminecobalt-
(I1I), formation of, from trini-
trotriamminecobalt (I1T), 6:191
Nitropentaamminechromium (IIT)
nitrate, 5:133
Nitropentaamminecobalt (I1T) ni-
trate, 4:174
N-Nitrosohydroxylamine-N-gul-
fonates, 5:117
complex anions containing zinc,
manganese (II), or cobalt(IT),
5:121
by metathesis, 5:120
structure of, §:121
Nitrosyl chloride, 1:55; 4:48
analysis of, 1:57
Nitrosylpentaamminecobalt (II)
chloride, black, 4:168; (correc-
tion), 5:185
Nitrosylpentaamminecobalt (III)
chloride, pink, 4:168; [shown
to be chloropentaammineco-
balt{IIT) chloride], 5:185
Nitrosyls, nomenclature of, 2:264
Nitrosylsulfuric acid, 1:55

INORGANIC SYNTHESES

Nitrourethan, and ammonium salt,
1:69
Nitroxyl chloride, 4:52
Nitryl chloride, 4:52
Nomenclature, of germanium com-
pounds, b:64
of inorganic compounds, 2:257
of metal derivatives of 1,3-dike-
tones, 2:16
of organic compounds and coordi-
nation groups, 2:267
of organosilicon compounds, 8:55
of rare earth elements and their
compouunds, 2:29

(o)

Octacyanotungstic(IV) acid, in
aqueous solution, 7:145
Octamethylpyrophosphoramide,
T:73
Octyl phosphite, (CsH,;0).POH,
4:61
Olefins, complexes with platinum-
(I1), 5:214
coordination compounds of
metals with di-, 6:216
“Onium’’ compounds, nomenclature
of, 2:264
Organic compounds, nomenclature
of, 2:267
Organic coordination groups, no-
menclature of, 2:267
Organogermanium compounds, b :64
nomenclature of, 5:64
Organosilazane compounds, 5:55, 62
Organosilicon compounds, 3:50
nomenclature of, 2:266; 3:55
Orthite, extraction of, 2:44
Orthoboric acid, esters of, 6:29
Orthoperiodic acid (H;10¢), 1:172,
173
Orthophosphates, determination of,
in mixtures of phosphates, 3:93
Orthophosphoric acid, 1:101
Orthophosphoric acid-D,, 6:81
Orthotelluric acid, 3:145, 147
Osmium compounds, nitrido, 6:204
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Osmium (IV) oxide, formation of
black, by ammonium hexa-
bromoosmate(I1V), 6:206

Osmium (VIII) oxide, precautions
in using, 5:205

Oxalates, determination of, in rare
earth oxalates, 2:60

Oxalato salts, tri-, 1:35

Oxides, reduction of refractory
metal, to metal powders with
calcium, 6:47

Oxygen acids, nomenclature of,
2:260

Oxygen fluoride, 1:109

P

Palladium (IT) complex compounds,
with biguanide and its deriva-
tives, structure of, 6:66

nonelectrolytes, ammines, trans-
[Pd(NH;):(NO,),], 4:179
with 1,4-butadiene, PdCl.C,H,
6:218

Paraperiodic acid, 1:172, 173

2,4-Pentanedione (see Acetyl-
acetone)

Perchloric acid, removal of, from
gallium perchlorate 6-hydrate,
2:28

Perfluorodimethyl peroxide, forma-
tion of, from carbony! fluoride,
6:157

Periodates, 1:168

analysis of, 1:170
Periodic acid (H;I0¢), 1:172
solubility in nitric acid, 1:173

Peroxy compounds, of hafnium and
zirconium, 3:72

Peroxydisulfuryl difluoride, 7:124

Peroxyhydrates, nomenclature of,
2:264

1,10-Phenanthroline (o-phenan-
throline), complex cation with
nickel(IT), 6:193n., 195

1-Phenylbiguanide, complexes with
cobalt(I11), 6:71
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1-Phenylbiguanide-p-sulfonic acid,
7:6
complexes with copper(Il), 7:6,
7
Phenyl(cyclopentamethylene)-
aminophosphonium chloride,
7:67
Phenyl(eyclotetramethylene)-
aminophosphonium chloride,
7:67
‘‘Phosphate glasses,” 3:88
Phosphates, analysis of mixtures of
soluble, 3:91
determination of, in uranyl
hydrogen orthophosphate 4-
hydrate, 5:151
meta- and poly-, structure of,
3:85
Phosphine, chloramidation of ter-
tiary organic derivatives of,
7:67
compounds with carbon disulfide
and with mercury (II) chlo-
ride, 6:90
formation of methyl derivatives
of, in preparation of methyl-
chlorophosphines, 7:85
tertiary alkyl derivatives of,
structure of complexes with
copper (1) iodide, gold (I)
chloride, or silver(I) iodide,
79
- , diethylbromo-, 7:85
——, dimethylbromo-, 7:85
——, dimethylchloro-, T:85
, ethyldibromo-, 7:85
——, methyldibromo-, 7:85
———, methyldichloro-, 7:85
——, trianilino-, formation of, from
trimethyl (anilino)silane and
phosphorus(IIl) bromide, 5:61
, tri-n-butyl-, 6:87
complexes with platinum (IT),
7:245, 246, 247, 248
complex nonelectrolytes with
copper(I), 7:9, 10, 11
, trimethyl-, 7:85
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Phosphine oxide, formation of tri-
substituted, from trisubstituted
aminophosphonium chlorides,

7:69

, tri-n-butyl-, 6:90

Phosphonic acid, as name for
H,PO,, 4:57

Phosphonitrile bromide, compound
with PBr, formation of,
T:77n.

trimeric and tetrameric, 7:76

Phosphonitrile chloride, trimeric
and tetrameric, 6:94

Phosphonium compounds, amino-,
chlorides and other salts of
P,P P-trisubstituted, [RsPN-
H.X, 7:67, 69

Phosphonium iodide, 2:141, 143

all-glass apparatus for prepara-
tion of, 6:91

Phosphoramidic dichloride, di-
methyl-, 7:69

Phosphoric acid-Dj, anhydrous,
6:81

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 H5P4013, 3:97

by solution of P;0; in H;PO,,
3:97

Phosphorodiamidic chloride, tetra-
methyl-, 7:71

Phosphorous acid, 4:55

Phosphorous acid amide imide, for-
mation of, from phosphoryl tri-
amide, 6:111

Phosphors, infrared-sensitive, 3:11

strontium selenide-samarium—eu-
ropium, 3:22

strontium sulfide-samarium-—ce-
rium, 3:23

strontium sulfide-samarium-~euro-
pium, 3:21

Phosphorus, black, 7:60

mixture of, with diphosphorus

tetraiodide, 2:143

INORGANIC SYNTHESES

Phosphorus, white, for preparation
of black phosphorus, 7:60
Phosphorus bromide (PBr,), com-
pound with PNBr;, formation
of, T:77
Phosphorus(IIT) bromide, 2:147
Phosphorus(I111) chloride, 2:145
Phosphorus (I1I) chloride(CI13%¢),
7:160
Phosphorus(V) chloride, 1:99
compound with boron chloride,
7:79
compound with gallium (TIT)
chloride, 7:81
Phosphorus(1IT) g-chloroethoxydi-
“chloride, 4 :66
Phosphorus compounds, of nitrogen,
nomenclature of, 2:285
Phosphorus(I1I) eyanide, 6:84
Phosphorus(V) ethoxysulfodichlo-
ride, 4:75
Phosphorus(III) fluoride, 4:149;
65:95
Phosphorus iodide, P.l,, mixture of,
with phosphorus, 2:143
Phosphorus(I11) methoxychloro-
fluoride, 4:141
Phosphorus(II1) methoxydifluoride,
4:141
Phosphorus(V) oxide, sublimation
of, in vacuum for preparation
of anhydrous deuterophos-
phoric acid, 6:81
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(III) chloride,
aluminum chloride, and sul-
fur, 4:71
from phosphorus(V) sulfide and
phosphorus(V) chloride, 4:73
Phosphorus(V) sulfodibromofluo-
ride, formation of, from phos-
phorus(V) sulfobromide, 2:154
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Phosphorus(V) sulfofluoride, forma-
tion of, from phosphorus(V)
sulfobromide, 2:154

Phosphoryl triamide, 6:108

Phosphoryl tribromide, 2:151

Phosphotungstic acid (see 12-Tung-
stophosphoric acid)

3(and 4)-Picoline—chromium (VI) 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 (I11)]

Platinum, recovery of, from labora-
tory residues, 7:232

Platinum (IT) chloride, 5:208; 6:209

analysis of, 5:209

Platinum (IV) chloride, 2:253

Platinum (IT) complex compounds,
anions, with 1,4-butadiene,

K, [Cl;PtC,HPtCl;), 6:216
anions, with ethylene, [Pt(C.H,)-
CLJK, 5:211, 214
cations, ammines, [Pt(NH;)Cls,
2:250; 5:210; 1-hydrate,
2:252
[Pt(NH,),[{PtCl,], 2:251
with pyridine, [Pt(CsH;N),JCls,
7:251 )
with tri-n-butylphosphine,
[Pt {(n-CyHq);P},JCls, 7:248
nonelectrolytes, ammines, [Pt~
(NHs)zclz], 2 :253; ¢is- and
trans-, and analogous com-
plexes, 7:239, 240, 241, 242,
244
with diethyl sulfide,
Pt { (CzHﬁ)zs } 2012, cis- and
trans-, 6:211, 212, 213
Pt{ (C2H5)2S } Q(OH) 25 6:215
with ethylene, [Pt (02H4)Cl2]2,
5:210
[Pt (CzH4) 2012], cis—(?) and
trans-(?), 6:215
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Platinum(II) complex compounds,
nonelectrolytes, with
pyridine, cis- and {rans-
[Pt(05H5N)2Clz], 7 :249,
250, 251

[Pt(CsHN)2(OH),j, 7:253
with propylene, [Pt(C;Hs)z]s,
5:214
with styrene, [Pt{(C:H;CH=
CH,)Cly];, 5:214
with tri-n-butylphosphine, cis-
and trans-[PtClsy{ (n-
C4Hg)3P}z], 7:245, 246, 247
Platinum (IV) complex compounds,
nonelectrolytes, ammines, cis-
and trans-[Pt(NH,),Cl,], 7:236,
244

Plumbates, M.PbQO;, 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
Polyhalogen complex salts, §:167,
169, 175, 176
stability and analysis of, §:174
Polyphosphates, determination of,
in mixtures of phosphates,
391
structure of, 3:85
Potassium, potassium azide for
preparation of, 1:79
Potassium amide, 2:135
for preparation of potassium
nitridorhenate (VII), 6:168
Potassium azide, 1:79, 2:139, 140
Potassium chloroplatinite [see
Potassium tetrachloro-
platinate (11}}]
Potassium cyanate, 2:87
Potassium dioxalatocuprate (IT)
2-hydrate, 6:1
Potassium dithioferrate(I1I), 6:170
Potassium enneachloroditungstate-
(I11), K;W,Cl,, 5:139; 6:149,
150; 7:143
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Potassium (ethylenediaminetetra-
acetato)cobaltate (111), 5:186
dezlro- and levo-, 6:193, 194
Potassium ferrate(VI), 4:164
analysis of, 4:166
Potassium hexabromorhenate (IV),
7:189, 191
Potassium hexabromotellurate IV),
2:189
Potassium hexachloro-u-1,4-buta-
diene-diplatinate (I1), 6:216
Potassium hexachloromolybdate-
(I11), 4:97, 99
Potassium hexachlorohenate(IV),
1:178; 7:189, 190
Potassium hexacyanochromate (I1T),
2:203
Potassium hexacyanocobaltate (I1I),
2:225
analysis of, 2:226
Potassium hexacyanodinickelate(I),
6:197
analysis of, §:200
Potassium hexacyanomanganate-
(1), formation of, from potas-
sium hexacyanomanganate-
(I11), 2:214
Potassium hexacyanomanganate-
(I11), 2:213, 214
Potassium hexafluorophosphate,
3:111, 115
Potassium hexaiodorhenate(IV),
hydrolysis of, 7:191
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 monothiophosphate,
KgPOgS, 5:102
Potassium nickel (IV) paraperiodate
4+ -hydrate, 5:201, 202
analysis of, §:203

INORGANIC SYNTHESES

Potassium nitridoosmate (VIII),
6:204
Potassium nitridorhensate, 6:167
Potassium nitridotrisulfate, 2:182
Potassium nitrocarbamate, potas-
sium salt, 1:68, 70
Potassium N-nitrosohydroxylamine-
N-sulfonate, 5:117
by metathesis, §:120
Potassium octacyanomolybdate (IV)
2-hydrate, 3:160
Potassium octacyanotungstate(IV)
2-hydrate, 7:142
analysis of, 7:145
Potassium octacyanotungstate(V),
formation of, from tetrapositive
analog, 7:145
Potassium osmiamate, 6:204
Potassium pentachloroamidoosmate-
V), formation of, from potas-
sium pentachloronitridoosmate-
(VI), 6:207
Potassium pentachloroaquomolyb-
date (111), 4:97
Potassium pentachloroaquorhodate-
(III), for preparation of hy-
drated rhodium (IIT) chloride,
7:215
Potassium pentachloronitrido-
osmate(VI), 6:206
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 2-hydrate, 2:165, 167
Potassium rare earth sulfates,
2:47
Potassium selenocyanate, 2:186
Potassium sulfites, KHSO;, in solu-
tion, 2:167
K:803, anhydrous, 2:166
solubility of, 2:165
Potassium tetrabromoaurate (I1I),
and 2-hydrate, 4:14, 16
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Potassium tetrachloro(dipyridine)-
iridate (ITI), cts- and irans-,
formation of, from tetrachloro-
(dipyridine)iridium (IV), iso-
mers, 7:223

Potassium tetrachloroplatinate (I},
2:247

for preparation of dichlorodiam-
mineplatinum (IT), 7:240

Potassium tetracyanonickelate (IT),
21927, 228

Potassium tetracyanopalladate(II),
2:245

analysis of, 2:246
1- and 3-hydrates, 2:246

Potassium tetracyanoplatinate (II),
formation of, from tetrachloro-
(diethyler®)diplatinum (IT),
6:215

Potassium tetradecachlorotritung-
state (III), K;W;Cly4, 6:149, 153

Potassium tetrafluoroborate, 1:24

Potassium tetrahydroborate, in
preparation of volatile hydrides,
7:34

Potassium tetraoxalatouranate(IV),
3:169

Potassium trichloro (ethylene)-
platinate (II), 1-hydrate, forma-
tion of, from tetrachloro (di-
ethylene)diplatinum (IT), 5:214

for preparation of tetrachloro-
{diethylene)diplatinum (1),
5:211

Potassium tricyanocarbonyl-
nickelate(I), formation of,
from potassium hexacyano-
nickelate (I), 5:201

Potassium trimetaphosphimate,
K;(PO.NH);, 6:97

Potassium trioxalatoaluminate, 1:36

Potassium trioxalatochromate (I1I),
1:37

Potassium trioxalatocobaltate (III),
1:37

Potassium trioxalatoferrate (I1I),
1:36
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Potassium trithiodiferrate (IT),
K,Fe,S;, formation of, from
potassium dithioferrate (1II),
6:171

Potassium tungstate(VI), K;WO,,
for preparation of complex
potassium chlorotungstates-
(I11), 6:149

Praseodymium, separation of mix-
tures with lanthanum from
monazite, as magnesium nitrate
double salt, 2:56, 57

Praseodymium (IIT) nitrate, analysis
of anhydrous, 5:41

Praseodymium (ITI) oxide, for syn-
thesis of nitrate, 5:39n.

Precipitates, apparatus for remov-
ing liquid from, 8:16

Purpureochromic chloride, 2:196;
6:138

Pyridine, complex cation, with

iron (IT), 1:184
with silver(I), 6:6, 7:172
complexes, with iridium (ITI) and
(IV), 7:220, 221, 222, 227, 228
with unipositive halogens and
its determination in them,
7:169, 172, 173, 175, 176, 178
complex nonelectrolytes, with
chromium (IIT), 7:132
with molybdenum (II1), 7:140
with platinum (II), 7:249, 250,
251, 253
- purification of, 2:173n.

Pyridine—chromium (VI) oxide, 4:94

Pyridineiodine(I) chloride, 7:176

Pyridine-sulfur trioxide, 2:173

Pyridinium N-phenylsulfamate,
2:175

Pyridinium tetrachloro(dipyridine)-
iridate(I11), ¢is- and trans-,
7:228

Pyrolusite, in oxidation of sulfurous
acid to dithionate ion, 2:168

Pyrophosphates, determination of,
in mixtures of phosphates, 3:93

Pyrophosphoramide, octamethyl-,
7:73
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Pyrophosphoric acid, 8:96, 97
Pyrosulfites, alkali metal, 2:162
Pyrosulfuryl chloride, 3:124, 126

Q

Quinoline, complex cation with io-
dine(I), 7:170
determination of, in iodine(I)
complex, 7:174
Quinolineiodine (I) benzoate, 7:170
analysis of, 7:174

R

Radicals, nomenclature of, in oxy
salts and similar compounds,
2:259

Rare earth acetates, citrate solution
of, 2:69

Rare earth (lanthanon) amalgams,
1:15; 65:32

concentration of, 1:17
decomposition of, §:34, 35

Rare earth bromates, 2:43, 47, 56,

59, 64
fractional erystallization 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

(See also Lanthanons)

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

INORGANIC SYNTHESES

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
Resolution, of cobalt(III) ethylene-
diamine complexes, 6:183, 192,
195
Rhenium, 1:175
by reduction of ammonium per-
rhenate, 1:177
by reduction of potassium per-
rhenate, 1:176
Rhenium (ITT) chloride, anhydrous,
1:182
Rhenium (V) chloride, anhydrous,
1:180; 7:167
Rhenium (I1T) iodide, 7:185, 187
Rhenium (IV) iodide, formation of,
in preparation of rhenium (I11)
iodide, 7:188
Rhenium (VI) oxide, by reduction of
Re,0; with CO, 8:187
by reduction of Re:0; with diox-
ane, 3:186
Rhenium (VII) oxide, 3:188
Rhenium (VII) sulfide, 1:177
Rhodium, recovery of wastes of,
7:214, 219
Rhodium (III) chloride 3-hydrate,
7:214
Rhodium (IIT) complex compounds,
anions, Ko[Rh(H20)Cl;], T:215
cations, ammines, {rans-[Rh-
(NH;),CL]Cl, 7:216
[Rh(NH;);Cl]Cl,, 7:216
with ethylenediamine, ¢is- and
trans-IRh{en),CL,]Cl, 7:218
cts- and trans-[Rh(en).Cls}-
NO,, 7:217
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Rhodium (ITT) hydroxide, Rh,0;--
5H,0 or Rh(OH);-H,0, forma-
tion of, in preparation of hy-
drated rhodium (IIT) chloride,
7:215

Rubidium, rubidium azide for prep-
aration of, 1:79

Rubidium azide, 1:79

Rubidium dichloroiodate(I), 5:174

S

Salts, “acid,” nomenclature of,
2:261
of isopoly and heteropoly acids,
nomenclature of, 2:263
mixed (oxy, etc.), nomenclature
of, 2:259
of oxygen acids, nomenclature of,
2:260
Samarium, isolation of materials
containing europium, ytter-
bium, and, by means of sodium
amalgam, §:32, 33
phosphors containing strontivm
sulfide or selenide and, 3:21,
22, 23
separation of europium from gado-
Iinium and, as magnesium
nitrate double salt, 2:57
separation of europium from, in
concentrated acetate solution
with sulfuric acid and sodium
amalgam, §:35, 36
separation of, from gadolinium in
acetate solution with sodium
amalgam, 5:36
from neodymium from mon-
azite by magnesium nitrate,
2:57
with yttrium-group earths from
monazite by magnesium ni-
trate, 2:56
Samarium (ITT) nitrate, analysis of
anhydrous, 5:41
Selenic acid, crystalline, 3:137
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Selenides, precipitation of pure
metallic, from solutions of hy-
drogen selenide, 2:185

Selenium, red and gray, 1:119

Selenium (II) chloride, formation
of, by selenium (IV) chloride,
5:127

Selenium (IV) chloride, 6:125

analysis of, 6:126
compound with aluminum chlo-
ride, 5:127

Selenium (IT) dithiocarbamates, 4:91

Selenium (VI) fluoride, 1:121

Selenium (IV) oxide, 1:117; 3:127,
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 (IT) xanthates, 4:91

Selenocyanates, metal, 2:186, 188

Shaking apparatus, for keeping
liquid as fine spray and allowing
passage of gases, 2:238

Silane, anilino derivatives of, §:60

iodo derivatives of, from anilino-
silanes and hydrogen iodide,
6:60

organic derivatives of, 3:51

organochloro derivatives of, from
reaction of trichlorosilane or
methyldichlorosilane with
olefins, 4:43

Silane, bromotrichlorgo-, formation
of, from trichlorosilanethiol,
7:30

——, (2-chloroethoxy )trichloro-,

4:85, 86

, (a- and B-chloroethyl)tri-

chloro-, 3:60

, (chloromethyl)dichloro-, 6:39

, cyclohexyltrichloro-, 4:43

, dibromo-, 1:38

, diiododichloro-, 4:41

, dimethyldichloro-, 8:56

——, divinyldichloro-, 3:58, 61
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Silane, iodotrichloro-, 4:41
, methyldichloro-, 3:58
——, methyltrichloro-, 8:58
, tetraanilino-, formation of,
from trimethyl(anilino)silane
and silicon bromide, 5:61
, tribromo-, 1:38
analysis of, 1:41
, trimethyl-, halo derivatives
of, from trimethyl(anilino)-
silane, 5:61
, trimethyl (anilino)-, 5:59
, trimethylchloro-, 3:58
——, vinylmethyldichloro-, 8:58, 61
——, vinyltrichloro-, 3:58
——, vinyltrimethyl-, 3:58, 61
Silanediol, diphenyl-, 8:62
Silanethiol, trichloro-, 7:28
Silanol, trimethyl-, formation of, by
hydrolysis of hexamethyl-
disilazane, 5:58
Silazanes, organic derivatives of,
5:55, 62
Silica gel, 2:95; (correction), 5§:55
platinized, use in preparation of
hydrogen bromide, 1:152
Silicobromoform (see Silane, tri-
bromo-)
“Silicoformic anhydride,” H181,0s,
1:42
Silicomolybdic acid (see 12-Molyb-
dosilicie acid)
Silicon bromide, Si,Brg, 2:98
(See also Silicon tetrabromide)
Silicon chlorides, higher, 1:42
Sizclc, 1:42
Si;Cls, 1:44
(See also Silicon tetrachloride)
Silicon compounds, cationic chelates
with 1,3-diketones and g-keto
esters, 7:30
cations, with acetylacetone,
[Si(05H702)3]CI'HCI, 7:31
[Si(CsH:0,);5]FeCly, 7:32
[Si(CsH:Q2)3]ZnCl;, T7:33
halomethyl derivatives by the
diazomethane method, 6:37,
39

INORGANIC SYNTHESES

Silicon compounds, nomenclature

of, 2:265
organo-, 3:50
nomenclature of, 3:55

Silicon oxychlorides (see under
Siloxanes)

Silicon sulfide dichloride polymer,
formation of, from trichloro-
silanethiol, 7:30

Silicon tetraacetate, 4:45

Silicon tetrabromide, 1:38, 40

Silicon tetrachloride, 1:44

recovery and recirculation of, in
preparation of hexachloro-
disiloxane, 7:25, 26

Silicon tetrachloride (C136), 7:160

Silicon tetrafluoride, 4:145

“Silicooxalic acid,” (H.Si:02)., for-
mation of, by disilicon hexa-
bromide, 2:101

Silicotungstic actd (see 12-Tung-
stosilicic acid)

Siloxanes, formation of, by hy-
drolysis of hexamethyleyclo-
trisilazane and octamethyl-
cyclotetrasilazane, 6:63

formation of chloro derivatives of
higher, in preparation of
hexachlorodisiloxane, 7:27n.

Silver, 1:4

precipitation of, for preparation
of disilver fluoride, §:19

recovery of, from silver iodide
residues, 2:6, 7

residues, purification of, 1:2

Silver(I) carbonate, for preparation
of disilver fluoride, 5:19

Silver (I) chlorate, 2:4

Silver(I) chloride, reduction of,
13

Silver(I) complex compounds,

cations, with pyridine,
[Ag(CsHsN),]ClOy, 6:6
[Ag(CsHN),INO;, 7:172
nonelectrolytes, with tertiary
alkylphosphines or -arsines,
structure of, 7:9
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Silver (IIT1) complex compounds,
with biguanide and its deriva-
tives, structure of, 6:66, 74

cations, with ethylenebisbigua~
nide, [Ag(CeN10H16)2](CIO4)3,
6:78
[Ag (ClesH 15) 2] (OH) 3 6:78
[Ag (CGN 10H 10) z] (NOa) 3y 6:78
[Ag(CGNmHls)z]z(S04)3, 6:77

Silver(I) cyanamide, 1:98

Silver dithioferrate (I1I), formation
of, from potassium dithiofer-
rate (III), 6:171

Silver(I) fluoride, as fluorinating
agent, 4:136

for preparation of disilver fluoride,
5:19,20

Silver (II) fluoride, 3:176

Silver(I) iodide, residues of, recovery
of silver and iodine from, 2:6

Silver(I) monofluorophosphate,
3:109

Silver (IT) oxide, 4:12

Silver oxynitrate, Ag;0sNOj3, forma-
tion of, by silver (II) oxide,
4:13

Silver ‘“‘subfluoride,” Ag.¥F, 5:18,
19

Sodium, calcium metal preparation
from a solution in, 6:18, 24

dispersions of, §:6

cleanup of equipment used in

making, §5:9

formation of, from sodium hy-
dride, 5:12

preparation of pellets of, for
reaction with liquid am-
monia, 2:132

sand, for preparation of cyclo-
pentadienylsodium, 7:101,
105

Sodium, cyclopentadienyl-, 7:101,
108, 113

——, (diphenylgermyl)di-, forma-
tion of, from tetraphenyl-
germane and sodium in liquid
ammonia, §:72

301

Sodium, (triphenylgermyl)-, forma-
tion of, from tetraphenylger-
mane or hexaphenyldigermane
and sodium in liquid ammonis,
6:72, 74

Sodium acetylides, NaC=CNa,
2:79, 80

NaC=CH, 2:75
from sodium and acetylene,
2:76
from sodium amide and acety-
lene, 2:79
Sodium alkylacetylides, 2:79, 80
Sodium amalgam, 1:10
metal exchange with lanthanon-
(I11) acetates, 6:32, 33, 35,
36

Sodium amide, 1:74, 2:80, 128, 134

Sodium amidophosphate
(Na.PO;NH,), 6:100

anhydrous, for preparation of
tetrasodium imidodiphos-
phate, 6:101
Sodium azide, 2:139
purification of, 1:79

Sodium azidodithiocarbonate, solu-
tion of, 1:82

Sodium butoxide, 1:88

Sodium carbonate, Na,COjs, “light,”
for preparation of chlorine(I)
oxide, 5:159

Sodium chlorate, formation of, in

_ preparation of chlorine(I)
oxide in carbon tetrachloride
solution, b5:159n.

Sodium chlorite, analysis of, for
preparation of chlorine(IV)
oxide, 4:156

Sodium cyanate, 2:88

Sodium diimidothiophosphate, for-
mation of, from thiophosphoryl
triamide, 6:112

Sodium diimidotrimetaphosphate,
Na;P;0s(NH),, formation and
basic hydrolysis of, in prepara-
tion of pentasodium diimido-
triphosphate, 6:105n., 106
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Sodium diimidotriphosphate,
NaspaOB(NH)2-6HzO, 6:104
Sodium diphosphates, 3:98, 99, 100
Sodium dithionate, 2:170
Sodium ethoxide, for preparation of
sodium hydrogen sulfide, 7:129
Sodium (ethylenediaminetetra-
acetato)cobaltate(I11), 5:186
Sodium fluoride, for preparation of
sulfur(IV) fluoride, 7:120n.
Sodium fluoride (F18), 7:150
Sodium hexafluorophosphate, 8:111,
115
Sodium hydride, 5:10
dispersions of, 5:13
Sodium hydrogen sulfide, an-
hydrous, 7:128, 130
Sodium hypochlorite, formation of,
in preparation of chlorine (I)
oxide, 5:159n.
solution of, 1:90
Sodium hypophosphate, Na,H,P,-
05'6H20, 4:68
Sodium imidodiphosphate,
Na,P,04(NH), 6:101
Sodium iodate, 1:168
Sodium metaperiodate, 1:170
Sodium metaphosphates, 3:88, 103
Naszoa'(‘)HgO, 3:104
(NaPO3),, 3:104
Sodium monofluorophosphate,
3:106
analysis of, 3:108
Sodium monothiophosphate, Na;-
POs;S, 5:102
12-hydrate, 5:103
Sodium nickel(IV) paraperiodate
1-hydrate, 6:201
analysis of, 5:203
Sodium nitridotriphosphate,
N (PO;Na,)s, formation of, from
tetrasodium imidodiphosphate,
6:103
Sodium N-nitrosohydroxylamine-
N-sulfonate, 6:119
Sodium paraperiodate (ortho-
periodate) (NazH:IOs), by
chlorine method, 1:169

INORGANIC SYNTHESES

Sodium paraperiodate (ortho-
periodate) (NasH.IOs), by
persulfate method, 1:170

by sodium iodide-bromine
method, 2:212
Sodium peroxide 8-hydrate, 3:1
analysis of, 3:2

Sodium phosphates, structure of,
3:85

Sodium phosphoramidate,
N&zPOsNHz, 6:100, 101

Sodium phosphorothioate, Nasx
POsS, 6:102

12-hydrate, 5:103

Sodium pyrophosphates, 3:98
Na2HzP207, 3:99
Na4P207, 3:100

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 sulfate, removal of, in
preparation of sodium N-nitro-
sohydroxylamine-N-sulfonate,
5:119

Sodium sulfide (8%), for preparation
of sulfur-35, 7:117

Sodium sulfites, NaHSOs, in solu-
tion, 2:164

Na:80;, anhydrous, 2:162
and its 7-hydrate, 2:164, 165

Sodium superoxide, 4:82

Sodium “‘telluropentathionate”
2-hydrate, 4:88, 89

Sodium tetrametaphosphate 4-hy-
drate, Na,P401,-4H,0, purifica-
tion of, for preparation of so-
dium tetraphosphate, 5:98

Sodium tetraphosphate, NagP,0O1s3,
for preparation of hexaguani-
donium tetraphosphate 1-hy-
drate, 5:99

Sodium trihydroxothioferrate (II),
Na;FeS(OH);, formation of, in
preparation of potassium
dithioferrate (I1I), 6:170
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Sodium trimetaphosphimates, 6 :80
Nas(PO,NH);, 1-hydrate, 6:99
4-hydrate, purification and acid
hydrolysis of, for preparation
of pentasodium diimidotri-
phosphate, 6:105
Na;(PO,NH):; NaOH.7H,0, 6:80
Sodium triphosphate (tripolyphos-
phate), 3:101
6-hydrate, 3:103
“Solvates,” nomenclature of, 2:264
Stannane, 7:34, 39
Stannic compounds [see specific com-
pounds under Tin (1V)]
Stibine, 7:34, 43
, dimethylbromo-, 7:85
——, dimethylchloro-, 7:85
——, methyldibromo-, 7:85
, methyldiehloro—, 7:85
Stirring deviee, for use under re-
duced pressure, 3:40, 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, 3:17
Strontium selenide, 3:20
phosphors, 3:11, 22
Strontium selenite, for preparation
of strontium selenide, 3:20
Strontium sulfate, for preparation of
strontium sulfide, 3:19
Strontium sulfide, 3:20
phosphors, 8:11, 21, 23
Strueture, of 1,3-diketones, 2:10
electronic, of rare earth elements,
2:30
of metal carbonyls, 2:232
of phosphates, 3:85
Styrene, complex with platinum (I1),
65:214
Sublimation apparatus, for purifica-
tion of phosphorus(V) oxide,
6:81
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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, removal of unreacted, in
preparation of vanadium (I1T)
sulfate, 7:93
Sulfur-35, 7:116, 118
Sulfur(II) chloride, for preparation
of sulfur(IV) fluoride, 7:120n.
Sulfur compounds, of nitrogen,
nomenclature of, 2:265
Sulfur dioxide, addition eompound
with trimethylamine, 2:159
purification of, 2:160
Sulfur(IV) fluoride, 7:119
Sulfur(VI) fluoride, 1:121, 3:119
Sulfuric acid-Ds, anhydrous, 6:121;
7:155
Sulfur imide, S;NH, from prepara-
tion of tetrasulfur tetranitride,
6:124
Sulfur nitrides, 6:123
polymeric, 6:127
Sulfur oxychlorides, 8,05Cl,, 8:124,
126
(See also Sulfuryl chloride)
Sulfur trioxide, addition compounds
with pyridine, dimethylaniline,
and dioxane, 2:173, 174
for synthesis of deuterosulfuric
acid, 6:121; 7:156
Sulfuryl chloride, 1:114
Sulfuryl fluoride, 6:158
Swarts reaction, 4:134

T

Tantalum (V) bromide, 4:130
Tantalum (V) ehloride, anhydrous,
7:167
Tantalum (V) fluoride, 3:179
Tellurie acid (HsTeQs), 3:145
analysis of, 3:147
Tellurium (IV) chloride, 3:140
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Tellurium (IT) dithiocarbamates,
4:91
Tellurium (VI) fluoride, 1:121
Tellurium (IV) oxide, 3:143
Tellurium (II) xanthates, 4:91
Tetraammineplatinum (II) chloride,
2:250
formation of, from platinum (IT)
chloride, 5:210
1-hydrate, 2:252
Tetraamineplatinum (IT) tetra-
chloroplatinate (IT) (Magnus’
green salt), formation of, in
preparation of ¢is-dichloro-
diammineplatinum (I1), 7:241
formation of, in preparation of
tetraamineplatinum (1I)
chloride, 2:251
Tetrabutylammonium dibromo-
bromate(I), §:177
Tetrabutylammonium dichloro-
iodate(I), 6:174
Tetrabutylammonium diiodoiodate-
@), 6:174
Tetrabutylammonium tetrachloro-
iodate (ITI), 6:176
Tetrachloroauric (II1) acid, and its
reduction to gold with hydro-
quinone, 4:14, 15
Tetrachlorodiammineplatinum (IV),
cis- and frans-, 7:236, 237, 244
Tetrachloro (diethylene)diplatinum-
1), 6:210
Tetrachloro (dipropylene)diplati-
num (IT), 5:214
Tetrachloro (dipyridine)iridates-
(I1II), cts- and irans-, 7:221, 223,
229, 231
Tetrachloro (dipyridine)iridium-
(AV), cts- and trans-, 7:220, 221,
222, 231
Tetrachloro (distyrene)diplatinum-
(II), formation of, from tetra-
chloro(diethylene)diplatinum-
1), 5:214 ‘
Tetrachloroplatinic (IT) acid, solu-
tion of, 2:251; 5:208, 210

INORGANIC SYNTHESES

Tetracobalt dodecacarbonyl, 2:243;
6:191n.
Tetraethylammonium dichloro-
iodate(I), 6:174
Tetrafluoroboric acid, 1:25
Tetrahydrofuran, in preparation of
sodium salts of carbonyl hy-
drides, 7:196
Tetrakis (acetylacetonato)thorium,
1-ammoniate, and compound
with aniline, 2:123, 125
Tetrakis (acetylacetonato)zirconium,
and 10-hydrate, 2:121
Tetrakis[iodo (tri-n-butylphosphine)-
copper (1)}, 7:9
analysis of, 7:11
Tetrakis(2,4-pentanedionato)tho-
rium, 1-ammoniate, and com-
pound with aniline, 2:123, 125
Tetrakis (2,4-pentanedionato)zirco-
nium, and 10-hydrate, 2:121
Tetrakis[phosphorus (I1I) chloride]-
nickel, 6:201
Tetrakis (tri-n-butylphosphine)-
platinum (IT) chloride, 7:248
Tetramethylammonium bromo-
chloroiodate (I), 5:172
Tetramethylammonium bromo-
iodoiodate (1), 6:172
Tetramethylammonium chloroiodo-
iodate(I), 6:172
Tetramethylammmonium chlorotri-
iodoiodate (I11), 5:172
Tetramethylammonium dibromo-
bromate(l), 5:172
Tetramethylammonium dibromo-
iodate(I), §:172
Tetramethylammonium dichloro-
bromate(I), 5:172
Tetramethylammonium dichloro-
iodate(I) (iododichloride),
5:176
Tetramethylammonium diiodo-
iodate(I), §:172
Tetramethylammonium octaiodo-
iodate(VII), 5:172
Tetramethylammonium tetrachloro-
iodate (III), 5:172
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Tetramethylammonium tetraiodo-
iodate (111), 6:172
Tetrapropylammonium dibromo-
iodate(I), 6:172
Tetrapropylammeonium dichloro-
iodate(I), 6:172
Tetrapropylammonium diiodo-
iodate(I), 6:172
Tetrapropylammonium hexalodo-
iodate(V), §:172
Tetrapropylammonium tetraiodo-
iodate (I1I), 6:172
Tetrapyridineiron (IT) chloride,
1:184
Tetrapyridine platinum (I1) chlo-
ride, formation of, in prepara-
tion of trans-dichloro (dipyri-
dine)platinum (I1), 7:251
Tetrasulfur dinitride, 6:128
Tetrasulfur tetranitride, 6:124
5-Tetrazolediazonium sulfate, for
preparation of tetrazolone, 6 :64
Tetrazolone, 6:62
1,2,3,4-Thiatriazole, 5-amino and
5-(substituted)amino deriva-
tives, 6:42, 44
Thiocyanogen solution, 1:84, 86
standardization of, 1:86
Thionyl bromide, 1:113
Thiony! chloride (C13°), 7:160
Thionyl fluoride, 6:162
formation of, by sulfur(IV)
fluoride, 7:123
Thiophosphoryl bromide, 2:153
Thiophosphoryl chloride, 4:71
Thiophosphoryl triamide, 6:111
Thiosemicarbazide, 4:39
diazotization of, and of 4-alkyl
and 4-aryl derivatives, 6:42,
44
Thiourea, mercury (II) chloride com-
plexes with, 6:26
Thorium, powder by reduction of
oxide with calcium, 6:50
removal of, in extraction of
monazite and xenotime, 2:41
Thorium bromide, ammoniates, 1:54
anhydrous, 1:51
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Thorium bromide, hydrates, 1:53
Thorium chloride, anhydrous, §:154;
7:168
Thorium complex compounds, non-
electrolytes, with acetylacetone,
2:123
nonelectrolytes, with acetylace-
tone, 1-ammoniate, 2:125
compound with aniline,
2:125
Thorium oxybromide, 1:54
Tin, as reducing agent for complex
tungsten (VI) chlorides in prepa-
ration of complex potassium
chlorotungstates(IIT), 6:149
Tin compounds, halomethyl deriva-
tives, by the diazomethane
method, 6:37
(CH,;)2(CH.C1)SnCl, 6:41
Tin hydrides (see Distannane;
Stannane)
Tin(IV) iodide, 4:119
Titanium, powder by reduetion of
titanium (IV) oxide with cal-
cium, 6:47
Titanium (ITI) bromide, 2:116;
6:57, 60
Titanium (IV) bromide, 2:114
reduction of, with hydrogen,
6:60
Titanium cesitum alum, 6:50
Titanium (1I) chloride, from dispro-
portionation of titanium (IIT)
- chloride, 6:56, 61
Titanium (IIT) chloride, 6:52, 57
anhydrous a-, 7:45
Titanium (IV) chloride, reduction of,
with hydrogen, 6:52, 57; 7:45
Titanium complex compounds, cat-
ions, with acetylacetone, {Ti-
(05H702)312Ti016 and {Tl(05H7‘
02)3]Fecl4, 2 :119, 120
Titanium (IV) oxide, extraction of,
from ilmenite, §:79, 81
reduction of, to titanium powder
with calcium, 6:47
Titanium (IV) sulfide, 6:82
analysis of, 5:85



306

5-0(and p)-Tolylamino-1,2,3,4-thi-
atriazole, m.ps., 6:46

Triammonium imidodisulfate, 1-hy-
drate, 2:179, 180

Triaquotriamminecobalt (I1T) ni-
trate, formation of, from tri-
nitrotriamminecobalt (11I),
6:191

Triazoates (see Azides)

(Tri-n-butyl)aminophosphonium
chloride, 7:67

Trichloroamminebis(diethyl sulfide)-
iridium (IIT), formation of, from
trichlorotris(diethyl sulfide)-
iridium (I11), 7:227

cis-Trichlorobis(diethyl sulfide)
(pyridine)iridium (ITI), forma-
tion of, from trichlorotris(di-
ethylsulfide)iridium (I11), 7:227

Trichlorodiammine (diethyl sulfide)-
iridium (III), formation of, from
trichlorotris(diethyl sulfide)ir-
idium (IIT), 7:227

Trichlore (diethylenetriamine)co-
balt (I11), 7:211

crs-Trichloro (diethyl sulfide) (di-
pyridine)iridium (III), forma-
tion of, from trichlorotris-
(diethyl sulfide)iridium (ITT),
7:227

Trichlorctriamminecobalt (I11),
formation of, from dichloro-
aquotriamminecobalt (I11),
6:182

Trichloro (tripyridine)chromium-
IIT), 7:132

Trichloro (tripyridine)iridium (I111),
¢is- and frans-, 7:229, 231

Trichloro (tripyridine)molybdenum-
(I11), 7:140

analysis of, 7:141

Trichlorotris(diethyl sulfide)iridium-

(I11), cis- and trans-, 7:224, 226
compound of trans-, with chloro-
form, 7:228

1,1,1-Triethylhydrazinium chloride,
5:92, 94

Trigermane, 7:37

INORGANIC SYNTHESES

1,1,1-Tri-n-heptylhydrazinium
chloride, 6:92

sym-Triiodophenol, formation of,
from monopyridineiodine (I)
chloride, 7:179

1,1,1-Triisopropythydrazinium
chloride, 6:92

Trimetaphosphimic acid, 6:79

Trimethylamine, coordination com-
pounds with boron fluoride
and chloride, §:26, 27

purification of, 2:159

Trimethylamine—sulfur dioxide,
2:159

1,1,1-Trimethylhydrazinium chlo-
ride, 5:92, 94

Trimethylsulfonium dichloroiodate-
@), 6:174

Trimethylsulfonium tetrachloro-
iodate(1II), 5:174

Trinitrato (diethylenetriamine)co~
balt(XIT), 7:212

Trinitrides (see Azides)

Trinitro (diethylenetriamine)cobalt-
(I1I), from cobalt(IT) nitrate,
7:209

from sodium hexanitrocobaltate-
(I1D), 7:210
from trans-trinitrotriammine-
cobalt (I111), 7:210
Trinitrotriamminecobalt (I11), 6:189
analysis of, 6:190

Trioxo (i-butylnitride)osmium-
(VIII), 6:207

(Triphenyl)aminophosphonium
chloride, 7:67

metathesis to hexafluorophos-
phate, perchlorate, nitro~
prusside, periodate, and
hexachloroplatinate(1V), 7:69

Triphosphates, determination of, in
mixtures of phosphates, 3:93

Tripotassium ditungsten enneachlo-
ride (see Potassium ennea-
chloroditungstate (IIT)

Tris(acetylacetonato)aluminum,
2:25
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Tris (acetylacetonato)chromium-
(I1I), 6:130
Tris(acetylacetonato)cobalt (ITT),
5:188
Tris(acetylacetonato)manganese-
(1I1), 7:183
Tris(acetylacetonato)silicon chlo-
ride hydrochloride, 7:30-31
Tris(acetylacetonato) silicon tetra-
chloroferrate (IIT), 7:32
Tris(acetylacetonato)silicon tri-
chlorozincate, 7:33
Tris(biguanidato)chromium (11T)
1-hydrate, 6:68
Tris(biguanide)chromium (ITI) chlo-
ride, 6:69
Tris(3-bromoacetylacetonato)-
chromium (I1I), 7:134
Tris(0,0'-diethyl dithiophosphato)-
chromium(IIT), 6:142
Tris(ethylenediamine)chromium-
(I1I) bromide, 4-hydrate, 2:199
Tris(ethylenediamine)chromium-
(I1I) chloride, 33-hydrate,
2:198
Tris(ethylenediamine)chromium-
(I11) iodide, 1-hydrate, 2:199
Tris(ethylenediamine)chromium-
(ITI) sulfate, 2:198
Tris(ethylenediamine)chromium-
(ITI) thiocyanate, 1-hydrate,
2:199
Tris(ethylenediamine)cobalt (1IT)
chloride, 2:221
Tris(ethylenediamine)cobalt (ITT)
iodide, dextro-, 6:185, 186
levo-, 6:185
Tris(ethylenediamine)eobalt (11T)
ion, resolution of, through chlo-
ride dextro-tartrate, 6:183
synthesis of deztro-, through chlo-
ride dezitro-tartrate, 6:186
Tris(ethylenediamine)nickel (II)
chloride, 2-hydrate, 6:200
Trisilane, octachloro-, 1:44
Trisilicon octachloride, 1:44
Tris (3-nitroacetylacetonato)cobalt-
(1), 7:205
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Tris(2,4-pentanedionato)aluminum,
2:25
Tris(2,4-pentanedionato) chromium-
(I11), 6:130
Tris(2,4-pentanedionato)cobalt-
(I1T), 5:188
Tris(2,4-pentanedionato)titanium
(V) tetrachloroferrate (I11),
2:120
Tris(1-phenylbiguanide)cobalt (I11)
chloride, 6:73
Tris(1-phenylbiguanide)cobalt (IT11)
hydroxide, 6:72
Tris(propylenediamine)nickel (IT)
chloride, 2-hydrate, 6:200
Tris[tetraammine-u-dihydroxo-co-
balt (I1I)]Jcobalt (III) sulfate,
hydrates, 6:176, 179
Tris(triphenylgermyl)amine, forma-
tion of, by triphenylbromo-
germane in liquid ammenia,
5:78
Trithiocyanato (diethylenetriamine)-
cobalt (I1I), 7:209
Tropylium bromide, for preparation
of eyclopentadienylechromium
tricarbonyl, 7:105
Tungsten, formation of, by tungsten
hexacarbonyl, §:138
Tungsten (V) chloride, anhydrous,
3:163; 7:167
complexes of, in preparation of
complex potassium chloro-
tungstates(I11), 6:149
Tungsten (0) complex compounds,
anions, with cyclopentadiene
and carbonyl, C;H;W(CO);H
and derivatives, 7:136, 139
Tungsten (I) complex compounds,
nonelectrolytes, with cyclo-
pentadiene and carbonyl,
[C5H5W(CO)3]2, 7:139
Tungsten (VI) fluoride, 3:181
Tungsten hexacarbonyl, §:135
12-Tungstophosphoric acid, 1:132
ether complex, 1:133



308

12-Tungstosilicic acid, 1:129
analysis of, 1:131
ether complex, 1:131

U

Uranium, determination of, in
uranyl hydrogen orthophos-
phate 4-hydrate, 5:151

powder by reduction of oxide with
calcium, 6:50
Uranium (IIT) chloride, 5:145
Uranium(IV) chloride, §:143
formation of, by uranium (ITT)
chloride, 5:148

Uranium (V) chloride, formation of,
in preparation of uranium (IV)
chloride, §:144

Uranium (IV) complex compounds,
anions, oxalato, K,U(C204)4-
5H,0, 3:169

Uranium (VI) complex compounds,
cations, with 8-quinolinol, U0
(CsHeNO), and UO,-
(CBHsNI)z'CgHeNOH, 4:101

Uranium (VI) dioxydichloride, 5§:148

Uranium (VI) hydrogen dioxyortho-
phosphate 4-hydrate, 5:150

analysis of, 5:151

Uranium (IV) oxalate, 3:166

Uranium (IV) oxide, formation of,
by uranyl chloride, 5:149

Uranium (IV)(VI) oxide, UsOs,
formation of, by uranyl chlo-
ride, 5:149

Uranyl chioride, §:148

1-hydrate, 7:146

Uranyl orthophosphate 4-hydrate,
UOQHPO4'4H20, 5:150

analysis of, §:151

Urazine (4-aminourazole), 4:29

from carbohydrazide, 4:30
from carbohydrazide-N-carbox-
amide, 4:31
salts of, 4:31
Urazole, 5:52
from ethyl allophanate, b:54

INORGANIC SYNTHESES

Urazole, hydrazine salt of, 6:53, 54
from methyl allophanate, §:53
Urea, qualitative test for, in cy-
anates, 2:89

v

Vanadium, bis(cyclopentadienyl)-,
7:102
Vanadium powder, by reduction of
oxide with caleium, 6:50
Vanadium (IY) chloride, 4:126
Vanadium (I1T) chloride, 4:128
anhydrous, for preparation of
cyclopentadienylvanadium
tetracarbonyl, 7:100
6-hydrate, 4:130
Vanadium (IV) chloride, removal of,
from vanadium (V) oxychloride,
1:107
Vanadium (I) ecomplex compounds,
nonelectrolytes, with cyclo-
pentadiene and carbonyl,
CaHsV(CO)4, T7:100
Vanadium (IIT) complex compounds,
formation by vanadium (ITT)
chloride, 4:130
Vanadium (IV) complex compounds,
nonelectrolytes, with acetyl-
acetone, VO(C:;H;0;)., 5:113,
114, 115
Vanadium (IT) fluoride, non-forma-
tion of, from vanadium (IIT)
fluoride, 7:91
Vanadium (IIT) fluoride, analysis of,
7:90 .
anhydrous, by decomposition of
ammonium hexafluoro-
vanadate (III), 7:87, 89
Vanadium (IT) hydroxide, 7:97
Vanadium (IIT) hydroxide, forma-
tion of greenish, from vana-
dium (IT) hydroxide, 7:99
Vanadium (IIT) oxide, black, 1:106;
(correction for vanadium (II)
oxide or hypovanadous oxide),
4:80
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Vanadium (IV) oxide sulfate, form-
ation of, from vanadium (I1T)
sulfate, 7:94

for preparation of vanadium (IT)
sulfate, 7:95

Vanadium oxyfluorides, probable
formation of yellow, from am-
monium hydrogen fluoride and
vanadium (V) oxide, 7:89n.

Vanadium oxytrichloride, 1:106;
(correction), 4:80; 6:119

Vanadium (IT) sulfate, hepta-
hydrate of, 7:96

Vanadium (IIT) sulfate, analysis of,
7:93

anhydrous, 7:92

Vanadyl(V) chloride, 1:106; 4:80;
6:119

Vermilion, 1:20

w

Water, for preparation of chromium-
(IT) acetate, 6:145n.

Whitlockite, formation of, in prepa-
ration of basic caleium ortho-
phosphate, 6:17

Wolfram (see Tungsten)

X

Xanthates, of selenium (IT) and
tellurium (IT), 4:91
Xenotime, extraction of, 2:38

Y

Ytterbium, isolation of materials
containing samarium, euro-
pium, and, by means of sodium
amalgam, §:32, 33

purification of, from lutetium
ytterbium acetate solution
with sodium amalgam, 6:36
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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

Yttrium nitrate, analysis of anhy-

drous, b:41

V/

Zinc chloride, anhydrous, §:154;
7:168
Zinc complex compounds, anions,
N-nitrosohydroxylamine-N-
sulfonato, [Zn (80;-N,0,);]4,
6:121
Zirconium, extraction of, from
cyrtolite and separation from
hafnium, 3:67, 74
powder by reduction of oxide with
caleium, 6:47
Zirconium bromide, anhydrous,
1:49
Zirconium chloride, anhydrous,
4:121; 7:167
Zirconium complex compounds, non-~
electrolytes, with acetylacetone,
ZT(CsH702)4‘10H20, 2:121
Zirconium (IV) iodide, T:52
analysis of, 7:53
Zirconium oxide, low in hafnium,
3:76
Zirconium oxybromide, formation
of, from zirconium bromide,
1:51
Zirconium oxychloride, 8:76
8-hydrate, purification of, 2:121
Zirconium phosphate, precipitation
of, with hafnium phosphate,
3:71
Zirconyl compounds (see specific
compounds under Zirconium
0xy-)
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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 easily found in the Subject Index. To this end, formulas have
been used wherever it seemed best in their usual form (7.e., as used in the
text) for easy recognition: PbQ., EuSQ,, 8i,Cs, ThOBr;. However, for
compounds containing the more uncommon elements and groupings and also
for complexes, the significant or ecentral 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):
PtCLK,; [A1(C204):]K;-3H,0; (106):BasH,. The guiding principle 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 2 formula, two or more entries have been made: AgClO; and
Cl0;:Ag; Al:Se; and SejAly; SF¢ and FeS (simple halides other than fluorides
are entered only under the other elements in most cases); NaNH, and
NH,Na; NH,SO;H and SO;HNH,.

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(CsH,04),-
10H:0; NaC=CH and CH=CNa.

The names used with the formulas are the preferred specific names of the
text or Subject Index.

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; formulas with special
isotopes follow the usual ones. This system results in arrangements such
as the following:

NH,S80;NH,
(NH2)202H4 (iustead Of N2H402H4, NszCz, or CzHgNz)
NH:

8i(CH;)Cl; FH
8i(CH;)sCl Fi*H
Si(CH=CH,)Cl, FNa
8i(C.H,C1)Cle F15Na,
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Cr(CN)sK; (instead of CrCeNKs)

Cr(C.H;0;); (instead of CrCHq0,)

[Cr(C204)3]K;:-3H:0 (instead of CrCe0,:K3-HeO; or CrCs01:K;H,)
[Cr(en):Cl;]JCI-H;O (“en” and a few similar abbreviations are retained for

simplicity and are alphabeted as such rather than as C.H,(INH,), or

(NH,),C-H,, etc.)
A

[Ag(CsHN):]JCIO, Dipyridine-
silver (I) perchlorate, 6:6

[Ag(CsH N),]NO; Dipyridine-
silver (I) nitrate, 7:172

[Ag(CsH1oH16)2](ClO,); Ethylene-
bisbiguanidesilver (I1I) per-
chlorate, 6:78

[Ag (C sN IOHI 6) 2] (OH) 3 Ethylene—
bisbiguanidesilver (IIT) hydrox-
ide, 6:78

[Ag (CGN 1 oHle) 2] (NO;) 3 Ethylene-
bisbiguanidesilver (III) nitrate,
6:78

[Ag(CleoH1ﬁ)2](SO4)3 Ethylene-
bisbiguanidesilver (IIT) sulfate,
6:77

AgCl Silver chloride, 1:3

AgClO; Silver chlorate, 2:4

AgF Silver(I) fluoride, 4:136;
5:19, 20

AgFy Silver(Il) fluoride, 3:176

AgFeS; Silver dithioferrate (I11),
6:171

Agl Silver iodide, 2:6

AgO Silver(II) oxide, 4:12

Ag,CN, Silver cyanamide, 1:98

Ag,CO; Silver(I) carbonate, 5:19

Ag.F Disilver fluoride, 6:18, 19

Ag,PO,F Silver monofluorophos-
phate, 3:109

Ag,0sNO; Silver oxynitrate, 4:13

AlBr; Aluminum bromide, 8:30,
33

[A1(C204)3]K;-3H,0 Potassium
trioxalatoaluminate, 1:36

Al(CsH;02); Aluminum acetylace-
tonate, 2:25

AlCl; Aluminum chloride, 7:167

[AICL)~[SeCl;]* Aluminum chlo-
ride, compound with selenium-
(IV) chloride, 5:127

AlCs(S04)»-12H,0 Cesium alum,
4:8

AlP  Aluminum phosphide, 4:23

AlIs  Aluminum iodide, 4:117

AlsSe; Aluminum selenide, 2:183,
184

As(CH;)Br, Arsine, methyldi-
bromo-, 7:82

As(CH;)Cl; Arsine, methyldi-
chloro-, 7:85

As(CH3)I: Arsine, methyldiiodo-,
6:113; 7:85

As(CH;),Br Arsine, dimethyl-
bromo-, 7:82

As(CH;),Cl Arsine, dimethyl-
chloro-, 7:85

As(CH;).1 Arsine, dimethyliodo-,
6:116; 7:85

As(CH;); Arsine, trimethyl-,
7:84n.

As(C;H;)Cl:  Arsine, ethyl-
dichloro-, 7:85

As(CyH;),Cl Arsine, diethyl-
chloro-, 7:85

As(Ce¢H;)Br: Arsine, phenyl-
dibromo-, 7:85

AsF; Arsenic (ITT) fluoride, 4:137,
150

AsH; Arsine, 7:34, 41

AsI; Arsenic(I1I) iodide, 1:103

As,H Arsenic hydrides, polymeric,
7:42

AuBr,K Potassium tetrabromoau-
rate (I11), 4:14, 16

AuClH Tetrachloroauric(IIT)
acid, 4:14, 15
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B
BBr; Boron bromide, 3:27, 29
BCl; Boron chloride, 3:27, 28, 29

BCl;-(CH;);N  Boron chloride—
trimethylamine, 6:27

BCl;-PCl; Boron chloride, com-
pound with phosphorus(V)
chloride, 7:79

BCL® Boron chloride(Cl3%), 7:160

BF; Boron fluoride, 1:21, 23;
compound with hexamethyl-
disilazane, b:58

BF; (CH;);N Boron fluoride—tri-
methylamine, §:26

BF.H Tetrafluoroboric acid, 1:25

BF,K Potassium tetrafluoro-
borate, 1:24

BF.NH; Ammonium tetrafluoro-
borate, 2:23

BH,K Potassium tetrahydro-
borate, 7:34

B(OC.H;): Ethyl orthoborate,
5:29
B:0; Boron oxide, 2:22

Ba(Br0;)»-H,O Barium bromate,
2:20

BaC,H,O,
6:184

Ba (I0;):-H:O0 Barium iodate
1-hydrate, 7:13

Ba(SCN): Barium thiocyanate,
3:24

Ba;H4(I0¢): Barium para-
periodate, 1:171

Be(C;H70:): Beryllium acetylace-
tonate, 2:17

Be(C¢Hs0;): Beryllium derivative
of ethyl acetoacetate, 2:19

Be(Ci0Hs02): Beryllium derivative
of benzoylacetone, 2:19

Be(Ci1;H1102)2  Beryllium deriva-
tive of dibenzoylmethane, 2:19

BeCl; Beryllium chloride, 5:22

(Be0),-(BeCOs), Beryllium carbo-
nate, 3:10

Be;O(CHOz)s
3:7,8

Barium dextro-tartrate,

Beryllium formate,
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Be,0(CeH30:)2(C,H;02),  Beryl-
lium diacetate tetraisobutyrate,
3.7
Be,O(CyH;02)3(C:Hs02);  Beryl-
lium triacetate tripropionate,
3:7,8
Be40(CzH302)g
83:4,7,89
Be,0(C;H;0,)s Beryllium propio-
nate, 83:7, 8, 9, 10
Be,O(CH;0:)s Beryllium butyr-
ate, 3:7, 8
Beryllium isobutyrate, 3:7, 8
Be,O(CsHs02)s Beryllium isovaler-
ate, 8:7
Beryllium pivalate, 8:7, 8
Be4O(C7H40102)5 Beryllium
o-chlorobenzoate, 8:7
BesO(C:H;:02)¢ Beryllium ben-
zoate, 3:7
BiBr.CH; Bismuthine, methyl-
dibromo-, 7:85
Bil; Bismuth(II1) iodide, 4:114
2Bi(NO;);-3Mg(NO;),24H,0 Bis-
muth magnesium nitrate, 2:57
[Br(CsH;N),]JClO, Dipyridine-
bromine(I) perchlorate, 7:173
[Br(CsH;N),] NO; Dipyridine-
bromine(I) nitrate, 7:172
BrCl,N(CH;), Tetramethylammo-
nium dichlorobromate(I),
51172
BrF Bromine(I) fluoride, 3:185
BrF; Bromine(III) fluoride, 3:184
BrF; Bromine(V) fluoride, 3:185
BrH Hydrobromie acid, 1:151,
152, 155
Hydrogen bromide, 1:39, 114,
149, 150, 151, 152
(BrO3;):Ba-H,O Barium bromate,
2:20
Br.NH Dibromamide, 1:62, 64
Br;N(CH;); Tetramethylammo-
nium dibromobromate(I),
5:172
Br;N(C,Hy), Tetrabutylammo-
nium dibromobromate (I),
5:177

Beryllium acetate,
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C

CF; Carbon tetrafluoride, 1:34,

3:178

CH=CH Acetylene, 2:76

CH=CNa Monosodium acetylide,
2:75, 76, 79

(CH,CO);NBr N-Bromosuc-
cinimide, 7:135n.

CH;COCH,COCH; Acetylacetone
(2,4-pentanedione), 2:10

CH,;CO.C;H; Isopropyl acetate,
3:48

CH,CO,H Acetic acid, 2:119

Cly Carbon tetraiodide, 3:37

(CN): Cyanogen, 5:43, 44

(CN). Paracyanogen, 2:92n.

CNCl Cyanogen chloride, 2:90,
93

(CN):Ni Nickel cyanide, 2:228

C(=NH)(NH,)NHCN Dicya-
nodiamide, 3:43

[C(=NH)(NH,),HI]NO; Guanido-
nium nitrate, 1:94, 96, 97

[C(NH,),(N:H;)JHCO; Amino-
guanidonium hydrogen carbo-
nate, 3:45

CN,Ag, Silver cyanamide, 1:98

CN,H, Cyanamide, 8:39, 41

CNa=CNa Disodium acetylide,
2:79, 80

CO Carbon monoxide, 2:81;
6:157n.

COF; Carbonyl fluoride, 6:155

CO(Nj;): Carbonyl azide, 4:35

CO; Carbon dioxide, §:44n.;
6:157n.

C8, (CH,);P Phosphine, tri-n-
butyl, compound with carbon
disulfide, 6:90

C;N;Cl;  Cyanuric chloride, 2:94

C,H,OsBa Barium dexiro-tartrate,
6:184

C.H,06Co Cobalt(II) dextro-
tartrate, 6:187

(CsH;):Fe Ferrocene, 6:11, 15

(CsH;):Mg Bis(cyclopentadienyl)-
magnesium, 6:11

INORGANIC SYNTHESES

C;Hs Cyclopentadiene, 6:11;7:101

CeHI;OH sym-Triiodophenol,
7:179

[CcH (OH)CH=NCH,], N,N’-
Disalicylalethylenediamine,
3:198

C7Hs Dltropyl, 7:106

C;H;Br Tropylium bromide, 7:105

CaCO; Marble, 2:49

CaCl, Caleium chloride, 6:20n.

CaF, Calcium fluoride, 4:137

CaHPO, Calcium hydrogen ortho-
phosphate, 4:19, 22; 6:16-17;

~ 2-hydrate, 4:19, 20

C&(H2P04)2'H20 Calcium dlhy-
drogen orthophosphate 1-hy-
drate, 4:18

Ca(OCl); Caleium hypochlorite,
5:161, 165

Cas(POy): Whitlockite, 6:17

Cas(OH) (PO,); or Cao(OH)»-
(POy4)s Calcium orthophos-
phate, basie, 6:16; 7:63

CdCl; Cadmium chloride, §:154;
7:168

Ce(NOs)s
2:51

2Ce(NQO;)3-3Mg(NO;).-24H,0
Cerium (I11) magnesium nitrate,
2:57

CI3%D Deuterium chloride (CI3%),
T7:155

CIH Hydrogen chloride, 1:147;
2:72; 8:14, 131; 4:57, 58;
5:25n.; 6:55

CINH; Chloramide, 1:59, 62; 5:92

CINO Nitrosyl chloride, 1:55, 57;
4:48

CINO, Nitryl chloride, 4:52

CIOH Hypochlorous acid, §:160,
164; 2-hydrate, 5:161

CIONa Sodium hypochlorite, 1:90;
5:159n.

(C10):Ca  Calcium hypochlorite,
5:161, 165

Cl0; Chlorine(IV) oxide, 4:152;
8-hydrate, 4:158

ClO;Na Sodium chlorite, 4:156

Cerium (ITI) nitrate,
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Cl0;Ag Silver chlorate, 2:4

ClO;H Chloric acid, 6:161, 164

CIO;Na Sodium chlorate, 5:159n.

ClOJAg(CsH;N);] Dipyridine-
silver(I) perchlorate, 6:6

ClO0,H Perchloric acid, 2:28

(C10,)sGa-6(and 93)H,O Gal-
lium (IIT) perchlorate, 2:26, 28

CIS04(C.H,Cl) 2-Chloroethyl
chlorosulfonate, 4:85

CISO;H  Chlorosulfonic acid, 4:52

Cl;0 Chiorine(I) oxide, §:156,
158, 159, 162

CI;N  Nitrogen (I1I) chloride, 1:65,
67

ClsC2 Hexachloroethane, 4:124

Co[(CH;C0);CNO;];Co Tris-
(3-nitroacetylacetonato)cobalt-
(I11), 7:205

Co(CN)¢K: Potassium hexacyano-
cobaltate (I1T), 2:225

[Co(CO);)s Tetracobalt dodecacar-
bonyl, 2:243; 5:191x.

[Co(CO)J(CsHNH) Cobalt tetra-
carbonyl hydride, pyridinium
salt, 5:194

Co(CO)H Cobalt tetracarbonyl
hydride, 2:238, 240; 6:190, 192,
194

Co(CO)4K Cobalt tetracarbonyl
hydride, potassium salt, 2:238

[Co(CO}4. Dicobalt octacarbonyl,
2:238, 242; 6:190, 194

[Co(CO)Jo{Co(CsHN)sl  Cobalt
tetracarbonyl hydride, hexa-
pyridinecobalt(II) salt, 5:192

[Co(CO) J2[Ni(Ci:HsN2)s] Cobalt
tetracarbonyl hydride, tris-
(1,10-phenanthroline)nickel-
(II) salt, 6:193n., 195

CoCO; Cobalt(Il) carbonate,
6:189

[Co(Cy04)5]K; Potassium trioxa-
latocobaltate (I11), 1:37

CoC,H,05 Cobalt(II) dextro-tar-
trate, 6:187

CoC:;H;(CO): Cyclopentadienyl-
cobalt dicarbonyl, 7:112

315

Co(CyHj)s Bis(eyclopentadienyl)-
cobalt, 7:113

[Co(CsHN))[Co(CO)4]: Cobalt
tetracarbonyl hydride, hexa-
pyridinecobalt (IT) salt, 5:192

Co(Cs;H:0;); Cobalt (III) acetyl-
acetonate, 6:188

[CO (CsH502N5H6)3]Cla-2.5H20
Tris(phenylbiguanide)cobalt-
(III) chloride, 6:73

[CO (CsHsCzN 5H 5) 3] (OH) 3 Tris-
(1-phenylbiguanide)cobalt (11T)
hydroxide, 6:72

CO (Con]zNgOs)Hg Cobalt ethyl-
enediaminetetraacetate, 6 :187n.

[Co(C1oH 12N 0s)]K  Potassium
(ethylenediaminetetraacetato)-
cobaltate (I11), 5:186

[Co(C1oH1:N:05)]Na  Sodium
(ethylenediaminetetraacetato)-
cobaltate (I1I), 5:186

[CO(ClaleNQOs)]zBa"LHzO Bar-
ium (ethylenediaminetetra-
acetato)cobaltate (111) 4-hy-
drate, 5:186

{{Co(C1sH 1 N20,)]:H,0} Bis-
[N,N’-disalicylalethylenedi-
amine-u-aquo-dicobalt (I1)],
3:196, 198

CoCl; Cobalt(II) chloride, §:154;
7:113

[Co(dien)Cl;] Trichloro(diethyl-

" enetriamine)cobalt (IIT), 7:211

[Co(dien) (NH;3)(NO,)¢]Cl Di-
nitroammine (diethylenetri-
amine)cobalt (I1T) chloride,
7:211

[Co(dien) (NQ;):Cl] Dinitrochloro-
(diethylenetriamine)cobalt-
(III), 7:210

{Co(dien)(NO5);] Trinitro (diethyl-
enetriamine)cobalt (I1T), 7:209

[Co(dien) (NQ3)s] Trinitrato-
(diethylenetriamine)cobalt-
(1I1), 7:212

[Co(dien) (SCN),OH] Dithio-
cyanatohydroxo (diethylene-
triamine)cobalt (I11), 7:208
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[Co(dien)(SCN);] Trithio-

cyanato (diethylenetriamine)-
cobalt (I11), 7:209

[Co(en):Cl,]JCl cis- and trans-Di-
chlorobis(ethylenediamine)co-
balt (III) chloride, 2:222, 223,
224

[Co(en):(NO3)2)Br Dinitrobis-
(ethylenediamine)cobalt (I1T)
bromide, 6:196

[Co(en)2(NO3)s]Cl Dinitrobis-
(ethylenediamine)cobalt (I1T)
chloride, 6:192

[Co(en)s(INO2)4)[Co(enta)]-3H,0O
¢ts-Dinitrobis (ethylenedi-
amine)cobalt (ITT) ethylenedi-
aminetetraacetatocobaltate-
(I11), 6:193

[{Co(en)2(NO2):]NO; c¢is-Dinitro-
bis(ethylenediamine)cobalt (III)
nitrite, 4:178

[Co(en)2(NO2)]NO; cis-and trans-
Dinitrobis(ethylenediamine)co-
balt (IIT) nitrate, 4:176, 177

[Co(en)2(NO2)2]SbOCH,O Dini-
trobis(ethylenediamine)cobalt-
(I1T) antimony dextro-tartrate,
6:195

[Co(en);]CICH,06-5H:0 Tris-
(ethylenediamine)cobalt (I1T)
chloride dextro-tartrate,
6:183, 186

[Co(en);]Cl; Tris(ethylenedi-
amine)cobalt(III) chloride,
2:221

[Co(en);]I;-H,O0 Tris(ethylenedi-
amine)cobalt (I1I) iodide, 6 :185,
186

[Co(enta)]K Potassium ethylene-
diaminetetraacetatocobaltate-
(I1I), 6:193, 194

CoF; Cobalt (I1I) fluoride,
3:175

[Co{NH(C;H,N);}Cl;] Dichloro-
(di-2-pyridylamine)cobalt(II),
5:184

Co(NH;)3;(C204)NO: Nitro-
oxalatotriamminecobalt (I1I),
6:191

INORGANIC SYNTHESES

[Co(NH,):C1{Cs04)] Chloro-
oxalatotriamminecobalt (III),
6:182

Co(NH;);Cl(NO,), Chlorodinitro-
triamminecobalt (I1I), 6:191

[Co(NH;);Cl;] Trichlorotri-
amminecobalt (IIT), 6:182

[Co(NH;)s(H.0)CL,)JCl Dichloro-
aquotriamminecobalt (I1T)
chloride, 6:180, 191

[CO (NHa);(HgO)a(NOs)a Tl‘i—
aquotriamminecobalt (I11) ni-
trate, 6:191

Co(NH,;),(NO3); Trinitrotri-

. amminecobalt (1IT), 6:189

[Co(NH;),CO;]C1 Carbonatotet-
ramminecobalt (IIT) chloride,
6:177

[Co(NHj;)CO;]NO,; Carbonato-
tetramminecobalt (III) nitrate,
6:173; analogous salts, 6:174

[Co(NH;)(«(H0)Cl]Cl; c¢is-Chloro-
aquotetramminecobalt (I1T)
chloride, 6:178

[Co(NH3).(H20)Cl1]SO, ¢is-Chloro-
aquotetramminecobalt (I11)
sulfate, 6:177, 178

Co[(NH)i(Hy0)2]2(804)s  cis-Di-
aquotetramminecobalt (I11)
sulfate, 6:179

[Co(NH;)sBr]Br; Bromopentam-
minecobalt (IIT) bromide,

1:186

[Co(NH;)sCO3]NO; Carbonato-
pentamminecobalt (IIT) nitrate,
4:171

[Co(NH;):C.Hi0:](NO3s): Acetato-
pentamminecobalt (III) nitrate,
4:175

[Co (NH;)sCl]Cl; Chloropentam-
minecobalt (IIT) chloride, 5:185;
6:182

[Co(NH,;)sF}(NO3s): Fluoropen-
tamminecobalt (ITI) nitrate,
4:172

[Co(NH;);H.0lBr; Aquopentam-
minecobalt (III) bromide, 1:187,
188
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[Co(NH,;)s1}(NO;): Iodopentam-
minecobalt (ITI) nitrate, 4:173

[Co(NH;)sNOJCl, Nitrosylpen-
tamminecobalt(II) chloride,
4:168; (corr.), 5:185

[{Co(NH;);NO]Cl; Nitrosylpen-
tamminecobalt (IIT) chloride,
4:168; (corr.), 5:185

[CO (NHa) 5N02] (NOa)z Nitropen—
tamminecobalt (III) nitrate,
4:174

[Co(NH,)sNO;J(NO3). Nitrato-
pentamminecobalt (I1T) nitrate,
4:174

[Co(NH;)6)Br; Hexamminecobalt-
(ITII) bromide, 2:219

[Co(NH3)6}Cl; Hexamminecobalt-
(AII) chloride, 2:127; 6-am-
moniate, 2:220

[Co(NH;)s](NO3); Hexammineco-
balt (ITI) nitrate, 2:218

[CO (NH;;) 5]2(0204)3'4H20 Hexam-
minecobalt (III) oxalate, 2:220

CoNO(CO); Cobalt nitrosyl tri~
carbonyl, 2:238, 239

[Co {(OH)2Co (NH3)4}3](804)s
Tris[tetrammine-u-dihydroxo-
cobalt (11T)cobalt (I11) sulfate,
hydrates, 6:176, 179

CO(P(OCzHrJzSﬂ; Cobalt(III)
0,0’-diethyl dithiophosphate,
6:142

Co:(804);18H,0 Cobalt(11I)
sulfate 18-hydrate, 5:181

Cr(CN):K; Potassium hexacyano-
chromate (I11), 2:203

Cr(CO)s Chromium hexacarbonyl,
3:156

Cr(C,H;0;)2 Chromium (I1) ace-
tate, 1:122; 3:148; 6:145

Cr(C:N;Hs):-H,O Tris(biguani-
dato)chromium (ITI), 6:68

[Cr(C:N:H;);,0OH(H,0)]SO, Hy-
droxoaquobis(biguanide)chro-
mium (IIT) sulfate, 6:70

[Cr(C.N;H:);]Cl; Tris(biguanide)-
chromium (ITT) chloride, 6:69

[Cr(C204):]K;:-3H,0 Potassium
trioxalatochromate (I1T), 1:37
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CrC;H;(CO);H  Cyclopentadienyl-
chromium tricarbonyl hydride,
and derivatives, 7:136, 139;
sodium derivative, 7:104

[CrCsHs(CO);s], Cyclopenta-
dienylchromium tricarbonyl,
dimer, 7:104, 139

{CrCsHs(CO);].Hg Bis(cyclo-
pentadienylchromium tri-
carbonyl)mercury, 7:104

[Cr(CsH;sN);Cl; Trichloro (tri-
pyridine)chremium (I11),
T:132

Cr(CsH¢Br0O;); Tris(3-bromo-
acetylacetonato)chromium
III), 7:134

Cr(C;H;0:); Chromium (IIT)
acetylacetonate, §:130

Cr(CsH¢): Bisbenzenechromium-
(0), 6:132, 133

[Cr(CeHs)2)I Bisbenzenechro-
mium (I) iodide, 6:132, 136

CrCl; Chromium (IT) chloride,
1:124, 125; 3:150

3- and 4-hydrates, 1:126

CrCl; Chromium (I1I) chloride,
2:193; 6:154; 6:129

[Cr(en):Cl:]JCI-H:O ¢is-Dichloro-
bis(ethylenediamine)chromium-
(I11) chloride, 2:200, 201

[Cr(en)(SCN).J(SCN)-H,O {trans-
Bis(thioeyanato)bis(ethylenedi-
amine)chromium (ITT) thiocy-
anate, 2:200, 202

[Cr(en);)Br;-4H,0 Tris(ethylenedi-
amine)chromium (I11) bromide,
2:199

[Cr(en);]Cl3-33H,0 Tris(ethylene-
diamine)chromium (I11) chlo-
ride, 2:198

[Cr(en);)I3-H,O Tris(ethylenedi-
amine)chromium (I11) iodide,
2:199

[Cr(en):](SCN);-H,O Tris(ethyl-
enediamine)chromium (IIT)
thiocyanate, 2:199

[Cr(en);}2(SO,); Tris(ethylenedi-
amine)chromium (ITIT) sulfate,
2:198
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CI'Iz
CI'I;

Chromium (IT) iodide, 5:130
Chromium (II1) iodide, §:128,

129

[Cr(NH,):Br]Br: Bromopentam-
minechromium (IIT) bromide,
b5:134

[Cr(NH;);Cl]Cl, Chloropentam-
minechromium (I1I) chloride,
2:196; 6:138

[Cr(NH.:)s(H:0)]Br; Aquopen-
tamminechromium (IIT) bro-
mide, 65:134

[Cr(NH;);(H:0)]Cl; Aquopent-
amminechromium (I1I) chlo-
ride, 6:141

[Cr(NH;)s(H.0)](NO;); Aquo-
pentamminechromium (Y1)
nitrate, 6:134

[Cr(NH;);(H.0))(NO;)s: NHNO,
Aquopentamminechromium-
(ITI) ammonium nitrate, §:132

[Cl‘(NHs)s(NOz)](NOa)2 Nitl‘O-
pentamminechromivm (I1T)
nitrate, 5:133

[Cr(NH;)s(NO3)I(NO;)» Nitra-
topentamminechromium (IIT)
nitrate, 5:133

[Cr(NH;)6]Cl; Hexamminechro-
mium (ITT) chloride, 2:196

[Cr(NH3)e](NO3); Hexammine-
chromium (IIT) nitrate, 8:153

Cr0:Cl; Chromyl chloride, 2:205

Cr0;2C:H;N Pyridine—chro-
mium (VI) oxide, 4:94

Cr0;2CsH;N 3 (and 4)-Picoline-
chromium (VI) oxide, 4:95

CrO;CIK Potassium monochloro-
chromate, 2:208

(Cr04);Cr; Chromium (III) chro-
mate, 2:192

Cr[P(OC2H5)58:];  Chromium (ITT)
0,0’-diethyl dithiophosphate,
6:142

Cr:0; + rH,0 Chromium (I1I)
oxide gel, 2:190, 191

Cr:(804); Chromium (III) sulfate,

2:197

INORGANIC SYNTHESES

CsAl(804)»12H,0 Cesium alum,
4:8

3CsCl-28bCl; Cesium antimony-
(III) chloride, 4:6

CsNO; Cesium nitrate, 4:6; 1-hy-
drogen nitrate, 4:7

CsN; Cesium azide, 1:79

CsTi(804)2:12H,0 Cesium tita-
nium alum, 6:50

CuBr Copper(I) bromide, 2:3

{CuBr),C,H; Dibromo-u-1,4-
butadiene-dicopper (1), 6:218

[Cu(C;0,):]K; Potassium di-
oxalatocuprate (II) 2-hydrate,
6:1

[Cu{(n-C,H,);P}I], Tetrakis-
[iodo (tri-n-butylphosphine)-
copper(I})], 7:10

[Cu(C:HN) {(n-C,Hy)sP}I]  Todo-
(2,2'-bipyridine) (tri-n-butyl-
phosphine)copper(I), 7:11

[Cu (CsH4N) 2I] 2 Di—ﬂ-iOdO-biS-
{2,2'-bipyridinedicopper(I)], 7:12

CuCl Copper(I) chloride, 2:1

[CuCl-CO)-2H0 Copper carbonyl
chloride, 2:4

(CuCl),C,Hs Dichloro-u-1,4-
butadiene-dicopper (1), 6:217

CuCl; Copper(II) chloride, 5:154

[Cu(en)s)[Culs]): Bis(ethylenedi-
amine)copper (II) diiodocup-
rate(I), 5:16, 17

[Cu(en).)I, Bis(ethylenediamine)-
copper(I1) iodide, 5:18

[Cu(HOaSCeH4C2N5H5)2] Copper-
(II) complexes of 1-phenyl-
biguanide-p-sulfonic acid,
7:6,7

Cul Copper(I) iodide, 6:3

[Cul.:)s[Cu(en):] Bis(ethylenedi-
amine)copper(1I) diiodocup-
rate(I), 5:16, 17

[Cu{NH(C;HN);}Cl:] Dichloro-
(di-2-pyridylamine)copper (II),
65:14

[Cu {NH (CaH4N) 2 } 2]012 BiS (di-2-
pyridylamine)copper (IT) chlo-
ride, 5:14, 15
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D

DCi%  Deuterium chloride, 7:155

DsSO4 Deuterosulfuric acid, 6:21;
T:155

D;PO,; Deuterophosphoric acid,
6:81

E

EuCO; Europium (IT) carbonate,
2:69, 71

Eu(C:H:05).,
tate, 2:68

Eu (C2H302) 3
tate, 2:66

EuCl, Europium (II) chioride,
2:68, 69, 71

EuS80, Europium(Il) sulfate, 2:69,
70

Eu,(Cy04)210H,0 Eurepium (I111)
oxalate, 2:66

Eu,0; Europium (ITI) oxide, 2:66

Eu;Hg, Europium amalgam,
2:68n.

Europium (II) ace-

Europium (ITI) ace-

F

FAg Silver(l) fluoride, 4:136;
5:19, 20

FAg, Disilver fluoride, 5:18

FBr Bromine(I) fluoride, 3:185

FH Hydrogen fluoride, 1:134;
3:112; 4:136; 7:123

F1sH  Hydrogen fluoride (F18),
7:154

FHg Mercury(I) fluoride, 4:136

FNa Sodium fluoride, 7:120n.

FtNa Sodium fluoride(F18), 7:150

FPOCI(CH;) Methyl chlorofluoro-
phosphite, 4:141

FPO;Ag: Silver monofluorophos-
phate, 3:109

FPO;K, Potassium monofluoro-
phosphate, 3:109

FPO;(NHy): Ammonium mono-
fluorophosphate, 2:155

319

FPO;Na; Sodium monofluorophos-
phate, 3:106, 108

FSO;H Fluorosulfuric acid, 7:127

F.Ag Silver(II) fluoride, 3:176

F,CO Carbonyl fluoride, 6:155

F:Ca Calcium fluoride, 4:137

F.Hg Mercury(II) fluoride, 4:136

F.KH Potassium hydrogen fluo-
ride, 1:140

F;Ni Nickel(IT) fluoride, 8:173

F,O Oxygen fluoride, 1:109

F.PO(CH;) Methyl difluorophos-
phite, 4:141

F,PO,NH, Ammonium difluoro-
phosphate, 2:157

F.SO Thionyl fluoride, 6:162;
7:123

F.80: Sulfuryl fluoride, 6:158

F2850¢ Peroxydisulfuryl difluoride,
7:124

¥,V  Vanadium II) fluoride, 7:91

F3;As  Arsenic(IIT) fluoride, 4:137,
150

F;B Boron fluoride, 1:21, 23;
compound with hexamethyl-
disilazane, 6:58

F;B-(CH;);N Boron fluoride-tri-
methylamine, §:26

F;Br Bromine(1II) fluoride, 3:184

(F3C);0: Perfluorodimethyl per-
oxide, 6:157

F;Co Cobalt(III) fluoride, 3:175

F,P Phosphorus(III) fluoride,
4:149; §:95

F:;Sb  Antimony (III) fluoride,
4:134

F;V Vanadium (IIT) fluoride,
7:87, 90

¥,C Carbon tetrafluoride, 1:34;
3:178

F.Ge Germanium(IV) fluoride,
4:147

FS Sulfur(V) fluoride, 7:119

F.Si Silicon tetrafluoride, 4:145

F;s;Br- Bromine(V) fluoride, 3:185

F;Nb Niobium (V) fluoride, 3:179

FsTa Tantalum (V) fluoride, 3:179
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FsGeBa Barium hexafluorogerma-
nate(IV), 4:147

F:PK Potassium hexafluorophos-
phate, 8:111, 115

F:PNH; Ammonium hexafluorc-
phosphate, 3:111, 114

FePNa Sodium hexafluorophos-
phate, 3:111, 115

FS Sulfur(VI) fluoride, 1:121;
3:119

FeSe Selenium (VI) fluoride, 1:121

FeSiBa Barium hexafluorosilicate,
4:145

F¢Te Tellurium(VI) fluoride, 1:121

FV(NH,); Ammonium hexa-
fluorovanadate (I11), 7:88, 89

F¢W Tungsten(VI) fluoride, 3:181

FeBr;6NH; Iron(II) bromide,
6-ammoniate, 4:161

Fe(CHO;);.-2H,O0 Iron(II) for-
mate, 4:159

Fe(CO)H; Iron tetracarbonyl di-
hydride, 2:243; potassium salt,
2:244; sodium salts, 7:194, 197

[Fe (C 204) 3] K;3H;O Potassium
trioxalatoferrate(III), 1:36

FeCsH(CO),I  Cyclopentadienyl-
iron dicarbonyl iodide, 7:110

FeC;H;5(CO):Na Cyclopentadi-
enyliron dicarbonyl, sodium
derivative, T:112

[FeCsH;(CO),): Cyclopentadi-
enyliron dicarbonyl, dimer,
7:110

Fe(Cs;H;), Ferrocene, 6:11, 15

Fe®5:59(C;H;),  Ferrocene (Febs.59),
7:201, 202

Fe®5:59(CyH;),ClO,  “Ferricinium-
(Fe5%52)” perchlorate, 7:203;
analogous salts, 7:205

[Fe(CsHsN),JCl: Tetrapyridine-
iron (I1) chloride, 1:184

FeCl: Iron(II) chloride, 6:172;
1-hydrate, §:181; 2-hydrate,
6:179

FeCl; Iron(III) chloride, 3:190;
4:124; 6:24n., 154; 7:167

INORGANIC SYNTHESES

FeO:H g-Iron(I11) oxide hydrate,
2:215

FeO,K, Potassium ferrate(VI),
4:164

FeS(OH):Na; Sodium trihydroxo-
thioferrate(I1), 6:170

FeS,Ag Silver dithioferrate (I11),
6:171

FeS;K Potassium dithioferrate-
11I), 6:170

Fe,O; y-Iron(IIX) oxide, 1:185

Fe;0:-H,0  8-Iron (I11) oxide hy-
drate, 2:215

v-Iron (ITT) oxide hydrate, 1:185

Fe:S;K, Potassium trithiodifer-
rate(I1), 6:171

Fe3(CO);z  Triiron dodecacarbonyl,
7:193, 197n.

G

GaCl: Gallium (IT) chloride, 4:111

GaCl; Gallium (ITT) chloride, 1:26

GaCl;PCl;  Gallium (I11) chloride,
compound with phosphorus(V)
chloride, 7:81

Ga(Cl0,)s-6(and 94)H,O Gal-
lium (ITT) perchlorate, 2:26, 28

Ga[GaBr,] Gallium ) tetrabromo-
gallate(IIT), 6:33

GaN  Gallium (IIT) nitride, 7:16

GayBrs Gallium (ITT) bromide, 6:31

Ga:0; Gallium (I11) oxide, 2:29

Gd(NO;); Gadolinium nitrate,
6:41

Ge(CH.C1)Cl; (Chloromethyl)ger-
manium trichloride, 6:39

Ge(CH.C]),Cl: Bis(chloromethyl)-
germanium dichloride, 6:40

Ge(CH;)I; Methylgermanium tri-
iodide, 3:64, 66

Ge(CeH;).Br. Germane, dipheny!-
dibromo-, 5:76

Ge(CsH;)o:H: Germane, diphenyl-,
6:74,78

Ge(CeH;)aNas Sodium, (diphenyl-
germyl)di-; 6:72
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Ge(CeH;):Br Germane, triphenyl-
bromo-, §:74, 76, 77

Ge(CeH;s);H Germane, tri-
phenyl-, 6:76, 77

Ge(CsH;)3;Na Sodium, (triphenyl-
germyl)-, 5:72, 74

[Ge(CsH;)3]:0 Digermoxane, hexa-
phenyl-, 5:78

[Ge(CeHs)s]sN  Tris(triphenyl-
germyl)amine, 5:78

Ge(CeH;)i Germane, tetraphenyl-,
6:70, 73, 78

GeCl, Germanium (IV) chloride,
2:109

GeCl? Germanium (IV) chloride-
(C125), T:160

GeF: Germanium(IV) fluoride,
4:147

GeF¢Ba Barium hexafluorogerma-
nate(IV), 4:147

GeH; Germane, 7:36

GeH. Germanium hydrides, poly-
meric, 7:37

Gel, Germanium (II) iodide,

2:106; 3:63

Germanium (IV) iodide,

2:112

GeNH Germanium (IT) imide,
2:108

Ge(NH),
2:114

Ge(NHC¢H;); Germane, tetra-
anilino-, §:61

GeS Germanium (IT) sulfide, 2:104

Ge2(Ce¢H;)s Digermane, hexa-
phenyl-, §:72, 78

Ge:Hs Digermane, 7:36

Ge;Hs Trigermane, 7:37

Gel,

Germanium (IV) imide,

H

HfCl, Hafnium chloride, 4:121

HgCl: Mercury(II) chloride, com-
pound with tri-n-butylphos-
phine, 6:90

HgF Mercury(I) fluoride, 4:136

HgF; Mercury(II) fluoride, 4:136
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HgO Mercury (II) oxide, 5:157
159
HgS Mercury(II) sulfide, 1:19
{Hg(SCN.H,)CI]C1 Mercury(II)
chloride monothiourea, 6:26
[Hg(SCN,H,).]Cl; Mercury(II)
chloride dithiourea, 6:27
[Hg (SCN.H,);ICl: Mercury (IT)
chloride trithiourea, 6:28
[Hg(SCN,H,),)Cl, Mercury (IT)
chloride tetrathiourea, 6:28
Hg:FEus; Europium amalgam,
2:68n.

I

IBrCIN(CH;), Tetramethylam-
monium bromochloroiodate (I),
5:172

IBr:Cs Cesium dibromoiodate(I),
b5:172

IBr:N(CH;); Tetramethylammo-
nium dibromoiodate(I), §:172

IBr:N(C;H;); Tetrapropylam-
monium dibromoiodate (I),
5:172

[I(CsHsN)]Cl or [I(C:H;N)Cl}
Monopyridineiodine(I) chlo-
ride or chloro(pyridine)iodine-
@), 7:176

I (C 9H1N) (CsHsCOO) Mono-
quinolineiodine (I) benzoate,
7:170

IC1 Iodine(I) chloride, 1:165

IC1:Cs Cesium dichloroiodate(I),
4:9;5:172

ICI,N(CH;); Tetramethylammo-
nium dichloroiodate (1), §:176

ICI,N(C.H;); Tetraethylammo-
nium dichloroiodate(I), 5:172

ICI:N(C;H,); Tetrapropylammo-
nium dichloroiodate(I), 5:172

ICI:N(CH,)¢ Tetrabutylammo-
nium dichloroiodate(I), §:172

ICI,Rb Rubidium dichloroiodate-
{1, 6:172

ICI,S(CH;); Trimethylsulfonium
dichloroiodate(I), 6:172
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ICl; Todine(III) chloride, 1:167
ICI,N(CH;)s Tetramethylammo-

nium tetrachloroiodate (IT1),
5:172

ICIN(C;Hy)y Tetrabutylammo-
nium tetrachloroiodate (III),
5:176

IC1S(CH;); Trimethylsulfonium
tetrachloroiodate (111), 5:172

IH Hydriodic acid, 1:157, 158,
159, 162; 2:210

Hydrogen iodide, 1:159; 7:180

I0;Na Sodium iodate, 1:168

I0,K Potassium metaperiodate,
1:171

IO;Na Sodium metaperiodate,
1:170

I0¢H; Paraperiodic acid, 1:172,
173

I0:KNi-1H,0 Potassium nickel-
(IV) paraperiodate 2-hydrate,
5:201, 202, 203

I0NaNi-H;0 Sodium nickel(IV)
paraperiodate 1-hydrate, 5:201,
203

I0¢Na;H,; Sodium paraperiodate,
1:169, 170; 2:212

(106):Ba;H, Barium paraperio-
date, 1:171

I.BrN(CH;); Tetramethylammo-
nium bromoiodoiodate(I),
5:172

I.CIN(CH;); Tetramethylammo-

nium chloroiodoiodate (1),

5:172

Cesium diiodoiodate(I),

5:172

I:N(CH;); Tetramethylammo-
nium diiodoiodate(I), 5:172

I;N(C:;H;): Tetrapropylammo-
nium diiodoiodate(I), 6:172

IN(CH,): Tetrabutylammonium
diiodoiodate (I), 5:172

I,CIN(CH;); Tetramethylammo-
nium chlorotriiodoiodate (II1),
5:172

IsCS

INORGANIC SYNTHESES

I:N(CH;); Tetramethylammo-
nium tetraiodoiodate (I1I),
5:172

I;N(C;H;)s Tetrapropylammo-
nium tetraiodoiodate (I11),
5:172

I:N(C;H;); Tetrapropylammo-
nium hexaiodoiodate(V), 8:172

IN(CH;)y Tetramethylammo-
nium octajodoiodate (VIII),
5:172

InBr Indium (I) bromide, 7:18

InBr: Indium(Il) bromide, 7:19,
20

InCl Indium(I) chloride, 7:19, 20

InCl; Indium (IT) chloride, 7:19,
20

Inl Indium() iodide, 7:19, 20

Inl, Indium(II) iodide, 7:19, 20

[Ir(C.H;NH,);Cl]Cl, Chloro-
pentakis(ethylamine)iridium-
(IIT) chloride, 7:227

[II' { (CZH5)2S} (CsH5N)2Cls] cis-
Trichloro (diethyl sulfide)(di-
pyridine)iridium (I1IT), 7:227

[Ir{ (C:H;) 28} (CsHsN)Cls]  cts-
Trichlorobis(diethyl sulfide)-
(pyridine)iridium (ITII), 7:227

[Ir { (C2H;)sS}5Cls]  cis- and trans-
Trichlorotris (diethyl sulfide)-
iridium (ITI), 7:224, 226; com-
pound of trans-, with CHCl;,
7:228

[Ir(C:H:N)Cly] cis- and trans-
Tetrachloro (dipyridine)iridium-
av), 7:220-223, 231

[II‘(CaH5N)2Cl4]CaH5NH Pyl‘idi—
nium tetrachloro (dipyridine)-
iridate (IIL), 7:228; correspond-
ing acid and salts, 7:221, 223,
231

[Ir(CsHsN);Cls] cis- and trans-
Trichloro (tripyridine)iridium-
(III), 7:229-231

[II‘ (NHa) { (02H5) 28 } 2Cl 3] Tri-
chloroamminebis(diethyl
sulfide)iridium (I11), 7:227
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[Ir(NHa),{(CoHs),8)Cls] Tri-
chlorodiammine(diethyl
sulfide)iridium (111), 7:227

{Ir(NH;);Cl]Cl; Chloropentaam-
mineiridium (II1) ehloride,
7:227

K

KI Potassium iodide, 1:163
KNH; Potassium amide, 2:135;
6:168

Potassium azide, 1:79; 2:139,
140

KN;

L

LaCl; Lanthanum chloride, 1:32;
T:168

La(NOs)s
5:41

LiCl Lithium chloride, §:154

LiN Lithium nitride, 4:1

LiNH, Lithium amide, 2:135

LiOH-H,O Lithium hydroxide, 6:3

LiO,H-H,O Lithium hydroper-
oxide 1-hydrate, 6:1, 2, 4

Li:CO; Lithium carbonate, 1:1;
5:3

Li;O Lithium oxide, 6:1, 5; 7:1, 3

Li;0, Lithium peroxide, §:1, 3, 4

Lanthanum nitrate,

M

Mg(C:H;): Bis{cyclopentadienyl)-
magnesium, 6:11

MgCl, Magnesium chloride, 1:29;
5:154n.; 6:9

3Mg(NOs)2-2Bi(NO3)324H,0
Magnesium bismuth nitrate,
2:57

3Mg(NOs)2-2Ce (NO3)5-24H,0
Magnesium cerium (I11) nitrate,
2:57

Mn(CN)K; Potassium hexacy-
anomanganate (IIT), 2:213, 214
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Mn(CN)K; Potassium hexacy-
anomanganate (1), 2:214

Mn(CO)sH Manganese penta-
carbonyl hydride, 7:198;
sodium salt, 7:198

MnC;H;(CO); Cyclopentadienyl-
manganese tricarbonyl, 7:100

Mn(CsH;04)2  Acetylacetonato-
manganese (1I), 6:164

Mn (C:H,0;); Acetylacetonato-
manganese (ITI), 7:183, 184

MnCl, Manganese(II) chloride,
1:29

MnO; Manganese(IV) oxide,
7:194; + zH,0 Pyrolusite,
2:168

MnO,K Potassium permanganate,
2:60, 61

MnPO, Manganese(I1I) ortho-
phosphate, 2:213

Mn,(CO);; Dimanganese deca-
carbonyl, 7:198

Mo (CN)sK2H,0 Potassium oc-
tacyanomolybdate (IV) 2-hy-
drate, 3:160

MoC;H;(CO);H  Cyclopenta-
dienylmolybdenum tricarbonyl
hydride, and derivatives,
7:107, 136, 139

[MoC;H;(CO);s)e  Cyclopenta-
dienyltricarbonyl, dimer,
7:107, 139

Mo (CsH:;N);Cl; Trichloro (tri-
pyridine)molybdenum (L1},
7:140

MoCl; Molybdenum (V) chloride,
3:165; 7:167

[MoCI;H,0)K, Potassium penta-
chloroaquomolybdate (I1I),
4:97

[MoCls]K; Potassium hexachloro-
molybdate(III), 4:97, 99

MoO,(C:H;0z). Molybdenum-
(VI) dioxyacetylacetonate,
6:147

MoO,Cl; Molybdenum (VI) oxide
chloride, 7:168



324
"N

(—N=CHC:H;)-
1:92, 93, 94

N(CHa) 2CeH5 Dimethyla.niline,
2:174n.

N (CHs) 2H,Cl Dimethylam-
monium chloride, 7:70, 71, 72

N(CHs;); Trimethylamine, 2:159;
compounds with BF; and BCls,
5:26, 27

NCsH; Pyridine, 2:173n.; 7:175,
178

(NC;H,),NH Di-2-pyridylamine,
5:14

NCl; Nitrogen (I1I) chloride, 1:65,
67

NGa Gallium(11I) nitride, 7:16

NHBr: Dibromamide, 1:62, 64

NH=C(NH,)NHCN Dicyanodi-
amide, 3:43

[NH:C (NHz) zH]NOs Guanido-
nium nitrate, 1:94, 96, 97

[NH=C(NH):H]sP,0:5-H,0
Hexaguanidonium tetraphos-
phate 1-hydrate, §:97, 100

NH (CeHs)SC)s[NCaHe] Pyrldmium
N-phenylsulfamate, 2:175

NHGe Germanium (II) imide,
2:108

NH(SO;:NH,); Diammonium imi-
dodisulfate, 2:180

NHS; Sulfur imide, 6:124

[NHSi(CHs):];s Cyclotrisilazane,
hexamethyl-, §:61

[NHSi(CHj):l: Cyeclotetrasilazane,
octamethyl-, 5:61

NH[Si(CH;);}: Disilazane, hexa-
methyl-, §:56; compound with
BF;, 6:58

[NHSi(C,H;).)s Cyeclotrisilazane,
hexaethyl-, 6:62

INHSi(C:Hs)2): Cyelotetrasila-
zane, octaethyl-, §:62

(NH):Ge Germanium(IV) imide,
2:114

Benzalazine,

INORGANIC SYNTHESES

NH,CONHCON.H,; Allophanyl
hydrazide, b:48, 50; hydra-
zones, §:51; salts, 5:51

NH,CONHCON; Allophanyl
azide, 6:51

NH,CONHCOOCH; Methyl al-
lophanate, 5:48, 49, 52

NH,CONHCOOC,H; Ethyl al-
lophanate, 6:48, 49, 52

(NH,CONHNH),CO Carbohydra-
zide-N,N-dicarboxamide, 4:38

NH,CONHNHCONH, Biurea,
4:26; 5:53, b4

NH,CONH, Urea, 2:89

NH:CO;NH, Ammonium carbam-
ate, 2:85

NH,CSNHNH, Thiosemicarba-
zide, 4:39; 6:42

NH.CS:NH; Ammonium dithio-
carbamate, 3:48

NH,Cl Chloramide, 1:59, 62; 6:92

NH,K Potassium amide, 2:135;
6:168

NH,Li Lithium amide, 2:135

NH,N(CH,):(C,H,O0H)C1 1,1-
Dimethyl-1-(2-hydroxyethyl)-
hydrazonium chloride, 5:92

NH,N(CH;).(CH,CH;)Cl 1,1-
Dimethyl-1-(p-tolyl)hydra-
zonium chloride, 6:92

NH,N(CH;).C:H;Cl 1,1-Di-
methyl-1-phenylhydrazonium
chloride, 6:92

NH,N(CH;);C1 1,1,1-Trimethyl-
hydrazonium chloride, 6:92, 94

NH,N(C,H;),(C.H,O0H)Cl 1,1-
Diethyl-1-(2-hydroxyethyl)-
hydrazonium chloride, 5:92

NH,N(C.H;),(C;:H:OH)Cl 1,1-
Diethyl-1-(3-hydroxypropyl)-
hydrazonium chloride, 6:92

NHzN (Csz)zcsH(,Cl 1 ,l-Diethyl-
1-phenylhydrazonium chloride,
5:92

NHzN(CzHﬁ)zceHuCl l-Cyclo-
hexyl-1,1-diethylhydrazonium
chloride, 6:92
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NHzN (CgHs) 3Cl 1, 1,1-Triethy1—
hydrazonium chloride, 6:92, 94
NH,N(C:H;)Cl 1,1,1-Triisopro-
pylhydrazonium chloride, 6:92
NHzN(C7H15)3Cl l,l,l-Tri—n-
heptylhydrazonium chloride,
5:92
NH(NH)CNHC(NH)NH. Bigu-
anide, 7:58; and its derivatives,
complexes with metals, 6 :65, 68,
71; sulfate, 7:56
{(NH,(NH)CNHC(NH)NHCH,-},--
2H,80, Ethylenebisbiguani-
dinium hydrogen sulfate, 6:75
(NH,NH).CO Carbohydrazide,
4:32
NH;NHCONHNHCONH, Carbo-
hydrazide-N-carboxamide, 4:36
NH,NH. Hydrazine, 1:90, 92;
5:124
NH,NH,-2HCl Hydrazine dihy-
drochloride, 1:92
NH;NH.-C.H;N;0, Hydrazine
urazolate, 6:53, 54
[NH,NH;JHSO, 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.080;H Hydroxylamine-O-
sulfonie acid, §:122, 123
NH.SO;:H Sulfamic acid, 2:176,
177, 178
NH,SO;NH; Ammonium sulfam-
ate, 2:175, 180
[(NH:);C(N,H;)JHCO; Amino-
guanidonium hydrogen car-
bonate, 3:45
(NH.).,C.H,; Ethylenediamine,
2:197; dihydrochloride, 7:217n.
NH; Ammonis, 2:76, 128; 8:48
[NH,OHIC] Hydroxylammonium
chloride, 1:89
[NH;0H):C:0, Hydroxylammo-
nium oxalate, 3:83
[NH;OH);:As0, Hydroxylammo-
nium arsenate, 3:83
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[NH;OH];PO, Hydroxylammo-
nium phosphate, 3:82

NH4N03[Cl‘(NH;)s(HzO)](NOa)a
Ammonium aquopentammine~
chromium (IIT) nitrate, 5:132

NHN; Ammonium azide, 2:136,
137

NLi Lithium nitride, 4:1

NNH;(SO;{NH.;)Q‘HZO Triammo-
nium imidodisulfate, 2:179, 180

NO Nitrogen(II) oxide, 2:126;
6:118n., 119

NOCI Nitrosyl chloride, 1:55, 57;
4:48

NOHSO,
1:55

NO; Nitrogen(IV) oxide, 6:90

NO.C;H;, Butyl nitrite, 2:139

NO,Cl Nitryl chloride, 4:52

NO:NHCOQO,C,H; Nitrourethan,
1:69

NO,;NH; Nitramide, 1:68, 72

NQO:NKCO:K Potassium nitro-
carbamate, potassium salt,
1:68, 70

NO.N(NH,)CO.C:Hs Ammonium
salt of nitrourethan, 1:69

NO;H Nitric acid, 3:13; 4:52

NReO:;K; Potassium nitridorhen-
ate, 6:167

(NS): Sulfur nitride, 6:127

N(80;K); Potassium nitridotri-
sulfate, 2:182

NI[Si(CH;):];.CH; Disilazane, N-
methylhexamethyl-, 5:58

N.CH, Diazomethane, 6:38

N;0:K,30; Potassium N-nitro-
sohydroxylamine-N-sulfonate,
5:117, 120

N:0.-(NH,):80; Ammonium N-
nitrosohydroxylamine-N-sul-
fonate, 5:120

N20,-Na,S0; Sodium N-nitro-
sohydroxylamine-N-sulfonate,
5:119

N0, Nitrogen(IV) oxide, 5:87

N,0; Nitrogen(V) oxide, 3:78

N.S, Disulfur dinitride, 6:126

Nitrosylsulfuric acid,
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N8, Tetrasulfur dinitride, 6:128

N;C8,H Azidodithiocarbonic acid,
1:81, 82

N,;C8:Na Sodium azidodithiocar-
bonate, 1:82

N;C,H0,;(NH,;) Urazine (4~
aminourazole), 4:29; salts, 4:31

N,C.Hs0., Urazole, 5:52-54; hy-
drazine salt, §:53, 54

N;Cs Cesium azide, 1:79

N;H 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

N:Na Sodium azide, 1:79; 2:139

N;Rb Rubidium azide, 1:79

(N;):CO Carbonyl azide, 4:35

NSCNHC:H; 5-Anilino-1,2,3,4-
thiatriazole, 6 :45

N;SCNH, 5-Amino-1,2,3,4-thia-
triazole, 6:42; 5-(substituted)-
amino derivatives, 6 :44

(N,SCS). ““Azido-carbon disul-
fide,” 1:81, 82

N,CHNH. 5-Aminotetrazole, 6:63

N,CHN,HS80,; 5-Tetrazolediazon-
ium suifate, 6:64

N,CH,O Tetrazolone, 6:62

N,S; Tetrasulfur tetranitride,
6:124

NaC=CH Monosodium acetylide,
2:75, 76, 79

NaC==CNa Disodium acetylide,
2:79, 80

NaC:;H; Cyclopentadienylsodium,
7:101, 108, 113

NaGe(CsHs); Sodium (triphenyl-
germyl)-, §:72, 74

NaH Sodium hydride, 5:10, 13

NaNH; Sodium amide, 1:74; 2:80,
128

NaN; Sodium azide, 1:79; 2:139

NaOCyH; Sodium ethoxide, 7:129

NaOC.H; Sodium butoxide, 1:88

NaQ; Sodium superoxide, 4:82

N2a,CO; Sodium carbonate, 5:159

INORGANIC SYNTHESES

Na.;Ge(C:Hs): Sodium, (diphenyl-
germyl)di-, 5:72
Na,0,-8H,0 Sodium peroxide, 3:1
NbCl; Niobium (V) chloride, 7:167
NbFs Niobium (V) fluoride, 8:179
NdCl; Neodymium chloride, 1:32;
5:154n.
Nd(NO;);
5:41
Nd»(C20,4)5-10H,0 Neodymium
oxalate, 2:60
NiCN Nickel(I) cyanide, 5:200
Ni(CN), Nickel(II) cyanide, 2:228
[Ni(CN);CO]JK: Potassium tri-
- cyanocarbonylnickelate (I),
6:201
Ni(CN);K,-H,0 Potassium tetra-
cyanonickelate (11), 2:227, 228
Ni(CO), Nickel tetracarbonyl,
2:234
NiCl, Nickel(IT) chloride, 6:154,
196
[Ni(en),]JCl,; Bis(ethylenediamine)-
nickel (IT) chloride, 6:198
[Ni(en);]Cl;-2H,O Tris(ethylene-
diamine)nickel (IT) chloride,
6:200
NiF. Nickel(II) fluoride, 3:173
NiKIO¢31H:0 Nickel(IV) potas-
sium paraperiodate 1-hydrate,
5:201-203
[Ni(NH;)¢]Br; Hexamminenickel-
(II) bromide, 3:194
[Ni(NH;)s]I: Hexamminenickel-
(I1) iodide, 3:194
NiNalOqH,O Nickel(IV) sodium
paraperiodate 1-hydrate, 6:201,
203
Ni(PCl;), Tetrakis[phosphorus-
(IIT1) chloride]nickel, 6:201
Ni[P(OC.Hs).8:]» Nickel(I) 0,0’-
diethyl dithiophosphate, 6:142
[Ni(pn);]Cl,-2H,0 Tris(propylene-
diamine)nickel (11} chloride,
6:200
[Ni.{(CN)s]K, Potassium hexa-
eyanodinickelate(I), §:197, 200

Neodymium nitrate,
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o)

(OCN)K Potassium cyanate, 2:87
(OCN)Na Sodium cyanate, 2:88
OF: Oxygen fluoride, 1:109
[OsBrs](NH,); Ammonium hexa-
bromoosmate(IV), 6:204
OsClI;:NH,K, Potassium penta-
chloroamidoosmate (IV), 6:207
OsCI;NK,; Potassium penta-
chloronitridoosmate (IV), 6:206
[OsCl(NH,); Ammonium hexa-
chloroosmate (IV), 6:206
0s0Q, Osmium (V) oxide, b:206
0sO;NC(CH;); Trioxo{t-butyl-
nitrido)osmium (VIII), 6:207
OsO:NK Potassium nidridoos-
mate (VIII), 6:204
0s04 Osmium (VIII) oxide, 5:205

P

PAl Aluminum phosphide, 4:23

PBr; Phosphorus(I1I) bromide,
2:147

P(CH;)Bry Phosphine, methyl-
dibromo-, 7:85

P(CH;)Cl, Phosphine, methyl-
dichloro-, 7:85

P(CH;):Br Phosphine, dimethyl-
bromo-, 7:85

P(CHj3):Cl Phosphine, dimethyl-
chloro-, 7:85

P(CH;): Phosphine, trimethyl-,
7:85

P(CN);
6:84

P(C,H;)Br, Phosphine, ethyl-
dibromo-, 7:85

P(C:,Hs)>Br Phosphine, diethyl-
bromo-, 7:85

P(C,Hs); Phosphine, tri-n-butyl-,
6:87; compounds with CS, and
HgCl,, 6:90

[P(CsHo):NH,JCl (Tri-n-butyl)-
aminophosphonium chloride,
7:67

Phosphorus(IIT) cyanide,
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[P(CeHs)(C.H)NH,]JCl  Phenyl-
{cyclotetramethylene)amino-
phosphonium chloride, 7:67

[P(CeH;) (CsH,p)NH,]JC1  Phenyl-
(cyclopentamethylene)amino-
phosphonium chloride, 7:67

[P(CeHs)sNH,]Cl  (Triphenyl)-

aminophosphonium chloride,

7:67; other salts, 7:69

Phosphorus(I1I) chloride,

2:145

(PCl;)Ni Tetrakis[phosphorus-
(IIT1) chloridelnickel, 6:201

PCI3® Phosphorus(I11) chloride-
(Cl13%), 7:160

PCl; Phosphorus(V) chloride, 1:99

PCls:BCl: Phosphorus(V) chloride,
compound with boron chloride,
7:79

PCl;-GaCl; Phosphorus(V) chlo-

ride, compound with gallium-

(III) chloride, 7:81

Phosphorus (1II) fluoride,

4:149; 5:95

PF{K Potassium hexafluorophos-
phate, 8:111, 115

PF¢Na Sodium hexafluorophos-
phate, 3:111, 115

PF:NH, Ammonium hexafluoro-
phosphate, 3:111, 114

PH,I Phosphonium iodide, 2:141,
143; 6:91

PNBr;-PBr, Phosphonitrile bro-
mide compound, with phos-
phorus(V) bromide, 7:77

(PNBr:); Phosphonitrile bromide,
trimeric, 7:76

(PNBr2): Phosphonitrile bromide,
tetrameric, 7:76

(PNCl;); Phosphonitrile chloride,
trimeric, 6:04

(PNCly), Phosphonitrile chloride,
tetrameric, 6:94

P(NHC¢H;);: Phosphine, triani-
lino-, 5:61

P(=NH)OC,H;
imidate, 4:65

PCl;

PF,

Ethyl phosphen-
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POBr; Phosphorus(V) oxybro-
mide, 2:151

P(0OC,Hy)sS:H 0,0’-Diethyl
dithiophosphate and salts,
6:142

PO(C.Hy); Phosphine oxide, tri-n-
butyl-, 6:90

POCIF(CH;) Methyl chlorofluoro-
phosphite, 4:141

POCI:(CH;) Methyl dichlorophos-
phite, 4:63

POC1,(C.H,Cl) 2-Chloroethyl di-
chlorophosphite, 4:66

POCI1.(C.H;) Ethyl dichlorophos-
phite, 4:63

POF,(CH;) Methyl difluorophos-
phite, 4:141

PON(CH;):Cl: (Dimethylamido)-
phosphoryl dichloride, 7:69

PO{N(CH,)»},Cl Bis(dimethyl-
amido)phosphoryl chloride,
7:71

[PO(NH,)NH], Phosphorous acid
amide imide, 6:111

PO(NH,); Phosphoryl triamide,
6:108

POSClL(C:H;) O-Ethyl dichloro-
thiophosphate, 4:75

POS(NH);Na Sodium diimido-
thiophosphate, 6:112

PO,F.NH, Ammonium difluoro-
phosphate, 2:157

PO;(C.H;):H Diethyl phosphite,
4:58

PO:(CsHyy):H Dioctyl phosphite,
4:61

PO,CI(C;H;): Diethyl monochlo-
rophosphate, 4:78

PO;FAg, Silver monofluorophos-
phate, 3:109

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

INORGANIC SYNTHESES

PO;NH,(C.H;): Diethyl mono-
amidophosphate, 4:77

PO;NH,NHH Ammonium hydro-
gen monoamidophosphate,
6:110

PO;NH;Na; Disodium monoam-
idophosphate, 6:100, 101

(PO;Na), Sodium polymetaphos-
phate, 3:104

PO;SK; Potassium monothio-
phosphate, 5:102

PO;S(NHy).H Diammonium hy-
drogen monothiophosphate,
6:112

PO;SNa; Sodium monothiophos-
‘phate, 5:102

PO,CaH Caleium hydrogen ortho-
phosphate, 4:19, 22; 6:16-17;
2-hydrate, 4:19, 20

PO,D; Orthophosphoric acid-Ds,
6:81

POH: Orthophosphoric acid,
1:101

PO,UO.H-4H,O TUranyl ortho-
phosphate 4-hydrate, 6:151

P0,):CaHH,0 Calcium dihy-
drogen orthophosphate 1-hy-
drate, 4:18

(PO,4):Ca; Whitlockite, 6:17

(PO4)3(OH)Ca;s or (PO,)s(0H),Caro
Calcium orthophosphate, basic,
6:16; 7:63

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) sulfobro-
modifluoride, 2:154

PSF; Phosphorus(V) sulfofluoride,
1:154

PS(NH,); Thiophosphoryl tri-
amide, 6:111

(PW,2040)H;-2H,O  12-Tungsto-

phosphoric acid, 1:132

Diphosphorus tetraiodide,
2:143

P.l,
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P,0,(NH)(NH;), Imidodiphos-
phoric acid tetramide, 6:110,
111n.

P,O;{N(CH,),]y Octamethylpyro-
phosphoramide, 7:73

P;0s Phosphorus(V) oxide, 6:81

P,0s(NH)Na, Tetrasodium imido-
diphosphate, 6:101

P,0¢Na;H,-6H,0 Disodium dihy-
drogen hypophosphate, 4:68

P.0;H,; Pyrophosphoric acid, 3:96,
97

P,0,(NH,),H; Diammonium di-
hydrogen pyrophosphate, 7:66

P;0;(NH,); Tetraammonium
pyrophosphate, 7:65

P;0;NaH, Disodium dihydrogen
pyrophosphate, 3:99

P,0,Na, Tetrasodium pyrophos-
phate, 3:100

PaOa(NH)z(NHg)B Diimidotri-
phosphoric pentamide, 6:110

P;0,(NH);H; Trimetaphosphimic
acid, 6:79

P;04(NH);K; Tripotassium tri-
metaphosphimate, 6:97

Pi:0s(NH)3Na; Trisodium tri-
metaphosphimate, 1-hydrate,
6:99; 4-hydrate, 6:105

PsOe(NH) 3N&3'N30H'7H20 Tl‘i—
sodium trimetaphosphimate,
6:80

P;0,(NH),Na; Trisodium diimido-
trimetaphosphate, 6:105%., 106

P;0s(NH).Na;-6H,0 Penta-
sodium diimidotriphosphate,
6:104

P;03NNa; Sodium nitridotriphos-
phate, 6:103

P;04Na;6H,0 Sodium trimeta-
phosphate, 3:104

P;010Na; Sodium triphosphate,
3:101, 103

P4012Na4'4H20 Sodium tetra-
metaphosphate 4-hydrate, 5:98

P,01:Nas Sodium tetraphosphate,
5:99
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PbBr¢H, Hexabromoplumbic(IV)
acid, 1:48

Pb(C,H;0,)¢ Lead(IV) acetate,
1:47

PbClsH, Hexachloroplumbic(IV)
acid, 1:48

PbO: Lead(IV) oxide, 1:45

PbO.H,
1:46

Pb{P(0OC,H;).S:}: Lead(II) 0,0'-
diethyl dithiophosphate, 6:142

Pb(SCN).; Lead(II) thiocyanate,
1:85

Pd(CN),K,-1(and 3)H.O Potas-
sium tetracyanopalladate(II),
2:245, 246

PdCl.CH;s Dichloro-(1,4-buta-
diene)palladium (IT), 6:218

[PA(NH;)2(NO;)s) ¢rans-Dinitrodi-
amminepalladium, 4:179

Pr(NO;); Praseodymium (III) ni-
trate, 5:41

Pr;0: Praseodymium (IT1) oxide,
65:39

Pt(CN)K, Potassium tetracyano-
platinate (IT), 6:215

{Pt(C.H,)Cl,], Tetrachloro(di-
ethylene)diplatinum (II), 6:210

[Pt(C.H,)CLJK Potassium tri-
chloro(ethylene)platinate (II),
5:211, 214

{Pt(C.H,),Cl,] Dichloro(diethyl-
ene)platinum (IT), 5:215

Pt{(C;H;):8},Cl:  Dichlorobis(di-
ethyl sulfide)platinum (II),
6:211, 212, 213

Pt{(C:H;).8}:(0OH), Dihydroxo-
bis (diethyl sulfide)platinum-
(II), 6:215

[Pt(c:;Hs)zClzlz Tetrachloro(di—
propylene)diplatinum (I},
5:214

{Pt{(n-CHq):P},Cls] cis- and
trans-Dichlorobis(tri-n-butyl-
phosphine)platinum (IT),
7:245, 246, 247

“Metaplumbic acid,”
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[Pt{ (n-C4H9) 3P } 4]Clz Tetrakis-~
(tri-n-butylphosphine)plati-
num {IT) chloride, 7:248

[Pt(C:H N)Cls] cis- and trans-
Dichloro(dipyridine) platinum-
(I1), 7:249, 250, 251

[Pt(CsH;N):(OH),] Dihydroxo-
(dipyridine)platinum (1I), 7:253

[Pt(CsH;N)4]Cl; (Tetrapyridine)-
platinum (IT) chloride, 7:251

[Pt(CaH;,CH:CHz)CIZ]z Tetra-
chloro (distyrene)diplatinum-
(I, 5:214

PtCl; Platinum(II) chloride,
5:208, 209; 6:209

[(PtCls),C,H:K,; Potassium hexa-
chloro-u-1,4-butadiene-diplati-
nate(Il), 6:216

PtCly Platinum (IV) chloride,
2:253

PtCl;H, Tetrachloroplatinic(IT)
acid, 2:251; 5:208, 210

PtCl K, Potassium tetrachloro-
platinate(IT), 2:247; 7:240

PtCls(NH,): Ammonium hexa-
chloroplatinate(IV), 7:235

[Pt(NH;).Cl:] Dichlorodiammine-
platinum (I1), 2:253; ¢is- and
trans-, 7:239, 241, 242

[Pt(NH;).Cly] ¢is- and irans-
Tetrachlorodiammineplatinum-
av), 7:236, 237

[Pt(NH;)JCl: Tetraammineplati-
num (IT) chloride, 2:250; 5:210;
1-hydrate, 2:252

[Pt(NH,),J[PtCl,] Tetraammine-
platinum (IT) tetrachloroplati-
nate(II), 2:251; 7:241

R

RbN: Rubidium azide, 1:79
ReBr¢K, Potassium hexabromo-
rhenate(IV), 7:189, 191
ReCl; Rhenium (II1) chloride,

1:182
ReCls; Rhenium(V) ehloride,
1:180; T:167

" [Rh(NH,),CliCl

INORGANIC SYNTHESES

ReClsK. Potassium hexachloro-
rhenate(IV), 1:178; 7:189
Rel; Rhenium (I1I) iodide, 7:185-
187

Rel, Rhenium(1V) iodide, T:188

Rel¢K; Potassium hexaiodo-
rhenate(IV), 7:191

ReO; Rhbenium (V1) oxide, 3:186

ReO;NK, Potassium nitridorhen-
ate, 6:167

ReO,NH,; Ammonium perrhenate,
1:177, 178

Re,0; Rhenium (VII) oxide, 3:188

Re,S; Rhenium (VII) sulfide, 1:177

RhCl3:3H,0 Rhodium(III) chlo-
ride 3-hydrate, 7:214

[Rh(en),Cl:]JCl cis- and trans-
Dieblorobis(ethylenediamine)-
rhodium (IT1) chloride, 7:218

[Rh(en):Cl:]NO; cis- and trans-
Dichlorobis(ethylenediamine)-
rhodium (IIT) nitrate, 7:217

[Rh(H.0)Cl;]JK, Potassium penta-
chloroaquorhodate (I11), 7:215

trans-Dichloro-
tetraamminerhodium (I1T)
chloride, 7:216

[Rh(NH,;),CliCl: Chloropenta~
amminerhodium(ITI) chloride,
7:216

Rh203~5H20 or Rh (OH)aH‘)O
Rhodium (I11) hydroxide,
T:215

(SCN). Thiocyanogen, 1:84, 86
(SCN);Ba Barium thiocyanate,
3:24
(SCN):Pb Lead(1I) thiocyanate,
1:85
Sulfur(I1) chloride, 7:120n.
Sulfur(IV) fluoride, 7:119
Sulfur(VI) fluoride, 1:121;
3:119
Hydrogen sulfide, 1:111; 8:14,
15
(8N).

8Cl,
SF,
SF,
SH,

Sulfur nitride, 6:127
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SNaH Sodium hydrogen sulfide,
7:128, 130

S%Nas Sodium sulfide (8%, 7:117

SOBr, Thionyl bromide, 1:113

SOCI3® Thionyl chloride(Cl136),
7:160

SO¥,; Thionyl fluoride, 6:162;
7:123

S0, Sulfur dioxide, 2:160

S0,Cl; Sulfuryl chloride, 1:114

SO,F, Sulfuryl fluoride, 6:158

S0,-N(CH;); Trimethylamine-sul-
fur dioxide, 2:159

80; Sulfur trioxide, 6:121

80;.C;HsN Pyridine—sulfur triox-
ide, 2:173

80,;-CsH;N(CH;), Dimethylani-
line—sulfur trioxide, 2:174

S0;C1(C,H,Cl) 2-Chloroethyl
chlorosulfonate, 4:85

(SO;H)Cl Chlorosulfonic acid,
4:52

(SO;H)F  Fluorosulfuric acid,
7:127

(SO;H)NH,; Sulfamic acid, 2:176,
177, 178
(SO;H)ONH, Hydroxylamine-O-

sulfonic acid, 5:122, 123

SO;KH  Potassium hydrogen sul-
fite, 2:167

4S80, KH-8:0:K,, 2:167

S0;K,; Potassium sulfite, 2:165,
166

SO;K,-N:0; Potassium N-nitroso-
hydroxylamine-N-sulfonate,
5:117, 120

(S0:K):N Potassium nitridotri-
sulfate, 2:182

(SO4INC;H)NHC:H; Pyridinium
N-phenylsulfamate, 2:175

(SO;:NH)NH,; Ammonium sulf-
amate, 2:175, 180

SO3(NH,)s- N0, Ammonium N-
nitrosohydroxylamine- N-sul-
fonate, 5:120

(SO;NH,):NH Diammonium imi-
dodisulfate, 2:180

(SOaNH;)zNNH;HgO Triammo-
nium imidodisulfate, 2:179, 180
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SO;NaH Sodium hydrogen sulfite,
2:164

SO;Na; (and +7H:0) Sodium sul-
fite, 2:162, 164, 165

S0;Na,- N0, Sodium N-nitroso-
hydroxylamine-N-sulfonate,
5:119

S0;-0(CH,CH;)s0 Dioxane-sulfur
trioxide, 2:174

280;-0(CH,CH;),0 Dioxane-bis-
(sulfur trioxide), 2:174

S0,D; Sulfuric acid-Ds, 6:121;
7:155

SOHNO
1:55

SONa, Sodium sulfate, 5:119

8;N; Disulfur dinitride, 6 :126

5:0:Cl: Disulfur pentoxydichlo-
ride, 3:124, 126

8,0;K; Potassium pyrosulfite,
2:165, 166; 2-hydrate,
2:165

S205K2‘4SO:5KH, 2:167

8:0:Nae (and +7H,0) Sodium
pyrosulfite, 2:162, 164, 165

8:0:Ba-2H,0 Barium dithionate,
2:170

8:06Ca-4H,0 Caleium dithionate,
2:168

8:04F; Peroxydisulfuryl diflucride,
7:124

8:0eNa.-2H,0 Sodium dithionate,
'2:170

S:N: Tetrasulfur dinitride, 6:128

SN, Tetrasulfur tetranitride,
6:124

S;NH Sulfur imide, 6:124

Sb(CH;)Br, Stibine, methyldi-
bromo-, 7:85

Sb(CH;)Cl, Stibine, methyldi-
chloro-, 7:85

Sb(CH,),Br Stibine, dimethyl-
bromo-, 7:85

Sb(CH,;),Cl Stibine, dimethyl-
chloro-, 7:85

28bCl1;-3CsCl  Antimony (IIT) ce-
sium chloride, 4:6

SbF; Antimony (I1I) fluoride,
4:134

Nitrosylsulfuric acid,
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SbH; Stibine, 7:34, 43

Sbls Antimony (III) iodide, 1:104

SeCNK Potassium selenocyanate,
2:186

SeCNNa Sodium selenocyanate,
2:186, 187

SeCl; Selenium (IT) chloride, 5:127

[SeCl:]*[AICL]- Selenium (IV)
chloride, compound with alumi-
num chloride, §:127

SeCl; Selenium (IV) chloride,
5:125, 126

SeFs Selenium(VI) fluoride, 1:121

SeH, Hydrogen selenide, 2:183
184

8eO0Cl; Selenium (IV) oxychloride,
3:130

SeO; Selenium (IV) oxide, 1:117,
119; 8:13, 15, 127, 129, 131

Se0,Cl,H, Dichloroselenious acid,
3:132

SeO;Sr  Strontium selenite, 8:20

SeOH, Selenic acid, 3:137

SefS:CN(CH;)sl:  Selenium (I1) di-
methyldithiocarbamate, 4:93

Be[S;CN(C:Hs)ol.  Selenium (I1)
diethyldithiocarbamate, 4:93

Se(8;COCH;). Selenium (I1) meth-
ylxanthate, 4:93

Se(8.COC.H;), Selenium(II) eth-
ylxanthate, 4:93

SeS,0eN2,-3H,0 Sodium “seleno-
pentathionate’ 3-hydrate, 4:88,
89

SeSr Strontium selenide, 8:11, 20,
22

Se;AIz
184

SiBI‘CI;
7:30

SIBI' 2H2

SiBI‘sH

SiBl’4
40

Si(CH;)Cl,H Silane, methyldi-
chloro-, 3:58

Si(CH,;)Cl; Silane, methyltri-
chloro-, 3:58

Aluminum selenide, 2:183,
Silane, bromotrichloro-,
Silane, dibromo-, 1:38

Silane, tribromo-, 1:38, 41
Silicon tetrabromide, 1:38,

INORGANIC SYNTHESES

Si(CHj3).Cl; Silane, dimethyldi-
chloro-, 3:56

[Si(CH;),NH]; Cyclotrisilazane,
hexamethyl-, §:61

[Si(CH;),NH], Cyclotetrasilazane,
octamethyl-) 5:61

Si(CH;);Cl Silane, trimethyl-
chloro-, 3:58

Si(CH:)sH Silane, trimethyl-, halo
derivatives, §:61

Sl(CHa)aNHCsHs Silane, tri-
methyl(anilino)-, §:59

[Si(CH,);.NCH; Disilazane, N-
methylhexamethyl-, §:58

[Si(CH3);:NH Disilazane, hexa-
methyl-, 5:56; compound with
BF;, 5:58

[Si(CH;);]:0 Disiloxane, hexa-
methyl-, 6:58

Si(CH=CH,)(CH,;)Cl, Silane, vi-
nylmethyldichloro-, 8:58, 61

Si (CH:CHz) (CH3)3 Silane, vi-
nyltrimethyl-, 3:58, 61

Si(CH=CH,)Cl; Silane, vinyltri-
chloro-, 3:58

Si(CH=CH,),Cl, Silane, divinyl-
dichloro-, 3:58, 61

Si(CH:CI)Cl;H Silane, (chloro-
methyl)dichloro-, 6:39

Si(C.H,0,), Silicon tetraacetate,
4:45

Si(C.H,C)Cl; Silane, {chloro-
ethyl)trichloro-, 3:60

[Si(CoH):NH]; Cyclotrisilazane,
hexaethyl-, 5:62

[Si(C.H;):NH], Cyclotetrasila-
zane, octaethyl-, 5:62

[Si(CsH70,)3]CI-HCl  Tris(acetyl-
acetonato)silicon chloride
hydrochloride, 7:30-31

[Si(CsH;02)s]FeCly Tris(acetyl-
acetonato)silicon tetrachloro-
ferrate (111), 7:32

[Si(CsH70,)3)ZnCl; Tris(acetyl-
acetonato)silicon trichloro-
zincate, 7 :33

Si(CeH11)Cl;  Silane, cyclohexyl-
trichloro-, 4:43
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SiCl;8H Silanethiol, trichloro-,
7:28

(SiCl;).S Bis(trichlorosilyl) sulfide,
7:30

SiCl, Silicon tetrachloride, 1:44;
7:25

SiCIi®  Silicon tetrachloride (Ci%),
7:160

SiF, Silicon tetrafluoride, 4:145

SiF¢Ba Barium hexafluorosilicate,
4:145

SiICl; Silane, iodotrichloro-, 4:41

Sil,Cl, Silane, diiododichloro-,
4:41

(SiMo012040)H-zH,O0 12-Molybdo-
silicic acid, 1:127, 128

Si(NHC¢H;). Silane, tetraanilino-,
65:61
Si(0C,H,C1)Cl; Silane, (2-chloro-

ethoxy)trichloro-, 4:85, 86
Silica gel, 2:95; (correction),

5:55

SiOH(CH,);
§:58

Si(OH),(CeH;): Silanediol, di-
phenyl-, 3:62

(BiSCl:). Silicon sulfide dichloride,
polymer, 7:30

(SiW1,040)H,zH,0 12-Tungsto-
gilicic acid, 1:129, 131

8i;Brs Disilicon hexabromide, 2:98

Si;Cls Disilicon hexachloride, 1:42

8i,0Cls Disiloxane, hexachloro-,
7:23

(8i0.H>)-
2:101

Si;0;H,
1:42

Si:8:Cly Cyclodisilthiane, tetra-
chloro-, 7:29xn., 30

Si;Cls Trisilicon octachloride, 1:44

Sm(NO;); Samarium (III) nitrate,
§:41

Sn(CH:C1)(CH;): (Chloromethyl)-
dimethyltin chloride, 6:40

SnH, Stannane, 7:34, 39

Snl, Tin(V) iodide, 4:119

Sn;H¢ Distannane, 7:34, 39

Si0:

Silanol, trimethyl-,

“SBilicooxalic acid,”

“Silicoformic anhydride,”
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SrCl; Strontium chloride, 8:21

SrNO; Strontium nitrate, 3:17

SrS Strontium sulfide, 3:11, 20, 21,
23

SrSO, Strontium sulfate, 3:19

SrSe  Strontium selenide, 8:11, 20,
22

SrSeO; Strontium selenite, 8:20

T

TaBrs; Tantalum(V) bromide,
4:130

TaCl; Tantalum (V) chloride,
7:167

TaF; Tantalum(V) fluoride, 3:179

TeBr¢K. Potassium hexabromo-
tellurate (IV), 2:189

TeCl; Tellurium (IV) chloride,
3:140

TeClg(NH,)s Ammonium hexsa-
chlorotellurate(IV), 2:189

TeFs Tellurium (VI) fluoride, 1:121

TeO; Tellurium(V) oxide, 3:143

TeO¢Hs Telluric acid, 3:145, 147

Te (SzCN (CH:;) 2) 2 Tellurium (II)
dimethyldithiocarbamate, 4:93

Te (SzCN (C 2H5) 2) 2 Tellurium (II)
diethyldithiocarbamate, 4:93

Te(S;COCH;); Tellurium (IT)
methylxanthate, 4:93

Te(S:COC.H;). Tellurium (IT) eth-
ylxanthate, 4:93

TeS,0eNa2-2H,O  Sodium “tellu-
ropentathionate’’ 2-hydrate,
4:88, 89

ThBr: Thorium bromide, 1:51;
ammoniates, 1:54; hydrates,
1:53

Th(C;H;0:)« Thorium acetylace-
tonate, 2:123; 1-ammoniate,
2:125; compound with aniline,
2:125

ThCl, Thorium chloride, 5:154;
7:168

ThOBr,
1:54

Thorium oxybromide,
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TiBr; Titanium (III) bromide,
2:116, 6:57, 60

TiBrs; Titanium(IV) bromide,
2:114; 6:60

[Ti(Cs:H,02)5lFeCly Tris(2,4-pen-
tanedionato)titanium (I'V)
tetrachloroferrate (I11), 2:120

[Tl (CaH702) 3] 2Tlcl 5 Bis [tI‘iS (2,4—
pentanedionato)titanium (IV)]
hexachlorotitanate (IV), 2:119;
7:50 )

TiCl; Titanium(II) chloride, 6456,
61

TiCl; Titanium (I1T) chloride,
6:52, 57; T:45

TiCl, Titanium (IV) chloride, 6:52,
57; 745

TiCs(804)2-12H,0 Cesium tita-
nium alum, 6:50

Ti0Q, TitaniumIV) oxide, 65:79,
81; 6:47

TiS, Titanium (IV) sulfide, §:82, 85

U

U(C204)2-6H,0 TUranivm(IV) oxa-
late, 3:166

U(C20,)4K-5H;0 Potassium tet-
raoxalatouranate(IV), 3:169

UCl; Uranium (I1I) ehloride, 5:145

UCl, Uranium(IV) chloride, 6:143,
148

UCl; Uranium (V) chloride, 5:144

UO; Uranium(IV) oxide, §:149

UO0,Cl; Uranyl chloride, §:148;
1-hydrate, 7:146

UV0,{CyHNO), Bis(8-quinolinol-
ato)dioxouranium(VI), 4:101;
compound with 8-quinolinol,
4:101

UO,HPO,;4H,0 Uranyl ortho-
phosphate 4-hydrate, §:150

UsOs Uranium (IV)(VI) oxide,
5:149
v
VC;Hs(CO), Cyclopentadienyl-

vanadium tetracarbonyl, 7:100

INORGANIC SYNTHESES

V(CsH;): Bis(cyclopentadienyl)-
vanadium, 7:102
VCl; Vanadium(IT) chloride, 4:126
VCl;  Vanadium (IIT) chloride,
4:128; 7:100; 6-hydrate, 4:130
VCl; Vanadium(IV) chloride,
1:107
Vanadium (IT) fluoride, 7:91
Vanadium (II1) fluoride,
7:87, 90
VF«(NH,)s Ammonium hexa-
fluorovanadate (I1I), 7:88, 89
[V(NH;),JCl; Hexamminevanadi-
um (ITT) chloride, 4:130
VO(CsH;03): Vanadium(IV) oxy-
(acetylacetonate), 5:113-115
VOCl; Vanadium oxytrichloride,
1:106; (correction), 4:80; 6:119

VF.
VF;

V(OH), Vanadium (IT) hydroxide,
797
VOS0O,; Vanadium(IV) oxide

sulfate, 7:94, 95

VO;NH, Ammonium metavana-
date, 3:117

VS04 7H,O Vanadium(II) sulfate
heptahydrate, 7:96

V:0; Vanadium(III) oxide, 1:106;
(correction for V,0,), 4:80

V2(804): Vanadium (III) sulfate,
7:92

W

W(CN)sH,; Octacyanotungstic-
(AV) acid, 7:145

W(CN);K; Potassium octacyano-
tungstate(V), 7:145

W(CN)sK,;-2H,O Potassium octa-
cyanotungstate (IV) 2-hydrate,
7:142

W(CO)s
65:135

WCsH;(CO);H Cyclopentadienyl-
tungsten tricarbonyl, hydride,
and derivatives, 7:136, 139

[WCsH;(CO)sl: Cyclopentadienyl-
tungsten tricarbonyl, dimer,
7:139

Tungsten hexacarbonyl,
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WCls Tungsten (V1) chloride,
3:163; 7:167

WFs Tungsten(VI) fluoride, 3:181

WO,K, Potassium tungstate(VI),
6:149

W,ClK; Potassium enneachloro-
ditungstate (II1), 5:139; 6:149,
150; 7:143

W;ClsKs Pentapotassium tetra-
decachlorotritungstate (111),
6:149, 153

Y

Y(NO3z); Yttrium nitrate, §:41
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ZnCl; Zinc chloride, 6:154; 7:168

ZrBr, Zirconium bromide, 1:49

Zr(CsH:02)s Zirconium acetyl-
acetonate, 2:121; 10-hydrate,
2:121

ZrCly Zirconium chloride, 4:121;
7:167

Zrly Zirconium (1V) iodide, 7:52

ZrOBr; Zirconium oxybromide,
1:51

ZrOCl,; . Zirconium oxychloride,
3:76

ZrOCl:-8H,0Q Zirconium oxychlo-
ride 8-hydrate, 2:121

ZrQ, Zirconium oxide, 3:76



