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PREFACE

This volume of INORGANIC SYNTHESES contains sixty-
eight contributions. Two articles of a review nature are
included, one on metal derivatives of 8-keto imines (8-imino
ketones) and the other on the chemistry of the noble gases.

As in the earlier volumes, each synthesis has been checked
experimentally in a different laboratory than that from
which it was submitted. Furthermore, each synthesis has
been critically scrutinized by the members of the Editorial
and Advisory Boards and, after editing, has been sent to
author and checker for approval of the edited manuscript.
As in previous volumes, addresses of those submitting and
checking syntheses are the addresses in effect at the time
the work was done. In addition, a change in address, when
applicable, is indicated for the senior author for convenience
in correspondence.

The Editorial and Advisory Boards of INoreanic
SYNTHESES encourage contributions both from this country
and abroad and are pleased with the increasing number of
scientists of other countries who are submitting or checking
syntheses. Twenty-five of the sixty-eight contributions in
this volume originated in or were checked in laboratories
abroad.

In accord with previous practice, the syntheses in this
volume are arranged on the basis of the Mendeleev periodic
classification, with subdivision into A and B groups. Inas-
much as the placing of syntheses within a given chapter is
arbitrary depending upon which element of the compound
is chosen for the classification, the practice of listing appro-
priate syntheses from other chapters at the beginning of
each chapter is continued in Volume VIII.

v



vi PREFACE

Nomenclature, particularly for compounds containing
elements of periodic groups VA and VIA, often presents
problems. In some cases, general agreement has not yet
been reached among experts in the field. For example,
names considered for Cl;P=N-—P(0)Cl, during the editing
of synthesis 22 were trichlorophosphazophosphorus(V)
oxychloride, (trichlorophosphoranylidene)amidophosphoryl
dichloride, (trichlorophosphoranylidene)phosphoramidic di-
chloride, and (dichlorophosphinyl)phosphorimidic trichlo-
ride. The compound (PNCl;), used as a starting material
in syntheses 20 and 21 and often referred to simply as
“tetrameric phosphonitrile chloride” or ‘“phosphonitrile
chloride, cyclic tetramer,” may alternatively be named
octachlorocyclotetraphosphazatetraene or, more system-
atically, 1,3,5,7,2,4,6,8-tetrazatetraphosphocine 2,2,4,4,6,-
6,8,8-octachloride.

Emphasis has been placed on the use of systematic
nomenclature consistent with recommendations of the
International Union of Pure and Applied Chemistry
and/or the Chemical Abstracts Service. However, in some
instances, a factor such as a strong preference of the author
or common usage has influenced the choice. In several such
instances, an alternative name as a synonym has been
included at least once within the article. For example, in
synthesis 20, three names are given for the eight-membered
ring compound N,P,(OC:H;);s: octaethoxycyelotetraphos-
phazatetraene; tetrameric ethyl phosphonitrilate; and
2,2,4,4,6,6,8,8-octaethoxy-2,2,4,4,6,6,8,8-octahydro-1,3,5,7,-
2,4,6,8,-tetrazatetraphosphocine (the last being the name
preferred by the Chemical Abstracts Service). It is hoped
that until agreement is reached on a logical unambiguous
system of nomenclature the names used in this volume will
be adequate for complete clarity.

It is a pleasure to acknowledge the election of Professor
Stanley Kirschner, Department of Chemistry, Wayne State
University, Detroit, Michigan, to the new position of
Secretary of the Editorial Board. Contributions to future
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volumes are invited and should be submitted to Professor
Kirschner. Manuscripts should be in accord with the
Notice to Contributors section, which follows the Preface in
this volume. Competent checkers are essential to the
success of INORGANIC SYNTHESES. Persons who are inter-
ested in helping with this important function should com-
municate with Professor Kirschner.

The editor-in-chief for Volume IX is Professor S. Young
Tyree, Jr., Department of Chemistry, University of North
Carolina, Chapel Hill, North Carolina, and for Volume X is
Dr. Earl L. Muetterties, Central Research Department,
Experimental Station, E. I. du Pont de Nemours & Com-
pany, Wilmington, Delaware.

Several new members of the Editorial Board have been
elected to the Editorial Board since the publication of
Volume VII:

Professor L. Malatesta, Universita Di Milano, Milano,
Italy

Professor Howard C. Clark, University of Western
Ontario, London, Ontario, Canada

Professor F. Albert Cotton, Massachusetts Institute of
Technology, Cambridge, Massachusetts

Professor Richard H. Holm, University of Wisconsin,
Madison, Wisconsin

Dr. John K. Ruff, Rohm and Haas Company, Huntsville,
Alabama

Professor Malatesta begins his term of service with
Volume IX; the other four new members, with Volume X.

This volume is dedicated to the late Professor Francis P.
Dwyer, who at the time of his death was a member of the
Editorial Board. The Boards acknowledge with respect
and appreciation the fine contributions Professor Dwyer
made to the work of INOrRGANIC SYNTHESES and in a
broader sense to the field of inorganic chemistry.

The editor-in-chief takes pleasure in expressing his
appreciation to his colleagues on the Editorial and Advisory
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Boards for their fine help in the preparation of this volume.
He is especially grateful to Miss Janet D. Scott for her work
on nomenclature and indexing. Appreciation is expressed
also to Professor Roy M. Adams, Chariman of the Com-
mittee on Inorganic Nomenclature for the Division of
Inorganic Chemistry of the American Chemical Society,
and to Dr. Kurt L. Loening, Director of Nomenclature for
the Chemical Abstracts Service, for advice on several
specific questions with respect to nomenclature. The
editorial help of Mr. Theodore A. Michelfeld and Dr. John
R. Demuth of the University of Nebraska is gratefully
acknowledged. The editor wishes also to thank Miss
Corrine Newton, Miss Camilla Connell, Miss Connie
Svolopoulos, and Miss Georgianne Kozisek for their capable
assistance in typing the manuscript.

The editors hope that users of INORGANIC SYNTHESES will
call to their attention any errors or omissions. The sug-
gestions and criticisms of readers are helpful and are much
appreciated.

Henry F. Holtzclow, Jr.



NOTICE TO CONTRIBUTORS

The INORGANIC SYNTHESES series is published to provide
all users of inorganic substances with detailed and foolproof
procedures for the preparation of important and timely
compounds. Thus the series is the concern of the entire
scientific community. The Editorial Board hopes that all
chemists will share in the responsibility of producing
INoreANIC SYNTHESES by offering their advice and assist-
ance both in the formulation and laboratory evaluation of
outstanding syntheses. Help of this type will be invaluable
in achieving excellence and pertinence to current scientific
interests.

There is no rigid definition of what constitutes a suitable
synthesis. The major criterion by which syntheses are
judged is the potential value to the scientific community.
An ideal synthesis is one which presents a new or revised
experimental procedure applicable to a variety of related
compounds, at least one of which is critically important in
current research. However, syntheses of individual com-
pounds that are of interest or importance are also acceptable.

The Editorial Board lists the following criteria of content
for submitted manuscripts: Style should conform with that
of previous volumes of INORGANIC SyYNTHESES. The
Introduction should include a concise and critical summary
of the available procedures for synthesis of the product in
question. It should also include an estimate of the time
required for the synthesis, an indication of the importance
and utility of the product, and an admonition if any
potential hazards are associated with the procedure. The
Procedure should present detailed and unambiguous labora-
tory directions and be written so that it anticipates possible

x



x NOTICE TO CONTRIBUTORS

mistakes and misunderstandings on the part of the person
who attempts to duplicate the procedure. Any unusual
equipment or procedure should be clearly described. Line
drawings should be included when they can be helpful. All
safety measures should be clearly stated. Sources of
unusual starting materials must be given, and, if possible,
minimal standards of purity of reagents and solvents should
be stated. The scale should be reasonable for normal
laboratory operation, and any problems involved in scaling
the procedure either up or down should be discussed. The
criteria for judging the purity of the final product should be
clearly delineated. The section on Properties should list
'and discuss those physical and chemical characteristics that
are relevant to judging the purity of the product and to
permitting its handling and use in an intelligent manner.
Under References, all pertinent literature citations should be
listed in order.

The Editorial Board determines whether submitted
syntheses meet the general specifications outlined above.
Every synthesis must be satisfactorily reproduced in a
different laboratory than that from which it was submitted.

Each manuscript should be submitted in duplicate to
the Secretary of the Editorial Board, Professor Stanley
Kirschner, Department of Chemistry, Wayne State Uni-
versity, Detroit, Michigan, 48202, U.S.A. The manu-
seript should be typewritten in English. Nomenclature
should be consistent and should follow the recommenda-
tions presented in ‘“The Definitive Rules for Nomenclature
of Inorganic Chemistry,” J. Am. Chem. Soc., 82, 5523
(1960). Abbreviations should conform to those used in
publications of the American Chemical Society, particu-
larly INorRGANIC CHEMISTRY.
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CORRECTIONS

In the synthesis procedure for chlorine(IV) oxide in
Volume IV, page 153, the required approximate amount of
sodium chlorite should be 0.13 g. instead of 1.3 g.

For other corrections, see synthesis 10 (page 37) and
synthesis 40 (page 157).

265



Inorganic Syntheses, Volume VIII
Edited by Henry F. Holtzclaw, Jr.
Copyright © 1966 by McGraw-Hill Book Company, Inc.

CHAPTER IA

ALKALI METAL COMPOUNDS

See: Complex carbonates of beryllium, synthesis 2

Sodium bis(trimethylsilyl)amide and tris(trimethylsilyl)amine, syn-
thesis 4

Lithium bis(trimethylsilyl)amide and tris(trimethylsilyl)amine,
synthesis 5

Potassium trioxalatogermanate(IV), synthesis 9

Potassium tetraoxalatozirconate(IV), -hafnate(IV), and -thorate-
(IV), synthesis 12

cis- and trans-Tris(3-oxobutanalato)chromium(III) (includes 3-
oxobutanalatosodium), synthesis 37

Potassium tetraoxalatouranate(IV), synthesis 40

Sodium tricarbonatocobaltate(III) 3-hydrate, synthesis 52

Potassium tetraoxalato-u-dihydroxodicobaltate(III) 3-hydrate
(Durrant’s salt) and sodium tetraoxalato-p-dihydroxodicobal-
tate(IlI) 5-hydrate, synthesis 53
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CHAPTER IB

See also: Silicon tetraisocyanate and methylsilicon isocyanates (includes
silver isocyanate), synthesis 6
Silicon tetraisothiocyanate and methylsilicon isothiocyanates
(includes silver thiocyanate), synthesis 7

1. BIS(4-IMINO-2-PENTANONATO)COPPER(II) AND
BIS (3-PHEN YLIMINO-1-PHENYL-1-BUTANONATO)-
COPPER(II)

SusMITTED BY ARTHUR W. STRUSS* AND DEAN F. MaRTINT
CHeckED BY NorRMAN E. GriswoLp}

This synthesis is an example of chelate exchange, the
advantages of which are noted later.! Attempts to
prepare bis(3-phenylimino-1-phenyl-1-butanonato)copper-
(II) by direct combination of the 8-keto imine (B8-imino
ketone) and ammoniacal copper(II) nitrate have not been
successful.? However, the compound can be obtained from
reactionof the 8-keto imine and bis(4-imino-2-pentanonato)-
copper(II) [bis(4-amino-3-penten-2-onato)copper(Il)] pre-
pared by the method of Holtzclaw, Collman, and Alire.?

* University of Illinois, Urbana, Ill.

1 Present address: University of South Florida, Tampa, Fla.

{ University of Nebraska, Lincoln, Neb.
2



BIS[(PHENYLIMINO)PHENYLBUTANON ATO]COPPER 3

Procedure

A. BIS(4-IMINO-2-PENTANONATO)COPPER(II)

2CH;COCH.C(=NH)CH; + Cu(NO;),-3H,0 + 2NH,OH —
[CHy,COCHC(=NH)CH,);Cu + 2NH,NO; + 5H,0

To a solution of 11.5 g. (0.116 mol) of acctylacetone
imide (4-imino-2-pentanone)* in 100 ml. of 95%, ethanol is
added 14.5 g. (0.06 mol) of copper(II) nitrate 3-hydrate in
300 ml. of water containing 13.5 ml. of concentrated (15 N)
aqueous ammonia. The reaction mixture is shaken vigor-
ously until a gray precipitate forms, and the mixture is
allowed to stand at room temperature overnight. After
filtration, the crude material (yield, about 14.3 g.; m.p. 190
to 192°, decomp.) may be recrystallized if desired from
about 200 ml. of 959, ethanol. In this way, about 12 g. of
dark needles results, and additional material (1 g.) may be
obtained by heating the filtrate to boiling and adding
enough water (about 100 ml.) to initiate crystallization.
The total yield of purified material is at least 13 g. (87%,),
m.p. 190 to 192°, decomp. Anal. Caled. for C,oH14N,0.Cu:
C, 46.23; H, 6.21; N, 10.78. Found: C, 45.61; H, 6.03; N,
10.87. By checker: C, 46.10; H, 6.41; N, 10.75.

B. BIS(3-PHENYLIMINO-1-PHENYL-1-BUTANONATO)-
COPPER(II)

[CH,CO=CHC(=NH)CH;|,Cu +
2C4H;COCH,C(=NC¢H;)CH; —
[CeH;CO=CHC(=NC:H;)CH,],Cu +

A solution of 2.37 g. (0.01 mol) of 3-phenylimino-1-phenyl-
1-butanone* and 1.3 g. (0.005 mol) of bis(4-imino-2-penta-
nonato)copper(II) in 75 ml. of 959 ethanol is heated at

* Acetylacetone imide is available from the Aldrich Chemical Company,
Milwaukee, Wis.
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reflux for one hour. During this time, dark green platelets
form. The reaction mixture is cooled in an ice-water bath
and the green platelets collected by filtration (1.6 to 2.1 g.).
Additional material (0.5 to 0.8 g.) is obtained by heating the
filtrate to boiling, adding water (about 50 ml.) to initiate
crystallization, and allowing the mixture to cool slowly.
The crude material is recrystallized from 959 ethanol (in
the proportion of 325 ml. of 959, ethanol for 2.4 g. of the
crude material). The yield is about 1.7 g. (64%) of green
platelets, m.p. 180t0182°. Anal. Caled. for C32H,40.N,Cu:
C, 71.69; H, 5.26; N, 5.23. Found: C, 71.58; H, 5.17; N,
5.30. By checker: N, 5.40.

Properties

Bis(4-imino-2-pentanonato)copper(II) is obtained as
short dark gray, almost black, needles from 959, ethanol.
The compound melts with decomposition at 190 to 192°.
Prominent bands in the infrared absorption spectrum of the
compound have been listed and discussed.?

Bis(3-phenylimino-1-phenyl-1-butanonato) copper (II)
crystallizes as green platelets (from 959, ethanol) which
melt at 180 to 182°. The compound has been partially
resolved into optical enantiomers by means of a chromato-
graphic technique.®

References

1. D.F. MArTIN and E. J. OLszEwskI: INORGANIC SYNTHESES, 8, 46 (1966).
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CHAPTER IIA

2. COMPLEX CARBONATES OF BERYLLIUM

SusmiTTED BY A. K. SENGUPTA*
CHECKED BY S. voN WinBUsH}

Beryllium hydroxide and the rather complex compounds
obtained by the addition of ammonium carbonate, or the
carbonates or hydrogen carbonates of the alkali metals, to
solutions of beryllium salts are soluble in an excess of these
reagents.! Debray? reported the isolation of compounds
with formulas 3K;Be(CO;).:Be(OH); and 3(NH,),Be-
(CO;)2°'Be(OH), from solutions prepared by dissolving
beryllium hydroxide in solutions of potassium carbonate
and ammonium carbonate, respectively. Atterberg® con-
sidered these compounds to be mixtures, and Humpidge*
later assigned the formula 2(NH,).Be(COs):'Be(OH), to
the ammonium compound. Recently, Pirtea’ reported the
isolation of the complex compound [Co(NHj)][(H:0),-
Bez(COs)z(OH)3]'3H20.

The preparation of hydrated complex carbonatoberyl-
lates of the form MBe,O(CO;)s], where M 1is either
3[Co(NHjy)]*t or K*, is described in the following proce-
dure. Inasmuch as the potassium compound can be com-
pletely dehydrated at ordinary temperatures, the formula-
tion of the carbonatoberyllate anion with a single oxygen
atom is preferred to writing the formula with two hydroxyl
groups.

¢ University College of Science, Calcutta, India. Present address: Kalyani
University, Kalyani, West Bengal, India.

t The Agricultural and Technical College of North Carolina, Greensboro,
N.C.

5
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Procedure

A. HEXAAMMINECOBALT(III) OXOHEXACARBONATOTETRA-
BERYLLATE 10- AND 11-HYDRATES,
[Co(NH3)6):[Be,O(COs) e}l xH 0

(x= 10 or 11)

By varying the concentration of the solution of alkali
metal hydrogen carbonate or of ammonium carbonate, the
salt can be obtained as either a 10- or 11-hydrate and in any
of three crystalline modifications best described as being
needle-like, tetrahedral, or polyhedral in character.

1. Needle-like modification: [Co(NH;)).[BesO(CO;)q)
11H,0. A solution composed of 3 g. (0.02 mol) of beryl-
lium sulfate 4-hydrate dissolved in 10 ml. of water is added
with constant stirring to a solution of 10 g. (0.1 mol) of
ammonium carbonate in 35 ml. of water. When the pre-
cipitate that appears when the solutions are mixed has
redissolved, the resulting solution is added with constant
mechanical stirring to 170 ml. of an aqueous solution which
contains 6 g. (0.02 mol) of hexaamminecobalt(III) chloride
and 13 g. (0.14 mol) of ammonium carbonate. A volumi-
nous mass of fine, slender, reddish-yellow crystals separates
immediately. After a few minutes, the crystals are filtered
by suction, are washed successively with water and ethanol,
and are air-dried. The yield of [Co(NHj)e]s[BesO(CO3)4):
11H,0 is 3.9 g. (989%). Anal. Caled. for [Co(NHj)e)-
[Be,O(CO;)¢)-11H,0: N, 18.03; H, 6.27; C, 7.72; Be, 3.87.
Found: N, 17.88; H, 6.18; C, 7.72; Be, 3.78. By checker:
N, 18.70; H, 6.21; C, 7.82; Be, 3.83.

2. Polyhedral modification: [Co(NHj)].[Be,O(CO;)ql*
10H.0. A solution containing 1 g. (0.006 mol) of beryl-
lium sulfate 4-hydrate dissolved in 65 ml. of water
is saturated with potassium hydrogen carbonate and
filtered. A solution of 1 g. (0.004 mol) of hexaammine-
cobalt(III) chloride in 15 ml. of water is added dropwise to
the mechanically stirred solution. After approximately
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one-half of the reagent has been added, light orange-colored
crystals of hexaamminecobalt(III) oxohexacarbonatotetra-
beryllate 10-hydrate, [Co(NHj;)4):[Be O(COs) ¢} 10H,0, begin
to separate from the solution. When the addition of the
reagent is complete, the solution is allowed to stand for a
few minutes; the crystals are then collected by suction
filtration, are washed successively with water and ethanol,
and are air-dried. The yield is 0.85 g. (659%). Anal.
Caled. for [Co(NHj)e)2[BeO(CO;3)6)-10H.O: N, 18.3S; H,
6.17; C, 7.87; Be, 3.94. Found: N, 18.30;H,6.18;C, 7.79;
Be, 3.81. By checker: N, 18.89; H, 6.12; C, 8.58; Be, 3.93.

3. Tetrahedral modification: [Co(NHj).[Be O(COj3))
10H,0. A solution of any soluble beryllium salt (sulfate,
nitrate, or chloride) is prepared in such concentration that
approximately 140 ml. of the solution will contain 0.1 g.
(0.01 mol) of beryllium. This solution is saturated with
potassium hydrogen carbonate (about 38 g. of potassium
hydrogen carbonate will be required) and is separated by
filtration from the undissolved solid. The solution is
stirred mechanically and to it is added, in one installment,
125 ml. of a solution containing 6 g. (0.02 mol) of hexaam-
minecobalt(I1I) chloride and 8 g. (0.08 mol) of potassium
hydrogen carbonate. Precipitation of tetrahedral crystals
of hexaamminecobalt(III) oxohexacarbonatotetraberyllate
10-hydrate, [Co(NH;)e)o[BesO(COs)6)- 10H,0, reddish cream
in color, is immediate. The solution is allowed to stand
for a few minutes, is filtered, washed successively with
water and ethanol, and air-dried. The yield is 2 g. (87%).
Anal. Caled. for [Co(NHj;)4)s[BesO(CQOys)s)-10H,0: N, 18.38;
H, 6.17; C, 7.87; Be, 3.94. Found: N, 18.26; H, 6.15; C,
7.78; Be, 3.91. By checker: N, 18.50; H, 6.16; C, 7.80; Be,
3.94.

B. POTASSIUM OXOHEXACARBONATOTETRABERYLLATE,
K.[Be.O(COa).]

Pure beryllium hydroxide, freshly prepared from 12 g.
(0.06 mol) of beryllium nitrate 4-hydrate, is dissolved by
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heating it in 100 ml. of an aqueous solution containing 16 g.
(0.16 mol) of potassium hydrogen carbonate. The solution
is cooled to room temperature and is filtered.

The clear solution is placed in a glass-stoppered Erlen-
meyer flask, and to it ethanol is added gradually and with
frequent shaking until a heavy oily liquid separates. Por-
tionwise addition of ethanol and agitation of the flask are
continued until no further increase in the volume of the
heavy layer is apparent or precipitation of potassium hydro-
gen carbonate begins.

The heavy oily liquid is separated from the rest of the
solution and is placed in another glass-stoppered flask.
Water is added dropwise to the oily emulsion until it
becomes clear. To this solution is added a volume of
ethanol equal to approximately one-third the volume of the
solution itself. After the mixture has been shaken and
allowed to stand for a few minutes, two immiscible phases
again result. The heavy oily liquid is again drawn off, and
further extractions with water and with ethanol, respec-
tively, are made (about 10 times*) until the dropwise addi-
tion of water causes a white flocculent precipitate to form.
After the solution has stood several minutes, it is filtered
through dry fine-textured filter paper (S & S 5893 or What-
man 42) and placed in a desiccator.

After several days the potassium salt crystallizes from
the syrupy solution as large transparent rhombohedra.
The crystals are filtered by suction and quickly dried
between folds of filter paper. After the crystals have been
powdered and dried to constant weight over P,0,, the
composition corresponds to that of the anhydrous salt,
K[BeiO(COs)sl. Anal. Caled. for K¢BeO(CO;)e: K,
36.28; Be, 5.57; CO,, 40.82. Found: K, 36.46; Be, 5.51;
CO,, 41.06. By checker: K, 36.17; Be, 5.50.

* The checker reports that a minimum of 10 extractions is essential if the
compound is to crystallize in a reasonable length of time.
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Properties

Hexaamminecobalt(III) carbonatoberyllates are gener-
ally insoluble in water, but complete precipitation of beryl-
lium is obtained only in procedures A-1 and A-3. Although
potassium oxohexacarbonatotetraberyllate dissolves in
water to form a clear solution, a white flocculent precipitate
separates after a few minutes, indicating that the complex
carbonate anion must be unstable in aqueous solution.

The sodium and ammonium analogs of the potassium
compound can be prepared by the same procedure as
described for the synthesis of the potassium compound.
Both of the alkali metal compounds are hygroscopic in
nature. The ammonium derivative cannot be obtained in a
pure condition, because of its continuous evolution of
ammonia and carbon dioxide.

Anhydrous potassium oxohexacarbonatotetraberyllate is
thermally stable up to a temperature of 100°; the hexa-
amminecobalt(III) salts decompose at temperatures above
50°.

References

1. R. J. MEYER (ed.): “Gmelins Handbuch der anorganischen Chemie,”
Vol. 26, 8th ed., pp. 72, 77, 97, Verlag Chemie, Weinheim/Bergstr.
und Berlin, 1930.

. H. DeBRrRAY: Ann. Chim. (Paris), [3], 44, 30 (1855).
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CHAPTER IIB

3. DICHLORO(2,2'-IMINODIPYRIDINE)ZINC,
DIACETATO(2,2-IMINODIPYRIDINE)ZINC, AND
DICYANO(2,2'-IMINODIPYRIDINE)ZINC

ZnClz + NH(CsH‘N)z —> [Zn{NH(C5H4N)2}Cb]
ZD(OOCCHa)z + NH(05H4N)2'—)
[Zn{NH(C;H,N);} (O0OCCH;),]
ZD(CN)2 + NH(CsH4N)2 - [ZH{NH(05H4N)2}(CN)2]

SuspmITTED BY JOosEpE SIiMRIN* anp B. P. Brock*
CHECKED BY JOHN A. BroOMHEAD}

In Volume V of this series, syntheses were presented for
coordination compounds of 2,2-iminodipyridine [di-2-
pyridylamine, NH(C;H,N),] with copper(II)! and cobalt-
(I).2 Nickel(IT) has also been shown to coordinate with
this ligand.* A similar behavior is exhibited by zinc salts,
which form 1:1 derivatives if a 1:1 mol ratio of reactants is
used. The specific choice of a solvent medium for synthesis
is dictated by the solubility of the zinc compound. Either
acetone or methanol may be used with zinc chloride, meth-
anol with zinc acetate, and pyridine with zine cyanide.

Procedure

A. DICHLORO(2,2’-IMINODIPYRIDINE)ZINC

Commercial 2,2’-iminodipyridine} is purified by recrys-
tallization from ethanol (20 g. of 2,2’-iminodipyridine in 30

* Pennsalt Chemicals Corporation Technological Center, King of Prussia,
Pa.
t University of Queensland, St. Lucia, Brisbane, Australia.
% Available from Reilly Tar and Chemical Corp., Indianapolis, Ind.
10
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ml. of hot ethanol to yield 18.5 g. of purified compound).
A solution of 17.12 g. (0.10 mol) of the purified 2,2’-imino-
dipyridine in 280 ml. of reagent-grade acetone is added
dropwise with vigorous stirring to a filtered solution of
13.63 g. (0.10 mol) of reagent-grade anhydrous zine chloride
in 30 ml. of reagent-grade acetone. (Granular anhydrous
zine chloride is preferable because of its ease of solution; if it
is not available, sticks of zine chloride should be powdered
and weighed rapidly. Anhydrous zinc chloride powder may
be obtained commercially or may be prepared by the
method of Pray.?) The white precipitate which forms
almost immediately is removed by vacuum filtration,
washed with three successive 30-ml. portions of acetone, and
dried to constant weight at 90 to 95°. The yield is 29.5 to
30.5 g. (96 to 99%). Anal. Caled. for [Zn{NH(CsHN),}-
CLj: C, 39.06; H, 2.95; N, 13.67; Cl, 23.06; Zn, 21.26.
Found: C, 39.1; H, 3.0; N, 13.9; CI, 23.4; Zn, 21.2. By
checker: C, 39.11; H, 3.22; N, 13.72.

B. DIACETATO(2,2’-IMINODIPYRIDINE)ZINC

NOTE: Parts B and C include modifications suggested by
the checker and checked independently by the submitters.

A solution of 17.56 g. (0.08 mol) of zinc acetate 2-hydrate
in 100 ml. of absolute methanol is filtered into a 250-ml.
flask. To this solution is added with stirring a solution of
13.70 g. (0.08 mol) of 2,2’-iminodipyridine in 20 ml. of hot
methanol. The solution is heated to boiling and then
allowed to cool. White crystals are deposited. The mix-
ture is cooled in ice and the product filtered off, washed with
acetone, and dried at 90 to 95°. The yield is 20.1 g. (71%).
Anal. Caled. for [Zn{NH(C;H,N),} (CH;CO,),]: C, 47.41;
H, 4.26; N, 11.85; Zn, 18.43. Found: C, 47.7; H, 4.1; N,
11.8; Zn, 18.4. By checker: C, 47.51; H, 4.57; N, 11.91.

C. DICYANO(2,2’-IMINODIPYRIDINE)ZINC

A solution of 3.51 g. (0.030 mol) of zinc cyanide in
250 ml. of pyridine is heated to boiling on a hot plate and
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filtered while hot. The solution obtained by dissolving
7.7 g. (0.045 mol) of 2,2’-iminodipyridine in the filtrate is
heated to boiling and evaporated to dryness on a steam
bath. The white residue is then finely ground, washed
four times with 100-ml. portions of boiling absolute ethanol,
and dried at 90 to 95° at 20 mam. pressure. The yield is
6.4 g. (74%). Anal. Caled. for [Zn{NH(C;H,N),}(CN),]
C, 49.94; H, 3.14; N, 24.27; Zn, 22.65. Found: C, 49.4; H,
3.0; N, 24.1; Zn, 22.9. By checker: C, 49.33; H, 3.31;
N, 23.99.

Properties

All three compounds are white solids. The acetato
derivative melts at 254 to 259°, but the other two decom-
pose on heating. All three are insoluble in carbon tetra-
chloride, acetone, ether, and benzene and soluble in N,N-
dimethylformamide, N,N-dimethylacetamide, and pyri-
dine. The acetato derivative is soluble in water, methanol,
and ethanol. The chloro derivative is sparingly soluble in
boiling water and insoluble in methanol and ethanol, whereas
the cyano derivative is somewhat soluble in boiling ethanol
and methanol and insoluble in water.

References
1. 8. KIirsCENER: INORGANIC SYNTHESES, B, 14 (1957).
2. J. C. BAILAR, JR., and 8. KIRSCHNER: 1bid., 184 (1957).
3. A. W. ME1sonMm, S. BELLMAN, and A, LETH Proc. Indiana Acad. Sci.,
66, 95 (1956).
4. A. R. Pray: INnoraaNIC SynTHESES, §, 153 (1957).



Inorganic Syntheses, Volume VIII
Edited by Henry F. Holtzclaw, Jr.
Copyright © 1966 by McGraw-Hill Book Company, Inc.

CHAPTER IVA

See also: Bis(4-imino-2-pentanonato)copper(Il) and bis(3-phenyl-

imino-1-phenyl-1-butanonato)copper(II), synthesis 1

Complex carbonates of beryllium, synthesis 2

Dichloro(2,2'-iminodipyridine)zinc, diacetato(2,2’~-imino-
dipyridine)zine, and dicyano(2,2’-iminodipyridine)zinc,
synthesis 3

Dichlorobis(2,4-pentanedionato) titanium(IV) : (correction),
synthesis 10

Tris(2,4-pentanedionato)zirconium(IV) chloride, synthesis 11

Potassium tetraoxalatozirconate, -hafnate, and -thorate, syn-
thesis 12

Metal derivatives of 8-keto imines (8-imino ketones), synthesis
13

Phenyllead(1V) azides, synthesis 15

Tetraphosphorus hexamethylhexaimide, synthesis 16

Diphenyl phosphorochloridite, synthesis 17

Diphenylphosphinic acid, synthesis 18

(2,2-Dimethylhydrazino)diphenylphosphine, synthesis 19

Alkoxy- and aryloxycyclophosphazenes, synthesis 20

Mercapto derivatives of chlorocyclophosphazenes, synthesis 21

Dialkylsulfamoyl chlorides, synthesis 27

N- and N,N’-Substituted sulfamides, synthesis 28

Dialkylamides of (trichlorophosphoranylidene)sulfamic acid,
synthesis 29

Aminomethanesulfonic acid, synthesis 31

Anhydrous chromium(II) acetate, chromium(ll) acetate
1-hydrate, and bis(2,4-pentanedionato)chromium(II), syn-
thesis 32

Tris(1,3-diphenyl-1,3-propanedionato)chromium(11I), synthe-
sis 34

Tris(1,1,1-trifluoro-2,4-pentanedionato)chromium(I1I),
synthesis 35

13
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Tris(1,3-propanedialato)chromium(II1), synthesis 36

cts- and trans-Tris(3-oxobutanalato)chromium(III), synthesis
37

Tris(4-p-toluidino-3-penten-2-onato)chromium(III), synthesis
38

Tris(2,4-pentanedionato)molybdenum(III), synthesis 39

Potassium tetraoxalatouranate(IV), synthesis 40

Trifluoromethyl hypofluorite, synthesis 42

Bis(ethylenediamine)dioxorhenium(V) chloride, bis{ethylene-
diamine)oxohydroxorhenium(V) perchlorate, and bis(ethyl-
enediamine)dihydroxorhenium(V) hexachloroplatinate(IV),
synthesis 44

Diiron enneacarbonyl, synthesis 45

Triiron dodecacarbonyl, synthesis 46

Tricarbonyl(cyclooctatetraene)iron, synthesis 47

Iron carbonyl complexes of triphenylphosphine, triphenyl-
arsine, and triphenylstibine, synthesis 48

cis-Dinitrobis(ethylenediamine)cobalt(III) nitrite and nitrate,
synthesis 50

cis-Bromoamminebis(ethylenediamine)cobalt(III)  bromide,
cis- and trans-aquoamminebis(ethylenediamine)cobalt(I11)
bromide, and cis- and frans-aquoamminebis(ethylenedia-
mine)cobalt(III) nitrate, synthesis 51

Sodium tricarbonatocobaltate(III) 3-hydrate, synthesis 52

Potassium tetraoxalato-u-dihydroxodicobaltate(I11) 3-hydrate
(Durrant’s salt) and sodium tetracxalato-u-dihydroxodi-
cobaltate(III) 5-hydrate, synthesis 53

Resolution of the trioxalatocobaltate(III) ion, synthesis 54

Dichlorotetracarbonyldirhodium, synthesis 55

Chlorocarbonylbis(triphenylphosphine)rhodium and chloro-
carbonylbis(triphenylarsine)rhodium, synthesis 56

Resolution of the tris(1,10-phenanthroline)nickel(II) ion, syn-
thesis 59

Bis(4-imino-2-pentanonato)nickel(II), synthesis 60

Tris(ethylenediamine)platinum(IV) chloride, synthesis 62

cis-Dichloro(ethylenediamine)platinum(I1), synthesis 63

cis- and trans-Tetrachlorobis(diethyl sulfide)platinum(1V),
synthesis 64
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4. SODIUM BIS(TRIMETHYLSILYL)AMIDE AND
TRIS(TRIMETHYLSILYL)AMINE

SusMiTTED BY CARL R. KrRUUGER* AND HaANs NIEDERPRUM?
CHECKED BY Max Scumipt! AND O. ScHERER}

Alkali metal derivatives of hexamethyldisilazane are
obtained by the reaction of hexamethyldisilazane with the
corresponding metal alkyls or aryls,® with the metal
hydrides,? or with the metal amides.! The use of sodium
amide is much simpler and easier than the use of hydrides,
and it is less expensive. Metal alkyls are usually not
readily available commercially, making necessary another
step in the synthesis if alkyls are used as starting materials.

The procedure below provides for the preparation of
sodium bis(trimethylsilyl)amide and then describes its use
in the preparation of tris(trimethylsilyl)amine.

Tris(trimethylsilyl)amine may also be prepared from
lithium bis(trimethylsilyl)amide, as described in synthe-
sis 5 of this volume.

Procedure

A. SODIUM BIS(TRIMETHYLSILYL)AMIDE
(CH,):8i—NH—Si(CH,)s + NaNH; — NaN|[Si(CHs),], + NH,4

Caution. Extreme care should be taken in handling
sodium amide, especially during the grinding of the material.
Rubber gloves and a face mask should be worn, and the amide
should be ground in small portions. Sodium amide, especially
corroded pieces, has been reported to detonate without apparent
cause. Contact with water should be carefully avoided.

* Harvard University, Cambridge, Mass. Present address: Max-Planck
Institut fiir Kohlenforschung, Miilheim/Rubr, Germany.

t Farbenfabriken Bayer A. G., Leverkusen, Germany.

1 Institut fiir anorganische Chemie der Universitit Marburg, Marburg,
Germany.



16 INORGANIC SYNTHESES

The reaction is performed in a 2-1. three-necked ground-
joint flask, equipped with reflux condenser, sealed stirrer,
gas inlet tube, and drying tube.

After the flask is flushed with dry nitrogen,* 78 g. (2.0
mols) of ground sodium amide, or the equivalent quantity
of a commercially available suspension of sodium amide in
benzene or toluene, is added to 1000 ml. of benzene dried
over sodium. Then 322.8 g. (2.00 mols) of hexamethyl-
disilazane t is added in one portion to the suspension. After
the addition, the reaction mixture warms up slowly. The
reaction is completed by refluxing the stirred suspension for
48 hours or more, until only traces of ammonia are evolved.
At this point, the solution should appear nearly clear and
only slightly yellow, depending on the quality of the start-
ing materials used. Traces of unreacted sodium amide are
now removed by filtration of the hot solution with slight
suction through a medium glass frit. Employing other
than a slight vacuum may lead to evaporation of the solvent
and clogging of the frit. The clear solution thus obtained
is evaporated under vacuum using a precision-ground
sealed stirrer to prevent bumping of the suspension. Sod-
ium bis(trimethylsilyl)amide remains as a yellow-white
powder. The yield is 275 to 300 g. (75 to 829%). This
material is pure enough for most preparative purposes.
Care should be taken in cleaning the glassware used in the
procedure. The glassware should be rinsed with methanol to
destroy any remaining sodium amide residue before washing
with water.

Properties

Sodium bis(trimethylsilyl)amide, when recrystallized
from anhydrous benzene, forms white prisms. It is soluble

* Prepurified nitrogen may be first dried with concentrated sulfuric acid
and then passed over Drierite or silica gel.

t Hexamethyldisilazane is available commercially from Peninsular Chem.
Research, Inc., Gainesville, Fla. It may be prepared according to the pro-
cedure of R. O. Sauer and R. H. Hasek, J. Am. Chem. Soc., 68, 241 (1946) or
by the method described in synthesis 5 of this volume.
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in relatively nonpolar solvents such as benzene, toluene, and
xylene and appears to be dimeric in these solvents. It
forms addition compounds with diethyl ether, dioxane,
tetrahydrofuran, and pyridine, and in adduct form is easily
soluble in these solvents. If moisture is excluded, so-
dium bis(trimethylsilyl)amide may be stored indefinitely.
Water and aleohols decompose it with formation of silanol,
sodium hydroxide, and ammonia. The salt may be used to
prepare a variety of silicon-nitrogen compounds®™¢ and is
useful as a strong base in a variety of organic reactions.®?

B. TRIS(TRIMETHYLSILYL)AMINE
NaN[Si(CHj),), + CISi(CH,)s — N{[Si(CHs)s]s + NaCl

NoTE: To prepare tris(trimethylsilyl)amine, it is not
necessary to isolate or purify the sodium compound
described in Part A; the trimethylchlorosilane may simply
be added to a quantity equal to about 6% of the unfiltered
benzene solution of sodium bis(trimethylsilyl)amide
obtained in Part A. Otherwise, the procedure as described
below is followed exactly.

Eighteen and four-tenths grams (0.1 mol) of sodium
bis(trimethylsilyl)amide is placed in a dry 500-ml. three-
necked flask equipped with reflux condenser, sealed stirrer,
dropping funnel, and drying tube. The salt is dissolved in
200 ml. of dry absolute benzene with gentle heating (or if the
portion of the benzene solution from Part A is used, the
volume is brought up to 200 ml. by addition of dry absolute
benzene). The resulting solution is stirred while a solution
of 10.8 g. (0.1 mol) of freshly distilled trimethylchlorosilane
in 50 ml. of dry benzene is slowly added. After a short
period of time, the separation of sodium chloride begins.
The reaction is completed by refluxing the mixture for 10
hours. If time is a factor, a shorter reflux time (as little as
3 hours) can be used satisfactorily but with a reduction in
yield.

After cooling to room temperature, the suspension is
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filtered with suction through a medium glass frit, and the
residue is washed twice with 50 ml. of dry benzene, yield-
ing a colorless solution of tris(trimethylsilyl)amine. The
solvent is removed by distillation, and from the remaining
residue tris(trimethylsilyl)amine is isolated by distillation
under normal pressure, using a small column, an air con-
denser, and a fractionation ‘“udder.” The fraction distill-
ing between 214 and 216° solidifies in the receiving flask.
Clogging of the condenser may be avoided by gentle heat-
ing with a Bunsen burner. The yield of tris(trimeth-
ylsilyl)amine is about 18 g. (809%). Anal. Caled. for
N[Si(CHs)s:: C, 46.28; H, 11.65; Si, 36.07; N, 6.00.
Found: C, 46.40, 46.60; H, 11.65, 11.56; Si, 35.70; N, 6.06,
6.30.

Properties

Tris(trimethylsilyl)amine is a waxlike material that
melts at 67 to 69° and boils without decomposition at 215°
(or 85° at 13 mm.). It is easily soluble in nonpolar organic
solvents, and, with splitting of the Si—N bond, in alcohols
or acids. It is not affected by water and alkalies. The
infrared spectrum? is reported to have absorption maxima
due to Si—N stretching frequencies with the symmetric
stretch at 430 em.™ and the asymmetric stretch at 916
em.”!, indicating a nearly planar structure for the com-
pound. The proton magnetic resonance spectrum® shows
one single signal at 9.825 7 for a 59, solution in carbon
tetrachloride. The compound shows no basic properties;
addition of boron fluoride occurs only below —20°, forming
an unstable adduct.
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6. LITHIUM BIS(TRIMETHYLSILYL)AMIDE AND
TRIS(TRIMETHYLSILYL)AMINE

SusMITTED BY E. H. AMONOO-NEIZER,* R. A. SHAW,* D. O. SkovLIN, * and
B. C. Smitu*
CHECKED BY JOEL W. RoseENTHALt AND WiLnLiam L. JoLuy?t

Ammonia reacts with trimethylchlorosilane to give
hexamethyldisilazane, but tris(trimethylsilyl)amine is not
formed by this reaction.! Hexamethyldisilazane reacts
with n-butyllithium to give lithium bis(trimethylsilyl)-
amide, which is a strong nucleophilic reagent. Reaction of
this product with trimethylchlorosilane gives tris(trimeth-
ylsilyl)amine.? The method is similar to that described by
Wannagat and Niederpriim,® but it avoids the use of a
sealed tube. Hexamethyldisilazyl derivatives of sodium
and potassium have been investigated.® Tris(trimethyl-
silyl)amine has been prepared by Goubeau and Jiménez-
Barberd* from the reaction of hexamethyldisilazane with
sodium and styrene.

The procedure below describes the preparation of lithium
bis(trimethylsilyl)amide and its subsequent use in the
preparation of tris(trimethylsilyl)amine. Tris(trimethyl-
silyl)amine may also be prepared from sodium bis(tri-
methylsilyl)amide. The method is described in synthesis 4.

* Birkbeck College (University of London), London, England.
t University of California, Berkeley, Calif.
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A. LITHIUM BIS(TRIMETHYLSILYL)AMIDE

3NH, + 2(CH8)SICI - [(CH:) xSl]zNH + 2NH,C1
2Li 4+ n-BuCl — n-Buli + LiCl
[(CH3)sSi;NH + n-BuLi — LiN[Si(CH3)s]; + n-BuH

Procedure

A 1-1. three-necked flask is fitted with a reflux condenser,
a stirrer, and an inlet for ammonia. (Caution. Proper
care should be exercised to make the equipment suitable for
use with ether.) A solution of 50.0 ml. (0.39 mol) of
trimethylchlorosilane in 500 ml. of dry ether is placed in the
flask. The solution is stirred for a period of 3 hours, and
during this entire time, ammonia is bubbled through the
stirred solution. Additional ether should be added from
time to time, if necessary, to maintain approximately the
original volume. The apparatus becomes coated on the
inside with ammonium chloride as the reaction proceeds.
At the conclusion of the 3-hour period, the ammonium
chloride is removed by suction filtration under anhydrous
conditions and then washed with ether. Fractional dis-
tillation of the combined filtrate and washings produces
hexamethyldisilazane (b.p. 124 to 126°). The yield is 23.0
g (73%).

The apparatus for the preparation of n-butyllithium®*
consists of a three-necked flask fitted with a mercury-sealed
stirrer, a dropping funnel, and a reflux condenser. The
apparatus is assembled hot, and air is immediately displaced
by a stream of dry nitrogen which enters through the con-
denser. A solution of 37 ml. (0.35 mol) of n-butyl chloride
in 50 ml. of n-pentane is added slowly (about one drop per
second) to small pieces of lithium wire (5.0 g.; 0.71 mol) sus-
pended in 80 ml. of n-pentane. Reaction begins after a
short induction period (about 10 minutes), producing a

¢ n-Butyllithium is also available commercially.
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purple precipitate. The mixture is boiled for 2 hours under
reflux by means of an infrared lamp, cooled, and filtered in
an atmosphere of nitrogen through a glass tube packed
with glass wool. The solution which remains, n-butyllith-
ium in n-pentane, is diluted to a known volume, and a 2-ml.
sample is allowed to hydrolyze. The hydrolysis product
is standardized by titration with dilute hydrochloric
acid. Yields are about 709,. FEzxcess lithium in the reaction
flask is destroyed with 1-propanol in an atmosphere of
nitrogen.

The preparation of lithium bis(trimethylsilyl)amide
must also be performed in an atmosphere of dry nitrogen.
A solution containing 19 g. (0.3 mol) of n-butyllithium in
150 ml. of pentane is added slowly to a stirred solution of
66.0 ml. (0.32 mol) of hexamethyldisilazane in 100 ml. of
ether. The reaction mixture is boiled under reflux for 30
minutes, and then the solvents are evaporated. Distillation
in vacuo produces lithium bis(trimethylsilyl)amide (b.p. 80
to 84° at 0.01 mm.) as a colorless liquid. On cooling, the
liquid solidifies to colorless crystals melting at 71 to 72°.
The yield is 44 g. (889;). Anal. Caled. for CsHsLiNSi,:
C, 43.1; H, 10.8; Li, 4.2; N, 7.8. Found: C, 44.6; H, 10.6;
Li, 3.9; N, 8.4.

The dustillation residue is destroyed with 1-propanol in an
atmosphere of nitrogen.

Properties

Lithium bis(trimethylsilyl)amide is a colorless solid
which is soluble in a variety of organic solvents suitable for
reactive compounds such as organometallic substances or
substituted metal amides. The compound melts at 71 to
72°, Itis unstable in air and catches fire when compressed,
but it is stable in an atmosphere of nitrogen. Reactions
with a variety of nonmetallic halides give lithium halides
and hexamethyldisilazyl derivatives.
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B. TRIS(TRIMETHYLSILYL)AMINE
LiN[Si(CH,)3): + CISi(CHas); — N[Si(CHj),)s + LiCl

A solution of 2.6 ml. (0.021 mol) of trimethylchloro-
silane in 20 ml. of ether is added to a stirred solution of
3.5 g. (0.021 mol) of lithium bis(trimethylsilyl)amide in
50 ml. of ether. (Caution. An exothermic reaction takes
place.) The mixture is then boiled under reflux for 8 hours.
Lithium chloride is removed by filtration in an atmosphere
of nitrogen. The filtrate is evaporated to dryness (foam-
ing may occur) and redissolved in petroleum ether (b.p. 60
to 80°). Any last traces of lithium chloride are removed by
filtration. Evaporation of the solvent, followed by distilla-
tion of the residue, as described in synthesis 4, is required to
isolate the tris(trimethylsilyl)amine. The product is a
waxlike solid which has a melting point of 67 to 68° and a
boiling point of 79° at 10 mm. pressure. The yield is 2.5 to
3.0 g. (50 to 60%,). Anal. Caled. for CoH2;NSi;: C, 46.3;
H, 11.65; N, 6.0;8i,36.1. Found: C, 46.3; H, 11.9; N, 6.2;
Si, 36.3.

Properties

The properties of tris(trimethylsilyl)amine have been
described in synthesis 4.
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6. SILICON TETRAISOCYANATE AND
METHYLSILICON ISOCYANATES

8iCli + 4AgNCO — 8i(NCO), + 4AgCl
(CH,),8iCli—s + (4 — n)AgNCO —
(CH,).8i(NCO)u-n + (4 — n)AgCl

Svemittep BY Roy G. NEvILLE*} anD Joun J. McGEEe*
CHECKRED BY CONSTANCE WRIGHT! AND EarL L. MUETTERTIES}

Silicon tetraisocyanate and methylsilicon isocyanates, of
the type (CHj),Si(NCO)s_, (n =1, 2, or 3), were first
prepared in 75 to 909, yields by treating silicon(IV) chloride
or the appropriate methylchlorosilane with silver isocyanate
in anhydrous benzene.! Forbes and Anderson® report that
much smaller yields are obtained when lead cyanate is used
instead of silver isocyanate. The following procedure,
however, when performed with lead eyanate, produces 52 to
719, yields of the silicon isocyanates. Comments on the
use of less expensive lead cyanate are therefore included
along with the silver isocyanate method of preparation.

Procedures for the corresponding thiocyanate compounds
are described in synthesis 7.

Procedure

A. SILVER ISOCYANATE AND LEAD CYANATE

Silver isocyanate is prepared by adding a solution of 487
g. (6.0 mols) of potassium cyanate in 1 1. of distilled water
to a well-stirred solution of 1019 g. (6.0 mols) of silver
nitrate in 1 1. of distilled water. The temperature of the
mixture is kept below 25° by cooling in an ice bath as nec-

* Aerospace Corporation, Los Angeles, Calif.

t Present address: The Epoxylite Corporation, South El Monte, Calif.

1 Central Research Department, Experimental Station, E. 1. du Pont de
Nemours & Company, Wilmington, Del.
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essary. The precipitated silver isocyanate is filtered,
washed with five 100-ml. portions of distilled water followed
by two 100-ml. portions of acetone, pressed thoroughly, and
drained. The white solid, spread on a large polyethylene
tray and covered loosely by aluminum foil to prevent
photodecomposition, is dried overnight by exposure to a
stream of air in a good hood. TFinal traces of moisture are
removed by placing the solid in a crystallizing dish in a
vacuum desiccator (covered by aluminum foil) and evacuat-
ing for 3 hours.

Lead cyanate is similarly prepared from 1987 g. (6.0 mols)
of lead nitrate and 973 g. (12.0 mols) of potassium cyanate.

High yields of the silicon isocyanates are obtained when
freshly prepared silver isocyanate or lead cyanate is
employed. When the silver or lead salt is several weeks
old, or is dried in an oven, the yields of silicon isocyanates
are about 209, lower.

B. SILICON TETRAISOCYANATE

Finely powdered silver isocyanate (660 g.; 4.4 mols; 10%
theoretical excess)* is mixed with 800 ml. of anhydrous
sodium-dried benzene contained in a 3-l. three-necked
standard-taper flask fitted with a motor-driven stirrer, a
thermometer, a 125-ml. dropping funnel, and a 300-mm.
Allihn condenser topped by a Drierite-filled tube. Silicon-
(IV) chloride (170 g.; 1.0 mol) is added dropwise to the
suspension over a 30- to 45-minute period with rapid
stirring. The reaction is strongly exothermic, and the
temperature of the mixture must be maintained below 45°
by cooling the bottom of the flask, as necessary, in an ice-
water bath. After the silicon(IV) chloride has been added,
the mixture is heated at. gentle reflux for 3 hours, with con-

* A 10% excess of silver isocyanate or lead cyanate has repeatedly been
found to give the highest yields of product. A 259% excess produces no
greater yield. Stoichiometric amounts produce slightly lower yields. On

the other hand, a 109, excess of silicon(IV) chloride results in only a 40%
yield of silicon tetraisocyanate.!
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tinuous vigorous stirring, and then cooled to room tempera-
ture. The blue-gray silver salts are filtered on a Biichner
funnel fitted with Whatman no. 1 paper and washed with
five 70-ml. portions of anhydrous sodium-dried benzene, or
until no isocyanate odor can be detected in the solids. The
pale yellow filtrate is distilled using a 50-cm. Vigreux col-
umn, which may be wrapped with aluminum foil to increase
the speed of the distillation. After removing the benzene,
the crude residual liquid is transferred to a 250-ml. flask and
distilled, using the Vigreux column and collecting the
fraction boiling at 185 to 189°. The yield of colorless liquid
is 167 g. [85.39 based on silicon(IV) chioride].* Anal.
Caled. for Si(NCO),: C, 24.5; N, 28.6; Si, 14.2. Found (by
checkers): C, 24.4; N, 28.7; Si, 14.1. On standing in the
refrigerator, the liquid freezes to colorless crystals which
melt at 26°.

When freshly prepared lead cyanate (642 g.; 2.2 mols;
109%, theoretical excess) is employed in the above procedure
instead of silver isocyanate, the reaction is only slightly
exothermic. The silicon(IV) chloride can therefore be
added at a fairly rapid rate after the reaction has been
initiated by heating to 35 to 40°. The mixture is then
refluxed with vigorous stirring for 3 hours. After the
benzene is distilled, the yield of silicon tetraisocyanate is
121 g. [61.8%, based on silicon(IV) chloride].

The preparation of silicon tetraisocyanate from finely
powdered potassium cyanate gives only a 29 yield, in
agreement with the observation of Forbes and Anderson.!

C. METHYLSILICON ISOCYANATES

Methylsilicon triisocyanate and dimethysilicon diiso-
cyanate can be prepared from the appropriate methyl-
chlorosilane and a 109, theoretical excess of the inorganic
cyanate with the same equipment and procedure as
employed in the synthesis of silicon tetraisocyanate. With

* The checkers report a 63.4% yield with the scale reduced to 0.25 mol
of silicon(IV) chloride as starting material.
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silver isocyanate the yields of methylsilicon triisocyanate
and dimethylsilicon diisocyanate are 88 and 849, respec-
tively. With lead cyanate the yields are 60 and 529,
respectively.

Because trimethylsilicon isocyanate boils at 91°, making
its separation from benzene somewhat difficult, this iso-
cyanate is more readily prepared by using the same volume
of xylene instead of benzene. With this modification, the
yield of trimethylsilicon isocyanate is 919, from silver
isocyanate,* or 719, from lead cyanate. Anal. Caled. for
(CH,)SiNCO: N, 12.2; Si, 24.4. Found (by checkers):
N, 11.8; Si, 23.6.

Properties

Silicon tetraisocyanate is a stable white crystalline solid
which melts at 26.0 + 0.5° and boils at 185.6 + 0.3°. Itis
soluble in benzene, chloroform, carbon tetrachloride, ace-
tone, and petroleum naphtha. On exposure to moist air or
water, it is rapidly hydrolyzed to gelatinous silica and
cyanic acid. It reacts vigorously with most primary and
secondary aliphatic and aromatic amines to produce,
respectively, N-mono- or N,N-disubstituted ureas*?® and
thus is useful in the synthesis of these classes of compounds.

The methylsilicon isocyanates are very similar in chemi-
cal and physical properties to silicon tetraisocyanate.
They are colorless liquids at room temperature, possess
pungent odors, and are strong lacrimators. The melting
and boiling points, respectively, are as follows: trimethyl-
silicon isocyanate, —49.0 + 3°, 91.0 + 0.3°; dimethylsili-
con diisocyanate, —31.2 + 3°, 139.2 + 0.3°; methylsilicon
triisocyanate, —2.7 3 0.5° 170.8 + 0.3°.

The compounds are readily hydrolyzed by water or moist
air and react vigorously with most primary or secondary
aliphatic or aromatic amines to produce N-mono- or N,N-
disubstituted ureas.

* The checkers report a 71.1% yield with the scale reduced one-half.
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7. SILICON TETRAISOTHIOCYANATE AND
METHYLSILICON ISOTHIOCYANATES

SiCl, + 4NH,SCN — Si(NCS), + 4NH,Cl
(CH,).8iClyy + (4 — n)NHSCN —
(CH,).8i(NCS) 4 + (4 — n)NH,CI]
(n=1,20r3)

SuBMITTED BY RoY G. NEVILLE*{ AND JonN J. McGee*
Cuecgep BY ConsTaANCE WRIGHT} AND EArL L. MUETTERTIES]

Silicon tetraisothiocyanate was first prepared by Miquel*:?
and Reynolds® by treating silicon(IV) chloride with lead
thiocyanate. Later, Forbes and Anderson™® prepared
many substituted silicon isothiocyanates by metathetical
reaction of the corresponding chlorosilanes with silver thio-
cyanate. On the bases of molecular refraction studies, the
latter workers concluded that the silane derivatives are iso-
thiocyanates rather than the isomeric thiocyanates. Con-
clusive proof that these compounds are isothiocyanates is
their formation in good yield from isocyanosilanes and
sulfur:!°

RSINC 4 S — RiSiNCS

Although the silicon isothiocyanates have been prepared by
treating chlorosilanes with the thiocyanates of sodium,

® Aerospace Corporation, Los Angeles, Calif.

t Present address: The Epoxylite Corporation, South El Monte, Calif.

1 Central Research Department, Experimental Station, E. I. du Pont
de Nemours & Company, Wilmington, Del.
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potassium, ammonium, silver, lead, and copper, the best
yields are obtained with silver thiocyanate or ammonium
thiocyanate.!! Procedures describing the use of these two
salts are given below. Ammonium thiocyanate gives
approximately 5% lower yields of the silicon isothiocy-
anates, whereas the silver salt gives less pure products,

Procedures for the corresponding cyanate compounds are
described in synthesis 6.

Procedure

A. SILVER THIOCYANATE

A solution of 457 g. (6.0 mols) of ammonium thiocyanate
in 1 1. of distilled water is added over a 15-minute period,
with good stirring, to a solution of 1019 g. (6.0 mols) of
silver nitrate in 1 1. of distilled water. The temperature is
maintained below 25° by cooling the mixture in an ice bath.
The precipitate is filtered through a sintered-glass funnel,
washed with five 70-ml. portions of distilled water followed
by two 50-ml. portions of acetone, pressed thoroughly, and
drained. The white solid is then spread on a large poly-
ethylene tray, covered loosely by aluminum foil to prevent
decomposition by light, and dried overnight by exposure to
a rapid stream of air in a good hood. Residual moisture is
removed by placing the product in a crystallizing dish in a
vacuum desiccator covered by aluminum foil and evacuat-
ing for 3 hours.

B. SILICON TETRAISOTHIOCYANATE

Finely powdered ammonium thiocyanate (190 g.; 2.5
mols; 259, theoretical excess) is mixed with 800 ml. of
anhydrous sodium-dried benzene* contained in a 2-1. three-
necked standard-taper flask fitted with a motor-driven
stirrer, a thermometer, a 125-ml. dropping funnel, and a

® If less benzene is employed, the resulting silicon isothiocyanate crystal-
lizes, thus making separation of ammonium salts difficult.
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300-mm. Allihn condenser equipped with a Drierite-filled
tube. Silicon(IV) chloride (85 g.; 0.5 mol) is added to the
suspension over a 5-minute period with rapid stirring. The
reaction is only slightly exothermic. After gentle refluxing
for 3 hours, during which vigorous stirring is maintained,
the pale yellow mixture is cooled to about 70° and filtered
(hood!) through a coarse-grade sintered-glass funnel. The
solids are washed with five 60-ml. portions of hot benzene,
or until the characteristic odor of the isothiocyanate can no
longer be detected. The pale yellow filtrate is distilled
through a 50-cm. Vigreux column to a residual volume of
approximately 200 ml. The hot contents are immediately
transferred to a 400-ml. beaker (hood!) and the flask rinsed
with about 20 to 30 ml. of fresh benzene, which is then
added to the main solution. On cooling (in a partially
evacuated desiccator to prevent partial hydrolysis of the
isothiocyanate by atmospheric moisture), silicon tetraiso-
thiocyanate crystallizes from the concentrated benzene
solution. The colorless crystals are filtered rapidly through
a coarse-grade sintered-glass funnel, washed with 50 ml.
of cold anhydrous sodium-dried benzene, pressed, and
drained. Residual benzene is removed by placing the crys-
tals in a vacuum desiccator and evacuating for one hour.
The yield of silicon tetraisothiocyanate is 104 to 112 g.
[80 to 869 based on silicon(IV) chloride]. An additional
109, of less pure isothiocyanate may be obtained by evap-
orating the mother liquor to dryness in a rotary evaporator.
When silver thiocyanate is employed in the above prep-
aration, the resulting silicon tetraisothiocyanate is yellow.
Silicon tetraisothiocyanate freshly prepared from ammo-
nium thiocyanate is colorless, although on standing for
several days the product assumes a pale yellow color.

C. METHYLSILICON ISOTHIOCYANATES

The three possible methylsilicon isothiocyanates are pre-
pared by allowing the appropriate methylchlorosilanes to
react with a 25%, excess of ammonium thiocyanate in the
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same equipment and by the same procedure as employed in
the synthesis of silicon tetraisothiocyanate. Crystalline
methylsilicon triisothiocyanate can be isolated by filtration.
Dimethylsilicon diisothiocyanate is isolated by distilling the
benzene solution through a 50-cm. Vigreux column and col-
lecting the fraction boiling at 60 to 66° at 1.0-mm. pressure
(most of the product distills at 64° at 1.0 mm. pressure).
Trimethylsilicon isothiocyanate is obtained by collecting
the fraction boiling at 138 to 145° at 760 mm. pressure. The
yields of methylsilicon isothioeyanates are: methylsilicon
triisothiocyanate, 83%; dimethylsilicon diisothiocyanate,
869, ; and trimethylsilicon isothiocyanate, 80%.

Properties

When freshly prepared from ammonium thiocyanate,
silicon tetraisothiocyanate is a stable colorless crystalline
solid which melts at 143.8° and boils at 313°. It is soluble
in chloroform, carbon tetrachloride, acetone, benzene, and
petroleum naphtha.

Silicon tetraisothiocyanate is rapidly hydrolyzed to gela-
tinous silica and thiocyanic acid on exposure to moist air or
water. With primary or secondary aliphatic or aromatic
amines, silicon tetraisothiocyanate reacts to produce N-
mono- or N,N-disubstituted thioureas, respectively, in
essentially 1009, yields.?

In chemical reactions and physical properties the methyl-
silicon isothiocyanates are very similar to silicon tetraiso-
thiocyanate. Methylsilicon triisothiocyanate* and dimeth-
ylsilicon diisothiocyanate are colorless solids at room tem-
perature, whereas trimethylsilicon isothiocyanate is a color-
less liquid. All possess pungent odors and are lacrimators.
The melting and boiling points are respectively: methyl-
silicon triisothiocyanate, 72.4°, 266.8°; dimethylsilicon
diisothiocyanate, 18.0°, 217.3°; trimethylsilicon isothio-
cyanate, —32.8°, 143.1°.

* Like silicon tetraisothiocyanate, methylsilicon triisothiocyanate turns
pale yellow on standing.
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8. TETRAPHENYLGERMANE AND
HEXAPHENYLDIGERMANE

SusMITTED BY FRANK GLOCKLING* AND K. A. HooTton*
CHECkED BY JOHN C. Kotzt AND A. W. LAUBENGAYER}

A. TETRAPHENYLGERMANE

tetrahydrofuran
—_—

(CeHs)4Ge 4+ 2MgCl, 4+ 2MgBr,

GeCly + 4CsH;MgBr

The following procedure,! using tetrahydrofuran as sol-
vent, is simpler and gives a higher yield of product (85%,)
than earlier methods.? Complete removal of excess mag-
nesium is essential to avoid the formation of hexaphenyl-
digermane as a by-product.

Procedure

Phenylmagnesium bromide solution [resulting from the
reaction of 88 g. (0.56 mol) of bromobenzene with 15.6 g.

* The University of Durham, Durham City, England.
t Cornell University, Ithaca, N.Y.
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(0.64 mol) of magnesium turnings in 180 ml. of tetrahydro-
furan] is filtered through a sintered disk into a three-necked
flask. The sintered disk may be of coarse grade; nitrogen
pressure may then suffice for the filtration. If a fine sin-
tered disk is used, provision should be made for a vacuum on
the system. The solution should be filtered while it is as
warm as possible (35 to 45°). If some Grignard reagent
precipitates on the filter, it may be washed through with a
small amount of tetrahydrofuran.

A solution containing 10 g. (0.070 mol) of germanium(IV)
chloride in 60 ml. of tetrahydrofuran is added to the solu-~
tion of the Grignard reagent over a 10-minute period. The
resulting mixture is heated under reflux in a nitrogen atmos-
phere with mechanical stirring for 18 hours. After cooling
to room temperature, crude tetraphenylgermane is filtered
rapidly to minimize hydrolysis of the excess Grignard rea-
gent, which would impede filtration, washed on the filter
first with dilute (209 by volume) acetic acid and then
water, and dried in an oven at 120°. Concentration of the
filtrate, followed by cautious hydrolysis with wet ethanol
and then acid and water washings, may lead to the isolation
of additional crude product. After crystallization from
toluene, the product melts at 232 to 234°. The yield is
15.3 g. (85%). Anal. Caled. for (C¢Hs) Ge: C, 75.7; H,
5.3; Ge, 19.07. Found: C, 75.5; H, 5.3; Ge, 19.06.

B. HEXAPHENYLDIGERMANE

GeCly + 3CsH;MgBr — (CsH;):GeBr + 2MgCl, + MgBr,
(CaHs) 3G9BI' + Mg - (CeHa) aGEMgBI'
(CeHs) ;GeMgBr + (CgHs)aGeBI‘—?
(CeHj5):GeGe(CeHs)s + MgBr:

Germanium(IV) chloride reacts with aryl Grignard rea-
gents containing excess magnesium metal largely according
to the three equations given above.! Tetraphenylgermane
is simultaneously formed by direct reaction of triphenyl-
bromogermane with phenylmagnesium bromide. An ear-
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lier method? is successful only if the Grignard reagent con-
tains excess magnesium.

Procedure

To a solution of phenylmagnesium bromide containing
excess magnesium [prepared from 159 g. (1.01 mols) of
bromobenzene and 28 g. (1.2 mols) of magnesium turnings
in 500 ml. of ether] is added a solution containing 18 g.
(0.13 mol) of germanium(IV) chloride in 200 ml. of toluene.
The toluene—germanium(IV) chloride solution is added at
such a rate as to maintain gentle reflux of the solution.

The mixture is heated under reflux in a nitrogen atmos-
phere with mechanical stirring for 4 hours. It is then
filtered in air, rapidly to avoid hydrolysis, by using a coarse
sintered-disk funnel having a large plate diameter (50 to
100 mm.) and a capacity of at least 200 ml. The crude
crystals may be washed on the filter with ether in order to
dissolve any precipitated Grignard reagent.

The resulting white solid is washed first with sufficient
dilute (109 by volume) acetic acid to dissolve the excess
magnesium and then with water. The insoluble white
powder, consisting of crude hexaphenyldigermane, is then
dried (either in the air or by heating at 100 to 150° in an
oven) and extracted with chloroform in a Soxhlet extractor.
Filtration of the chloroform extract and concentration of
the filtrate to 20 to 30 ml. gives a yield of pure hexaphenyl-
digermane of 18.3 g. (69%). The crystals melt at 346 to
347°. Anal. Caled. for (CsH;)sGe.: C, 71.1; H, 5.0; Ge,
23.9. Found: C, 71.4; H, 5.0; Ge, 23.8.

Careful hydrolysis of the original filtrate from the Grig-
nard reaction leads to the isolation of tetraphenylgermane
in 5 to 6% yield.

Properties

Tetraphenylgermane and hexaphenyldigermane are white
crystalline compounds, stable to air and water, and sub-
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limable in a vacuum.? Both are degraded smoothly
to germanium(IV) oxide by a mixture of hot concentrated
nitric and sulfuric acids. Bromination using bromine
in 1,2-dibromoethane gives mainly triphenylbromogermane,
although some further cleavage to the dibromide usually
occurs. Both substances react with alkali metals in tetra-
hydrofuran or ethylene glycol dimethyl ether to give
orange-brown solutions of (C¢Hj;);GeM (M = Li,K), from
which a wide range of substituted germanes have been pre-
pared.* Their infrared spectra show the following differ-
ences: (C¢Hg)iGe: 329 (s), 232 (m); 213 (m) cm.”L
(CsHj)6Gez: 322 (s), 267 (s) em. L.
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9. POTASSIUM TRIOXALATOGERMANATE(V)

GeOz + KzCzO;‘HzO + 2(H202042H20) —
K2G3(0204) +H:0 + 6H,0

SuBMITTED BY PETER ARVEDSON* AND E. M. LARSEN*
CHECkED BY GEORGE B. KAurrMaANt anND Lesuie W. MICHAEL}

The trioxalatogermanate anion has been studied at least
twice—by Tchakirian! and by Moeller and Nielsen.?
Tchakirian lists some of the chemical and physical prop-
erties of the corresponding acid in solution, and Moeller
and Nielsen report the separation of the optical isomers
formed by the anion. These workers do not indicate

* The University of Wisconsin, Madison, Wis.
t California State College at Fresno, Fresno, Calif.
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any success in isolating the potassium salt of this anion.
Willard and Zuehlke? state that Tchakirian attempted to
isolate the potassium salt but found it too unstable. The
preparation below was adapted from the preparations of
corresponding tetraoxalatometallates (synthesis 12).

Procedure

A mixture of 75 ml. of water, 1.67 g. (0.016 mol) of ger-
manium(IV) oxide, 2.94 g. (0.016 mol) of potassium oxalate
1-hydrate, and 4.04 g. (0.032 mol) of oxalic acid 2-hydrate is
refluxed until the solids dissolve (about 2 hours). After the
solution has cooled to 40° it is transferred to a beaker,
80 ml. of 959, ethanol is added slowly with stirring, and the
potassium trioxalatogermanate precipitates upon further
cooling. The finely crystalline product is filtered on a
Biichner funnel and washed with 25 ml. of an ice-cold 50:50
mixture of water and ethanol. The yield of the crude prod-
uct is 4.7 g. (689%,). The washed product is dissolved in 30
ml. of waterat 70°. Thirty milliliters of 959% ethanol at room
temperature is added to the warm solution and the mixture
is allowed to cool to room temperature, whereupon large
crystals of the desired product separate. These are washed
on a Biichner funnel with 25 ml. of ice-cold absolute ethanol
and then 25 ml. of ice-cold diethyl ether and finally dried
to constant weight (about 2 hours) in an oven at 70°. The
yield is 3.6 g. (529%,). The yield can be increased by adding
more ethanol to the refluxed solution, but with the likelihood
of precipitating also some potassium oxalate or oxalic acid.
Anal. Caled. for K;Ge(C.0,)5H,0: K, 18.06; Ge, 16.79;
C,04, 61.00. Found: K, 18.03 + 0.02; Ge, 16.70 + 0.05;
C,04, 61.09 £+ 0.09. By checkers: K, 18.04; C,0,, 61.06.

Analysis

The analyses for potassium and oxalate are relatively
simple, but the analysis for germanium involves a number of
operations.® To determine potassium, a known weight of



36 INORGANIC SYNTHESES

the salt is heated in a covered crucible at 260° for 3 hours.
This effectively removes the oxalate as carbon dioxide.
The remaining solid is treated with concentrated (12 N)
hydrochloric acid, allowed to evaporate to dryness, and
again heated to 260°. With this treatment, the germanium
in the sample is volatilized as germanium(IV) chloride.
The residue is weighed as potassium chloride. The oxalate
is determined by disolving a known weight of the sample in
water, adding an excess of sulfuric acid, and titrating at 70°
with standard permanganate. The germanium is deter-
mined by first heating the sample at 260° to remove the
oxalate and then dissolving the remaining solid in a solution
of 7 g. of potassium sulfide and 15 ml. of 40% acetic acid
diluted with 25 ml. of water. The resulting solution is
allowed to stand for about 5 minutes, and then carbon
dioxide is bubbled through it. A mechanical stirrer is used
to break up the bubbles. Any germanium present in the
original sample should now be present as the Ge,S;* ion,
and any excess sulfide ion is removed by the carbon dioxide.
To this solution is added a measured excess of triiodide, and
the unreacted triiodide ion is then titrated with standard
thiosulfate.

Properties

Potassium trioxalatogermanate is a white crystalline
solid which decomposes at 180°, liberating carbon dioxide.
It is very soluble in water but insoluble in ethanol, meth-
anol, chloroform, and diethyl ether. The crystals are
monoclinic witha = 9.89 A, b = 17.56 A, ¢ = 14.95 A (all
to +0.03 A), and 3 = 68°. The density is 2.02 g./cc. at
20°. There are six molecular units per unit cell.
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10. DICHLOROBIS(2,4-PENTANEDIONATO)-
TITANIUM(V): (CORRECTION)!?
[Dichlorobis(acetylacetonato)titanium (IV)]

TiCls + 2CsHs0; — [Ti(CsH:0,),Cl:] 4+ 2HCI

Dr. John P. Fackler, Jr.* has called attention to the fact
that the work of K. C. Pande and R. C. Mehrotra® and
more recent work by D. M. Puri, K. C. Pande, and R. C.
Mehrotrat and by Woodruff, Marini, and Fackler?® indicate
that the product obtained by reaction of titanium(IV)
chloride with 2,4-pentanedione is monomeric and noncon-
ducting in benzene, carbon disulfide, and chloroform. Fur-
thermore, several derivatives of the type [Ti(C:H;O;).~
(OR):] have been prepared by reaction with alecohols. On
the basis of this information, the formula seems to be
[Ti(CsH;0.).Cl,], as shown in the equation above, instead
of [Ti(CsH70,);3):[TiCle], as given in the previous articles on
the preparation of bis[tris(2,4-pentanedionato)titanium-
(IV)] hexachlorotitanate(IV) (synthesis 34 of Volume II!
and synthesis 12 of Volume VII).2
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11. TRIS(2,4-PENTANEDIONATO)ZIRCONIUM(IV)
CHLORIDE
[Tris(acetylacetonato)zirconium (IV) Chloride]

ZI‘CI4 + 3C§H802 - [Zl’(05H702) 3]0] + 3HCI

SuBMITTED BY VERA DoRroN,*t R. K. BELITZ,* AND STANLEY KIRSCHNER
Creckep BY J. H. Crappock§ and M. M. Jones§

Tris(2,4-pentanedionato)zirconium(IV) chloride has been
prepared by the reaction of zirconium(IV) chloride and
2,4-pentanedione (acetylacetone) in chloroform.! The pre-
sent synthesis is a modification of this earlier method.
Zirconium(IV) also forms a tetrakis(2,4-pentanedionato)
derivative, [Zr(C;H;0,),-10H;O;? this is prepared in
aqueous solution. The existence of the tetrakis compound
shows an analogy of zirconium(IV) with cerium(IV) and
thorium(IV), which give similar compounds with 2,4-pen-
tanedione. In nonaqueous media, however, only three of
the chlorides can be replaced by a B-diketone, yielding a
compound in which the metal atom has a coordination
number of six. In this respect zirconium seems to lie
between cerium and thorium on the one hand and silicon,
germanium, and titanium on the other, the last three form-
ing complexes containing no more than three (-diketone
groups per metal ion.

Procedure

NoTE: Care should be exercised to keep the exposure of
the reactants and products to atmospheric and other mois-
ture to a minimum.

A suspension of 10 g. (0.042 mol) of anhydrous zircon-

* Ford Motor Company, Scientific Laboratory, Dearborn, Mich.
t Present Address: Israel Institute of Technology, Haifa, Israel.
t{ Wayne State University, Detroit, Mich.
§ Vanderbilt University, Nashville, Tenn.
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ium(IV) chloride in approximately 100 ml. of anhydrous
chloroform is allowed to react with 18 g. (0.180 mol) of
2,4-pentanedione in a 250-ml. round-bottomed flask. The
suspension is refluxed (using a reflux condenser equipped
with a 6-in. calcium chloride drying tube) until the evolu-
tion of hydrogen chloride ceases (hood!). The solution is
then filtered rapidly through a Biichner funnel, equipped
with a rubber stopper and a calcium chloride drying tube,
into another 250-ml. round-bottomed flask. A pump pro-
tected by a suitable cold trap should be used to supply the
vacuum—not an aspirator. The solution is boiled under
continuous vacuum (pump) until crystallization begins.
It is then allowed to stand under a vacuum maintained at
approximately 2 mm. Hg for 2 days. If the filtrate is not
sufficiently concentrated, a powdery material of variable
composition tends to precipitate first. In this event, boil-
ing should be continued until crystals first appear, and the
powdery material should be filtered and discarded. The
pure compound crystallizes in large, colorless prismatic
erystals, which are filtered through a Biichner funnel in the
manner described above, vacuum-dried at room tempera-
ture, and stored in a desiccator over anhydrous calcium
chloride. Two or three crops can be recovered from the
mother liquor. The total yield is 11 to 12 g. (60 to 66%).
Anal. Caled. for [Zr(CsH,0,);]Cl: C, 42.49; H, 4.99; CI,
8.36; Zr, 21.5. Found: C, 42.00; H, 5.30; Cl, 8.70; Zr (by
checkers) 21.32.

The compound may also be prepared by using benzene as
a solvent, from which it can be precipitated by the addition
of petroleum ether, but with a somewhat lower yield
(approximately 559%).

Properties

Tris(2,4-pentanedionato)zirconium(IV) chloride forms
colorless prismatic crystals, which are decomposed by
atmospheric moisture. The crystals are soluble in most
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organic solvents, including benzene, chloroform, acetone,
and alcohol, but not in ether. The compound is soluble in
water, with which it reacts to form 2,4-pentanedione,
hydrochloric acid, and hydrated zirconium oxide. The
crystals do not have a sharp melting point, but melt in the
range 143 to 148°. The previously reported melting point,?
102 to 103°, suggests the possible existence of more than one
crystalline form.

Separate molecular weight determinations by the ebullio-
scopic method using benzene and butanone as solvents pro-
vide values of 211 and 192, respectively. Inasmuch as the
formula weight of [Zr(CsH;0:);]Cl is 424, these values
indicate that the complex is practically completely ionized.
This is confirmed also by conductometric measurements in
benzene and butanone and by the ready precipitation of
silver chloride by silver perchlorate in acetone solution.
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12. POTASSIUM TETRAOXALATOZIRCONATE(IV),
-HAFNATE(IV), AND -THORATE(IV)

SusMmiTTED BY FREDERIC A. JoENSON* AND EpwIN M. Larsent
CHeckED BY CARL L. RoLLiNsoN} aAND JamEes LiNpsayl

A. POTASSIUM TETRAOXALATOZIRCONATE(IV) 5-HYDRATE

ZrOC]28H20 -+ H20204'2H20 4 3(K20204H20) hand
K. Zr(C.04)+5H,0 4+ 2KCI 4+ 9H,0

The potassium and ammonium tetraoxalatozirconates
have been studied by Paijkull,’ Venable and Baskerville,?
* Rohm and Haas, Huntsville, Ala.

t The University of Wisconsin, Madison, Wis.
t The University of Maryland, College Park, Md.
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Mandl,® Rosenheim and Franck,* Pfeiffer,® and Boulanger.®
Generally, the preparative procedures have been rather
vague and the products not well characterized. The prep-
aration below has been taken from no single source. The
initial material obtained by this procedure is slightly con-
taminated with oxalate. A single reprecipitation from
water with ethanol is usually sufficient to give a pure prod-
uct. Precipitation of these compounds with alcohol, fol-
lowed by drying with ether, may give products of varying
water of crystallization depending upon the time taken to
carry out the procedures. It is recommended that reagents
be added from a dropping funnel and that the resulting
solution be stirred with a magnetic stirrer.

Procedure

Five grams (0.016 mol) of recrystallized zirconium oxy-
chloride (zirconyl chloride) 8-hydrate is dissolved in 200 ml.
of water. Twelve grams (0.065 mol) of potassium oxalate
1-hydrate and 4 g. (0.032 mol) of oxalic acid 2-hydrate are
dissolved in a second 200-ml. portion of water. The zir-
conyl solution is added to the oxalate solution slowly and
with stirring (preferably from a dropping funnel and stirring
the resulting solution with a magnetic stirrer). If at any
point a gelatinous precipitate forms which remains after
stirring, enough concentrated (12 N) hydrochloric acid is
added to clear the solution (no more than 2 or 3 ml. of
hydrochloric acid should be added). The solution is
heated to boiling. If the solution is not clear at this time,
it should be filtered or centrifuged to remove the solids.

After the boiled solution is cooled to room temperature,
it is diluted to its original volume with water. The potas-
sium tetraoxalatozirconate is precipitated by the slow addi-
tion of 300 ml. of absolute ethanol. The white, finely crys-
talline product is filtered on a Biichner funnel and washed
with 25 ml. of ethanol. The precipitate is dissolved in
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120 ml. of water at 70°. The solution is cooled to 30° and
then treated with 75 ml. of absolute ethanol. The pre-
cipitate is filtered, washed with three 25-ml. portions of
ethanol and two 10-ml. portions of diethyl ether, and finally
dried in an oven at 50 to 60°. The yield is about 90%, cal-
culated on the basis of the zirconium used. Anal. Caled.
for K4ZI’(CzO4)4'5H20: ZI‘, 13.22; 0204, 51.08; Hgo, 13.06.
Found: Zr, 13.18, 13.37; C,0,, 51.38, 51.34; H,O, 12.82,
12.82.

B. POTASSIUM TETRAOXALATOHAFNATE(IV) 6-HYDRATE

HfOCleHzO + H20204'2H20 + 3(K20204H20) —
K4Hf(CzO4)4'5H20 + 2KC]. + 9H20

The hafnium compound has not been previously reported.
The procedure for preparing it is analogous to that for the
zirconium compound. A solution of 5 g. (0.012 mol) of
recrystallized hafnium oxychloride 8-hydrate* in 75 ml.
of water is added slowly with stirring (preferably adding the
water from a dropping funnel and stirring the resulting solu-
tion with a magnetic stirrer) to a solution of 8.0 g. (0.043
mol) of potassium oxalate 1-hydrate and 2.0 g. (0.016 mol)
of oxalic acid 2-hydrate in 125 ml. of water. The solution
is heated to boiling, then cooled to 70°. The product is
precipitated by the addition of 150 ml. of absolute ethanol.
Better results are obtained if this addition is made to the hot
solution. The precipitate is filtered, washed with 15 ml. of
ethanol, redissolved in 100 ml. of hot (70°) water, and repre-
cipitated with 150 ml. of ethanol. The yield is essentially
quantitative. Anal. Caled. for KHf(C;04),5H,0: Hf,
22.98; C.0,, 45.30; H,0, 11.60. Found: Hf, 23.31, 23.35;
C:0,, 45.33, 45.42; H,0, 11.65, 11.68.

* The HfOCl;-8H,0 must be recrystallized to obtain a product which
dissolves to give a clear solution. If a gelatinous precipitate appears when
the hafnium oxychloride is dissolved, it may be removed by centrifuging
before proceeding with the next step. This results in a corresponding lower
yield of final product.
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C. POTASSIUM TETRAOXALATOTHORATE(IV) 4-HYDRATE

Th(NO3)+4H,0 + 2(H.C,0,-2H.0) —
Th(0204)2"nH20 + 2K20204'H20 e
K4Th(CzO4)4'4H20 + (n - 2)H20

The preparation of potassium tetraoxalatothorate 4-hy-
drate is based on the observation of Cleve’ that insoluble
thorium oxalate dissolves in boiling potassium oxalate solu-
tion under unspecified concentration conditions.

A solution of 20 g. (0.036 mol) of thorium nitrate 4-hy-
drate in 100 ml. of water is added (preferably from a
dropping funnel with stirring of the resulting solution with a
magnetic stirrer) to a solution of 10 g. (0.079 mol) of oxalic
acid 2-hydrate dissolved in a second 100-ml. portion of
water. The white precipitate thus formed is filtered on a
sintered-glass funnel of medium porosity. Twenty-four
grams (0.13 mol) of potassium oxalate 1-hydrate is dis-
solved in 200 ml. of water and added to a slurry of the initial
precipitate. The resulting mixture is heated to boiling,
filtered, and cooled. Seventy-five milliliters of absolute
ethanol is added slowly to the cool solution, whereupon a
copious white precipitate is formed. The precipitate is
filtered on a Biichner funnel, washed with 25 ml. of ethanol
and then 25 ml. of ether, and air-dried. The yield is about
26.5 to 28 g. (85 to 909, based on the thorium used). Anal.
Caled. for K4Th(CzO4) 44H20, Th, 2857, 0204, 4332, Hzo,
8.88. Found: Th, 28.54, 28.63, 28.71; C,0,, 43.31, 43.35,
43.37; H,0, 9.03.

Properties

The densities of these compounds, as determined pyec-
nometrically in benzene at 25.0 + 0.1°, are 2.17 g./cc. for
the zirconium compound, 2.44 g./cc. for the hafnium com-
pound, and 2.48 g./ce. for the thorium compound. The
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Zr(Cy04)4*~ anion in the compound Na,Zr(C,0,),3H,0 is
known to be a dodecahedron.?

The thorium compound (10 g.) reacts with water (100
ml.) to give an insoluble portion for which the oxalate/thor-
ium mol ratio is 2.67 and a soluble portion which can be
recovered by precipitation with alcohol and which has an
oxalate/thorium mol ratio of 2.99. The remainder of the
oxalate is lost by replacement by hydroxide ion and water
and stays in solution. The zirconium and hafnium com-
pounds, on the other hand, can be recrystallized from water
with very little loss of oxalate.
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See also: Bis(4-imino-2-pentanonato)copper(II) and bis(3-phenylimino-

1-phenyl-1-butanonato)copper(II), synthesis 1

Complex carbonates of beryllium, synthesis 2

Dichloro(2,2’-iminodipyridine)zine, diacetato(2,2’-imino-
dipyridine)zinc, and dicyano(2,2'-iminodipyridine)zine, syn-
thesis 3

Sodium bis(trimethylsilyl)amide and tris(trimethylsilyl)-
amine, synthesis 4

Lithium bis(trimethylsilyl)amide and tris(trimethylsilyl)-
amine, synthesis 5

Silicon tetraisocyanate and methylsilicon isocyanates, syn-
thesis 6

Silicon tetraisothiocyanate and methylsilicon isothiocyanates,
synthesis 7

Heptasulfur imide, synthesis 25

Imidosulfuric acid chloride, synthesis 26

Dialkylsulfamoyl chlorides, synthesis 27

N- and N,N’-Substituted sulfamides, synthesis 28

Dialkylamides of (trichlorophosphoranylidene)sulfamic acid,
synthesis 29

Bis(trichlorophosphoranylidene)sulfamide, synthesis 30

Aminomethanesulfonic acid, synthesis 31

Diperoxotriamminechromium(IV), synthesis 33

Tris(4-p-toluidino-3-penten-2-onato)chromium(III), synthesis
38

Ammonium perrhenate, synthesis 43

Bis(ethylenediamine)dioxorhenium(V) chloride, bis(ethylene-
diamine)oxohydroxorhenium(V) perchlorate, and bis(ethyl-
enediamine)dihydroxorhenium(V) hexachloroplatinate(IV),
synthesis 44

Iron carbonyl complexes of triphenylphosphine, triphenyl-
arsine, and triphenylstibine, synthesis 48

Nitrosylpentaamminecobalt(II) chloride, synthesis 49

cis-Dinitrobis(ethylenediamine)cobalt(III) nitrite and nitrate,
synthesis 50

cis-Bromoamminebis(ethylenediamine)cobalt(IIT) bromide,
cis- and {rans-aquoamminebis(ethylenediamine)cobalt(11I)

45
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bromide, and cis- and {rans-aquoamminebis(ethylenedia-
mine)cobalt(III) nitrate, synthesis 51
Chlorocarbonylbis(triphenylphosphine)rhodium and chloro-
carbonylbis(triphenylarsine)rhodium, synthesis 56
Ammonium hexachloroiridate(IV), synthesis 58
Resolution of the tris(1,10-phenanthroline)nickel(II) ion, syn-
thesis 59
Bis(4-imino-2-pentanonato)nickel(I1), synthesis 60
Tetraamminepalladium(II) tetrachloropalladate(II) and trans-
dichlorodiamminepalladium(IT), synthesis 61
Tris(ethylenediamine)platinum(1V) chloride, synthesis 62
cis-Dichloro(ethylenediamine)platinum(II), synthesis 63

13. METAL DERIVATIVES OF g-KETO IMINES
(-IMINO KETONES)

SumiTrEp BY DEAN F. MaARTIN*t AND EpwaRrD J. OLszEwsk1*

The methods of preparation and purification of metal
derivatives of 1,3-diketones have been described in a pre-
vious volume.! Because of the interest in the structure®™?
and reactions® of metal derivatives of B-keto imines,
RCOCH,C(=NR")R", it is desirable to consider the meth-
ods of preparation of these compounds. Inasmuch as
B-keto imines are closely related to 1,3-diketones and to
salicylaldimines, 0-HOCH,CH=NR, the methods of prepa-
ration show similarities. Although this review is concerned
principally with B-keto imines, some comparisons with
1,3-diketones and salicylaldimines are made.

Nomenclature

The nomenclature suggested by the International Union
of Pure and Applied Chemistry (I.U.P.A.C.) is usually fol-

* University of Illinois, Urbana, Iil.
t Present Address: University of South Florida, Tampa, Fla.
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lowed for B-keto imines (B-imino ketones) of the type
RCOCH,C(=NR')R"”, which can be named in a manner
analogous to that used for the 1,3-diketones. Thus,
CH,;COCH.,C(=NH)CH; is named 4-imino-2-pentanone;
the nickel(II) derivative, bis(4-imino-2-pentanonato)nickel-
(II). Alternatively, some workers prefer to indicate that
the ligand exists predominately in the keto amine (amino
ketone) form,*?% in which case the ligand and nickel(II)
derivative are named 4-amino-3-penten-2-one and bis-
(4-amino-3-penten-2-onato)nickel(I1), respectively.
Nonsystematic names are commonly used for the con-
densation products of diamines and 1,3-diketones. Thus,
[CH;COCH,C(CH;)=NCH,),

H H
OH N O HN
AN AN
('3H2 or (|}H2
CH, CH,
T 10
H H
Imino enol form Amino ketone form

is often called bis(acetylacetone)ethylenediimine, although
the systematic name is 4,4’-(ethylenedinitrilo)di-2-penta-
none or 4,4’-(ethylenediamino)di-3-penten-2-one.

A. METAL DERIVATIVES OF 3-KETO IMINES

Procedures

1. Direct Reaction of g-Keto Imines with Metal Salts.
In Agueous Solution. The direct reaction between a
B-keto imine and a salt in water is limited by the slight
solubility of most 8-keto imines in water and is essentially
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precluded for some -keto imines by the ease with which
they hydrolyze. Nevertheless, 4,4’-(ethylenedinitrilo)di-
2-pentanone [bis(acetylacetone)ethylenedilmine] can be
crystallized from water,® and the preparation of 4,4'-(ethyl-
enedinitrilo)di-2-pentanonatocobalt(II) can be effected by
direct reaction in aqueous solution in the presence of an
equivalent amount of sodium hydroxide.®

Direct reaction is commonly effected in a mixed-solvent
system, frequently by mixing an ethanolic solution of the
B-keto imine with an aqueous solution of the metal salt.**
An ammoniacal metal salt solution can be used to prevent
hydrolysis and to shift the chelation equilibrium (see syn-
thesis 60). This practice can be very effective, but it has
the disadvantage! of adding extraneous ions; furthermore,
the high concentration of ammonia may result in an unde-
sired amine exchange.?

In Nonaqueous Solution. The use of a nonaqueous sol-
vent in which both the metal salt and the 8-keto imine are
soluble eliminates many of the problems of contamination
due to hydrolysis, the presence of extraneous ions, and
unfavorable equilibria. Halides such as BCl;, AlCl,,
SiCl,, GeCl,, ZrCl,, ThCl,, NbCl;, and TaCl;, which are
soluble in an inactive organic solvent, have been used in the
reaction with 1,3-diketones! but apparently not with 3-keto
imines. However, the reaction of metal acetates with
B-keto imines has been effected successfully in dioxane,®
ethanol,?° or methanol.1!

2. Reaction of a §-Keto Imine with a Metal Hydroxide.
This procedure consists of refluxing an acetone solution of
the S-keto imine with a freshly prepared metal hydroxide.
The product precipitates from solution upon cooling or is
obtained by dilution of the acetone solution with water.
The method has been used to prepare the copper(1I),
nickel(IT), and cobalt(II) derivatives of a variety of B-keto
imines,>!? but attempts to prepare zinc and cadmium
derivatives were not successful.!? The advantages of this
procedure have been described previously.! On occasion,
the chelate compound may precipitate during the reaction
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and thereby make further chelation difficult by coating the
metal hydroxide.!?

3. Direct Combination of a 1,3-Diketone, an Amine,
and a Metal Ion. Direct combination is a potentially
useful reaction, and it has been used to prepare metal-
salicylaldimine compounds. The procedure consists of
mixing (and refluxing if necessary) a stoichiometric mixture
of salicylaldehyde with an amine, a metal ion, and a base in
dilute aqueous methanol.*"1¢  This procedure has not been
applied commonly to the preparation of metal derivatives of
B-keto imines, although the preparation of 4,4’-(ethylene-
dinitrilo)di-2-pentanonatocopper(II) from 2,4-pentanedi-
one (acetylacetone), ethylenediamine, and copper has been
described.’” Attempts to effect condensation of 1,1,1,5,5,5-
hexafluoro-2,4-pentanedione (hexafluoroacetylacetone) and
ethylenediamine by direct combination of the reactants in
the presence of copper(II) acetate were unsuccessful.®

4. Amine Exchange: Reaction of a g-Keto Imine with
an Amine in the Presence of a Metal Ion

M+ + nRC(=NH)CH,COR’ 4+ nR"NH, =
RC(=NR")CH=CR'’
M (I) + nNH,*

This procedure, a variant of method 3, is also potentially
a very useful method. An advantage is that the pH of the
reaction mixture is controlled by the amount of amine
present. In theory, the use of this method would permit
the preparation of metal derivatives of a wide variety of
B-keto imines and obviate the need for preparation and
isolation of the individual ligands. In practice, it appears
that of the possible compounds the most stable metal
chelate compound is formed. This may not always be the
desired compound. Thus, even in the presence of copper-
(II) ion, the condensation of 4-imino-2-pentanone and
trimethylenediamine was not successful, the product iso-
lated being bis(4-imino-2-pentanonato)copper(II).8
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b. Chelate Exchange. Metal derivatives of g-keto
imines can be prepared by a chelate-exchange reaction®
(synthesis 1).

[ 0] + nRIMC(=NR!)CH,CORY)
RC(=NRY)CH=CR!" |,

RMIC(=NR!Y)CH=CRY
M [ (I) ] + »RC(=NR!)CH,COR!"

With this method, highly basic conditions no longer exist,
an amine-exchange reaction does not occur, and contami-
nation with anions is avoided. An incidental asset is that
the two metal derivatives involved usually have different
colors, and the extent of reaction can be judged visually.
An obvious disadvantage is that the equilibrium may be
unfavorable,'® as was described for the attempted reac-
tion of bis(4-imino-2-pentanonato)copper(II) and 4,4'-tri-
methylenedinitrilo)di-2-pentanone [bis(acetylacetone)tri-
methylenediimine]. For successful isolation of a pure
product, the metal derivative must be the most insoluble
species present; often, this condition is met.

6. Interaction of a Soluble 3-Keto Imine Salt and a
Soluble Metal Salt. The syntheses of a number of metal
derivatives of 1,3-diketones are representative of this
method, but the extension to metal 8-keto imines has been
limited to the synthesis of chromium(III) derivatives.
These have been prepared by the interaction of trichlorotris-
(tetrahydrofuran)chromium(III) and the potassium salt of
a -keto imine.!® (See synthesis 38.)

7. Template Synthesis. This method consists of using
a metal chelate compound as a template to induce ligand
molecules to orient in a manner that is favorable for con-
densation. For example, compounds of the type Ni-
[RCOCR'C(R’)=NCHj,],; have been prepared by treating
an aqueous solution of [Ni.(en),Cl;]JCl, with a catalytic
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amount of pyridine, followed by a pB-diketone. Upon
refluxing the mixture, the desired compound precipitated
in a very pure state.??

8. Miscellaneous Methods. Cobalt(III) derivatives of
B-keto imines have been prepared by oxidation (with
hydrogen peroxide) of the cobalt(II) derivative, which
may® or may not!! be isolated.

Another method which is not included in any of the previ-
ous categories is the conversion of a solvated metal chelate
compound to the unsolvated form. An interesting example
of this is the removal of benzene by heating the benzene
complexes of 3,3’-(propylenedinitrilo)bis(1-phenyl-1-buta-
nonato)oxovanadium(IV) [bis(benzoylacetone)propylenedi-
iminooxovanadium(IV)]. The benzene complex is obtained
by recrystallizing the metal chelate compound from
benzene.?

Bis(2,4-pentanedionato)oxovanadium(IV) [vanadium-
(IV) oxy(acetylacetonate)] has been prepared by direct
reaction of 2,4-pentanedione and vanadium(V) oxide.2! By
using the same method, bis(4-imino-2-pentanonato)oxo-
vanadium(IV) has been prepared by substituting acetyl-
acetone imide (4-imino-2-pentanone) for acetylacetone.??

Purification

The methods that have been used to purify metal deriva-
tives of B-keto imines are surprisingly limited. Generally,
recrystallization has been used, with acetone, ethanol, and
benzene as common solvents. Very few quantitative solu-
bility data are available. However, the solubilities of
4,4’-(ethylenedinitrilo)di-2-pentanonatocopper(II) and its
1-hydrate in water and in 129, ethanol have been deter-
mined at several temperatures.2

On oceasion, sublimation has been used as a method of
purification: bis(4-methylimino-2-pentanonato)copper(II)
sublimes at 120° (2 mm.),* and 4,4’-(ethylenedinitrilo)-
bis(trifluoro-2-pentanonatocopper(II) at 200°.1°
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B. 3-KETO IMINES

The preparation of the B-keto imines is described in
several places in the literature in connection with the
preparation of the metal derivatives. In addition, Crom-
well?* has discussed the methods of preparation and has
summarized the properties of a number of B-keto imines.
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14. AMMONIUM AZIDE*

2NaN3 + (NHq)gSO4 i 2NH4N3 + Na2804

SusMITTED BY C. O. OBENLAND,} D. J. MaNGoOLD,t AND M. P. MarINOt
CaeckEp BY T. R. Musarave} anp R. N. KeLLER}

The preparation of ammonium azide by the interaction
of ammonia with hydrazoic acid in ethereal solution has been
described by Frierson.! A second preparative method using
ammonium nitrate or sulfate is also described in the same
reference. Both methods have disadvantages, in that the
former requires the preparation of hydrazoic acid, whereas
the latter is limited to small quantities because of explosion
hazards.

Two German patents by Miiller? describe preparative
methods which avoid the use of hydrazoic acid by heating
sodium azide with ammonium chloride or sulfate in aqueous
solution. A recent Japanese patent® describes a reaction
between sodium azide and ammonium carbamate in liquid
ammonia to give ammonium azide. Evans, Yoffe, and
Gray* have suggested the reaction of sodium azide with
ammonium chloride in N,N-dimethylformamide. A modi-
fication of the last method has been made; it involves the
reaction of sodium azide and ammonium sulfate in dimethyl-
formamide to give anhydrous ammonium azide of high
purity.

Procedure

Caution. Although this procedure has been repeated many
times without requiring special precautions, it 18 essential that

* Work sponsored by the Air Force Flight Test Center, Air Research and
Development Command, and the United States Air Force.

1 Chemicals Division, Olin Mathieson Chemical Corporation, New Haven,
Conn.

¥ University of Colorado, Boulder, Colo.



54 INORGANIC SYNTHESES

a safety shield be used during the preparation. The compound
18 one of the more stable azides, but has been reported as
detonating when heated in a sealed tube. No decomposition
has been observed wunder normal laboratory conditions of
preparation, handling, and storage.

The apparatus is assembled as shown in Fig. 1. All con-
nections and joints exposed to the corrosive hot vapors of

—t—
To vacuum
source E K

F1a. 1. Apparatus for the preparation of ammonium azide.

N,N-dimethylformamide should be of glass. A three-
necked 1-1. flask A is fitted with a thermowell and ther-
mometer B and a motor-driven stirrer C. A Dean-Stark
trap is attached at D, with a water-cooled condenser G, the
internal diameter of which should be about 10 or 12 mm.
At the upper end of the condenser a glass rod I, 4 to 5 mm.
in diameter, is inserted through a sliding joint H. The rod
should be of sufficient length to reach to the bottom of the
condenser tube. The joint at H is made vacuum-tight with
a short piece of rubber tubing lubricated with stopcock
grease to permit easy movement of rod I.
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The stopper is cut off the lower leg of the Dean-Stark
trap, leaving the tube with an opening of about 5 to 6 mm.
To the end of this tube is connected a suction flask F by
means of a short rubber tube. Flow through the tube is
controlled by means of a pinch clamp E. A vacuum con-
nection is made through trap K, which is cooled by an ice-
salt mixture. The pressure in the system is determined by
means of the mercury-filled manometer J.

Sixty-five grams (1.0 mol) of sodium azide, 66.1 g.
(0.50 mol) of ammonium sulfate, and 500 ml. of N,N-
dimethylformamide are placed in flask A, the agitator is
started, and the mixture is heated by the electric mantle .
The system is partially evacuated to a pressure of 70 to
80 mm. Hg. The distillation of solvent and product begins
at a pot temperature of 85 to 90°, and this material is col-
lected in trap D. The solid contents of trap D are periodi-
cally drawn off into receiver F, while the condensed solvent
continually overflows back into flask A. Any solid accumu-
lations in the condenser tube are dislodged with rod I.
Some plugging may occur in the lower end of the condenser
depending on cooling-water temperature. Plugging is
minimized by using condenser water at a temperature of
20 to 25°. Excessive plugging may occur with colder
condenser water. Distillation under reduced pressure
is continued until solids are no longer deposited in the
trap; this usually requires 5 to 6 hours. At this point,
heating is discontinued and the system is brought to
atmospheric pressure. Solvent which remains in the leg
of the Dean-Stark trap is drained into the product receiver,
and the resulting slurry of product and solvent is filtered on
a Biichner funnel. The filter cake is washed several times
with diethyl ether and dried in a vacuum desiccator. Dilu-
tion of the dimethylformamide filtrate with an equal volume
of diethyl ether precipitates several grams of additional
product. The yield of ammonium azide is 30 to 31 g.
(50 to 519%). Anal.’ Caled. for NHN,: NH/*, 30.0;
N, 93.3. Found: NH,*, 30.2; N, 93.6.
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Properties

The properties of ammonium azide are discussed in
Volume II of this series.!
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16. PHENYLLEAD(IV) AZIDES

SusMiTTED BY EUGENE LieBER*t AND FraNnciIs M. KEANE*
CeECkKEp BY JouHN P. FackrLEr, Jr.,} James Marinii aAND VIcTOR
WROOBEL}

Although satisfactory methods for the preparation of
lead(1I) azide, Pb(N;),, are available in the literature,'?
there is no authentic isolation of lead(IV) azide, Pb(Nj)..
The isolation* of lead(IV) chloride suggests the existence of
lead (IV) azide, but the work of Moller® and Lieber® has thus
far indicated only its qualitative existence without its suc-
cessful isolation and charaecterization. Lieber and Keane?
were the first to attempt the synthesis of lead(IV) azides of
the types Rs;PbNj, R.Pb(N;)2, and RPb(N3);, in which R is
a group that can stabilize the lead-nitrogen linkage and
thus produce a stable derivative of the azide of tetravalent
lead. This expectation was realized for the case in which
R is a phenyl group.

* Roosevelt University, Chicago, Ill. Support of this investigation by the
Basic Research Group, ERDL, U.S. Army, Corps of Engineers, Fort Belvoir,
Va., is gratefully acknowledged.

t Deceased.
$ University of California, Berkeley, Calif.
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A. TRIPHENYLLEAD AZIDE

(CeHs)Pb 4+ HCl — (C¢Hj;)PbCl + CeH,
(CeH;):PbCl 4+ KOH — (C¢H;)sPbOH 4 KCl
(CeH;),PbOH + HN; — (C¢H;),PbN,; + H,0

Procedure

Caution. Eztreme caution must be exercised in working
with azide procedures, tncluding use of adequate safefy shield-
ing, ready availability of fire extinguishing equipment, and
careful attention to directions.

1. Triphenyllead Chloride.®! Tetraphenyllead* (10 g.;
0.193 mol) dissolved in 150 ml. of hot chloroform (15 ml. of
chloroform per gram of tetraphenyllead) is placed in a
three-necked flask fitted with a gas delivery tube so as to
introduce the gas below the level of the chloroform solution.
The flask is used as an open system. Dry hydrogen chlo-
ride is introduced with constant stirring while the mixture
is warmed by means of a water bath to 50 to 60°. The
hydrogen chloride is introduced until the appearance of a
white precipitate (diphenyllead dichloride) which is similar
in morphology to small white satin plates. The mixture is
then refluxed for approximately one hour to complete the
reaction between the hydrogen chloride and the tetra-
phenyllead (a shorter reflux time results in low yields).
The hot mixture is suction-filtered through a water-heated
funnel (55°) using Whatman no. 50 paper. Typical prepa-
rations have yielded 1 to 39, of diphenyllead dichloride as a
by-product. The solvent is removed from the filtrate by
simple distillation, by heating with a water bath. The
residue is extracted with portions of hot absolute ethanol.
The alcoholic filtrate is cooled to 0° and the precipitate

* Tetraphenyllead can be made by the procedure of Gilman, Summers,
and Leeper;? alternatively, the commercial product, available from the

Aldrich Chemical Company, Milwaukee, Wis., can be used without further
modification.
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recovered by suction filtration (chilled apparatus). The
yield of triphenyllead chloride averages 6.9 to 7.4 g. (75 to
80%) over several runs. The combined yields are recrystal-
lized from absolute ethanol at 0° for analysis. Amnal. Caled.
for (CeH;)sPbCl: C, 45.61; H, 3.61; Cl, 7.48. Found:
C, 45.87; H, 3.20; Cl, 7.50. By checkers: C, 46.80; H, 3.43;
Cl, 7.43. The melting point is 207°.*

2. Triphenyllead Hydroxide.!® In 200 ml. of absolute
ethanol, 4.74 g. (0.010 mol) of triphenyllead chloride is dis-
solved by warming in a water bath. One gram (0.018 mol)
of potassium hydroxide is dissolved in 25 ml. of absolute
ethanol. The solution is filtered through glass-fiber filter
paper, using suction filtration, to remove any carbonate
impurity. The titer of the resulting solution is determined
by titration of 2-ml. aliquots with 0.100 N hydrochloric acid
solution to a phenolphthalein end point. On the basis of
titer, a volume of the alcoholic potassium hydroxide solution
sufficient to provide 0.617 g. (0.010 mol) of potassium
hydroxide is added to the warm alcoholic solution of the
triphenyllead chloride. The reaction mixture is stirred
rapidly for one hour by means of a magnetic stirrer and
poured into 400 ml. of warm carbon dioxide—free distilled
water. A dense white flocculent precipitate immediately
forms. The suspension is stirred for a few minutes and
filtered through a large (12.5-cm.) Biichner funnel. The
white precipitate of triphenyllead hydroxide is washed with
warm carbon dioxide—free distilled water until a negative
chloride ion test is obtained with silver nitrate. The
residue is dried in a vacuum desiccator over solid sodium
hydroxide. The yield is 4.28 g. (0.0094 mol; 949%). Anal.
Caled. for (C¢H;)sPbOH: C, 47.43; H, 3.55. Found: C,
47.49; H, 3.63. By checkers: C, 47.80; H, 3.56. No melt-
ing occurs up to about 240°; above 240°, partial liquefaction
takes place.

* All melting points are uncorrected and were determined on a Fisher-
Johns melting-point block at a heating rate of 4 to 5° per minute. The
checkers obtained a melting point of 208 to 210°.
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3. Triphenyllead Azide. At room temperature (25°),
3.87 g. (0.0085 mol) of dry triphenyllead hydroxide is placed
in a one-necked 300-ml. reaction flask equipped with a
thermometer and a dropping funnel (60-ml.) which has a
pressure-equalizing side arm. Two hundred milliliters of
absolute ethanol is added, and partial solution is achieved
by stirring with a magnetic stirrer. After approximately
one hour, 25 ml. of absolute ethanol is placed in the funnel.
The system is then closed, and the reaction mixture is
stirred vigorously while a chloroform solution of hydrazoic
acid, prepared exactly according to the method of Wolff,1?
of sufficient titer to contain 0.368 g. (0.00855 mol) is
pipetted slowly over a 15-minute period into the 25 ml. of
ethanol. Care i3 taken that the temperature of the reaction
mixture does mot exceed 35°. The appearance of a white
crystalline solid suspended in the reaction mixture is indica-
tive of the presence of triphenyllead azide. After 4 hours
of additional stirring, the reaction mixture is transferred to
a beaker containing 500 ml. of carbon dioxide~free distilled
water. The ethanolic-water suspension is stirred briefly
and cooled to 0°. The resulting suspension is filtered by
suction, using a large (12.5-em.) Biichner funnel. The
resulting white crystalline mass is washed with 25 ml. of
cold aqueous ethanol (1 part ethanol to 3 parts water).
The residue is dried in a vacuum desiccator over solid
sodium hydroxide. The yield of triphenyllead azide is
3.92 g. (0.00816 mol;96%). Anal. Caled. for (C¢H;)sPbN:
C, 44.98; H, 3.15; N, 8.75. Found: C, 44.90; H, 3.21;
N, 8.70. By checkers: C, 45.21; H, 3.22; N, 8.82.

Properties

Triphenyllead azide crystallizes from the cooled ethanolic
solution of the reaction medium in the form of small trans-
parent needles. Although insoluble in water, triphenyllead
azide has a solubility of 1.39 g./100 ml. of 959, ethanol and
0.12 g./100 ml. of anhydrous diethyl ether. Triphenyllead
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azide has no true melting point but decomposes on heating.
Two milligrams of triphenyllead azide on the tip of a porce-
lain spatula ignites immediately in the flame of a Meker
burner and burns vigorously, leaving behind a deposit of
metallic lead. Small crystals observed under a polarizing
microscope show loss of birefringence at 159 to 164° when
heated at the rate of 4 to 5° per minute on a Kofler hot stage.
Samples dried at 160° lose nitrogen. Examination of a
2-mg. sample with the Fisher-Johns melting-point block, by
heating at the rate of 4 to 5° per minute, shows a phase
change at 186 to 187°. Differential thermal analysis with
simultaneous gas profile by the method of Ayres!? shows an
endotherm with gas evolution at 190°. An infrared absorp-
tion spectrum in either white oil mull or potassium bromide
disk shows the characteristic asymmetric stretching fre-
quencies for the azido group at 2033 cm.™ for the mull and
two bands at 2120 cm.™! and 2033 cm.™! for the potassium
bromide disk.

B. DIPHENYLLEAD DIAZIDE

(CeH;)Pb + 2HCI — (CeH;).PbCl; 4 2C¢Hs
(CaH5)2PbO + 2HN,— (CeHs)ng(Na)z + H20

Procedure

Caution. Ezxtreme caution must be exercised in working
with azide procedures, including use of adequate safety shield-
ing, ready availability of fire extinguishing equipment, and
careful attention to directions.

1. Diphenyllead Dichloride.® Tetraphenyllead (10.3 g.;
0.020 mol) is dissolved in benzene by warming to 50°
(1 g./10 ml. of benzene) and vigorously stirring in an open
reaction flask fitted with a gas inlet tube. Hydrogen
chloride gas is introduced slowly to avoid blockage of the
protruding tip of the gas inlet tube by the precipitating
chloride. The precipitate of diphenyllead dichloride is'
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characterized by the appearance of small shiny white plates.
The warm mixture is suction-filtered through a hot-stage
(50°) filter. The filtrate is maintained at 50° and returned
to the reaction flask for further treatment with hydrogen
chloride. Successive treatments require a correspondingly
shorter gas-flow interval. When it is observed that the
gas-flow interval increases markedly, the hydrogen chloride
treatment is discontinued. The precipitate from this treat-
ment contains a small amount of lead(II) chloride. The
diphenyllead dichloride is washed with hot benzene and
dried in a vacuum desiccator. The yield is 8.25 g. (0.0194
mol; 97%). Anal. Caled. for (C¢H;),PbCl,; C, 33.34; H,
2.33; Cl, 16.40. Found: C, 33.39; H, 2.24; C], 16.55. By
checkers: C, 33.07; H, 2.30; Cl, 16.52. Diphenyllead
dichloride turns from white to yellow at 283 to 286° without
melting.

2. Diphenyllead Oxide.!* To a hot suspension of 4.32 g.
(0.010 mol) of diphenyllead dichloride in 300 ml. of absolute
ethanol, 20 ml. of 109 absolute ethanolic potassium
hydroxide is slowly added with vigorous stirring. The
reaction mixture is stirred for an additional 30 minutes after
addition is completed. The warm aleoholic suspension is
filtered through fine-grade filter paper in a heated funnel
(65°). The reaction mixture and filter may be conveniently
kept warm with an infrared lamp. The white residue is
transferred to a mortar and triturated with hot 959
ethanol. The hot suspension is refiltered through a heated
funnel, and the filtrate is tested with aqueous silver nitrate
for the absence of chloride ion. The trituration is repeated
if necessary. The residue is washed with small amounts of
hot carbon dioxide—free distilled water and refiltered. The
white amorphous residue is dried in a vacuum desiccator
over solid sodium hydroxide. The yield is 3.40 g. (0.0090
mol; 909%). Anal. Caled. for (C¢H;).PbO: C, 38.19; H,
2.67. Found: C, 38.16; H, 2.76. By checkers: C, 38.89;
H, 2.37. On heating, diphenyllead oxide appears to decom-
pose at 223°,
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3. Diphenyllead Diazide. To 3.02 g. (0.0080 mol) of
finely ground diphenyllead oxide, 200 ml. of absolute
ethanol is added in a one-necked 300-ml. reaction flask at
room temperature. The suspension is stirred vigorously
for one hour to reduce the particle size of the suspended
material. The flask is equipped with a dropping funnel
with a pressure-equalizing arm. A chloroform solution of
hydrazoic acid, prepared exactly according to the method
of Wolff,!! of sufficient titer to contain 0.723 g. (0.0168 mol)
of the acid is pipetted into 25 ml. of absolute ethanol con-
tained in the funnel. The suspension is stirred continu-
ously by a magnetic stirrer while the hydrazoic acid solution
is added over a 15-minute interval. The appearance of a
white crystalline solid of very small particle size is indicative
that the reaction is progressing. The suspension is stirred
for an additional 6 hours after addition of the acid is com-
pleted (longer stirring results in lower yields). The mix-
ture is filtered by suction, and the resulting white crys-
talline mass is washed with ethanol. The residue is dried
in a vacuum desiccator over solid sodium hydroxide;
yield, 3.45 g. (0.0077 mol; 979%,). Anal. Caled. for (CeHs)-
Pb(N;),: C, 32.35; H, 2.26; N, 18.87. Found:C, 32.61; H,
2.46; N, 18.62. By checkers: C, 32.33; H, 2.36; N, 18.66.

Properties

Diphenyllead diazide is obtained from the reaction mix-
ture in the form of very small needle-like crystals. No
suitable recrystallizing solvent could be found. Diphenyl-
lead diazide is insoluble in water, 95% ethanol, and anhy-
drous diethyl ether. Insertion of 2 mg. of substance on the
tip of a porcelain spatula into an open flame results in
immediate ignition, and burning proceeds with a crackling
sound accompanied by flashes of light. A deposit of
metallic lead remains when the spatula is cooled. Obser-
vation of the thermal characteristics of diphenyllead diazide
under silicone oil on a Fisher-Johns block (heating at 5 to
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6° per minute) shows no phase change but rather a brown-
ing which begins at 204° and becomes complete at 234°.
Gas evolution is noted at 145°. A simultaneous differential
thermogram-gas profile shows an endotherm with gas evol-
ution at 190° and an exotherm with marked gas evolution
at 210°. The azido groups show strong characteristic
absorptions in the infrared.
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16. TETRAPHOSPHORUS
HEXAMETHYLHEXAIMIDE
[2,4,6,8,9,10-Hexamethyl-2,4,6,8,9,10-hexaaza-1,3,5,7-
tetraphosphaadamantane ; Phosphorus(III) Methylimide]

4PCl; + 18CH:NH; — PN4(CH,)s + 12CH,NH,*Cl~

SueMmittEp BY R. R. HouMEs*f AND J. A. FORSTNER*
Cuecgep BY C. O. McArTHUR} AND R. 8. Draco}

Tetraphosphorus hexamethylhexaimide, P,N¢(CHg)s, rep-
resents the first isolated member!-? of a class of phosphorus-
* Carnegie Institute of Technology, Pittsburgh, Pa.

t Present address: Bell Telephone Laboratories, Inc., Murray Hill, N.J,
1 University of Illinois, Urbana, I,
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nitrogen compounds indicated to be structurally analogous
to phosphorus(III) oxide. It is prepared in nearly quan-
titative yield from the reaction of phosphorus(IIT) chloride
with excess methylamine at low temperature in the absence
of solvent, the hydrochloride by-product being readily sepa-
rated by the use of petroleum ether.

Procedure

The reaction vessel is a 2-l1. deep-well all-glass resin
kettle* with a removable top section containing ground-
glass openings which are fitted with a 125-ml. dropping
funnel for the phosphorus(III) chloride, a glass entrance
tube for the methylamine, 2 manually operated stirrer, and
a nitrogen entrance (see Fig. 2). A deep-well kettle is
found to be most desirable, since white clouds tend to clog
the inlet tube of the dropping funnel at the start. A 1-l.
three-necked flask is unsatisfactory. The diameter of the
kettle is such that the entire assembly can be inserted
into the l-gallon (3.8-l.) Dewar flask used to contain the
coolant bath. Before beginning the preparation, a mark
should be placed on the wall of the kettle to indicate, as
established by experimental trial, when 64.6 ml. of methyl-
amine is present. The stirrer is a strong stainless-steel rod,
}in. (0.64 em.) in diameter, bent at the bottom so that it
closely follows the curvature of the kettle. Its use is found
to be very effective in breaking up the caked white solid
mass that forms.

The entire assembly is flushed with nitrogen which has
been dried by passage through a drying tower (height of
tower, 250 mm.) packed with Drierite. The nitrogen
system is so constructed that during the preparation a posi-
tive pressure is maintained in the kettle and equalized above
the surface of the trichloride in the dropping funnel.
Excess pressure is released through a mercury bubbler.

In a typical reaction, 17.5 ml. (0.200 mol) of phosphorus-

* Available from the Ace Glass Company, Vineland, N.J.
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(I11) chloride from a freshly opened bottle is placed in the
dropping funnel. The reaction kettle then is cooled by
lowering it into the gallon Dewar containing a 1:1 mixture
(by volume) of carbon tetrachloride and chloroform cooled
to —78° with excess Dry Ice.

With nitrogen flowing at a very slow rate but at a slightly
greater pressure than for the flow of methylamine, 64.6 ml.
(1.60 mols) of anhydrous tank methylamine (to the mark

BaQ

N~

Drierite

CH3NH,

W\

Fic. 2. Apparatus for the preparation of tetraphosphorus hexamethyl-
hexaimide.

previously placed on the wall of the kettle) is passed through
an 18-in. drying tube, constructed from 20-mm. glass tubing
and packed with anhydrous barium oxide, and then through
an inlet tube which reaches nearly to the bottom of the
kettle, where it is condensed. It is imperative that the pres-
sure in the nitrogen inlet be maintained at a slightly greater
level than the pressure in the methylamine inlet in order to pre-
vent the methylamine vapor from reaching the phosphorus-
(III) chloride. The inlet tube is then replaced by a glass
stopper. At this time, all attachments to the ground-glass
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joints at the top of the kettle should be secured with spring
clips. Thus, any excess pressure developed during the
initial reaction will be relieved properly at the mercury
bubbler.

The phosphorus(III) chloride is added dropwise during a
one-hour period, with occasional stirring. The resulting
yellow solid and clear liquid are allowed to stand overnight
at —78° and then to warm slowly over a 2-day period to
—30°. Above —30° a rock salt-ice mixture is used to
maintain the bath temperature.* At this stage of the pro-
cedure a yellow-white solid is present in the excess amine.
Over the next 2 days the temperature is allowed to rise
slowly to room temperature, during which time the solution
becomes yellow and viscous. The reaction product is then
warmed to 50° and maintained at that temperature for
about 4 hours to drive off the excess amine and until a
white solid remains. The kettle and product are then
placed in a nitrogen-filled dry-box.

Separation of tetraphosphorus hexamethylhexaimide from
the methylamine hydrochloride is effected with the use of
petroleum ether (30 to 60° fraction, distilled and dried over
sodium ribbon).t A 6-g. portion of the product mixture is
added to 30 ml. of petroleum ether in an Erlenmeyer flask
and the mixture crushed below the liquid level. The
Erlenmeyer flask containing the mixture is removed from
the dry-box. Separation is achieved in an all-glass appa-
ratus containing a 25-mm. sintered-glass filtering disk of
medium porosity to which is attached a removable receiving
trap. The latter, in turn, is connected to a liquid-nitrogen
trap and pump system. Filtration from the amine hydro-
chloride is carried out in a nitrogen atmosphere; the appa-

® The temperature program is essentially governed by heat loss from
the original cold baths to the surroundings. It is only necessary to check
occasionally to see that the temperature is not rising too rapidly for the
time period indicated. If so, more Dry Ice or ice may be added.

t The product dissolves in the ether, while the hydrochloride does not.
To avoid use of elaborate filtration equipment, the product mixture is sepa-
rated in relatively small portions rather than all at once,
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ratus is then evacuated cautiously, allowing the petroleum
ether to vaporize into the liquid-nitrogen trap.

The product, present in the receiving trap, is a erystalline
white solid. Further purification can be effected by sub-
limation in a vacuum. Assuming no loss in transfer
operation-, the yield is nearly quantitative. Anal. Caled.
for P.N¢(CH,)s: C, 24.17; H, 6.08; N, 28.19; P, 41.56.
TFound: C, 23.92; H, 6.03; N, 28.19; P, 41.32.

Properties! 3

Tetraphosphorus hexamethylhexaimide is a moisture-sen-
sitive, white crystalline solid melting at 122 to 123° and
boiling at 303 to 304° at 737 mm. It is soluble in a wide
variety of organic solvents, including benzene, toluene,
n-hexane, diethyl ether, acetone, and carbon tetrachloride.
It is insoluble in water but dissolves slowly in a hot aqueous
ammonia solution.

The solid-vapor equilibrium is represented by the
equation:

log p (mm.) = — :—;—1% + 8.476

The liquid-vapor equilibrium in the range 128 to 220° is
provided by the equation:

log p (mm.) = — ?%6 + 8.346

Molecular weight measurements indicate the molecular
formula P,Ns(CH;)s. Proton nuclear magnetic resonance
data support a cage structure analogous to that of phos-
phorus(III) oxide, P,Os.

The infrared spectrum (Nujol mull) shows the following
bands: 4290 (w), 3970 (w), 2860 (s), 2790 (s), 2105 (w), 1540
(m), 1440 (s), 1410 (sh), 1375 (m), 1340 (m), 1260 (m), 1155
(s), 1110 to 1050 (s), and 895 to 850 (s) cm.”!. The most
intense peaks in the mass spectrum obtained at 250° corre-
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spond to the following unipositive ions: PNg(CHj)e™,
P.\N;(CH;)st, P.No¢(CHs).*, PuNs(CHj).t, PiNgH, PN,
P;N3(CHy)st, P3N;CH,t, P3Nyt PoN,(CH;).t, P.N,CH,t,
P,NCH;*, PNCH;*, and PN,* (ionizing voltage, 70; ioniz-
ing current, 37.5 milliamp.).

Tetraphosphorus hexamethylhexaimide reacts with oxy-
gen at 170° to give P;0,(NCH;);. With boron fluoride
and boron chloride, a variety of substances are formed A
water-soluble white solid adduct, P,N¢(CHj;)/I, forms with
methyl iodide. The following reaction proceeds almost
quantitatively at —78°:

P.N¢(CH;)s + 18HCl — 4PCl; + 6CH,NH*Cl-

References
1. R. R. HoLmEs and J. A. FORsTNER: J. Am. Chem. Soc., 83, 5509 (1960).
2. R. R. HoLmes: ibid., 88, 1334 (1961).
3. R. R. HoLmMEs and J. A. ForsTNER: Inorg. Chem., 2, 377 (1963).

17. DIPHENYL PHOSPHOROCHLORIDITE
(Diphenyl Monochlorophosphite)

(CeH:0):P + CH.CH,COCl —
(CeH,0).PC] + CH,CH.COOC:H;

SteMmiTTED BY W. HEWERTSON,* B. C. SMmITH,* AND R. A, SHaw*
CHECKED BY R. L. LiNTvEDTt

Diphenyl phosphorochloridite can be prepared from
phenol and phosphorus(III) chloride,'? but a mixture of
products is produced and the yield of the desired compound
is low. Higher yields can be obtained from reaction of
triphenyl phosphite with phosphorus(11I) chloride, but this
method is inconvenient because it involves a reaction which

* Birkbeck College (University of London), London, England.
t University of Nebraska, Lincoln, Neb,
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must be carried out in a sealed tube.? The method of pre-
paration of diphenyl phosphorochloridite described here
makes use of the reaction between triphenyl phosphite and
an acyl chloride.* Propionyl chloride is particularly con-
venient to use because it reacts readily and, in addition, has
a lower boiling point than either of the products of the reac-
tion. Thus, the progress of the reaction can be followed by
noting the rise in boiling point of the reaction mixture.

Procedure

The apparatus consists of a 1-1. three-necked flask fitted
with a thermometer, a sealed stirrer, and a water-cooled
reflux condenser. Before use in the reaction, triphenyl
phosphite is freed from phenol by vacuum distillation.
During the distillation of the phenol, which comes off first,
the condenser should be warmed to about 50° to prevent the
material from solidifying before it reaches the receiving
flask. Pure triphenyl phosphite distills at 180° and 0.5
mm. pressure.

A nitrogen inlet is connected to the top of the condenser,
and the apparatus is flushed with dry nitrogen before adding
92.5 g. (1.00 mol) of redistilled propionyl chloride and 310 g.
(1.00 mol) of purified triphenyl phosphite to the reaction
vessel. The mixture is stirred and heated for a period of 8
hours. During this period, the temperature of the reaction
mixture is increased from about 100° to about 195° at such
a rate that boiling is maintained. An estimate of the prog-
ress of the reaction can be made by noting the rise in tem-
perature indicated by the thermometer which extends into
the flask and is heated by the vapors in the upper portion of
the reaction vessel. When the reaction is finished, the mix-
ture is cooled to room temperature, and the apparatus is
dismantled and then reassembled as follows: One neck of
the flask is closed by a ground-glass stopper; the second is
fitted with a drawn-out capillary tube attached to the nitro-
gen source; and the third neck of the flask is equipped with a
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heated fractionating column (15 in.) packed with glass rings
and topped by a still head, thermometer, and water-cooled
condenser equipped with a vacuum adapter. The adapter,
in turn, is attached through the ground joint to a Perkin
triangle (fraction cutter), or to a “pig’’ used to collect frac-
tions, and through the vacuum outlet to a three-way stop-
cock which leads to a nitrogen line and to a vacuum pump
protected by a cold trap.

The apparatus is flushed with nitrogen and is then evacu-
ated. Phenyl propionate contaminated with phenyl phos-
phorodichloridite, CsH;OPCl,, distills at about 55° at
0.5 mm. Crude diphenyl phosphorochloridite is obtained
at approximately 115° at 0.5 mm. and is followed by
unchanged triphenyl phosphite boiling at about 180° at
0.5 mm. After all the triphenyl phosphite has been recov-
ered, the reaction flask is cooled, and the vacuum is broken
by passing nitrogen through the three-way stopcock. The
residue in the flask is destroyed by pouring it slowly into a
large volume of cold water.

The crude product is purified by distillation through an
efficient fractionating column. The yicld of pure dipheny!
phosphorochloridite is 157 g. (629) Amnal. Caled. for
Ci:H,,CIO;P: Cl, 14.0. Found: Cl, 13.8.

Properties

Diphenyl phosphorochloridite is a colorless, viscous
liquid with a pleasant smell; it shows the following physical
properties: b.p. 115° at 0.5 mm.,* 147° at 4 mm.,2 172° at
11 mm.,! and 295° at 731 mm.;' n2’ = 1.5776;¢d}¥ = 1.221.1

Inasmuch as diphenyl phosphorochloridite disproportion-
ates to triphenyl phosphite and phenyl phosphorodichlori-
dite, it is necessary to distill the product immediately
before use:

2(CGH§O)2PCI - CeHaOPClz + (CeHsO) 3P
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Diphenyl phosphorochloridite hydrolyzes slowly in air
and more rapidly in water, but it is less reactive toward
nucleophilic reagents than most chlorine derivatives of
phosphorus(1IT). The reaction with alcohols in the pres-
ence of a tertiary base is used to prepare diphenyl alkyl
phosphites. Addition of sulfur occurs on reaction with
thiophosphoryl chloride.
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18. DIPHENYLPHOSPHINIC ACID

(CsH5)2PCl + H202 + 2N8.0H b d
(C¢Hs).P(0)ONa + NaCl + 2H,0O
(Ce¢H;),P(O)ONa + HCl — (C¢H;),P(O)OH + NaCl

SusMITTED BY L. R. Ocong,* C. W. ScHAUMANN,* aAND B. P, Brock*
CHECEED BY E. N. WaLsnt

There are over a dozen different methods in the literature
for preparing diphenylphosphinic acid, the first of which?
was from phenylphosphonous dichloride. By and large
they can be divided into one group involving the addition of
phenyl groups to phosphorus compounds and into a second
group involving the modification of diphenylphosphorus
compounds. The latter type is, in general, more con-

* Pennsalt Chemicals Corp., Technological Center, King of Prussia, Pa.

t Victor Chemical Division, Stauffer Chemical Company, Chicago
Heights, Iil.



72 INORGANIC SYNTHESES

venient provided that a suitable starting material is avail-
able. Diphenylphosphinous chloride has been converted to
diphenylphosphinic acid by hydrolysis? and by oxidation
with air® or nitric acid.* Straight hydrolysis is not satis-
factory because one-half of the phosphorus is converted to
diphenylphosphine; i.e., a disproportionation is involved.
Treatment with hydrogen peroxide in basic solution is a
convenient oxidation procedure.

Procedure

The entire reaction is carried out in a 4-1. beaker. A
paddle stirrer with a heavy motor is used to mix the reac-
tants, and the temperature is followed with a thermometer.
All operations up to the point where oxidation is complete
should be performed in an efficient hood. Five hundred
grams (2.27 mol) of technical-grade diphenylphosphinous
chloride* is added dropwise with stirring to 1500 ml. of
water at room temperature at a rate of 300 g./hour. After
this addition is completed, 190 g. (4.75 mol) of sodium
hydroxide pellets is added in small portions with stirring so
that the temperature does not exceed 50°. Immediately
after the addition of the base, while the temperature of the
milky slurry is still above 45°, 20 ml. of 309 hydrogen
peroxide is added. The ensuing reaction causes the tem-
perature to rise to about 55°. When the temperature
subsides to 45°, an additional 20 ml. of 309, hydrogen
peroxide is added. This procedure is repeated until 200 ml.
of 309, hydrogen peroxide has been added while maintain-
ing the temperature between 45 and 55°.

After oxidation is complete, and while the solution is still
hot, 6 M hydrochloric acid is added dropwise to a pH of 2.

® Available from Victor Chemical Division, Stauffer Chemical Company,
Chicago Heights, Ill. This material has a tendency to adhere to equipment,
and it cannot be easily flushed away. It can be removed by soaking in con-
centrated nitric acid.
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If the acid is added too rapidly, the resulting precipitate is
difficult to filter, but, if the acid is added slowly, the
diphenylphosphinic acid precipitates in a filterable micro-
crystalline form. After acidification, the mixture is cooled,
the solid is recovered by filtration, washed thoroughly with
dilute hydrochloric acid (10 ml. of concentrated hydro-
chloric acid per liter), and then with cold water. The wet
filter cake is then washed with 250 ml. of benzene to remove
the biphenyl which occurs as a by-product. After drying at
110°, the crude product, off-white in color, is obtained in a
yield of 90 to 969,. Recrystallization from hot 959,
ethanol produces a white crystalline product.* Anal.
Caled. for (C4H;),P(O)OH: C, 66.05; H, 5.08; P, 14.20.
Found: C, 66.02 + 0.10; H, 5.08 + 0.23; P, 14.16 + 0.23.
Calculated formula weight: 218.19. Neutral equivalent
determined by titration with standard base in methanol:
219.2 + 1.4.

Properties

Diphenylphosphinic acid is a white crystalline substance
which is fairly soluble in hot ethanol and slightly soluble in
cold ethanol. It is insoluble in water and very slightly
soluble in benzene and chloroform. The melting point
of the material recrystallized from ethanol is 194 to 196°.

References
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19. (2,2-DIMETHYLHYDRAZINO)-
DIPHENYLPHOSPHINE

2(CH3)2NNH2 + ClP(CeHﬁ)g—)
(CH;).NNHP(C:H;): + (CH,),NNH,-HCi

SupMmITTED BY HarRRY H. SisLEr* anp R. P. NIELSEN*
CHEckED BY T. H. DExTER} aAnD D. J. Jaszrat

(2,2-Dimethylhydrazino)diphenylphosphine may be pre-
pared by the action of wunsym-dimethylhydrazinef on
diphenylphosphinous chloride} in benzene at temperatures
just below room temperature. A 2:1 mol ratio provides
an extra mol of the free base to act as a hydrogen chlo-
ride acceptor. The unsym-dimethylhydrazinium chloride,
which is only very slightly soluble in benzene, may be easily
removed by filtration. The hydrazinophosphine may then
be recovered from the filtrate in good yield by evaporation
of the solvent at room temperature under reduced pressure.

Procedure

A 500-ml. three-necked flask is fitted with a pressure-
equalizing dropping funnel of about 200 ml. capacity, a
glass-joint-type mechanical stirrer, and a desiccant-filled

* University of Florida, Gainesville, Fla.

t Hooker Chemical Corporation, Niagara Falls, N.Y.

t Both reactants are commercially available. Diphenylphosphinous chlo-
ride was obtained from the Victor Chemical Division, Stauffer Chemical
Company, Chicago Heights, Ill. Unsym-dimethylhydrazine was obtained
from the Eastman Kodak Company, Rochester, N.Y., but may be obtained
from several sources.
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drying tube. [Appropriate drying agents include, among
others, Drierite (10 to 20 mesh), silica gel, and Linde
Molecular Sieve Type 4a.] (Caution. Desiccants which are
strong orxidizing agents should be avoided.) The apparatus
is flushed with dry nitrogen and flamed to ensure dryness.
In the flask are placed 100 ml. of anhydrous benzene and
50 ml. (39.2 g.; 0.653 mol) of unsym-dimethylhydrazine
(dried over calcium hydride). (Caution. Unsym-dimeth-
ylhydrazine is flammable and toxic.) In the dropping funnel
are placed 100 ml. of benzene (dried over calcium hydride)
and 50 ml. (59.5 g.; 0.269 mol) of chlorodiphenylphosphine.

Stirring is begun and the flask is cooled in an ice bath.
The contents of the addition funnel are added dropwise
over a 90-minute period with constant stirring and cooling.
When addition is complete, the ice bath is removed and the
mixture is stirred for an additional 30 minutes at 40 to 50°.
During this period, the crystals of unsym-dimethylhydra-
zinjum chloride increase in size and thus become easier to
remove by filtration.

After being cooled, the mixture is filtered into a 500-ml.
round-bottomed flask through a fritted-glass funnel of med-
ium porosity, using a vacuum-adapter take-off to speed
filtration and avoid extended exposure to the atmosphere.
The filtrate is evaporated on a rotating vacuum evaporator
at room temperature. The yield of dried crude product is
61 g. (929,). The transfer of the solid product should be
conducted in & dry-box, or under a flow of dry nitrogen gas,
or be carried out very rapidly. The crude product is crys-
tallized by dissolving it in 150 ml. of cyclohexane or
n-hexane (dried over calcium hydride) at a temperature just
below the boiling point and filtering the resulting solution
rapidly through coarse filter paper into an Erlenmeyer
flask which can be kept closed with a glass stopper. As the
solution cools, (2,2-dimethylhydrazino)diphenylphosphine
crystallizes. After the solution has stood overnight in a
refrigerator, the crystals may be collected and washed with
cold hexane. The yield is about 709; m.p. 66 to 68°.
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Additional lower-melting product of 85 to 909, purity can
be recovered by evaporation of the hexane mother liquor.
Further purification can be effected by sublimation at
60° at 0.1 mm. of Hg. About 55 g. of purified product
melting at 68.5 to 69.5° is normally obtained (849, yield).

Properties

The (2,2-dimethylhydrazino)diphenylphosphine forms
colorless needle-like or prismatic crystals. It is soluble in
benzene, ether, chloroform, and alcohol. Hydrolysis occurs
in water to yield free wunsym-dimethylhydrazine and
diphenylphosphinous acid, which is readily oxidized to
diphenylphosphinic acid upon contact with air.

Boiling a solution of (2,2-dimethylhydrazino)diphenyl-
phosphine in benzene overnight in contact with dry air
causes precipitation of the oxide, (C¢Hj;);P(O)NHN(CH,),
(m.p. 167 to 168°). Addition of a stoichiometric amount of
sulfur to a boiling benzene solution of (2,2-dimethylhydra-
zino)diphenylphosphine yields, on cooling, the sulfide,
(CeH;).P(S)NHN(CHj;), (m.p. 95.5 to 97.0°). Alkylation
to [(Ce¢Hs):(CH3)PNHN(CH3) )l (m.p. 156 to 158°) oceurs
upon reaction with methyl iodide in ether. Reaction with
chloramine in ether yields the aminophosphonium salt,
[(CeH ;) P(NH,)NHN(CH,)JCl (m.p. 195°). All of the
above-described derivatives are colorless solids.

Storage in sealed glass ampuls or in air-tight bottles is
recommended.

References
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20. ALKOXY- AND
ARYLOXYCYCLOPHOSPHAZENES
(Alkyl and Aryl Phosphonitrilates)

SusmiTTED BY B. W. FrrzsimmMons*® Anp R. A. Saaw*

A. HEXAETHOXYCYCLOTRIPHOSPHAZATRIENE

(Trimeric Ethyl Phosphonitrilate; 2,2,4,4,6, 6-Hexaethoxy-2,2,4,4,6,6-
hexahydro-1,3,6,2,4,6-triazatriphosphorine)

NaPaCle + 602H50H + 605H5N -
NPi(0C.Hs)s + 6C;H,N-HC1

CHECKED BY GEORGE M. NicHoLst

Hexaethoxycyclotriphosphazatriene may be prepared by
the slow addition of dry ethanol to a cold, stirred solution
of hexachlorocyclotriphosphazatriene (1,3,5,2,4,6-triazatri-
phosphorine 2,2,4,4,6,6-hexachloride; phosphonitrile chlo-
ride, cyclic trimer) in dry pyridine.! The reaction mix-
ture is worked up by the addition of an excess of dry diethyl
ether and filtration of the precipitated pyridinium hydro-
chloride. The solvents are then removed from the washed
and dried solution and the product is purified by vacuum
distillation.

Procedure

NoTE: For Parts A and B, the pyridine may be conven-
iently dried by refluxing over, and distillation from, phos-
phorus(V) oxide. The ethanol may be dried by distillation

* Birbeck College (University of London), London, England.
t Victor Chemical Division, Stauffer Chemical Company, Chicago Heights,
Il
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from diethyl phthalate as follows: Diethyl phthalate (10
ml.) and sodium (1 g.) are dissolved in about 2.5 I. of
ethanol. The solution is refluxed for 4 hours. The ethanol
is then removed by distillation.

Twenty grams (0.057 mol) of hexachlorocyclotriphosphaz-
atriene (1,3,5,2,4,6-triazatriphosphorine 2,2,4,4,6,6-hexa-
chloride ; phosphonitrile chloride, cyclic trimer), N;P,Cls,*
is dissolved in 82 ml. (80.5 g.; 1.02 mols) of dry pyridine in a
500-ml. two-necked flask. The solution is stirred mechani-
cally and cooled to 0 to 5°. Then 62 ml. (48.7 g.; 1.05 mols)
of dry ethanol is added dropwise. The temperature is
maintained in the range 0 to 5° throughout the addition and
the subsequent stirring, which is continued for 2 hours
following the addition of reagent. The mixture is then
allowed to attain room temperature and is stored overnight.
Dry diethyl ether (300 ml.) is added with stirring, and the
precipitated pyridinium chloride is removed by filtration.{
The filtrate is washed successively with dilute solutions of
hydrochloric acid (5%) and sodium hydrogen carbonate
(5%) and with water. The solution is dried over sodium
sulfate and the solvent is removed. Purification is effected
by vacuum distillation. The first distillation of this com-
pound is sometimes accompanied by extensive decomposi-
tion. The difficulty is not usually encountered during the
second and subsequent distillations. It is therefore best to
carry out the initial distillation in batches of about 10 ml.
and to use semimicro distillation apparatus. Two distilla-
tions are normally sufficient to give an analytically pure
sample of the compound: b.p. 114 to 116° at 0.1 mm. The
yield is 8.0 g. (84.4%). Amnal. Caled.: C, 35.6; H, 7.4; N,
104. Found C, 35.5;H, 7.2; N, 10.6. The compound can
be further characterized by its infrared spectrum? (see
Properties).

* See procedure by M. L. Nielsen and G. Cranford, INORGANIC SYNTHESES,
6, 94 (1960),

t To obtain a check on the preparation at this stage, the pyridinium
chloride can be vacuum-dried and weighed; yield, 99.5%.
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Properties

Hexaethoxycyclotriphosphazatriene is a colorless, odor-
less liquid for which »n%*is 1.4522. The compound is soluble
in petroleum ether, benzene, diethyl ether, carbon tetra-
chloride, or chloroform, but almost insoluble in water. The
frequencies of the principal absorption maxima in the
infrared spectrum are 3000, 1225, 1170, 1036, 972, 899, 813,
800, and 751 em.”! The frequency at 1225 em.™! is char-
acteristic of a six-membered ring in this case.

C.H,0 N OC.H;
NN\
P P
/] AN
C.HO N N OC.H,
AN 4
/ P\
C.H:O0 OC.H;
B. OCTAETHOXYCYCLOTETRAPHOSPHAZATETRAENE

(Tetrameric Ethyl Phosphonitrilate; 2,2,4,4,6,6,8,8-
Octaethoxy-2,2,4,4,6,6,8,8-octahydro-1,3,5,7,2,4,6,8-
tetrazatetraphosphocine)

N4P4013 + 802H50H + 805H5N d
N4P4(002H5)8 + 805H5N'Hol

CuECKED BY GEOrRGeE M. NicHoLs*

Procedure

Octaethoxycyclotetraphosphazatetraene is prepared by a
method exactly analogous to that for hexaethoxycyclotri-
phosphazatriene (Part A) except that 20 g. (0.043 mol) of
octachlorocyclotetraphosphazatetraene (1,3,5,7,2,4,6,8-tet-
razatetraphosphocine 2,2,4,4,6,6,8,8-octachloride; phos-
phonitrile chloride, cyclic tetramer)t requires 130 ml.

* Victor Chemical Division, Stauffer Chemical Company, Chicago Heights,
111.

t See procedure by M. L. Nielsen and G. Cranford: INORGANIC SYNTHE-
SES, 6, 94 (1960).
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(127.6 g.; 1.6 mol) of pyridine for dissolution. The quan-
tity of ethanol utilized is 48.7 g. (1.05 mols). Purification
of octaethoxycyclotetraphosphazatetraene is best accom-
plished by vacuum sublimation. Sublimation is rapid at
60° and 10~®* mm. The compound can also be purified by
distillation; b.p. 128° at 0.001 mm. If vacuum equipment
is not available, purification can be achieved by recrystal-
lization.* The pure compound melts at 45 to 47°. The
yield is 16.9g. (72%), based upon octachlorocyclotetra-
phosphazatetraene. Anal. Caled. for N,P,(OC.H;)s: C,
35.6;H,7.4; N, 104. Found:C, 354; H, 7.1; N, 10.4.

Properties

Octaethoxycyclotetraphosphazatetraene is soluble in pe-
troleum ether, benzene, diethyl ether, carbon tetrachloride,
or chloroorm, but almost insoluble in water. The fre-
quencies of the principal absorption maxima in the infrared
spectrum are: 3000, 1320, 1160, 1040, 970, 850, 810, and
715 em.”7!. The frequency of 1320 em.™! is characteristic
of an eight-membered ring.

0C.H;
CszO N=P—002H5

AN
P N OC.H;

/| I/
C.H,0O N P
VRN

P=N 0C.H;

RN
CzH{,O 002H5

* The checker has submitted the following method of purification by
recrystallization: To the crude product (which crystallizes to a stiff mush at
25°) is added a small amount of heptane to make a nearly saturated solution
at 25°. This solution is cooled to 0° to effect crystallization and is filtered.
The filtrate is then cooled to —20° whereupon a second crop of crystals is
obtained. This procedure is repeated until the Dry Ice-acetone tempera-
ture is reached or until no further crystallization takes place. The crystal
crops are combined and recrystallized in a similar manner to give white
granular crystals which melt at 45 to 47°. The yield is 13.6 g. (568%).



ALKOXY- AND ARYLOXYCYCLOPHOSPHAZENES 81

C. HEXAPHENOXYCYCLOTRIPHOSPHAZATRIENE

(Trimeric Phenyl Phosphonitrilate; 2,2,4,4,6,6-Hexaphenoxy-
2,2,4,4,6,6-hexahydro-1,3,5,2,4,6-triazatriphosphorine)

N,P;Cl, + 6N8006H5 g NsP;(OCcHS)G + 6NaCl

Cuieckep BY E. H. Uning*

Hexaphenoxycyclotriphosphazatriene may be prepared
by the reaction of hexachlorocyclotriphosphazatriene with
an excess of sodium phenoxide in dioxane. Sodium phen-
oxide may be prepared from sodium ethoxide by the
exchange reaction:

N8-002H5 + CgHsOH o] N&OCoHs + CzI‘IsOH

Alternatively, direct reaction of sodium with a solution of
phenol in dioxane may be used. The procedure described
in Part C employs the exchange reaction, which is applicable
to other high-boiling hydroxy compounds. The more con-
venient direct method, employed in Part D, requires that
the hydroxy compound react readily with sodium.

Procedure

A 500-ml. two-necked round-bottomed flask is attached
to a distillation column (25 X 2 cm.) packed with Fenske
helixes and fitted with a slow variable-reflux-ratio distilla-
tion head. One hundred milliliters of dry ethanol is placed
in the flask, and 7.7 g. (0.335 mol) of sodium is added slowly.
Then 31.5 g. (0.355 mol) of phenol dissolved in 50 ml. of
ethanol is added and the mixture is boiled. The ethanol is

* Vietor Chemical Division, Stauffer Chemical Company, Chicago Heights,
11
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removed slowly via the distillation take-off head and
replaced by 170 ml. of anhydrous dioxane. Fifteen grams
(0.043 mol) of hexachlorocyclotriphosphazatriene dissolved
in 100 ml. of dioxane is then added during one hour, and the
mixture is subsequently boiled for 2 hours. The cold mix-
ture is diluted with 400 ml. of diethyl ether and is placed in
a separatory funnel and washed with 120 ml. of water. It
is then washed with dilute aqueous solutions of hydrochloric
acid and sodium hydrogen carbonate and again with water.
The solution is dried over sodium sulfate and the solvent is
evaporated. The residual yellow oil is dissolved in about
300 ml. of a 509, benzene—petroleum ether mixture (b.p. 60
to 80°) and the solution is passed through a short column
(about 10 X 2 ecm.) packed with alumina. The benzene
eluate on evaporation crystallizes slowly to give hexaphen-
oxycyclotriphosphazatriene.! The product can be recrys-
tallized from the benzene-petroleum cther mixture to pro-
duce crystals which melt at 110 to 111°. The yield is 23 to
26 g. (80t0 90%). Anal. Caled. for N3P;(OC¢H;),: C, 62.3;
H, 4.3; N, 6.1; P, 13.6. Found: C, 62.4; H, 4.3; N, 6.2.
By checker: N, 5.9; P, 13.4.

Properties

Hexaphenoxycyclotriphosphazatriene is quite stable and
can be kept at 300° for prolonged periods without appreci-
able decomposition. It is soluble in benzene or chloro-
form but is almost insoluble in petroleum ether (b.p. 60 to
80°) or in water. It is slowly decomposed by boiling dilute
mineral acids. The frequencies of the principal absorption
maxima in the infrared spectrum are 3100, 1600, 1495,
1260, 1200, 1190, 1180, 1070, 1020, 1010, 950, 930, 910, 890,
880, 820, 790, 780, 770, 760, 735, and 690 cm.”™*. The fre-
quency at 1260 cm.™! is characteristic of a six-membered
ring in this case, analogous to that of the hexaethoxy com-
pound (see Part A).
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D. OCTAPHENOXYCYCLOTETRAPHOSPHAZATETRAENE
(Tetrameric Phenyl Phosphonitrilate; 2,2,4,4,6,6,8,8-Octaphenoxy-
2,2,4,4,6,6,8,8-octahydro-1,3,6,7,2,4,6,8-tetrazatetraphosphocine)

N4P4Cls + SN&OCsHs - N.P4(OC@H5)3 + SNaCl

CHeckEDp BY E. H. Uning*

Twenty-one grams (0.225 mol) of phenol is dissolved in
150 ml. of dioxane, and 5.1 g. (0.222 mol) of sodium is
added. The mixture is boiled under reflux in a 500-ml.
round-bottomed flask until all the sodium is dissolved.
Ten grams (0.0215 mol) of octachlorocyclotetraphosphaza-
tetraene is added slowly to the cold solution and the mix-
ture is boiled for 3 hours. The cold mixture is diluted
with 300 ml. of diethyl ether, then placed in a separatory
funnel and washed with 120 ml. of water. It is then washed
successively with dilute aqueous solutions of hydrochloric
acid (5%) and sodium hydrogen carbonate (5%), and again
with water. The solution is dried over sodium sulfate and
the solvents are evaporated. The crude product solidifies
slowly and melts at about 56°. The yield is 17 g. (859%,).
Purification is effected by one recrystallization from a ben-
zene-petroleum ether mixture; m.p. 85 to 86°.! Anal.
Caled.: C, 62.3; H, 4.3; N, 6.1. Found: C, 62.0; H, 4.3;
N, 6.0.

Properties

The recrystallization procedure yields one of three solid
modifications of this compound which have melting points
of 65 to 66° 70 to 71°, and 85 to 86°, respectively. The
three forms have identical infrared spectra and the same
composition. They differ in their superficial appearance,
as may be seen by examination under a microscope. The
form which melts at 65 to 66°, when melted and recrystal-
lized by cooling, yields the modification which melts at 70

* Victor Chemical Division, Stauffer Chemical Company, Chicago Heights,
.



Inorganic Syntheses, Volume VIII
Edited by Henry F. Holtzclaw, Jr.
Copyright © 1966 by McGraw-Hill Book Company, Inc.

84 INORGANIC SYNTHESES

to 71°. This, in turn, with similar treatment yields the
modification which melts at 85 to 86°.

Octaphenoxycyclotetraphosphazatetraene is similar to
hexaphenoxycyclotriphosphazatriene in solubility and ther-
mal stability. The principal absorption maxima in the
infrared spectrum are 3100, 1600, 1495, 1320, 1195, 1160,
1070, 1020, 1010, 950, 900, 830, 770, 710, and 690 cm.™!.
The frequency at 1320 ecm.™! is characteristic of an eight-
membered ring analogous to that of the octaethoxy com-
pound (see Part B).
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J. Chem. Soc., 1964, 1735.
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21. MERCAPTO DERIVATIVES OF
CHLOROCYCLOPHOSPHAZENES

(Mercapto Derivatives of Cyclic Phosphonitrile Chlorides)

2RSH + 2Na — 2NaSR + H,
nN&SR + NaPsCls b NszCle_n(SR)n + nNaCl

or

nNaSR + N4P4Cls — NqP4Cls_n(SR)u + nNaCl

SuBMITTED BY A. P. CARROLL* AND R. A. SHAW*

From the reaction of the sodium salt of an aliphatic or
aromatic mercaptan (thiol) with hexachlorocyclotriphospha-
zatriene (1,3,5,2,4,6-triazatriphosphorine 2,2,4,4,6,6-hexa-

* Birkbeck College (University of London), London, England.
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chloride; phosphonitrile chloride, cyclic trimer), or octa-
chlorocyclotetraphosphazatetraene (1,3,5,7,2,4,6,8-tetraza-
tetraphosphocine 2,2,4,4,6,6,8,8-octachloride; phosphoni-
trile chloride, cyclic tetramer), the mercapto derivatives
N;PsCle_n(SR), and N,P,Cls_,(SR),, respectively, can be
prepared. The degree of mercaptalation is dependent on
the nature of the mercaptan and the reaction solvent. The
replacement of chlorine atoms by these mercapto groups
follows a geminal pattern with respect to each phosphorus-
substrate center.!”® In the compounds E and F below,
although the four mercapto groups are known to be
attached geminally to two phosphorus atoms, their exact
location in the ring has not yet been established.

Because of the heterogeneous nature of the reactions a
considerable excess of mercaptide is necessary in order to
obtain satisfactory yields. Although all of the reactions
described below are carried out under nitrogen, a consider-
able amount of disulfide is invariably formed. When the
products are purified by a series of vacuum distillations, a
small amount of decomposition appears unavoidable, espe-
cially during the first distillation of the crude reaction prod-
uct. However, when the compound is pure, no decomposi-
tion occurs during distillation and the boiling point, which is
constant from distillation to distillation, is considerably
lower than that observed in the earlier distillations. The
decrease in boiling point is greatest between the first and
second distillations.

In order to minimize decomposition and to reduce the
temperature required for effective distillation at a given
pressure, it is desirable to wrap the distillation assembly
with asbestos or other insulating material.

The water content of the solvents used should be less
than 0.019,.

Procedure

T he following reactions are all carried out under dry nitrogen
with the rigorous exclusion of atmospheric moisture. The
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intermediate mercaptide is prepared in situ in a 3-necked
flask equipped with dropping funnel, water-cooled con-
denser, and nitrogen inlet. For the second stage of each
reaction the funnel is replaced by a mechanical stirrer.

A. 2,2,4,4 TETRACHLORO-6,6-BIS(ETHYLMERCAPTO)-
CYCLOTRIPHOSPHAZATRIENE

[2,2,4,4-Tetrachloro-6,6-bis(ethylthio)-2,2,4,4,6,6-hexahydro-
1,3,5,2,4,6-triazatriphosphorine)
C.H;—S N Cl
ANV N
P P
/| N
C.H—S N N Cl

\P/
7N\
cl cl

CHeckED BY J. A. KawaLko*

Sodium ethyl mercaptide is prepared as a white suspen-
sion by the dropwise addition of 13 ml. (10.9 g.; 0.18 mol)
of freshly distilled ethanethiol (ethyl mercaptan) to 3.4 g.
(0.15 mol) of sodium wire freshly extruded from a sodium
press and suspended in 350 ml. of ether contained in a
500-ml. flask.t When mercaptide formation is complete,
6 g. (0.017 mol) of hexachlorocyclotriphosphazatriene
N;P;Clg,1 dissolved in 60 ml. of ether is added and the
reaction mixture is stirred continuously for 48 hours at
room temperature. Unreacted sodium ethyl mercaptide
and the precipitated sodium chloride are filtered out over
a mat of kieselguhr on a Biichner funnel. The oil which
is obtained from the filtrate by evaporation is purified by

* Victor Chemical Division, Stauffer Chemical Co., Chicago Heights, Ill.

t The checker has found that, if a sodium press is not available, cut sodium
can be used effectively.

1 See procedure by M. L. Nielsen and G. Cranford, INORGANIC SYNTHESES,
8, 94 (1960).
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vacuum distillation. At least three such distillations are
usually necessary before a pure product is obtained. The
boiling point of the pure compound is 128° at 0.2 mm. The
yield is 4.2 g. (629%). Anal. Caled. for N;P;ClS,CH;o:
C, 12.0; H, 2.5; Cl, 35.5; S, 16.1; mol. wt., 399. Found:
C,12.0;H,2.5;C], 35.7;8S, 16.0; mol. wt., 403. By checker:
S, 16.2; b.p., 122 to 124° at 0.01 mm.

B. HEXAKIS(ETHYLMERCAPTO)CYCLOTRIPHOSPHAZATRIENE
[2,2,4,4,6,6-Hexakis(ethylthio)-2,2,4,4,6,6-hexahydro-1,3,5,2,4,6-
triazatriphosphorine]

C,H;—S N S—C.H;

N N\

P P
/] ™\

C.H—S N N S—C.H;

\P/

7\
C.H—8  8—C.H;

Crecgep BY J. A. KawaLko*

Sodium ethyl mercaptide is prepared by the slow addition
of 12 ml. (9.9 g.; 0.16 mol) of ethanethiol to 3.2 g. (0.14 mol)
of sodium wire suspended in 200 ml. of tetrahydrofuran
in a 500-ml. flask. When all the sodium has reacted,
6 g. (0.017 mol) of hexachlorocyclotriphosphazatriene,
N;P;Clq, 1 dissolved in 60 ml. of tetrahydrofuran is added.
The reaction mixture is boiled under reflux, with contin-
uous stirring, for 25 hours. The suspended sodium chloride
and sodium ethy! mercaptide are filtered out over a mat of
kieselguhr on a Biichner funnel. When the solvent has
been evaporated from the filtrate, a little ether is added to
the oily residue, which is again filtered; this ensures the

* Victor Chemical Division, Stauffer Chemical Co., Chicago Heights, Ill.
t See procedure by M. L. Nielsen and G. Cranford, INORGANIC SYNTHESES,
8, 94 (1960).
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removal of any sodium mercaptide which may have been
dissolved in the tetrahydrofuran. The oily material is then
dissolved in 25 ml. of petroleum ether (b.p. 60 to 80°) and
solidified by chilling to —78° and triturating for 20 to 30
minutes. The solvent is then decanted and fresh petroleum
ether added to the residue. This is again chilled and tri-
turated as above. After three or four such coolings with
subsequent trituration and decantation of the mother
liquor, a solid which does not melt at room temperature is
obtained. This solid is recrystallized from ethanol, dis-
tilled 7n vacuo (b.p. 196° at 0.06 mm.) and finally recrys-
tallized from light petroleum. The melting point of the
pure compound is 35.5°. The yield is 7.8 g., (92%).
Anal. Caled. for N;P,S4C1:H3so: C, 28.7; H, 6.0; N, 8.4; P,
18.5. Found:C, 28.7;H, 6.3; N, 8.6. By checker: P, 18.7,

C AND D. 2,2,4,4-TETRACHLORO-6,6-BIS(PHENYLMER-
CAPTO)CYCLOTRIPHOSPHAZATRIENE AND HEXAKIS(PHENYL-
MERCAPTO)CYCLOTRIPHOSPHAZATRIENE

[2,2,4,4-Tetrachloro-8,6-bis(phenylthio)-2,2,4,4,6,6-hexahydro-
1,3,5,2,4,6-triazatriphosphorine and 2,2,4,4,6,6-Hexakis(phenylthio)-
2,2,4,4,6,6-hexahydro-1,3,6,2,4,6-triazatriphosphorine)

CH—S N I CeHi—S N 8—CeH,
NN S NN S
PP PP
/1 I\, and 71 N\
CH—S N N Cl CéHe—S N N 8—CiH;
\P/ \P/

01/ \01 C,Hf,—S/ \S—C,Hs

CueEckep BY R. B. FEARING®

Sodium phenyl mercaptide is prepared as a white suspen-
sion in 500 ml. of ether contained in a 1-1. flask by adding

® Victor Chemical Division, Stauffer Chemical Co., Chicago Heights, Ill.
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45 ml. (48 g.; 0.44 mol) of benzenethiol to 6.9 g. (0.3 mol) of
sodium wire. When the last traces of sodium have reacted,
16 g. (0.046 mol) of hexachlorocyclotriphosphazatriene,
N;P3Clg, * dissolved in 80 to 100 ml. of ether is added and the
mixture is boiled under reflux for 12 hours. Since the filter-
ing of this reaction mixture—even through a kieselguhr
mat—is somewhat tedious, a ‘““wash and decant’”’ method of
separation may be employed. The ether washings are then
filtered in bulk through a kieselguhr mat. On evaporation,
a viscous oil is obtained from the filtrate. This can be
solidified by low-temperature trituration as described in
Procedure B. The di- and hexamercaptalated products
may be obtained by fractional crystallization of this solid
from petroleum ether (b.p. 60 to 80°). The hexamercapta-
lated compound is the less soluble and is recrystallized fur-
ther from petroleum ether to give a pure compound with
m.p. 153.5°. The yield of this compound is 13 g. (35.8%).
The dimercaptalated compound is recrystallized from Cello-
solve to g.ve a yield of 5 g. (21.59%,) of the pure compound
with m.p. 107°.

If the reaction mixture is boiled for longer periods, the yield
of the hexakis(phenylmercapto)phosphazene increases at
the expense of the partially mercaptalated der.vative; e.g.,
if the reaction is allowed to proceed in boiling ether for
3 to 4 days, no bis(phenylmercapto) derivative is detected.
Anal. Caled. for N3;P;ClS:C:H,o: C, 29.1; H, 2.0; S, 13.0;
Cl, 28.6; mol. wt., 495. Found: C, 29.6; H, 2.2; S, 13.2;
mol. wt., 516. By checker: S, 12.9; CI, 26.3. Caled.
for N;P3SqCiHjo: C, 54.7; H, 3.8; S, 24.4. Found: C, 54.5,
H, 4.2;8, 24.2.

* See procedure by M. L. Nielsen and G. Cranford, INORGANIC SYNTHESES,
8, 94 (1960).
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E. TETRACHLOROTETRAKIS(ETHYLMERCAPTO)CYCLOTETRA-
PHOSPHAZATETRAENE

(Tetrachlorotetrakis(ethylthio)-2,2,4,4,6,6,8,8-octahydro-
1,3,5,7,2,4,6,8-tetrazatetraphosphocine]

Cl Cl
|/
C.H:—S N=P
AN AN
P N S—C.,H;
/|l ./
C:H—S N P
N RN
P=N S—C.H;
7\
Cl Cl
(fl Cl
Csz—S N=
/ AN
P N C
/N |~
or C:H—S N P
AN /7 N\
P= Cl

7N\
C.H—8 S—C.H;

CHECKED BY G. R. Price*

The sodium ethyl mercaptide is prepared from 20 ml.
(16.6 g.; 0.27 mol) of ethanethiol and 4.6 g. (0.20 mol) of
sodium wire suspended in 280 ml. of ether contained in a
500-ml. flask. To this suspension is added 10 g. (0.02 mol)
of octachlorocyclotetraphosphazatetraene (1,3,5,7,2,4,6,8-
tetrazatetraphosphocine 2,2,4,4,6,6,8,8-octachloride; phos-
phonitrile chloride, cyclic tetramer), N,P,Cl;, dissolved in
100 ml. of ether. The resulting mixture is stirred continu-
ously for 48 hours at room temperature. The sodium
chloride and unreacted sodium ethyl mercaptide are filtered
over a kieselguhr mat in a Biichner funnel. The viscous

* Victor Chemical Division, Stauffer Chemical Co., Chicago Heights, Ill.
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oil which remains on evaporation of the filtrate may be
solidified in the usual manner by low-temperature tritura-
tion in petroleum ether (b.p. 60 to 80°), as described in
Procedure B. The resulting solid is then vacuum-distilled
(b.p. 145 to 150° at 0.2 mm.) and subsequently recrystal-
lized from petroleum ether. The pure product melts at
105 to 106.5°. The yield is 7.0 g. (67.39%). Anal. Caled.
fOI' N4P4014S403H201 C, 17.0; H, 3.6; P, 21.9; S, 22.7.
Found: C, 17.1; H, 3.6; P, 21.8; S, 22.1.

F. TETRACHLOROTETRAKIS(PHENYLMERCAPTO)-
CYCLOTETRAPHOSPHAZATETRAENE

[Tetrachlorotetrakis(phenylthio)-2,2,4,4,6,6,8,8-octahydro-
1,3,6,7,2,4,6,8-tetrazatetraphosphocine]

o
C.Ho—-S\ /N=P\
/Iﬁ lﬁT/S—CeHs
CH:—S N /P\
P=N S—CeHs
/
Cl Cl
%
CsHa"—S /N= \
P N Cl
/| [V
or CsHs—'— N P
AN VRN
P= Cl

7N\
CeH:—S8 S—CeH;

CHEckED BY G. R. PRrICE*

Twenty-four grams (0.18 mol) of sodium phenyl mer-
captide, suspended in 275 ml. of ether contained in a 500-ml.
flask, is prepared by the method described in Procedure D.

* Victor Chemical Division, Stauffer Chemical Co., Chicago Heights, TIL.
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Eight grams (0.017 mol) of octachlorocyclotetraphos-
phazatetraene, N,PCls, dissolved in 75 ml. of ether, is
added, and the mixture is boiled under reflux for 30 hours
with continuous stirring. Insoluble materials are then
filtered over a kieselguhr mat. The sticky substance which
is obtained by evaporating the filtrate can be solidified by
prolonged low-temperature trituration with a small quan-
tity of petroleum ether (b.p. 60 to 80°). Subsequent
recrystallizations are also carried out in this solvent. The
pure compound melts at 156°. The yield is 8.25 g. (62.9%,).
Anal. Caled. for N,P,C1S,C,H,o: C, 38.0; H, 2.66; CI,
18.7; S, 16.9. Found: C, 38.2; H, 2.8; Cl, 19.1; S, 17.0.

Properties

These mercapto derivatives are all either white crystalline
solids or colorless liquids. They are insoluble in water and
soluble in the usual organic solvents, and they appear to be
quite stable to atmospheric hydrolysis. When pure, they
do not decompose below 200°.

References

1. A. P. Carroir and R. A. Saaw: Chem. Ind. (London), 1962, 1908.

2. N. BopeNn, J. W. EMsLEY, J. FEENEY, and L. H. SutcLIFrFE: ibid., 1962,
1909.

3. R. A. Suaw, B. W. FrrzsiMmons, and B. C. SmiTH: Chem. Rev., 63, 247
(1962).

22. (TRICHLOROPHOSPHORANYLIDENE)-
AMIDOPHOSPHORYL DICHLORIDE
[Trichlorophosphazophosphorus(V) Oxychloride]

2PCl, + PCI;s + 2[H,NOH]Cl —
Cl,P==NP(0)Cl; + 4HCI + NH,CI] + POCl,

SuBMITTED BY MARGOT BECKE-GOEHRING* AND ExKkEHARD FLUCK*
CHECKED BY PIERO NANNELLI} AND THERALD MOELLER}

The formation of (trichlorophosphoranylidene)amido-
phosphoryl dichloride, ClsP=NP(O)Cl,, was first observed

® University of Heidelberg, Heidelberg, Germany.
1 University of Illinois, Urbana, Ill.
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in 1960 in the reaction between phosphorus(V) chloride and
hydroxylammonium salts.! The same compound is also
formed by the reaction of the amides of phosphoric acid
with phosphorus(V) chloride? or in the reaction of phos-
phorus(III) chloride with nitrogen(IV) oxide (dinitrogen
tetroxide).** The method of preparation described below
is a modified procedure of the reaction first mentioned and
leads to a pure product in good yield.

Procedure

In a 2-1. three-necked flask provided with a stirring
apparatus, a thermometer, and a reflux condenser fitted
with a calcium chloride tube is placed 139 g. (2 mols) of
finely powdered hydroxylammonium chloride, [H;NOH]C],
that has been dried over caleium chloride for 12 hours. To
the flask are added 275 g. (2 mols) of phosphorus(III)
chloride, 208 g. (1 mol) of phosphorus(V) chloride, and
1700 g. of sym-tetrachloroethane. Before use, technical-
grade tetrachloroethane is dried and purified by distillation
over potassium carbonate at 47° and 12 mm. Hg.

The reaction mixture is stirred and heated to 100° for
4 hours. After the reaction is complete, the ammonium
chloride formed is separated from the other reaction prod-
ucts in solution by suction filtration through a sintered-glass
plate, care being taken to exclude moisture.

Tetrach'oroethane and phosphorus(V) oxychloride,
POCl;, are distilled off together at 47° and 12 mm. Hg.
The residue is a yellow oil, which may be purified by dis-
tillation in vacuo at 102° and 1.0 mm. The condenser of
the distillation apparatus should be air-cooled rather than
water-cooled ; indeed, it may even need to be warmed gently
with an infrared lamp to prevent premature solidification
of the product. The yield of Cl;P=NP(0O)Cl, is about
150 g. (5569%). Amnal. Caled. for P,NOClIs: P, 23.01; N, 5.20;
Cl, 65.84. Found:P,23.5;N, 5.08;Cl, 65.3. By checkers:
N, 5.20; Cl, 65.70,
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Properties

The compound consists of colorless crystals which melt
at 35.7°. A supercooled melt shows a refractive index
ny’ = 1.5313. The compound is very sensitive toward
hydrolysis. It is readily soluble in benzene, nitrobenzene,
and tetrachloroethane.

References

1. E. J. Kanver: U.S. patent 2,925,320 (Feb. 16, 1960); cf. C. 4., 54, 17820b

(1960).

2. M. Becke-GogHrINg, T. Mann, and H. D. EuLEr: Chem. Ber., 94, 193
(1961).

3. M. Becke-GoeHRING, A. DEBO, E. FLUCK, and W. GoETzE: bid., 1383
(1961).

4, E. Fruck: tbid., 1388 (1961).

23. TRICHLORO[(TRICHLOROPHOSPHORANYLI-
DENE)AMINO|PHOSPHORUS(V)
HEXACHLOROPHOSPHATE

[C1;P=N—PCL;][PCl]

SuBMmITTED BY MARGOT BECKE-GOEHRING* AND EKEREHARD FLUCK*
CHECKED BY MORRIS L. NIELSENf

The compound P;NCl,; is easily formed in the reaction
between phosphorus(V) chloride and ammonium chloride?
(Procedure A). It can also be obtained readily by the
reaction of phosphorus(V) chloride with hydroxylammonium
chloride to produce P,NCl;, which subsequently is treated
with additional phosphorus(V) chloride to obtain the prod-
uct? (Procedure B).

* University of Heidelberg, Heidelberg, Germany.
t Monsanto Research Corporation, Dayton, Ohio.



[CLP=N—PCL][PCly] 95

Both methods described below lead to a product of high
purity in good yield, but Procedure A is preferred from the
standpoint of simplicity.

Procedure A

3PCl; 4+ NH,Cl — [Cl;P==N—PCI;][PClg] 4+ 4HCI]

NOTE: Water must be carefully excluded throughout the
procedure. The product may be conveniently handled and
transferred in a polyethylene bag filled with dry nitrogen.

In a 1-1. three-necked flask fitted with a reflux condenser,
a stirring apparatus, and gas inlet and outlet tubes 208 g.
(1.0 mol) of PCl; and 17.8 g. (0.33 mol) of ammonium chlo-
ride are suspended in a solution made by mixing 200 ml. of
pure, dry sym-tetrachloroethane with 150 ml. of pure dry
nitrobenzene. The reaction mixture is heated in a bath at
80°, and vacuum is applied until the liquid just begins to
boil. During this operation, a stream of dry air is drawn
through the reaction mixture in order to remove the hydro-
gen chloride that is evolved. After about 5 hours, most of
the phosphorus(V) chloride should be consumed. The
reaction flask is then brought to atmospheric pressure and
heated briefly to 140°, and the mixture is then filtered
through a warm fritted filter. The filtrate is allowed to
cool, whereupon the product, P;NCl,,, separates as needles.
These crystals are separated from the mother liquor by
filtration. A further fraction of P;NCl;, can be obtained
by concentrating the mother liquor and filtering again.
Yield, 140 to 150 g. (80 to 85%). The substance can be
purified by recrystallization from tetrachloroethane or by
sublimation at about 150° and 15 mm Hg. Amnal. Caled. for
P;NCl,: P, 17.45; N, 2.63; Cl, 79.92. Found: P, 17.85;
N, 2.60; Cl, 79.10. The product is further identified by its
nuclear magnetic resonance spectrum.?
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Procedure B

[H:NOH]CI + PCl; — CI;P=NOH + 3HCI
Cl,P=NOH + PCl; — Cl;P==N—Cl + HCI + POCl,
Cl,P=N—Cl + PCl; — [Cl;P=N—PCI,|Cl + Cl.
P;NCl; 4+ PCl; — P:NCl,.

See note al beginning of Procedure A.

Three hundred twelve grams (1.5 mols) of phosphorus(V)
chloride and 110 g. (1.58 mols) of hydroxylammonium chlo-
ride (which has been pulverized and dried over calcium
chloride) are suspended in 1700 ml. of dry sym-tetrachloro-
ethane in a 3-l. three-necked flask fitted with a reflux con-
denser, a stirring apparatus, and a thermometer. A cal-
cium chloride drying tube (2.5 cm. in diameter and 50 cm.
in length) is connected to the reflux condenser.

The reaction mixture is heated to 100° by means of a
heating mantle within a period of 15 minutes. The evolu-
tion of hydrogen chloride and chlorine begins during this
operation. As soon as the temperature has reached 100°,
the heating mantle is removed and replaced with a water
bath at 50°, and the reaction mixture is held at 50° for
2 hours. The mixture is then filtered through a fritted
filter, and the filtrate is concentrated to a volume of about
200 ml. by vacuum distillation at a temperature below 47°.
The colorless crystals which separate during concentration
of the tetrachloroethane solution are filtered in vacuum and
are then washed, first with absolute benzene and then with
the fraction of petroleum ether boiling at 40 to 60°. Adher-
ing traces of solvent are removed under vacuum. The
yield is 63 g. (25.6%) of P.NCl;-C,H,Cl,. Anal. Caled. for
P;NCI,-C.H,Cl,: P, 12.59; N, 2.85; Cl, 79.27. Found:
P, 13.0; N, 2.85; Cl, 78.7. The mother liquor consists
practically only of P,NOCI; and can be distilled nearly to
completion under vacuum at 102° and 1.0 mm. Hg to pro-
duce 37. g. of P,NOCI; (see Properties). These products
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can be identified by their nuclear magnetic resonance
spectra.?

Sixty-three grams (0.128 mol) of P,NCl,;-C,H.Cl, is
heated together with 26.7 g. (0.128 mol) of phosphorus(V)
chloride in 1700 ml. of tetrachloroethane with stirring until
the liquid boils and all solid material has dissolved. The
liquid is allowed to cool, whereupon P;NCl,; crystallizes as
needles. The yield is 60 g. (83%). Amnal. Caled. for
P;NCly;: P, 17.45; N, 2.63; Cl, 79.92. Found: P, 17.0;
N, 2.60; Cl, 79.8.

Properties

Trichloro[(trichlorophosphoranylidene)amino]phosphorus
hexachlorophosphate is exceptionally sensitive toward
hydrolysis. In all operations with this substance, care
must be taken to exclude water. The melting point is 310
to 315°.

Both P;NCl;; and P,NCI;-C.H,Cl; react with sulfur
dioxide to form P;NOCIs; by the following reactions:

P:NCl;. + 280, — P,NOCI; + 280Cl; + POCl;,
P,NCl;C.H,Cli + SO; — P,NOCI; + SOCl; + C,H,Cl,

The nuclear magnetic resonance spectrum of a tetra-
chloroethane solution of PsNCl;. has two peaks at —21.4
and +305.0 p.p.m. (with respect to 85% H,;PO,) with an
intensity ratio of 2:1.4
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24. HEXAATOMIC SULFUR

Na;8,0; + 2HCl — [H;8,0,] +2NaCl
6[H28203] i Sa + 680, + 6H,0

SuBMITTED BY PAur D. BARTLETT* AND WiLLiaM R. RoperIickt
CHECEED BY WiLLiaM C. ANDERSEN}

Hexaatomic sulfur, first isolated in 1891,! has been pre-
pared only by the acidification of aqueous solutions of thio-
sulfates.””? The unstable thiosulfuric acid so generated
decomposes to numerous products depending on the con-
centrations of the reactants and on the temperature.’—8
Anhydrous solutions of thiosulfuric acid in ether are stable
at —78°; at 25° they decompose to hydrogen sulfide and
sulfur trioxide.” There is evidence for the presence of S
in the gas phase of sulfur.®

The yield of S, is low, being about 49, following the origi-
nal procedures'? and about 12 to 159, with the procedure
described herein. The yield of S¢ has been found to be
maximal when the extraction is carried out as the reaction
mixture warms to room temperature; later extraction gives
less Sg. The yield of S¢ is about the same when acidification
occurs at 0°, but the extract appears to contain more Sg than
is obtained at —15°.

Procedure

Two hundred milliliters (2.4 mols) of 12 N hydrochloric
acid is placed in a 500-ml. three-necked round-bottomed
flask fitted with a dropping funnel containing 50 ml.
(approximately 0.2 mol) of saturated aqueous sodium thio-
sulfate (prepared and used at room temperature), an all-

* Harvard University, Cambridge, Mass.
1 Abbott Laboratories, North Chicago, Il
$ University of Nebraska, Lincoln, Neb,
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glass mechanical stirrer, and a thermometer well. The
flask is immersed in an ice-methanol bath, and stirring is
begun. When the temperature of the acid is —15°, the
thiosulfate solution is added rapidly in a total period of
approximately 2 minutes. The mixture is stirred for one
minute after addition is complete and then is filtered rapidly
by suction into a flask cooled in an ice bath.

The clear colorless filtrate is returned to the original reac-
tion flask, after removing the flask from the ice-methanol
bath and rinsing with water. Toluene (100 ml.) is added,
and the mixture is stirred vigorously for 40 minutes, during
which the mixture warms to room temperature and both
phases become yellow. After separation of the phases, the
toluene extract is dried over magnesium sulfate and refriger-
ated overnight at —25° to obtain orange-yellow crystals of
hexaatomic sulfur in a yield of 700 to 870 mg. (12 to 15%,).
The octaatomic and other forms of sulfur remain in solution,
although occasionally some Sg may also crystallize, in which
case it can be separated manually. Hexaatomic sulfur is
most readily identified by molecular weight determination.
Freezing point depression measurements in purified benzene
show 5.9 to 6.1 sulfur atoms per molecule.

For purification, the crystalline hexaatomic sulfur is dis-
solved in benzene (approx. 100 mg./l.); toluene is not suit-
able (see Properties). The benzene solution is extracted
with a series of reagents, three or four extractions being
made with each reagent except where otherwise indicated.
(For 200 ml. of benzene solution, 50-ml. portions of reagent
are used). The reagents are employed in the following
order: (1) water, (2) 109, aqueous potassium triiodide, until
the benzene phase remains colored from iodine, (3) 109
aqueous potassium iodide, (4) water, (5) 5% aqueous lead
acetate, twice, (6) water, (7) 5% aqueous potassium hydrox-
ide, once, (8) water. The purified solution is dried over
magnesium sulfate and should be used immediately. The
approximate concentration of S; can be determined spectro-
photometrically at 300 mu (¢ = 181 1./g.~atom) after suit-
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able dilution of the solution. The absorption curve is
rather steep at 300 mu (although almost linear in the range
280 to 340 mu),'® but the concentration can be determined
to within 4+109% in this manner.

Properties

Crystalline hexaatomic sulfur is orange-yellow in contrast
to the lemon-yellow color of the octaatomic form. The
crystals have a ragged triangular shape and become cloudy
on the surface after a few hours’ exposure to air, owing to
polymerization. Hexaatomic sulfur has been characterized
by determination of its molecular weight,® ultraviolet
absorption spectrum,®!! and crystal structure.!>!?* The
Ss molecule exists as a puckered ring in the chair conforma-
tion, with a sulfur-to-sulfur bond length of 2.057 + 0.018 A
and a S-S-S bond angle of 102.2 + 1.6°.13

Hexaatomic sulfur is converted to the more stable octa-
atomic sulfur by amines in the presence of hydrogen sulfide
and/or sulfur dioxide. This reaction has been shown to
proceed by way of a polymerization and depolymerization,
with the actual catalysts for the conversion being the SH™
and HSO;™ ions formed by the reaction of the amine with
the hydrogen sulfide and/or sulfur dioxide present in the
impure S,.!1%11  The purification procedure given herein is
designed to remove these two impurities.!! Previously
employed methods of purification give samples of Sg which
react rapidly and which vary in their rates of polymerization
by factors as great as 3000.®* When solutions of hexa-
atomic sulfur in benzene are purified as described above and
then treated with triethylamine in the absence of oxygen,
there is no polymerization for a period ranging from 4000 to
10,000 seconds, following which a slow reaction occurs;
purified solutions in toluene show no induction period and
undergo rapid polymerization.

Although the purified S; can be preserved with only a
slight polymerization occurring on standing (in the absence
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of oxygen), the rate of conversion to Sg on addition of amine
increases with age of the sample, indicating formation of
sulfur dioxide and/or hydrogen sulfide, which have powerful
catalytic effects on the polymerization effected by amines.
Hence only freshly purified solutions of S; should be
employed for studies of chemical properties.

L s
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26. HEPTASULFUR IMIDE

S:Cl; — 8 4 SCl,
S.Cl; + 58 4+ 3NH; — S;NH + 2NH,CI*

SuBMITTED BY MARGOT BECKE-GOEHRINGT AND ERKEHARD FLUuckt

CHECKED BY AMEDEO FAIlLLi} AND THERALD MOELLER}

Heptasulfur imide is formed by the reaction of disulfur

dichloride with ammonia,! the chief by-products being

* This is a simplified equation. The reaction is complex and ieads to

several by-products, including sulfur, tetrasulfur tetranitride, and sometimes
hexasulfur diimide, Ss(NH)s.

t University of Heidelberg, Heidelberg, Germany.
$ University of Illinois, Urbana, Ili.
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sulfur (Sg) and tetrasulfur tetranitride. Tetrasulfur tetra-
nitride is difficult to separate from heptasulfur imide; the
formation of the former can be suppressed by employing a
large excess of ammonia, which binds the tetrasulfur tetra-
nitride as the diammoniate. The latter compound can be
destroyed immediately with water.

Procedure

The reaction vessel consists of a 2-1. three-necked flask
provided with a stirring apparatus, a gas inlet tube which
protrudes almost to the bottom of the flask, and a gas outlet
tube which encloses a thermometer extending into the reac-
tion mixture. The outlet tube is connected to a drying
tube filled with potassium hydroxide. One liter of N,N-
dimethylformamide is placed in the flask. This is cooled
with an ice-salt mixture, and a very rapid stream of dried
ammonia is passed into the vigorously stirred liquid. When
the solution has become saturated with ammonia and the
temperature has dropped to —5°, a 5-ml. sample of disulfur
dichloride is introduced through the gas inlet tube opening
with the aid of a syringe pipet. During this manipulation,
the stream of ammonia is not interrupted. Upon the addi-
tion of disulfur dichloride the temperature of the reaction
mixture rises rapidly. The contents of the flask are allowed
to cool again to —5°, and a second 5-ml. portion of disulfur
dichloride is added. The process is repeated several times.
After 100 ml. (1.2 mols) of disulfur dichloride has been
introduced in this way, the ammonia stream is maintained
for an additional 15 minutes and then shut off. The reac-
tion mixture is allowed to stand for one hour at —5°, and
then it is poured into 3 1. of 19, hydrochloric acid, which has
previously been cooled to 0°, and mixed with pieces of ice.
The mixture is stirred and is neutralized with 109, hydro-
chloric acid. The reaction product, which consists of sulfur
and heptasulfur imide, is allowed to stand. Settling is com-
plete after 2 to 3 hours. The clear liquid is decanted, and
the residue is washed with water on a Biichner funnel; it is
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then dried in a desiccator over calcium chloride. The crude
product is shaken mechanically with 250 ml. of tetrahydro-
furan for 30 minutes and filtered through a fluted filter
paper. The tetrahydrofuran in the filtrate is evaporated
by means of a water-aspirator vacuum, and the residue is
dissolved in hot methanol. Upon cooling, part of the
heptasulfur imide crystallizes out of the methanol solution.
A further quantity can be obtained by evaporation of the
mother liquor. Yield, 16 to 20 g. (32 to 40%). Anal.
Calced. for S;NH: 8, 93.72; N, 5.86. Found:S, 93.7; N, 5.8.
By checkers: S, 93.57; N, 5.69.

Properties

The compound appears as large yellow crystals, m.p.
111°. With sodium hydroxide in alcohol an intense violet
coloration is produced. With formaldehyde and sodium
hydroxide in aqueous solution S;NCH,OH (m.p. 110.5°) is
formed. With acetyl chloride in chloroform in the presence
of pyridine reaction occurs at 0° with the formation of
yellow needles of S;NCOCH; (m.p. 104.4°).2

References

1. M. BeEckEe-GoEHRING, H. JENNE, and E. FLuck: Chem. Ber., 91, 1947
(1958).
2. M. Becke-GoEnring and W. Kocnu: Z. Naturforsch., Tb, 634 (1952).

26. IMIDODISULFURIC ACID CHLORIDE
2PCl; + H.NSO.H — Cl,P=NSO0.Cl + POCl; + 3HCl
Cl,P=NS0.Cl + CISO;H — HN(S0,Cl); + POCl,

SuMITTED BY MARGOT BECKE-GOEHRING* AND EKkEHARD FLuck*
CHECKED BY AMEDEO FaiLLi} AND THERALD MOELLER}

Imidodisulfuric acid, HOSO.NHSO,0H, is not stable in
the free state, although its salts are well known. Surpris-

* University of Heidelberg, Heidelberg, Germany.
1 University of Illinois, Urbana, IH.



106 INORGANIC SYNTHESES

ingly, the acid chloride, CISO.NHSO,ClI, can be prepared
easily. It is a colorless crystalline material which can be
distilled in a vacuum without decomposition. The first
step in the synthesis consists of the reaction of sulfamic acid
(amidosulfuric acid), H,N—SO;H, with phosphorus(V)
chloride.! In the next step, the trichlorophosphazosulfuric
acid chloride (trichlorophosphoranylidenesulfamoyl chlo-
ride), Cl;P=NSO0,C], thus formed reacts with chlorosul-
furic acid (chlorosulfonic acid), CISO;H, to form imido-
disulfuric acid chloride in good yield.2

Procedure

NOTE: It may be necessary, especially in humid climates,
to handle and transfer the reagents in a dry-box or a poly-
ethylene bag.

In a 1.5-1. reaction flask provided with a reflux condenser
and a drying tube filled with calcium chloride are placed
97 g. (1 mol) of dry pulverized sulfamic acid and 417 g.
(2 mols) of dry pulverized phosphorus(V) chloride. The
reactants are thoroughly mixed, and the flask is immersed
in a steam bath. After about 20 minutes, hydrogen chlo-
ride gas begins to be evolved, and after a minimum of about
35 minutes the reaction mixturebecomesliquid.* Evolution
of gas continues for at least 45 minutes;* when it has ceased,
the flask is evacuated to a pressure of 20 mm. Hg and the
phosphorus oxychloride (phosphoryl chloride), POClI,,
formed during the reaction is distilled from the mixture at
a bath temperature of 80°.

The oily residue, which consists essentially of trichloro-
phosphazosulfuric acid chloride, is transferred to a dry-box
and is mixed carefully with 125 g. (1.1 mols) of technical-
grade chlorosulfuric acid (a mol ratio of about 1 to 1.1

* The checkers found that it took 2 hours for the reaction mixture to
become completely liquid and more than 5 hours for the reaction to be
completed.
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should be used). (Caution. The reaction 1is very exo-
thermic!) The reaction vessel is provided with a capillary
which permits the introduction of dry nitrogen into the
flask. The reflux condenser is connected through a phos-
phorus(V) oxide drying tube (2.5-cm. diameter, 100-cm.
length) and a trap to a water aspirator. The flask is then
heated to a temperature of 80° for a period of 8 hours, dur-
ing which time the system is kept evacuated by means of
the water aspirator, and a slow stream of nitrogen is swept
through the apparatus. At the end of the reaction period,
unchanged chlorosulfuric acid is removed by raising the
bath temperature to 120° while maintaining the aspirator
vacuum. The residual oil is transferred to a smaller flask,
and the reaction product is distilled at a pressure of about
0.03 mm. using a bath heated to 80 to 120°. During this
distillation, the condenser should be air-cooled rather than
water-cooled. The yield of imidodisulfuric acid chloride is
155 to 170 g. (72 to 80%). Amnal. Caled. for HNS,0,Cl,:
H, 047; N, 6.54; S, 29.96; Cl, 33.13. Found: H, 0.6; N,
6.56; S, 30.1; Cl, 33.4. By checkers: N, 6.26; Cl, 32.88.

Properties

Imidodisulfuric acid chloride forms colorless crystals
which hydrolyze very rapidly in moist air; they melt at 37°,
boil at 115°/4 mm. and at 55°/0.03 mm., and have a refrac-
tive index n2* = 1.4948. The compound is readily soluble
in organic solvents such as benzene or nitrobenzene.
Hydrolysis in alkaline medium leads to imidodisulfate; in
acidic medium, sulfamic acid and sulfuric acid are formed.
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27. DIALKYLSULFAMOYL CHLORIDES

R,NH,Cl + 80.Cl. —» R.NSO0,Cl 4 2HCl

SuBMITTED BY ANTONIO VANDI* AND THERALD MOELLER*
CHECKED BY ELMER ScHLEMPER,t HENRY GROTE,? aAND DoYLE BRiTTON{

Of the various possible types of N-substituted sulfamoy!
(sulfamyl) chlorides,® the dialkyl compounds are of particu-
lar interest because they serve as intermediates in the syn-
theses of substituted sulfamides (synthesis 28) and of cer-
tain of their derivatives (synthesis 29). The dialkylsul-
famoyl chlorides have been prepared by the reaction of
sulfuryl chloride with an appropriate amine or its hydro-
chloride,?™® by the treatment of secondary N-chloroamines
with liquid sulfur dioxide,® and by the reaction of dialkyl-
aminosulfinic acids with chlorine in carbon tetrachloride.®
Although either of the first two procedures can be recom-
mended in terms of convenience and yield, the availability
of starting materials normally dictates that the first be
used. It is of interest that treatment of sulfuryl chloride
with either ammonia or ammonium chloride in terms of this
procedure does not give the parent sulfamoyl chloride,
H;NSO,Cl. This compound is obtained in an altogether
different way.”

Dimethyl- and diethylsulfamoyl chlorides are prepared
by heating the corresponding amine hydrochlorides with
excess sulfuryl chloride over a steam bath and distilling

.in vacuo. However, the sulfamoyl chlorides of higher-
molecular-weight amines are better prepared from the
amines themselves, either in the presence or absence of
inert solvent and at lower temperatures. The correspond-
ing compounds containing acyl substituents are obtained

* University of Illinois, Urbana, Ill.
t University of Minnesota, Minneapolis, Minn.
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from alkali metal salts of the amides.*? The two pro-
cedures given are typical.

Procedure

A. DIMETHYLSULFAMOYL CHLORIDE

Eighty-two grams (1.0 mol) of dimethylamine hydro-
chloride and 270 g. (2.0 mols) of sulfuryl chloride are mixed
in a 500-ml. one-necked flask fitted with a reflux condenser
to which a phosphorus(V) oxide drying tube is attached.
The flask and its contents are warmed gently until hydrogen
chloride gas is evolved rapidly and refluxing begins. Reflux-
ing is continued for some 20 hours, after which time evolu-
tion of hydrogen chloride ceases. The refluxing should not
be left unattended, because the quantity of heat required
decreases as the reaction proceeds. The mixture is then
cooled to 0° and treated carefully with a 109, aqueous solu-
tion of sodium carbonate to decompose unreacted sulfuryl
chloride. The oily layer is separated from the aqueous
layer by means of a separatory funnel and washed three
times with 200-ml. portions of 109, aqueous sodium car-
bonate solution. The remaining oil is then extracted with
500-ml. of diethyl ether. The ethereal solution is dried
over solid calcium chloride for 24 hours, and the ether is
removed in vacuo at room temperature. The oily product
is purified by fractional vacuum distillation. The yield is
114.0 g. (80%). Amnal. Caled. for C;H,CINO,S: C, 16.74;
H, 4.21; N, 9.76. Found: C, 16.75; H, 4.20; N, 9.76.

B. 4-MORPHOLINESULFONYL CHLORIDE

Sixty-seven and five-tenths grams (0.5 mol) of sulfuryl
chloride is placed in a 500-ml. three-necked flask equipped
with a mechanical stirrer,* a reflux condenser with an
attached phosphorus(V) oxide drying tube, and a dropping

* Inasmuch as a large amount of solid is formed, a magnetic stirrer is
not a satisfactory substitute.
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funnel. The flask is surrounded by an ice-salt bath at
approximately —10°. Forty-three and six-tenths grams
(0.5 mol) of morpholine is then added dropwise at such a
rate that the temperature is maintained at —10 + 3 to 4°.
This amounts to a rate of approximately one drop every
10 seconds, the total addition taking about 2 hours. After
addition of the amine is complete, another 67.5 g. (0.5 mol)
of sulfuryl chloride is added, and the mixture is cooled to
0° and treated carefully with an aqueous sodium carbonate
solution to decompose unreacted sulfuryl chloride. The
oily layer is removed by means of a separatory funnel and
washed with three 200-ml. portions of 109, aqueous sodium
carbonate solution. After the last washing, the product is
dissolved in toluene and the solution is dried over solid
calcium chloride for 24 hours. After removal of the toluene
by evaporation in vacuo, the product is purified by frac-
tional vacuum distillation. The yield is 50 g. (54%).*
Anal. Caled. for C.HgNO,SCI: C, 25.88; H, 4.34; N, 7.54.
Found: C, 25.99; H, 4.46; N, 7.50.

TaBLE 1. PROPERTIES OF DIALKYLSULFAMOYL CHLORIDES

* *

Compound VS | cymnrg| ™
Dimethylsulfamoyl chloride 42/0.6 1.45332¢
Diethylsulfamoy! chloride 62/0.02
Di-n-propylsulfamoyl chloride 77/1.5 1.4560%
Di-n-butylsulfamoyl chloride 93/1.0 1.4590%8
Pentamethylenesulfamoyl chloride 95/1.0
4-Morpholinesulfonyl chloride 76/0.3 1.4910%
Dicyclohexylsulfamoyl chloride 117-119

* Uncorrected.

Properties
Physical properties of some typical dialkylsulfamoyl! chlo-
rides are summarized in Table I. These compounds are

* Lower yields, of the order of 25%, are often obtained first; higher yields
may be expected with experience.
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insoluble in water and only slowly hydrolyzed. Hydrolysis
is rapid, however, in the presence of alkali. They are uni-
formly soluble in organic solvents. They are readily con-
verted by ammonia, primary amines, and secondary amines
to compounds of the types R,NSO,NH,, R,NSO.NHR’,
and R;NSO;NR,, respectively (synthesis 28).
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28. N- AND N,N’-SUBSTITUTED SULFAMIDES

R,NSO.Cl + 2NH; —» R.NSO.NH, + NH,CI
R.NSO0,Cl + 2RNH, — R,NSO,NHR -+ RNH,Cl
R;NSO.Cl + 2R,NH — R,NSO,NR; + R.NH,Cl

SuBMITTED BY ANTONIO VANDI* AND THERALD MOELLER*
CHECKED BY ELMER ScHLEMPER{ AND DoyrLE BriTTON?

Dialkylsulfamoyl chlorides, RoNSO,Cl, have been pre-
pared by the reaction of sulfuryl chloride with the appropri-
ate amine hydrochloride!-? (synthesis 27), by the treatment
of dialkylaminosulfinic (dialkylamidosulfurous) acids with

* University of Illinois, Urbana, IIl.
t University of Minnesota, Minneapolis, Minn.
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chlorine in carbon tetrachloride,® and by the careful addi-
tion of amines to an excess of sulfuryl chloride followed by
refluxing.*® The dialkylsulfamoyl chlorides are particu-
larly useful in the synthesis of N- and N,N’-substituted
sulfamides since, contrary perhaps to expectation, the direct
formation of the latter by the aminolysis of sulfuryl chloride
is difficult to control and leads to polymeric products.®
Reactions of the dialkylsulfamoyl chlorides with ammonia,
primary amines, or secondary amines are the bases of the
most convenient of the known procedures for preparing,
respectively, substances of the types R:NSO.NH;, R;NSO,-
NHR, and R.NSO,NR.,.?

These products are obtained in good yields either by
treating the sulfamoyl chloride with liquid ammonia or by
refluxing it with the appropriate amine in an inert solvent
such as chloroform, benzene, or diethyl ether. Reactions
with aliphatic amines are usually complete in 12 hours;
those with aromatic amines require up to 24 hours. Two
typical procedures are given.

The method of synthesis described herein is the best pro-
cedure for preparing unsymmetrically substituted sulf-
amides, but it can be applied also to the symmetrically sub-
stituted ones. However, it may be a longer procedure for
the latter, although the yields obtained will be consistently
higher than those obtained by either direct aminolysis of
sulfuryl chloride or deamination of sulfamide. The
direct aminolysis of sulfuryl chloride does not work well
with aromatic amines, for which ring chlorination is a
complication.

Procedure

A. N,N-Di-n-PROPYLSULFAMIDE

A 500-ml. three-necked flask, equipped with a mechanical
stirrer, a dropping funnel, and a reflux condenser with a
drying tube filled with potassium hydroxide, is cooled to
about —70° in a Dry Ice-acetone bath. Some 300 ml. of
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liquid ammonia is then condensed into the flask at —70°,
and 60 g. (0.33 mol) of di-n-propylsulfamoyl chloride*®
(synthesis 27) is added from the dropping funnel in small
portions and with vigorous stirring.* Stirring is continued
at —70° for 6 hours after addition of the chloride is com-
plete. The flask is then allowed to warm to room tempera-
ture to remove unreacted ammonia and recooled to —70°.
An additional 200 ml. of ammonia is condensed into the
flask to complete the reaction, and the flask is rewarmed to
room temperature.t The residue in the flask is extracted
with three 50-ml. portions of diethyl ether to separate the
product from ammonium chloride.tf The solid obtained
upon evaporation of the ether is recrystallized from
n-heptane (petroleum ether C, b.p. 90 to 100°, is an accepta-
ble substitute) to a white crystalline solid melting at 69°.
The yield is 44.0 g. (85%,).

B. NNN-PENTAMETHYLENE-4-
MORPHOLINESULFONAMIDE

[4-(Piperidinosulfonyl)morpholine}

Eight and seventy-one hundredths grams of morpholine
(0.1 mol), dissolved in 50 ml. of anhydrous benzene, is
placed in a 250-ml. three-necked flask equipped with a
mechanical stirrer, a dropping funnel, and a reflux condenser
fitted with a drying tube containing calcium chloride.
N,N-Pentamethylenesulfamoyl chloride (9.18 g.;0.05 mol)
(synthesis 27) dissolved in 50 ml. of anhydrous benzene is
added at room temperature in small portions and with
stirring. The reaction mixture is then heated for 12 hours
with gentle refluxing. The amine hydrochloride formed is

$ Ammonolysis proceeds only when the pure compounds are mixed, and
not in the presence of a diluent.

t The second treatment with ammonia improves the yield but is otherwise
not necessary. 1t can be omitted if time is more important than yield.

$ The di-n-propyl, diethyl, dimethyl, and di-n-butyl derivatives are all
very soluble in cold water. The less soluble morpholine and piperidine
derivatives can be freed from ammonium chloride by washing with water.
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removed by filtration and washed several times with
benzene. The combined filtrate and washings are freed of
solvent by distillation under vacuum. The resulting brown
residue is purified by recrystallization from 100 ml. of
n-heptane (or 150 ml. of petroleum ether C) to a white
crystalline product melting at 71 to 72°. The yield is
9.5 g. (81%).

Properties

Analytical, melting point, boiling point, and refractive
index data, together with yields, for a series of compounds
prepared by procedures of these types are given in Table I.
The N,N-disubstituted sulfamides are white crystalline
compounds that dissolve readily in water and many organic
solvents. The tri- and tetrasubstituted compounds afe
either white crystalline solids or colorless oils that dissolve
in the common organic solvents but not in cold water.
They are only slightly soluble in boiling water.

Recrystallization is best effected from n-heptane, carbon
tetrachloride, or diethyl ether. The fact that many amines
yield sharply melting derivatives with the sulfamoyl chlo-
rides suggests that the latter may be useful in characterizing
the former.

The crystal structure of tetramethylsulfamide is consis-
tent with participation of d orbitals in sulfur-nitrogen bond-
ing.! Data on bond angles and bond lengths significant to
this structure are ZSNC, 119° (av.); ZCNC, 112.9° (av.);
2080, 119.7°; 80, 1.445 A. (av.); S-N, 1.623 A.; N-C,
1.476. A. (av.)
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29. DIALKYLAMIDES OF (TRICHLORO-
PHOSPHORANYLIDENE)SULFAMIC ACID
[N, N-Dialkyl-N'-(trichlorophosphoranylidene)sulfamides ;
Dialkylamino Trichlorophosphazo Sulfones]

SuBMITTED BY ANTONIO VANDI* AND THERALD MOELLER*
CHECKED BY SHERMAN THoMAst aAND DovLe Brirront

N,N-Dialkylsulfamides, like sulfamide (synthesis 30),
react with phosphorus(V) chloride to give the corresponding
N-trichlorophosphoranylidene derivatives (phosphazo chlo-
rides).'? The reactions are carried out by mixing the
reactants in an inert solvent. If the reactants are pure and
moisture is excluded, the products are obtained pure and in
almost quantitative yields. The synthesis of N-(trichloro-
phosphoranylidene)-4-morpholinesulfonamide is described
as typical. The same general procedure is applicable to
the preparation of corresponding dialkyl compounds.

Procedure

Eight and three-tenths grams (0.05 mol) of 4-morpholine-
sulfonamide,} 10.4 g. (0.05 mol) of dry pulverized phos-
phorus(V) chloride, and 50 ml. of dry carbon tetrachloride
are placed in a 250-ml. round-bottomed flask fitted with a

* University of Illinois, Urbana, Ill.

t University of Minnesota, Minneapolis, Minn.

1 4-Morpholinesulfonamide is obtained by ammonolysis of the correspond-
ing sulfamoyl chloride (synthesis 28).
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reflux condenser carrying a phosphorus(V) oxide drying
tube.* The mixture is heated slowly on a steam bath for
approximately 5 hours, at the end of which time evolution
of hydrogen chloride ceases and a clear solution is obtained.
This solution is cooled to 0°. The white crystals that sepa-
rate are removed by filtration in a dry-box, washed with
cold carbon tetrachloride, and dried. The yield is 14.0 g.
(93%). Anal. Caled. for C;HsN,0,SPCl;: C, 15.94; H,
2.67; N, 9.29. Found: C, 16.14; H, 2.76; N, 9.38.

Similarly, the diethyl derivative is obtained in 909, yield,
the di-n-propyl derivative in 809 yield, and the di-n-butyl
derivative in 809, yield (see Table I).

Properties

N -(Trichlorophosphoranylidene) -4 -morpholinesulfon-
amide is a white crystalline hygroscopic substance that
melts at 94°. It is fairly soluble in most organic solvents.
It undergoes rapid hydrolysis in contact with water and is
very reactive toward alcohols, amines, and organometallic
compounds. When stored in a sealed glass tube, it is stable
for a prolonged period.

Several of the dialkylamides of (trichlorophosphoranyli-
dene)sulfamic acid are colorless oils which are obtained from
the reaction mixture by evaporation of the solvent and
purified by vacuum distillation. The latter is accompanied
by some decomposition and a definite reduction in total
yield. (Caution. It is extremely important that air be kept
out during the vacuum distillation. Otherwise, decomposition
can be vigorous and extensive.) 'The chlorine atoms in all
of these compounds are highly susceptible to solvolytic
attack.

Additional properties and analyses for several of the
dialkylamides are summarized in Table I.

* All weighing and handling operations must be carried out in a dry-box.
In humid weather, a calcium chloride drying tube before the phosphorus(V)
oxide is desirable,
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30. BIS(TRICHLOROPHOSPHORANYLIDENE)-
SULFAMIDE
[Bis(trichlorophosphazo) Sulfone]

H.NSO.NH, + 2PCl; — Cl;P=NSO,N=PCl; 4 4HCI

SuBMITTED BY ANTONIO VANDI* AND THERALD MOELLER*
CHECKED BY HENRY GROTE,} GEORGE GriMM,{ AND DoyYLE Brirront

The syntheses of N-trichlorophosphoranylidene deriva-
tives (phosphazo chlorides) by the reaction of phosphorus(V)
chloride with acid amides were first described by Kirsanov.?
When sulfamide is used, bis(trichlorophosphoranylidene)-
sulfamide is obtained in nearly quantitative yield."*? The
synthesis is effected by causing sulfamide and phosphorus(V)
chloride to react in stoichiometric proportions at a con-
trolled temperature and in the absence of a solvent. Better
results are obtained, however, if the phosphorus(V) chloride
is present in slight excess. If pure starting materials
are used, pure bis(trichlorophosphoranylidene)sulfamide is
obtained directly from the reaction mixture as a colorless
viscous oil that solidifies slowly when cooled to 0°.

Procedure
Caution. Water must be rigorously excluded during all
handling or transfer operations. Filtration requires sintered-

® University of Illinois, Urbana, Ill.
t University of Minnesota, Minneapolis, Minn.
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glass apparatus, inasmuch as filter paper is ignited by the
product.

Eight grams (0.0832 mol) of dry sulfamide* and 35.2 g.
(0.169 mol) of dry, pulverized phosphorus(V) chloride are
placed in a dry 250-ml. one-necked flask equipped with a
reflux condenser provided with a phosphorus(V) oxide dry-
ing tube.t Slow evolution of hydrogen chloride is noted
upon mixing the reactants. The mixture is then warmed
to 50 to 60° by means of an oil bath and maintained in this
temperature range for 6 hours. The reaction is completed
by heating at 90° for an additional 3 hours. The reaction
ends when evolution of hydrogen chloride ceases and the
mixture in the flask turns to a viscous transparent oil. A
vacuum of 20 mm. is then applied to the top of the con-
denser, by means of a mechanical pump,{ and the flask is
heated in the bath at 130°§ for 2 hours at 10 mm. and for
30 minutes at 1 mm. to remove by sublimation unreacted
phosphorus(V) chloride. The remaining viscous oil is
chilled to 0°, at which temperature it solidifies to a white
hard substance. The yield is 30.0 g. (989%). Anal. Caled.
for N,0,P.,SCls: N, 7.64; P, 16.90; S, 8.74; Cl, 58.01.
Found: N, 7.70; P, 17.17; S, 9.40; Cl, 57.30.

Properties

Bis(trichlorophosphoranylidene)sulfamide is a white,
crystalline, highly hygroscopic solid that melts at 40 to 41°.
It is readily soluble in benzene, diethyl ether, or carbon
tetrachloride, but insoluble in n-heptane or petroleum ether

* Obtainable from General Chemical Company, Morristown, N.J.

t All operations involving grinding the phosphorus(V) chloride and weigh-
ing the reactants must be carried out in a dry-box. In addition, a calcium
chloride drying tube to protect the phosphorus(V) oxide is desirable when
the reaction is carried out in humid weather.

} Use of a water aspirator rather than a mechanical pump is discouraged
because of the chance of accident. The product reacts with extreme violence
when it comes in contact with water.

§ Because decomposition i8 rapid at higher temperatures, 130° should not
be exceeded.
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(b.p. 90 to 110°). Heating with either of the last two
solvents causes it to separate as an oily layer. Recrystal-
lization by cooling a saturated solution in ether from room
temperature to 0° yields large prisms, but only in 609, yield.
Recrystallization always results in substantial losses.
Fortunately, the procedure outlined gives the product in
sufficient purity that, for most purposes, further purification
is unnecessary.

Bis(trichlorophosphoranylidene)sulfamide is extremely
reactive. Vigorous reaction occurs with water. Complete
replacement of the chlorine atoms is effected by treat-
ing with alcohols, phenols, amines, and organometallic
compounds.

Bis(trichlorophosphoranylidene)sulfamide is best pre-
served in sealed glass ampuls, although it can be stored in
a vacuum desiccator over concentrated sulfuric acid or
phosphorus(V) oxide.
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31. AMINOMETHANESULFONIC ACID

HCHO + NaHSO; —» HOCH.,SO;Na
HOCHzSOaNa + NHa e d HzNCHzSOsNa + Hzo
2H2NCHQSOaN& + H2804 e d 2H2NCH2803H + NazSO4

SuBMiTTED BY G. SCHLESSINGER*
CHECKED BY C. J. Nymant

Aminomethanesulfonic acid,’™* a homolog of sulfamic
acid, is readily prepared by the interaction of aqueous

* Gannon College, Erie, Pa.
1 Washington State University, Pullman, Wash.
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ammonia with sodium hydroxymethanesulfonate. The
latter compound is formed almost quantitatively by the
reaction of formaldehyde and sodium hydrogen sulfite.
Side reactions such as:

2HOCH,80;Na 4+ NH; — HN(CH,SO;Na); + 2H,0
3HOCH,S0;Na 4+ NH; — N(CH.SO;Na); + 3H,0

do not interfere in the synthesis, since the corresponding
acids are freely soluble in water.

The amino acid is very easily obtained in a high state of
purity, making it suitable for use as a primary standard in
the titration of carbonate-free alkali solutions.

Procedure

One hundred and twenty grams (1.15 mols) of sodium
hydrogen sulfite (a good technical grade is satisfactory) is
slurried well with 120 ml. of water in a 500-ml. Erlenmeyer
flask, and 90 ml. of 409 by volume aqueous formaldehyde
(0.98 mol) is added with shaking. The temperature of the
mixture rises slowly to 65 to 70°, and the formaldehyde odor
disappears completely. When the odor of formaldehyde is
no longer evident, the vessel and contents are cooled to 50°
under running water, and 90 ml. of concentrated aqueous
ammonia (about 1.25 mols) is stirred in. This causes a
second rise in temperature to 65 to 70°. When the reaction
mixture has cooled to 60°, the flask is stoppered loosely and
is immersed in a water bath at 60° for one hour with occa-
sional swirling. Alternatively, the flask may be allowed to
cool spontaneously immediately after the addition of the
ammonia and to stand for one or two days at room
temperature,.

The solution is filtered by suction through a dense paper
to remove small amounts of solid residual material and
impurities. An ice-cold mixture of 33 ml. (about 0.6 mol)
of concentrated sulfuric acid and 96 ml. of water is added
fairly rapidly to the solution of sodium aminomethane-
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sulfonate with good agitation. The acidified liquid is
immediately cooled in an ice-water bath to 5 to 10°, during
which time the product continuously crystallizes.

The solid is filtered by suction, preferably in a sintered-
glass funnel, and drained thoroughly. It is then washed
carefully with 25 to 50 ml. of ice water followed by two
100-ml. portions of ice-cold 509, aqueous ethanol. Several
final rinsings with 959, ethanol are used to remove all excess
sulfuric acid. The white crystalline material is dried in
vacuo; yield, 60 to 64 g. (54 to 589, based on formaldehyde).

To obtain a more nearly pure product, the acid is recrys-
tallized rapidly from 11 times its weight of water at 70° and
dried in vacuo after washing with a little ice-cold water.
The recovery is 70 to 75% using 50 g. of crude amino acid.

Analysis

Analysis of the product is accomplished by titrating a
sample of 0.3 to 0.4 g. to a phenolphthalein end point with
carbonate-free 0.1 N sodium or potassium hydroxide. The
alkali should be added rather slowly as the end point is
approached inasmuch as the neutralization is not quite
instantaneous.

The calculated equivalent weight of aminomethanesul-
fonicacidis111.1. For the crude material, purity = 98+ %,.
For the recrystallized material, purity values of 99.9 to
100.29%, have been consistently obtained.

Properties

Aminomethanesulfonic acid behaves as a weak mono-
protic acid in aqueous solution. It reacts with nickel(II),
cobalt(II), and copper(II)®¢ hydroxide gels to form solu-
tions of the corresponding normal salts; the copper(II)
compound is only slightly soluble after crystallization.
The insoluble barium salt may be formed by conventional
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metathetical reactions. Both the acid and its salts show a
remarkable tendency to form supersaturated solutions.
The acid crystallizes as irregular orthorhombic bipyra-
mids from water and melts at 190° (decomp.). The solu-
bility at 17° is 1.7 g./100 ml. and at 70° about 9 g./100 ml.
Boiling in water hydrolyzes the sulfonic group with the
liberation of sulfur dioxide and the attendant formation

of condensation products of the resultant wunstable
H,NCH,OH.
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32. ANYHDROUS CHROMIUM(II) ACETATE,
CHROMIUM(II) ACETATE 1-HYDRATE, AND
BIS (2,4-PENTANEDIONATO)CHROMIUM (II)

SusmrrTED BY L. R, Ocone* AND B. P. BLock*
CueckeEp BY JamEs P. CoLuMaNt AND Davip A. BuckingHaMt

Procedures for the preparation of chromium(II) acetate
have been presented in three of the preceding volumes of
INorGANIC SYNTHESES.'™® In Volume VI3 it is pointed out
that the methods described earlier!:? require complicated
apparatus, whereas a glove box can be used more easily to
provide an inert atmosphere. Complete displacement of
air from a dry-box, however, often is difficult. A technique
has been developed which involves a less cumbersome
closed system used in conjunction with a dry-bag for
transfers.*

More important is the nature of the produect prepared.
Although the previous procedures for the synthesis of
chromium(II) acetate imply that the product is anhydrous,
other sources®® indicate that it is hydrated. Thermo-
gravimetric experiments performed on moist fresh products
show that the deep red material is the 1-hydrate and
that there are no higher hydrates of appreciable stability.
The 1-hydrate can be obtained by heating the moist reac-
tion product for about 45 minutes at 58° in a stream of
nitrogen flowing at 400 ml./hour or by pumping on the

* Technological Center, Pennsalt Chemicals Corporation, King of Prussia,
Pa.
1 University of North Carolina, Chapel Hill, N.C,
125
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sample at 25° for 6 hours. Anhydrous chromium(IT) ace-
tate results, on the other hand, at 75° in a nitrogen stream
flowing at the rate of 400 ml./hour for 24 hours or at 125° in
less than 15 minutes. Even at 50° in a vacuum the moist
product is converted to the anhydrous acetate within about
28 hours without stepwise dehydration to the 1-hydrate.
In Part A, details are presented for the preparation of both
the 1-hydrate and the anhydrous acetate. Bis(2,4-pent-
anedionato)chromium(II) [chromium(II) acetylacetonate]
can be made by treating freshly prepared chromium(II)
acetate with 2,4-pentanedione (acetylacetone) according
to the procedure in Part B.”

A. ANHYDROUS CHROMIUM(II) ACETATE
AND ITS 1-HYDRATE

CrClyaq. + e~ — CrClyraq. + Cl-
CrClzaq + 2Na02H302 d Cl’(CzH;;Oz)z'aq. + 2NaCI
Cr(C;H;04)8q. ——— Cr(C,H05)»H,0
Cr(CQH302)2'H2O W CI‘(CgHaOz)z -+ H20

vacuum

Procedure

The apparatus is set up as shown in Fig. 3. The Jones
reductor 4, about 40 cm. long and 20 mm. in diameter, is
prepared in the usual way by washing granulated zine with
a dilute solution of hydrochloric acid, treating the zine with
a dilute solution of mercury(II) chloride, and subsequently
washing with distilled water. The free arm of stopcock B
is used to drain off the liquid used in preparing the column.
The three-necked 500-ml. flask is attached to the lower arm
of stopcock C by a 2-ft. length of Tygon tubing. This
arrangement allows manipulation of the flask together
with the attached filter D without disturbing the column.
The filter chamber D is made by attaching a spher-
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ical joint* to the mouth of a fritted-glass filter (coarse or
medium frits work best), and a vacuum stopcock F and small
standard-taper joint to the stem. Vacuum stopcocks are
necessary at both F and G.

Before and during reactions, the apparatus is flushed with
nitrogen which is purified by treatment with an aqueous

1 Position 2

Fi16. 3. Apparatus for the preparation of chromium (IT) compounds.

chromium(II) chloride solution in a gas-washing bottle.
The chromium is kept in the bivalent state by amalgamated
zinc in the bottom of the gas-washing bottle. A mercury
blow-off should be used to prevent build-up of excessive
nitrogen pressure. The fritted disk is normally used as an

* The checkers report that conventional standard-taper joints on the
reaction flask are also satisfactory. The filter chamber D is fitted with a
male joint (B 34/45), and B 24/40 joints are used for the other two joints
on the reaction flask. All joints must be held in place by spring clips or
strong rubber bands.
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exit for the nitrogen stream, but the reductor and the sec-
ond addition vessel E can be flushed with nitrogen by
closing the filter stopcock F.

When the apparatus has been flushed, a boiling solution
of 16 g. (0.20 mol) of anhydrous sodium acetate dissolved
in 35 ml. of water is added through E.* A slow nitrogen
flow is maintained, and a solution of 9 g. (0.034 mol) of
chromium(III) chloride 6-hydrate in 15 ml. of 0.4 N sul-
furic acid is poured into the top of the reductor. The rate
of flow of the chromium solution can be controlled by stop-
cock B. 1If too fast a rate is used, there is a possibility of
incomplete reduction. Distilled water is poured after the
chromium chloride until the effluent is only slightly colored
by chromium. This requires approximately 125 ml.

The flask is swirled by hand as the blue chromium(II)
solution is delivered. A deep red precipitate forms immedi-
ately. After a 10-minute period, during which the flask is
occasionally swirled, the three-necked flask is rotated to
position 2 ag shown in Fig. 3. Gravity and the low nitrogen
pressure force the liquid to drain through the filter, leaving
a solid cake of moist chromium(II) acetate on the frit.
Suction may be applied and controlled by the stem stop-
cock if desired. Wash water may be added through the
Jones reductor inasmuch as the zinc column is effective in
reducing the dissolved oxygen content of the water, espe-
cially when the zinc is contaminated with traces of chro-
mium salts. However, water introduced in this fashion
becomes contaminated with zine, and, if it is desirable to
reduce zinc contamination to a minimum, freshly boiled or
otherwise deaerated wash water should be added through
chamber E.

Three 50-ml. portions of water are used for washing.
Each wash is allowed to drain slowly through the cake of

* To ensure the complete absence of oxygen, the checkers find it con-
venient to boil the sodium acetate solution for about 5 minutes in the reaction
Jflask and then cool under a slow nitrogen flow. Exit at this stage is allowed
through F.
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moist chromium(II) acetate. After the last fraction has
drained thoroughly, the nitrogen delivery tube is switched
rapidly to the stem of the filter chamber so that nitrogen
passes through the frit and up through the filter cake.
With the moist chromium(II) acetate thus protected, the
three-necked flask may be detached from the filter chamber
and replaced by the filter chamber cap G with its stopcock
open. Flushing is continued long enough to purge all the
air from the interior of the filter cap, and then both stop-
cocks on the filter chamber are closed. Pumping on the
chamber with a mechanical vacuum pump from 4 to 6 hours
at room temperature will dehydrate the sample to the
1-hydrate. The yield is 6.2 g. (96%). Anal. Caled. for
Cr(C.H;0,),-H,0: Cr, 27.65; C, 25.54; H, 4.29. Found:
Cr, 27.3;C, 25.4; H, 4.3.

The water of hydration can be removed by pumping on
the chamber for 2 hours at 100°. The yield of anhydrous
compound is 5.5 g. (95% based on CrCl;6H.0). Anal.
Caled. for Cr(C,H;0,),: Cr, 30.58; C, 28.24; H, 3.56.
Found: Cr, 30.7; C, 27.8; H, 3.4.

Properties

Chromium(II) acetate 1-hydrate is a deep red material
which is slightly soluble in water and ethanol. It reacts
slowly with oxygen when dry and more rapidly when moist.
The crystalline 1-hydrate contains dimeric units® of the ace-
tate and should, perhaps, be formulated as Cr.(CH;COO)
2H;0. The short intramolecular chromium-to-chromium
distance and the low magnetic moment indicate that there
is bonding between chromium atoms. Two chromium
octahedra are held together (apex-to-apex) by four bridging
acetate groups, leaving one position on each chromium atom
available for coordination to water (see Fig. 4). The light
brown anhydrous chromium(II) acetate is very much more
reactive than the 1-hydrate. Exposure to high concen-
trations of oxygen will cause charring of the material, and
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very low concentrations cause a noticeable discoloration.
The material can be handled only in the complete absence
of air.

Chromium(II) acetate is commonly used as a starting
material for the preparation of other chromium(II)

compounds.
H,0
4& CH4C00
CH3C00 u CH,C00
CH3C00 {%

H0

FiG. 4. Dimeric structure of chromium (II) acetate 1-hydrate.

B. BIS(2,4-PENTANEDIONATO)CHROMIUM (II)

Cr(C2H302)z-aq. + 2C5H302 b CI‘(CsH702)2 + 2HC?H302 + aq.

Procedure

After the final washing of the chromium(II) acetate pre-
cipitated in Part A, a small amount of deaerated water is
introduced into the reaction flask, and the cake of washed
chromium (II) acetate is broken up and returned to the
reaction flask by sloshing the water into the filter chamber.
The 2,4-pentanedione [10 ml. (9.76 g. or 0.098 mol) for the
quantity of chromium(II) acetate 1-hydrate (6.2 g.) pre-
pared in Part A} is added through chamber E and the cham-
ber is rinsed with a small amount of water. A yellow-
brown color appears immediately. However, adequate
reaction time must be allowed, since the reaction is one
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between a solid and a liquid which is only partially miscible
with water, and the reaction product is a solid. Fifteen
minutes with occasional agitation is allowed to ensure com-
plete reaction. The bis(2,4-pentanedionato)chromium (IT)
thus formed must be recovered and dried as quickly as
possible. 'When freshly precipitated, it has a light yellow-
brown color; however, if it is not dried, it slowly turns to a
dark brown. After the produect is filtered and washed with
water, the chamber is disconnected from the flask and
capped as described in the procedure for chromium(II)
acetate 1-hydrate. The yellow-brown precipitate is vac-
uum-dried at room temperature until it loses its moist
appearance, and then it is heated at 100° for several hours
in a vacuum. The yield is 7.65 g. (90% based on CrCl;
6H,0). Anal. Caled. for Cr(C;H;0,).: Cr, 20.79; C, 48.00;
H, 5.64. Found: Cr, 20.3; C, 47.8; I, 5.6.

Properties

Dry bis(2,4-pentanedionato)chromium(II), like the anhy-
drous acetate, is pyrophoric and can only be handled in the
complete absence of oxygen. It is nearly insoluble in
water and reacts slowly with it, producing a dark brown
solid and gaseous hydrogen. Since the reaction of the ace-
tate with water is extremely slow, the acetylacetonate must
be considered a much more active reducing agent. It is
slightly soluble in carbon disulfide and has a solubility of
6 X 1072 mol/l. in ethanol. It decomposes without melt-
ing at 218 to 219° and sublimes at 100 to 105° under a pres-
sure of 10~ mm. Hg.

References

1. J. H. Bavruis, Jr., and J. C. BaiLar, Jr.: INORGANIC SYNTHESES, 1, 122
(1939).

2. M. R. HATFIELD: 7bid., 8, 148 (1950).

3. M. Kranz and A. WiTgowska: tbid., 6, 144 (1960).

4. L. R. OconE and J. SiMgIN: J. Chem. Educ., 89, 463 (1962).



Inorganic Syntheses, Volume VIII
Edited by Henry F. Holtzclaw, Jr.
Copyright © 1966 by McGraw-Hill Book Company, Inc.

132 INORGANIC SYNTHESES

5. G. BRAUER (ed.): “Handbuch der Priparativen anorganischen Chemie,”
p. 1022, Ferdinand Enke Verlag, Stuttgart, 1954,

6. W. R. KiNg, Jr., and C. 8. GARNER: J. Chem. Phys., 18, 689 (1950).

7. G. Costa and A. Puxeppu: J. Inorg. Nucl. Chem., 8, 104 (1958).

8. J. N. van N1ekeRg, F. R. L. ScuoeNING, and J. F. DE WeT: Acta. Cryst.,
8, 501 (1953).

33. DIPEROXOTRIAMMINECHROMIUM((IV)

CrO; + 3NH; + 3H,0: —» (NH3);CrO, 4+ 3H,0 4+ 0.1

SuBMITTED BY GEORGE B. KAUFFMAN* AND GUILLERMO ACERO*
CHECkED BY E. A, V. EpsworTtHt

Diperoxotriamminechromium(IV) is a good starting
material for many triamminechromium(III) complexes.
The compound, first discovered by Wiede,! may be prepared
by the action of aqueous ammonia on red ammonium
tetraperoxochromate(V) (K;CrOyg) or of hydrogen peroxide
on ammoniacal solutions of ammonium chromate,! ammo-
nium dichromate,?>? or chromium(VI) oxide.*¢ In all
cases, the yields obtained are small.

Werner® believed that two of the oxygen atoms were
bivalent and the other two univalent (peroxidic); he thus
formulated the complex as a compound of chromium(VI).
Such a compound should be diamagnetic. Inasmuch as the
compound has been shown to be paramagnetic with an
effective magnetic moment (2.94 B.M.) corresponding
closely to that expected for the presence of two unpaired
electrons (2.83 B.M.), it is currently believed to involve
chromium(IV) coordinated (d®sp®) to two peroxide ions and
three ammonia molecules.?

* California State College at Fresno, Fresno, Calif. The authors acknowl-
edge the support of the Petroleum Research Fund of the American Chemical
Society (Grant PRF 1152-B).

t University Chemical Laboratory, Cambridge, England,
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Procedure

Caution. Inasmuch as the product is a shock-sensitive and
heat-sensitive material, shielding must be utilized for protection.

A solution of 20 g. (0.200 mol) of chromium(VI) oxide in
40 ml. of water is added with stirring to a mixture of 70 ml.
(1.06 mols) of concentrated aqueous ammonia and 130 ml.
of water contained in a 400-ml. beaker. The beaker is
allowed to stand in a refrigerator at —30° for about 18 hours
to freeze the yellow solution completely. Freezing the
solution to a solid mass facilitates the addition of hydrogen
peroxide in the next step. Forty milliliters (approximately
0.39 mol) of 309, hydrogen peroxide is added dropwise to
the solid mass, which melts by the heat liberated in the
reaction. During this time, the temperature is main-
tained below —6° by means of an ice-salt bath. The deep
brown solution is allowed to warm to room temperature by
standing for 2 hours, at the end of which time oxygen
evolution should have ceased. The solution is then
refrozen by returning it to the refrigerator for about 18
hours. The dark brown mass, which now contains a con-
siderable amount of crystallized ammonium dichromate, is
slowly heated on a water bath to 50°, taking due care with
the effervescence which occurs during heating. The brown
solution is maintained at 50° until evolution of oxygen
ceases (approximately 30 minutes). The solution is filtered
hot, if necessary, and is then again refrozen by allowing it to
stand in the refrigerator for about 18 hours. The mixture
is then warmed to 10°. The small brown crystals of product
are collected on a 5-cm. Biichner funnel and washed with
three 10-ml. portions each of 959, ethanol, absolute ethanol,
and absolute ether. The crystals are dried first in air and
then in a desiccator over potassium hydroxide. Because
of the hazardous nature of the product, the desiccator
should be shielded. (Caution. Because of the possibility of
an explosion, the compound should not be ground in a mortar,
nor should it be heated, especially in the presence of organic
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matter.) The yield is in the range of 1 to 2 g. (4.6 to 9.29%,
based on H,O,). Use of additional hydrogen peroxide does
not increase the yield. Anal. Caled. for (NH;);CrO,: Cr,
31.12; NH;, 30.58. Found: Cr, 31.15; NH;, 30.55.

Properties™?

Diperoxotriamminechromium (IV) erystallizes in thombic
birefringent prisms of density 1.96 g./ml. (15°),* which
appear as deep brownish-red to black needles. Although
insoluble in most solvents, it may be recrystallized from
aqueous ammonia.* It is soluble in water with decomposi-
tion. The absorption spectra,® magnetic susceptibility,?
and crystal structure!® of the compound have been meas-
ured. A crystallographic study!® reports the structure as a
deformed pentagonal bipyramid. A recent investigation of
the infrared spectrum!' shows the presence of peroxide
bands.

When heated, diperoxotriamminechromium(IV) deto-
nates with incandescence and yields chromium(III) oxide.
Strong acids liberate oxygen from the compound and form
chromium (111) salts; the amount of oxygen evolved depends
upon the concentration of the acid. The coordinated
ammonia can be replaced by potassium cyanide,'? eth-
ylenediamine,!* and hexamethylenetetramine,!* forming
Ka[CrO4(CN)3], Cr04'CzH4(NH2)2'2H20, and Cr04'
CeH N, respectively. Treatment of diperoxotriammine-
chromium(IV) with hydrochloric acid yields [Cr(NH,);Cl;)®®
or the three isomers of [Cr(NH;);(H,0)Cl;]Cl,** depending
upon the conditions.
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34. TRIS(1,3-DIPHENYL-1,3-PROPANEDIONATO)-
CHROMIUM (III)

[Chromium (IIT) Dibenzoylmethide]

[CT(05H702)3] + 3HC;:H1 O, — [CT(015H1102)3] + 3HC:H,0,

SuBMmiTTED BY ROBERT G. CHARLES*
CHECKED BY R. F. TRIMBLE}

The many satisfactory procedures which have been pub-
lished for the preparation of metal derivatives of 2,4-pen-
tanedione (acetylacetone) are not always successful when
applied to other B-diketones.’? Thus, poor yields of
impure product are obtained with attempts to prepare the

* Westinghouse Research Laboratories, Pittsburgh, Pa. This work was
supported in part by Contract AF 19(604)5589 with the Air Force Research
Division.

t Southern Illinois University, Carbondale, Ill.
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chromium chelate of 1,3-diphenyl-1,3-propanedione (diben-
zoylmethane) by reaction with chromium(III) hydroxide?®*
employing mixed solvents or by reaction with chromium
salts in the presence of urea.® The method described
below, however, conveniently gives high yields of easily
purified material. The procedure is based on the replace-
ment of 2,4-pentanedione from the chromium derivative by
1,3-diphenyl-1,3-propanedione. The driving force for the
reaction is provided by (1) the volatility of 2,4-pentanedione
at the temperatures used and (2) the fact that tris(1,3-
diphenyl-1,3-propanedionato)chromium(III) is more stable
toward dissociation than is tris(2,4-pentanedionato)chro-
mium(IIT).® The method given here is similar to that used
by Wolf, Butter, and Weinelt? for the syntheses of the corre-
sponding iron, ruthenium, and rhodium compounds, but
the procedure described here does not employ a solvent. It
should be useful also for the preparation of other chromium
chelates. The principal requirements are that the chelat-
ing agent be relatively nonvolatile and that the chelating
agent and product be sufficiently heat-resistant.

Procedure

Eleven and two-tenths grams (0.05 mol) of 1,3-diphenyl-
1,3-propanedione is ground in a mortar with 5.84 g. (0.017
mol) of tris(2,4-pentanedionato)chromium(III)®* until a
fine homogeneous powder is obtained. The mixture is
transferred to an Erlenmeyer flask equipped with a gas
inlet tube. The flask is heated slowly in an oil bath or with
a heating mantle, in a hood, with a slow stream of nitrogen
(about 0.5 1./minute) flowing over the mixture. The mix-
ture melts at about 75°; at about 150°, 2,4-pentanedione is

® Tris(2,4-pentanedionato)chromium (I1I) is available commercially from
the MacKensie Chemical Works, Long Island, N.Y., and the Union Carbide
Metals Company, Niagara Falls, N.Y.
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evolved and evaporates from the flask. The temperature
is held at 175 to 180° for 4 hours. The small amount of
material which sublimes into the neck of the flask is pushed
back into the flask periodically with a stirring rod. The
weight of 2,4-pentanedione evolved within 4 hours (5.0 g.)
is nearly that calculated.

After cooling, the brown reaction produect is broken
up, heated briefly with 100 ml. of methanol to extract
unchanged starting materials, and cooled to room tempera-
ture. The solid is filtered from the extract, washed with
50 ml. of cold acetone, and air-dried at room temperature.
The yieldis 11 to 11.5 g. (91 t0 95%,). For purification, the
solid is dissolved in 500 ml. of warm benzene. The solution
is filtered while warm, and, after cooling, 800 ml. of cyclo-
hexane is added. Tris(1,3-diphenyl-1,3-propanedionato)-
chromium (III) slowly separates as a microcrystalline pow-
der. The product is filtered and dried in a vacuum desic-
cator. Yield, 9t09.5¢g. (74.4 t0 78.69%). Anal. Caled. for
[Cr(CysH1,02)s]: Cr, 7.21; C, 74.88; H, 4.61. Found: Cr,
7.2, C, 74.9; H, 4.2.

Properties

Tris(1,3-diphenyl-1,3-propanedionato)chromium(III) is
a red-brown crystalline compound. The density at 30° is
1.32 g./ce. The compound is soluble in benzene, less solu-
ble in acetone, and only very slightly soluble in methanol
and in cyclohexane. It is insoluble in water. The visible
absorption spectrum in benzene has an absorption peak at
565 mpu (e = 144). The principal infrared absorption peaks
(KBr pellet) are at 6.28, 6.54, 6.75, 6.88, 7.26, 7.60, 8.16,
8.48, 8.87, 9.35, 9.77, 10.62, 12.75, 13.24, 13.83, and 14.58 u.

When heated in a stream of argon at atmospheric pres-
sure, tris(1,3-diphenyl-1,3-propanedionato)chromium(I1I)
decomposes above 300°.
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36. TRIS(1,1,1-TRIFLUORO-2,4-PENTANEDIONATO)-
CHROMIUM (IH0)
[Chromium (III) Trifluoroacetylacetonate]

CI‘(OH)a + 3HC§H402F3 _’ CI‘(05H402F3)3 + 3Hzo

3H,0 4 3CH;C(OCH,).CH; &, 6CH,0H + 3CH,COCH,

SuBMITTED BY ROBERT G. CHARLES*
CueCkED BY IrviN C. Branprt

Tris(1,1,1-trifluoro-2,4-pentanedionato)chromium(I1T) has
been prepared by heating chromium(III) chloride with
1,1,1-trifluoro-2,4-pentanedione (trifluoroacetylacetone) in
an aqueous solution of urea®?} and also by the reaction
between chromium hexacarbonyl [Cr(CO)¢] and 1,1,1-tri-
fluoro-2,4-pentanedione.?

The procedure described herein involves the reaction of
freshly prepared chromium(III) hydroxide§ with 1,1,1-tri-

* Westinghouse Research Laboratories, Pittsburgh, Pa.

t University of Nebraska, Lincoln, Neb.

1 These methods are analogous to that which has been described for the
preparation of chromium(III) acetylacetonate [INorGANIC SyNTHESES, b,
130 (1957)1.

§ The name ‘“‘chromium(III) hydroxide,” used here for convenience, is
more properly “hydrous chromium (III) oxide” or “hydrated chromium (IIT)
oxide.”
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fluoro-2,4-pentanedione in the presence of 2,2-dimethoxy-
propane at room temperature. The 2,2-dimethoxypropane
is a commercially available liquid which is quite useful as a
mild dehydrating agent.*

Procedure

Freshly prepared chromium(IIT) hydroxide* is obtained
by first dissolving 2.66 g. (0.01 mol) of chromium(III)
chloride 6-hydrate in 100 ml. of water. Thirty-five milli-
liters (0.035 mol) of approximately 1 N aqueous ammonia
is added, a little at a time, with shaking. The resulting
mixture is allowed to stand 10 minutes and is then filtered
by gravity through filter paper. If a significant amount of
the finely divided precipitate passes initially through the
filter paper, the filtration is repeated with the same filter
paper. The precipitate is washed on the filter with 50 ml.
of water and allowed to drain for a few minutes.

A solution is prepared in a flask from 5 ml. (an excess) of
1,1,1-trifluoro-2,4-pentanedionet and 100 ml. of 2,2-dimeth-
oxypropane. The moist filter paper containing the chro-
mium(IIT) hydroxide is transferred intact to this solution.
To this mixture is then added, dropwise from a buret, 1.7
ml. (0.03 mol) of glacial acetic acid. The chromium(III)
hydroxide slowly dissolves to give a solution which appears
red by transmitted light. The flask is stoppered, shaken
occasionally, and then allowed to stand overnight at room
temperature. Essentially all of the chromium (III) hydrox-
ide reacts in this time.

The red solution is filtered through filter paper. Most
of the solvent is evaporated in a stream of nitrogen at
room temperature. The remaining acetic acid is removed
by drying overnight in a vacuum desiccator. The yield of
crude solid is about 4.2 g.

* Chromium (III) hydroxide which has been air-dried and stored does not
react satisfactorily.

t 1,1,1-Trifluoro-2,4-pentanedione can be obtained from K & K Labora-
tories, Plamvnew, N.Y.
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Purification is effected by heating the crude product with
40 ml. of absolute ethanol. The hot solution is filtered
through filter paper in a funnel heated to the approximate
temperature of the liquid. The filtrate is reheated to
dissolve any solid which may separate on cooling, and 125
ml. of n-hexane is added to the hot solution. The mixture
is cooled, first to room temperature and then in the refriger-
ator. The pure product crystallizes very slowly on stand-
ing. The product is filtered off and dried in a vacuum
desiccator. Yield, 2.0 to 2.3 g. (39 to 45%,); m.p. 150.0 to
151.5°. Anal. Caled. for Cr(CsH.O,F;);: C, 35.25; H,
2.30; F, 33.40. Found: C, 35.39; H, 2.61; F, 33.40. By
checker: C, 35.55; H, 2.52; F, 32.58.

Properties

Tris(1,1,1-trifluoro-2,4-pentanedionato)chromium (III) is
a red-violet crystalline compound, which is insoluble in
water but is readily soluble in benzene, pyridine, acetone,
and chloroform. It is less soluble in ethanol and is only
slightly soluble in n-hexane.

When heated on a thermobalance (2° per minute in flow-
ing argon at atmospheric pressure), the compound sublimes
completely in the temperature range 100 to 220° without
apparent decomposition.

Principal infrared absorption peaks (Nujol mull) are at
6.19, 6.51, 7.72, 8.14, 8.36, 8.75, 9.92, 10.53, 11.55, 12.49,
12.72, 13.29, and 13.62 .

The compound has been separated into cis and trans
forms by chromatography on aluminum oxide.? Visible
and ultraviolet spectra, x-ray diffraction data, and para-
magnetic resonance behavior have been studied.?3®
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36. TRIS(1,3-PROPANEDIALATO)CHROMIUM (III)
C,H,0 OCH,

/CHCH20H< + 2H,0 25
CH,0 OCH,
H
AN
c—o0
V4 \
H—C ’H 4 3CH;0H 4 C.H;OH
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H\
c—O0 .
/ \ (C'Hn.,) 10
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SusMITTED BY JAMES P. CoLLMAN,* EpmunDp T. KITTLEMAN,* WILLIAM 8,
HurT,* AND NED A. MOORE*
Cueckep BY Encui Sexipot

Chelates of malonaldehyde (1,3-propanedial) can be con-
sidered as the parents of 1,3-dicarbonyl chelate ring sys-
tems. Because of the great lability of malonaldehyde

® University of North Carolina, Chapel Hill, N.C. This work was sup
ported by the Petroleum Research Fund, administered by the American

Chemical Society.
t University of Arizona, Tucson, Ariz.
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toward self-condensation and to oxidation, its chelates are
difficult to prepare. The following procedure! illustrates
the preparation of the chromium(III) chelate of malonal-
dehyde by means of a complex series of equilibria involving
chromium(IIT) and chromium(II).

Chromium(III) complexes are often difficult to prepare
because of the slow rate of ligand exchange with this d? ion.
Ligands that are sensitive to various side reactions are not
easily substituted directly into chromium(III) complexes.
Advantage is taken here of the lability of chromium(II)
to ligand exchange to catalyze the formation of a chromium-
(III) complex with a highly reactive ligand, malondial-
dehyde. Electron-transfer reactions lead to the more
stable chromium(IIT) chelate by way of intermediate
chromium(IT) complexes.

Procedure

A mixture of 22.0 g. (24 ml.; 0.124 mol) of 1,1,3-trimeth-
oxy-3-ethoxypropane,* 20.0 ml. of water, and 8.0 ml. of 1 N
hydrochloric acid in a 125-ml. Erlenmeyer flask is swirled on
a steam bath until the two-phase system becomes a homo-
geneous pale yellow liquid. Further heating, which results
in a color change to orange-yellow, decreases the yield of
final product and hence should be avoided. The solution
is cooled to 0° in an ice-salt bath, and then 10.1 g. (0.11 mol)
of triethylamine (purified before use by distillation from
potassium hydroxide pellets) is added. The resulting red-
violet solution is immediately added to a cold (0°) suspen-
sion of 5.21 g. (0.04 mol) of anhydrous chromium(III)
chloridet and 6.54 g. (0.10 mol) of zinc dust in 400 ml. of
ether in a 1000-ml. Erlenmeyer flask. The flask is cooled
by an external ice-salt bath and is equipped with a mag-
netic stirring bar 75 mm. in length. The contents of the

* Available from Kay-Fries Chemicals, Inc., 180 Madison Avenue, New
York. This liquid was purified by vacuum distillation (b.p. 78 to 80° at
18 mm.) before use.

t See INORGANIC SYNTHESES, 2, 193 (1946); B, 154 (1957); 6, 129 (1960);
the compound is also available from Diamond Alkali Co., Painesville, Ohio.
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flask are stirred slowly for 30 minutes or until the upper
ether layer becomes intensely violet. Then the ether is
removed by decantation and replaced by another 400-ml.
portion of ether. The stirring is continued, and the ether is
replaced every 30 minutes until the ether layer no longer
shows any purple color (about 2 to 24 hours and 4 to 6 por-
tions of ether are required).

The ether solutions are combined, and the solution is
dried over 100 g. of calcium chloride for at least 3 hours.
The purple solution is filtered and then evaporated in a
rotating evaporator to a syrupy residue. The tarry red
residue is dissolved in 100 ml. of hot (70°) benzene. The
benzene solution is allowed to cool and is then poured onto
a chromatographic column (approximately 35 X 300 mm.)
packed under benzene with 50 g. of activated aluminum
oxide. A dark violet band is rapidly eluted from the col-
umn with methylene chloride (dichloromethane). Evapor-
ation of the violet methylene chloride solution yields 2.2 to
2.8 g. of purple crystals (20 to 269%,); m.p. 182 to 183°.

The product can be further purified by dissolving it in 40
to 50 ml. of boiling isopropyl aleohol, adding 125 ml. of hot
heptane, and storing this solution for 12 hours in a deep-
freeze at —10°., The red-violet crystals are collected on a
Biichner funnel and air-dried; m.p. 182 to 183°. Amnal.
Caled. for CgH4O4Cr: C, 40.76; H, 3.42. Found: C, 40.80;
H, 3.44.

Properties

The chromium chelate of malonaldehyde is a red crys-
talline solid soluble in benzene and chloroform but insoluble
in water. The chelate undergoes nitration and bromina-
tion at the central carbon of each chelate ring in the manner
of an aromatic system. The infrared spectrum of this sub-
stance exhibits major bands at 1600, 1490, 1445, 1375, and
1310 cm.”*. The complex undoubtedly exists as a di-
racemate, but its resolution has not been achieved.

Reference
1. J. P. CoLLmAN and E. T. KiTTLEMAN: J. Am. Chem. Soc., 88, 3529 (1961).
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37. cis- AND trans-TRIS(3-OXOBUTANALATO)-

CHROMIUMIII)
T 0
A. CHaéCHa + HJ}—OCH, + NaOCH, CsH,0OCsH;
_ H\ -
C—.O
H—C\:' Na + 2CH;0H
/C—O
. CH;, |
— H\ -
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B.3|B—C[I  |Na+OiCho
Neeos Zn
/C—O
. CH, 4
[~ H -
N
C——O\
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L. CHD J.

cis and traps

SuBMITTED BY JAMES P. CoLLMAN,* EvMUND T. KITTLEMAN,* WILLIAM S,
HuRrT,” AND NED A. MOORE*

CRECKED BY GLENN WiILkEs,f CuiNn Hsuan WELT anD LAwgrence F.
DanLt

The following procedure is an adaptation of a recently
devised method of preparing chromium chelates.? The

* University of North Carolina, Chapel Hill, N.C. Work leading to the
preparation of these compounds was supported by the Petroleum Research
Fund, administered by the American Chemical Society.

t University of Wisconsin, Madison, Wis.
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reaction employs a chromium(II)-chromium(III) equilib-
rium mixture in a nonaqueous medium to prepare the cis
and trans chromium(III) chelates of 3-oxobutanal (formyl-
acetone)—the only known examples of a tris-(8-keto alde-
hyde) complex. The cis and trans isomers are easily sepa-
rated by column chromatography.

Procedure

A. 3-OXOBUTANALATOSODIUM

With the aid of a dropping funnel, 15 g. (0.26 mol) of dry
acetone (water content <0.5%) is added over a period of 30
minutes to a mixture of 13 g. (0.24 mol) of powdered
alcohol-free sodium methoxide,* 32 g. (0.53 mol) of methyl
formate, and 300 ml. of anhydrous diethyl ether in a 500-ml.
flask equipped with a drying tube and a magnetic stirring
device. During the addition of the acetone, the tempera-
ture of the reaction mixture is maintained below 5° by
means of an external ice bath. The magnetic stirrer is
conveniently operated through a plastic ice bucket. The
mixture is stirred for 4 hours at 0 to 5° and then for an addi-
tional 20 hours at room temperature. The pale yellow
solid is collected on a suction filter, quickly washed with two
20-ml. portions of anhydrous ether, sucked dry, and then
dried overnight in a vacuum at room temperature. A yield
of 21.5 to 23 g. (83 to 89%) of the crude, dry, pale yellow
3-oxobutanalatosodium is obtained. This product can be
used in Part B without purification.

B. cis- AND trans-TRIS(3-OXOBUTANALATO)CHROMIUM (III)

A mixture of 0.51 g. (0.0032 mol) of anhydrous chro-
mium(IIT) chloride,t 0.52 g. (0.008 mol) of zinc powder, and
5 ml. of anhydrous dimethylformamide (DMF), which has
been purified by distillation over calcium hydride, is placed
in a 125-ml. Erlenmeyer flask fitted with a drying tube and a
magnetic stirring bar. The mixture is stirred continuously

* Available from Matheson Coleman and Bell, East Rutherford, N.J.
t Available from Diamond Alkali Company, Painesville, Ohio.
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until the exothermic reaction, which produces a dark green
solution, is complete. The solution is then diluted with
15 ml. of anhydrous dimethylformamide and cooled to 0° by
means of an external ice-salt bath (again the magnetic
stirrer is operated through a plastic ice bucket). To the
cold solution are added in separate portions 4.54 g. (0.029
mol) of anhydrous chromium(III) chloride, 0.52 g. (0.008
mol) of zinc powder, and 12.44 g. (0.115 mol) of dry 3-oxo-
butanalatosodium. In some runs all of the solid does not
go into solution. If the solid interferes with the stirrer,
an additional 5 or 10 ml. of dimethylformamide is added
to complete the solution of the chromium and sodium com-
pounds. The resulting purple mixture is stirred for 90
minutes, during which time the ice of the cooling bath is
allowed to melt so that the temperature in the reaction
vessel rises to 5 to 10°, The reaction mixture is next com-
bined with 400 ml. of ice water, and the purple slurry is
swirled intermittently until an oily, red semisolid substance
separates from the mixture. The red semisolid material
and the zinc-dust residue are collected on an 1l-cm.
Biichner suction funnel. The filtrate (referred to later as
solution A) is set aside for a subsequent extraction step.
The solid residue is washed with 50 ml. of cold water and
sucked dry, the wash water being combined with solution A.
The solid material from the funnel is spread on a piece of
paper and dried with an infrared lamp until all occluded
dimethylformamide is expelled, i.e., until the compound is
no longer sticky. The granular red precipitate is then
treated with 40 ml. of benzene, and the red solution is
filtered. The residue on the filter is washed with several
small portions of benzene until the washings are colorless.
All the benzene filtrates are combined (solution B) and set
aside.

Solution A is extracted with two 500-ml. portions of ether.
In some runs an emulsion forms at this stage. The extrac-
tion can then be carried out by placing the aqueous solution
(or the emulsion) in a beaker and extracting six times by
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adding 100 ml. of ether to the beaker, stirring, and decant-
ing the ether layer. The ether extracts are combined and
evaporated to dryness in a rotary flash evaporator at room
temperature by using a water aspirator. The solid residue
is removed, dried under an infrared lamp, and then dis-
solved in 40 ml. of benzene. The red solution is combined
with solution B. To this solution (approximately 100 ml.
in volume) is added 600 ml. of cold (0°) n-heptane, and the
resulting solution is placed in a freezer maintained at
approximately —10°. After 12 hours the purple crystals
which have separated from this solution are collected on a
filter and sucked dry. The yield is 5.1 g. Concentration
of the mother liquor to one-half its volume in a rotary
evaporator followed by overnight cooling in the freezer
provides an additional 0.2 g. of red crystals. A total yield
of 4.9 to 5.3 g. (50 to 549%,) of the crude mixture of cis and
trans isomers is obtained.*

C. SEPARATION OF THE CIS AND TRANS ISOMERS

The crude product is dissolved in the minimum quantity
of benzene and is placed on an alumina-filled column about
60 cm. in length and 5.5 em. in diameter prepared by pack-
ing it, under benzene, with 60 g. of Merck alumina per gram
of crude crystalline product. Elution with 1:1 (by volume)
methylene chloride (dichloromethane)-benzene mixture
removes a red band; a second band is eluted from the
column by methanol. Evaporation of the solvent from
each of these fractions affords the red crystalline isomers.f

® The checkers report a total of 6.0 g. (61%) of the crude mixture.

1 The checkers report that both the cis and trans isomers may be recrystal-
lized by slow evaporation in air from a mixture of n-heptane and methylene
chloride having a ratio of 5:2, by volume, to give purple-red crystals.
Neither isomer could be recrystallized from benzene.

Recrystallization apparently leads to considerable loss of material with-
out appreciable gain in purity. From a 5.1-g. sample of the crude mixture
subjected to both chromatography and recrystallization the checkers isolated
0.72 g. of cis isomer, m.p. 163.4 to 164.0°, and 2.25 g. of trans isomer,
m.p. 169.2 to 169.6°.
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Band I: Trans isomer, 2.50 to 3.75 g., m.p. 169.0 to 169.5°.
Anal. Caled. for C1;H,50¢Cr: C, 46.89; H, 4.92. Found:
C, 46.86; H, 4.91. Band II: Cis isomer, 1.05 to 1.25 g.,
m.p. 165 to 166°. Anal. Caled. for C,2H,;04Cr: C, 46.89;
H, 4.92. Found: C, 47.04; H, 5.31.

Properties

The isomers of tris(3-oxobutanalato)chromium(III) are
red crystalline compounds soluble in benzene and chloro-
form and insoluble in water. The purity of the isomers is
best determined by chromatography. The infrared spectra
of both isomers show major bands at 1585, 1500, 1430, and
1335 ecm.™?

The cis isomer is defined as that compound in which the
three methyl keto groups are on adjacent corners of the
octahedral structure; the trans isomer has two of the methyl
keto groups on opposite apexes of the octahedron. Both
the cis and trans isomers should be dl-racemates, but their
resolution has not been reported. The structures of the
isomers are assigned on the basis of their different chro-
matographic adsorption (the cis isomer adheres more
strongly to alumina) and the ratio of isolated products (the
trans isomer predominates) by analogy with the work of
Fay and Piper? on tris complexes of unsymmetrical
1,3-diketones.

The crude mixture of cis and trans isomers has been
nitrated,! brominated,! and thiocyanogenated?® at the cen-
tral carbon of each chelate ring in the manner of a quasi-
aromatic system.
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38. TRIS(4-p-TOLUIDINO-3-PENTEN-2-ONATO)-
CHROMIUM((III)
HCl,

CsHe
CH;COCH.COCH; + p-CH,C(HNH, —

CH,COCH==C(HNC,H,CH;)CH; + H,0
3CH;COCH=C(HNC¢HHjs)CH; + CrCls-3CsH;s0

Zn,
+ 3(CH,):COK 22208,
o _
P
;00 > Cr + 3KCL 4 3(CH:):COH + 3C,H:0
\. LN N )
TN
| CH, C:H7 s

SusMITTED BY JAMES P. CoLuMAN* anp E. T. KirTLEMAN*
CHECKED BY NorMaN E. GriswoLpt

No chromium chelates of a,8-unsaturated 8-keto amines
(B-amino ketones) have been previously reported, although
a wide variety of these ligands are known.!~? The following
procedure is representative of the preparation of a chro-
mium(III) complex of a hydrolytically unstable ligand
under completely anhydrous conditions.] This method is
general and can be employed in the synthesis of a large
number of analogous chromium(III) complexes.?

Part A illustrates a general method of preparing «,B-
unsaturated B-keto amines (8-keto imines; cf. synthesis 13),
a class of weakly acidic bidentate ligands. Part C illus-
trates the use of chromium(III) chloride—tris(tetrahydro-
furan) in the synthesis of a chromium(III) complex under
nonaqueous conditions.

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

t University of Nebraska, Lincoln, Neb.

$ Other amines which have been used are aniline, o-toluidine, o-chloro-

aniline, m-chloroaniline, p-anisidine, benzylamine, S-naphthylamine, and
p-phenylaniline (4-biphenylamine).
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Procedure
A. &p-TOLUIDINO-3-PENTEN-2-ONE!

One hundred fifty milliliters of benzene containing 10 g.
(0.10 mol) of 2,4-pentanedione (acetylacetone) and two
drops of concentrated (12 N) hydrochloric acid is added to
11.0 g. (0.103 mol) of p-toluidine in a 300-ml. round-bot-
tomed flask equipped with a Dean-Stark trap? (for azeo-
tropic removal of water) and a reflux condenser fitted with
a calcium chloride drying tube. Overnight boiling of the
reaction mixture results in the separation of 1.6 g. (0.089
mol) of water (899, of the theorctical quantity). The
reaction mixture is cooled to room temperature and filtered
on a fluted paper filter. The filtratc is then concentrated
to an orange oil. Crystallization is induced by allowing a
solution of this oil in 20 ml. of ether to remain in a freezer
(at about —15°) for 6 hours. The pale yellow solid is
removed by suction filtration and air-dried. The crude
compound is recrystallized by dissolving it in 35 ml. of boil-
ing heptane followed by chilling the solution in the freezer.
After two recrystallizations, the yield of white crystals is
at least 11 g. (589,); m.p. 68 to 69°.

B. CHROMIUM(III) CHLORIDE-TRIS(TETRAHYDROFURAN)!

A mixture of 1 g. of zinc dust and 20 g. (0.13 mol) of
anhydrous chromium(III) chloride* is placed in the thimble
of a Soxhlet extraction apparatus. Approximately 218 ml.
(2.7 mols) of tetrahydrofuran (freshly distilled from calcium
hydride) is placed in a 300-ml. round-bottomed flask and
attached to the extraction apparatus; a calcium chloride
drying tube is fitted to the reflux condenser. At the end of
4 hours of reflux the reaction is stopped and an additional
gram of zinc dust is placed in the thimble. The reflux is
then resumed and continued for 8 hours (or until the
reeycling liquid is colorless). The tetrahydrofuran solution

* See INORGANIC SYNTHESES, 2, 193 (1946); 6, 154 (1957); 6, 129 (1960);
the compound is also available from Diamond Alkali Co., Painesville, Ohio.
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is cooled to room temperature and allowed to stand for at
least 12 hours (a calcium chloride drying tube protects the
solution from atmospheric moisture). Practically all the
tetrahydrofuran can be rapidly decanted from the precipi-
tated solvate. The purple crystalline product is dried
in vacuo at room temperature overnight. The last trace of
tetrahydrofuran is removed by pulverizing portions of the
product in a mortar under a layer of dry heptane. Suction
filtration is used to recover the purple powder. Final dry-
ing is effected ¢n vacuo at room temperature. The yield is
28.6 g. (60.5%).

C. TRIS(4-p-TOLUIDINO-3-PENTEN-2-ONATO)CHROMIUM (11I)

To 50 ml. of dry tert-butyl aleohol* in a 100-ml. round-bot-
tomed flask fitted with reflux condenser and calcium chlo-
ride drying tube is added 0.85 g (0.022 mol) of potassium
metal. The mixture is allowed to stand at room tempera-
ture for 10 hours, during which time the potassium metal
completely dissolves. While this solution is vigorously
stirred by means of a magnetic stirrer, an intimate mixture
of 3.97 g. (0.021 mol) of 4-p-toluidino-3-penten-2-one,
1.37 g. (0.021 mol) of zinc dust, and 2.62 g. (0.007 mol) of
chromium(III) chloride-tris(tetrahydrofuran) is added; a
gray-colored mass appears within 3 minutes. The reaction
mixture is refluxed for 2 hours with continuous stirring.
The mixture is cooled to room temperature, poured into
400 ml. of ether, and left in the freezer (—15°) overnight.{
The ether-insoluble residue is removed by filtration through
a fluted paper filter, and the ether solution is dried over
anhydrous magnesium sulfate. The ether—teri-butyl alcohol
solution is concentrated to a volume of 45 ml.i

Dilution of this solution with 45 ml. of 959, ethanol is

* The tert-butyl alcohol is dried by refluxing over calcium hydride and then
distilling into the reaction vessel.

t This procedure facilitates the following filtration step.

1 Concentration of all solutions is conveniently accomplished on a rotating
evaporator using a water aspirator,
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followed by concentration to a viscous red oil. An addi-
tional 45 ml. of 959, ethanol is added, and the mixture is
concentrated to a red grease. Finally, 45 ml. of 959,
ethanol is added and the mixture is concentrated to a sticky
red solid. This red solid is dissolved in 10 ml. of benzene
and introduced into a 4-in. column (1-in. diam.) of alumi-
num oxide in benzene. Elution from the column is effected
with an 80:20 (by volume) benzene-heptane mixture. The
eluate is dried over magnesium sulfate and concentrated to
a red grease. Crystallization is effected by a combination
of the following steps. The grease is swirled for 5 minutes
with 5 ml. of 959, ethanol. An additional 10 ml. of 959,
ethanol is added, and the mixture is swirled for 5 minutes
in a water bath at 70° before transferring to a beaker. The
flask is rinsed with 5 ml. of 959, ethanol, which is added to
the solution in the beaker. The ethanol solution is allowed
to stand overnight in a freezer at about —18°. Additional
crystals may be obtained by allowing the ethanol solution
to stand at room temperature in contact with air for several
days, crystals being filtered off every other day. (The
checker obtained more nearly pure, more sharply melting
crystals with each of three such successive crystallizations.)
Total yield after filtration of each crystal crop is at least
1.51 g. (359%) of red crystals, m.p. 179 to 181°.* Anal.
Caled. for Cr(cleuNO)sI C, 70.11; H, 6.87; N. 6.81.
Found: C, 70.18; H, 6.68; N, 6.90. By checker: C, 70.13,
69.91; H, 7.28, 7.42; N, 6.78, 6.62.

Properties

Tris(4-p-toluidino-3-penten-2-onato)chromium(III) is a
dark red crystalline material which is soluble in common
organic solvents. It shows no tendency to sublime at 100°

® The checker noted several wide melting ranges for some of the crystal
crops. After the crystals stood for 2 days in a desiccator, the melting range
lessened. These observations may probably be accounted for by the initial
presence of the less stable cis isomer or by some residual solvent.



Inorganic Syntheses, Volume VIII
Edited by Henry F. Holtzclaw, Jr.
Copyright © 1966 by McGraw-Hill Book Company, Inc.

TRIS(2,4-PENTANEDIONATO)MOLYBDENU M 153

and 8 mm. (drying conditions for the pure material). The
infrared spectrum of 4-p-toluidino-3-penten-2-one exhibits
strong absorption bands at 1600, 1550, and 1265 c¢m.™!,
whereas that of the chromium chelate exhibits major bands
at 1572, 1501, and 1400 cm.™%,
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39. TRIS(2,4-PENTANEDIONATO)-
MOLYBDENUM(III)
[Molybdenum (III) Acetylacetonate]

Ka[MOC]s] + 3C:H30; — MO(CsH?Oz)s + 3HCI + 3KCl

SvusmiTTED BY MELVIN L. LARsON* AND FrRED W. MOORE*
CHECEED BY JAMES WALLERT AND BurL E. Bryantt

The first mention of tris(2,4-pentanedionato)molybde-
num(III) in the literature is a report of some of the cell
constants and of the paramagnetic resonance.! It has been

* Climax Molybdenum Company of Michigan, Detroit, Mich.
t North Texas State University, Denton, Tex.
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synthesized by the neutralization of an aqueous solution of
diammonium pentachloroaquomolybdate(III) and 2,4-pen-
tanedione (acetylacetone).? Other methods include the
use of the Mo®t cation produced in situ by electrolytic
reduction and the reaction of molybdenum hexacarbonyl
with 2,4-pentanedione under reflux.?

Procedure

Caulion. Tris(2,4-pentanedionato)molybdenum(III)
reacts rigorously with air, sometimes bursting into flame.

A 1-1. two-necked round-bottomed flask, to the side of
which is sealed a draining stopcock, is equipped with a
reflux condenser and a coarse-frit gas-dispersion tube posi-
tioned to project beneath the surface of the liquid. A mag-
netic stirrer driving a Teflon-coated stirring bar is utilized
for stirring. An immersion thermometer is suspended in
the reflux condenser. Into the flask is placed 650 ml. of
distilled water. Prepurified cylinder nitrogen (0.002 to
0.0049, oxygen) is bubbled into the water with stirring
while the liquid is heated to 55° with a heating mantle.
The exit gases are passed through the reflux condenser to a
bubbler in order to assure a constant nitrogen pressure.
Into this flask is pipetted 102.5 ml. (100 g.; 1.0 mol) of
2,4-pentanedione, which dissolves completely. The deaera-
tion of the solution is continued while the mixture is heated
to 75°, and this temperature is maintained for 30 minutes.
The solution is cooled to 30°, and 42.6 g. (0.1 mol) of potas-
sium hexachloromolybdate(III)** is added while the nitro-
gen flow is continued. The material dissolves completely,
forming a dark red solution. The solution is heated to 50°
with rapid stirring over a period of one hour. The solution
is maintained at 50° for 30 minutes and is then allowed to

* The checkers report that 39.94 g. (0.1 mol) of potassium pentachloro-
aquomolybdate(I11I)¢ can be used instead of potassium hexachloromolyb-
date(I1I), following the other portions of the procedure exactly. With this
modification, a yield of 23.8 g. (609,) is obtained,
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cool slowly for a 2-hour period, during which an abundant
crop of dark purple crystals precipitates.

The reaction apparatus is prepared o that the filtration
and washing operation can be conducted under prepurified
nitrogen. The two-necked flask is rotated so that the
draining stopcock is at the bottom. By use of a rubber
stopper, the draining stopcock is attached to a medium-frit
filter tube, which is in turn connected by a ground-glass
joint to one neck of a 2-l. three-necked round-bottomed
flask. The other two necks of the 2-l. flask are equipped
with stopcock valves, one for evacuation and the other for
introduction of nitrogen. Under prepurified nitrogen the
reaction mixture is filtered, and the crystals are washed with
several volumes of deaerated distilled water. The filter
tube containing the wet crystalline product is evacuated at
room temperature for 4 hours, always destroying the vae-
uum, whenever necessary, with prepurified nitrogen. The
product is then transferred to a vacuum desiccator (Drierite
desiccant) inside a nitrogen box with oxygen content 0.029,
or less. The desiccator is evacuated to dry the product to
a constant weight. The yield is 33 g. to 37 g. (85 t0 95%).
Anal. Caled. for Mo(CsH;0,);: C, 45.81; H, 5.38; Mo, 24.40.
Found: C, 45.68; H, 5.20; Mo, 24.65. By checker: 24.56.

Properties

Tris(2,4-pentanedionato)molybdenum(III) is a dark pur-
ple crystalline solid, m.p. 228 to 230°. It reacts rapidly
with atmospheric oxygen to form a diamagnetic brown
product, m.p. 284 to 285° (decomp.), containing pentaposi-
tive molybdenum. This oxidation state is determined by
dissolution in concentrated hydrochloric acid to produce a
solution which has the same absorption spectrum in the
visible region as green oxopentachloromolybdate(V),® by
cerimetric titration of this concentrated hydrochlorie acid
solution after chloroform extraction of the liberated 2,4-pen-
tanedione, and by independent synthesis from a brown
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aqueous solution of 2,4-pentanedione and (NH ).[MoOCl;].
Hydrolysis of [MoOCIl;]?~ gives a brown diamagnetic
dimeric species believed to have the oxygen-bridged
[0=Mo—O0—Mo=0]*" structure.® It is therefore pro-
posed that the brown molybdenum product produced in air
contains an oxygen bridge with the simplest empirical for-
mula of [(CsH;0:):M0o=0],0.* The diamagnetism proba-
bly results from dm-pr interaction along the proposed
Mo—O—Mo group.® Above the melting point, tris(2,4-
pentanedionato)molybdenum (III) loses one 2,4-pentane-
dione group. However, the compound can be sublimed
readily in a vacuum (less than 1 mm.) at 170 to 180°. Itis
readily soluble in benzene, and ebullioscopic molecular
weight determination on this solution demonstrates that it
is not associated. Caled.: mol. wt., 393. Found: mol. wt.,
393. Although it is soluble in carbon tetrachloride, reflux-
ing of this solution causes replacement of 2 4-pentanedione
by chlorine. The compound is soluble in benzophenone,
pyridine, and triphenylphosphine without reaction. It is
insoluble in and unattacked by boiling water. The infrared
absorption spectrum of the solid has the following distinct
peaks in the 1650- to 750-cm.™! region: 1550 (s,sh); 1527 (s);
1429 (m); 1370 (s); 1274 (s); 1193 (w); 1020 (m); 930 (m);
778 (m) (s, strong; sh, shoulder; m, medium; w, weak
absorption). These peaks are very similar to those
described for acetylacetonates of other trivalent metal
ions.?
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40. POTASSIUM TETRAOXALATOURANATE(V)

U(0204)2'6H20 + 2K20204'H20 —_ K4U(CZO4)4'5H20 + 3H20

SusMITTED BY FREDERIC A. JouNsON* AND Epwin M. Larsent
CHECKED BY CARL L. RoLLinsoN} AND BETTY WaALLACE]

The procedure described below represents an improve-
ment in the synthesis of Marchi, published in an earlier
volume of INOrRGANIC SYNTHESES.! The earlier procedure
produces a product which has a C,0,: U ratio of about 3.75.
An analysis of a typical preparation is: Caled.: U, 28.46;
C,0,, 42.08. Found: U, 29.73, 29.63; C.0,, 40.76, 40.43.
A purer product can be obtained by dissolving the initial
product in a solution of potassium oxalate and oxalic acid,
followed by precipitation with ethanol. The concentration
of alcohol specified below does not cause precipitation of
potassium oxalate, potassium hydrogen oxalate, or oxalic
acid.

Procedure

Eight grams of the product obtained in the original pro-
cedure!§ is dissolved in a hot solution made by stirring 1 g.
of potassium oxalate 1-hydrate and 0.4 g. of oxalic acid
2-hydrate into 40 ml. of water. Forty-two milliliters of
959, ethanol is added in 10- and 20-ml. increments from a
dropping funnel to the clear dark green solution while the
solution is stirred with a magnetic stirrer. The first 10-ml.
portion may be added rapidly; the second 10-ml. increment
should be added slowly and with rapid stirring to promote
the deposition of a granular product and to avoid the forma-

® Rohm and Haas, Huntsville, Ala.

t University of Wisconsin, Madison, Wis.

1 University of Maryland, College Park, Md.

§ It should be noted that 6 g. of U(C30,);-6H0 is 0.0115 mol, instead of
0.014 mol as stated in the original procedure.
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tion of an oily layer. The final 20-ml. quantity may be
added rapidly. The pale gray-green precipitate is then
filtered on a small Biichner funnel, washed with 15 ml. of
absolute ethanol, and then washed with 25 ml. of diethyl
ether. The yield is about 7.2 g. (909 based on the initial
product). Anal. Caled. for K,U(C,04)+5H,0: U, 28.46;
C.0,, 42.08; H,0, 10.75. Found: U, 28.77, 28.56, 28.67;
C,0,, 42.30, 42.27, 42.27; H,0, 9.32, 9.35. Low results for
water were always encountered. Analyses of products
precipitated with alcohol and dried with ether customarily
indicate 4.3 to 4.8 mols of water per mol of uranium. The
density of the hydrated salt is 2.57 g./cc. as determined
pycnometrically in benzene at 25.0 + 0.1°.

An anhydrous preparation is obtained by heating the
product for 4 hours at a maximum temperature of 185°.
Additional heating at 190° causes no further change in
weight. This seemingly is in contradiction to the state-
ment by Marchi! that heating at 200° yields the 1-hydrate.
Anal. Calcd. for K4U(0204)4: U, 31.89; 0204, 47.17.
Found: U, 32.03, 31.92; C.0,, 46.75, 46.68.

Properties

The properties of potassium tetraoxalatouranate(IV) are
described in Volume III.!

Reference
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See also: Dichloro(2,2’-iminodipyridine)zine, diacetato(2,2’-~imino-
dipyridine)zine, and dicyano(2,2’-iminodipyridine)zinc, syn-
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Tris(2,4-pentanedionato)zirconium(IV) chloride, synthesis 11

Phenyllead(I1V) azides (includes triphenyllead chloride and
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Mercapto derivatives of chlorocyclophosphazenes, synthesis 21

(Trichlorophosphoranylidene)amidophosphoryl dichloride,
synthesis 22

Trichloro[(trichlorophosphoranylidene)amino]phosphorus(V)
hexachlorophosphate, synthesis 23

Imidodisulfuric acid chloride, synthesis 26

Dialkylsulfamoy] chlorides, synthesis 27

Dialkylamides of (trichlorophosphoranylidene)sulfamic acid,
synthesis 29
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thesis 35
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diamine)oxohydroxorhenium(V) perchlorate, and bis(ethyl-
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Nitrosylpentaamminecobalt(II) chloride, synthesis 49
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bromide, and c¢is- and trans-aquoamminebis(ethylenedia-
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Chlorocarbonylbis(triphenylphosphine)rhodium and chloro-
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Tetraamminepalladium (II) tetrachloropalladate(1I) and trans-
dichlorodiamminepalladium(II), synthesis 61

Tris(ethylenediamine)platinum(IV) chloride, synthesis 62

cis-Dichloro(ethylenediamine)platinum(II), synthesis 63

cis- and trans-Tetrachlorobis(diethyl sulfide)platinum(IV),
synthesis 64
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synthesis 65
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41. SULFUR CHLORIDE PENTAFLUORIDE

CIF; + Cl, — 3CIF
3CIF + 38F,— 3SF,Cl

SuvBMiTTED BY F. NY™Man,* H. L. RoBERTs,* AND T. SEATON*
CHECKED BY JOHN W. GEORGE}

The first reported preparations of sulfur chloride penta-
fluoride involved the fluorination of sulfur(II) chloride,!
the chlorination of disulfur decafluoride,? and the electro-
lysis of sulfur(II) chloride-hydrogen fluoride mixtures.?
Newer methods utilize the reaction between chlorine mono-
fluoride and sulfur(IV) fluoride* or the reaction between
chlorine, cesium fluoride, and sulfur(IV) fluoride.® The
directions described here for the reaction between chlorine
monofluoride and sulfur(IV) fluoride are for the preparation
of substantial quantities; if only a 1- or 2-g. sample is
required, the modifications described in the last paragraph
of the Procedure section may be employed or a batch pro-

* Imperial Chemical Industries Limited, Mond Division, Research
Department, Heath Laboratory, Runcorn, Cheshire, England.
1 University of Massachusetts, Amherst, Mass.



SULFUR CHLORIDE PENTAFLUORIDE 161

cedure similar to the continuous-flow method described may
be utilized.

Procedure

Caution. The reagents and products are exiremely toxic,
particularly sulfur chloride pentafluoride and disulfur
decafluoride.

-
i Tube!
+
Cinder 2 CLFy + Cl, = 3CIF .
of Cl, Cylinder

Water Tube 2 of SF,

){'H -lssF.+ 3CIF —= 35F,Cl
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% Q

Water to waste

Fra. 5. Apparatus for the preparation of sulfur chloride pentafluoride.

The starting materials, chlorine, chlorine trifluoride, and
sulfur(I1V) fluoride can be purchased in cylinders and can
be used as received.

The required apparatus (Fig. 5) consists of two flow-
meters suitable for use with easily hydrolyzed fluorine com-
pounds,® one capillary or Rotameter flowmeter for chlorine,
two nickel tubes 4 ft. long X 2% in., and two tube furnaces
capable of heating the tubes to 400 + 5°. Metal tubing is
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recommended for all lines which carry either chlorine tri-
fluoride or sulfur(IV) fluoride.”

Chlorine trifluoride (0.18 1./minute) and chlorine (0.22
l./minute) are mixed together at a T-junction and passed
through the first nickel tube, which is maintained at 350°.
The gases emerging from this tube are mixed with sulfur(I1V)
fluoride (0.541./minute) and passed into the second reactor,
the optimum temperature for which is 375°. Lower tem-
peratures result in incomplete conversion; higher tempera-
tures cause the following side reaction to become increas-
ingly important:

SF4 4 2CIF — SFs + Cl,

The desired reaction will often be just maintained without
the application of additional heat at the flow rates and for
the tube sizes quoted. The side reaction is more exothermic
than the one desired, and it may cause an accelerating tem-
perature rise. If this is observed, the supply of reagents
should be shut off and nitrogen passed through the appara-
tus to reduce the temperature. If the temperature should
drop, as occurs when the reaction is carried out on a smaller
scale, heat must be supplied to make up for the loss.

It is advisable to monitor the product emerging from the
second reactor by gas chromatographic analysis, for which
a column packed with a chlorofluorocarbon grease on a fire-
brick support is suitable. The retention times on such a
column are SFs, 1; SF,/SOF,, 1.4; SF,Cl, 2.7; Cl/CIF /CIF;,
3.2. This provides a more sensitive means of adjusting to
optimum conversion than reliance on flowmeters alone.

The gas emerging from the second reactor will usually
contain some sulfuryl fluoride, sulfur(IV) fluoride, and
chlorine. These are removed by passing the gases up a
packed tower (2-in.-diam. glass tubing), down which a rapid
stream of water is flowing. After this treatment, the prod-
uct is dried over calcium sulfate (not calcium chloride) and
condensed in a trap cooled by an acetone-Dry Ice mixture.
At this stage, depending on the degree of temperature con-
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trol, the product may contain up to 109, sulfur(VI) fluoride,
SFs. For further chemical reactions this is of no impor-
tance. However, the hexafluoride can be removed easily
by preparative scale chromatography or by distillation at
a pressure sufficient to ensure that the hexafluoride is
liquid at its distillation temperature (>2 atmospheres).
The yield for a 4-hour reaction time is 660 g. (85%) based
on 520 g. (4.9 mol) of sulfur(IV) fluoride fed into the reac-
tion vessel. The infrared spectrum? has principal bands at
920, 856, 805, 706, 602, and 578 cm.™?!

For a smaller-scale preparation, the following modifica-
tions in apparatus and method, suggested by the checker
and approved by the authors, may be utilized:

Two nickel tubes 4 ft. long X 1 in. o.d. are used. They
are coated with alundum cement and wound with 18-gage
Chromel wire which is in turn covered with cement and
with 2 in. of rock-wool insulation. The pipes are provided
with threads to accommodate nickel caps in which are
placed brass flare fittings for the 1-in. copper tubing con-
necting the reactors. The gas cylinders are joined by
copper and Teflon tubing to flowmeters. Fisher-Porter
Tri-Flat Pyrex Flowrator Tubes with sapphire floats func-
tion satisfactorily as flowmeters for chlorine and chlorine
trifluoride if moisture is rigorously excluded; for sulfur(IV)
fluoride, Matheson 601 Pyrex tubes with stainless-steel and
Pyrex floats are recommended. A 1-in.-diam. scrubbing
column about 30 in. high is adequate. The calecium sulfate
column is 1 in. in diameter and 16 in. long. Two Dry Ice—
trichloroethylene cold traps are employed in series to con-
dense volatile products. Flow rates used, with the smaller
reactor dimensions, are 29, 35, and 87 ml./minute for
chlorine trifluoride, chlorine, and sulfur(I1V) fluoride, respec-
tively. At the end of a preparation, all gas input lines are
flushed with nitrogen. Temperatures employed are the
same as for the larger-scale preparation. However, when
using the smaller quantities, external heating must usually
be continued while the reaction is in progress, in order to
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maintain a constant temperature. A typical yield for the
smaller-scale preparation is approximately 2 g. (50%), based
on sulfur(IV) fluoride.

Properties

Sulfur chloride pentafluoride is a colorless, highly toxic
gas. It condenses to a colorless liquid at —19.1° and
freezes to a white solid at —64°. Its vapor pressure over
the range —60 to —20° may be calculated from the
equation:

1083
T (°K)
The density of the liquid, in grams per milliliter, is given by :
1.861 — 0.0016¢ where t = °C.

The compound is stable toward dilute acids and water
but is rapidly hydrolyzed by dilute alkali:

SF:Cl 4+ 8KOH — 5KF + KCI + K80, + 4H.0

Sulfur chloride pentafluoride can be reduced photochemi-
cally® to the very toxic S;F,, and can be oxidized photo-
chemically!? to a mixture of SF;OSF; and SF;00S8F;. With
olefins, it reacts to form a variety of organic sulfur
pentafluorides.!? The ultraviolet irradiation of a mixture
of sulfur chloride pentafluoride and dinitrogen tetrafluoride
yields SF;NF,.1?

log Ppwm = 7.145 —
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42. TRIFLUOROMETHYL HYPOFLUORITE

CO + F;— COF,
COF2 + Fg — CF:;OF

SuBMiTTED BY GEORGE H. CapY*
CHECEED BY SAADIDEEN I. Kuavari ano K. S. WiLLsont

Trifluoromethyl hypofluorite, CF;OF, is formed by the
reaction of fluorine in excess with carbon monoxide, carbon
dioxide, methanol, or other compounds containing both car-
bon and oxygen.? In the procedure described below,
carbon monoxide first reacts with an excess of fluorine to
give largely carbonyl fluoride. The mixture is then passed
through a hot tube where nearly all of the carbonyl fluoride
reacts with fluorine to give trifluoromethyl hypofluorite.
It is desirable to use somewhat more than two volumes of
fluorine per volume of carbon monoxide. If this is not
done, much perfluorodimethyl peroxide [bis(trifiuoro-
methyl) peroxide] is formed by the combination of carbonyl
fluoride with tr fluoromethyl hypofluorite by the reaction:

CF:0OF + COF; — CF;00CF;

Apparatus

Two flowmeters are used—one to measure the flow of
carbon monoxide, the other the flow of fluorine. One of
the meters measures the pressure drop when carbon mon-

* University of Washington, Seattle, Wash.
t The Harshaw Chemical Company, Cleveland, Ohio.



166 INORGANIC SYNTHESES

oxide flows through a piece of capillary glass tubing;* the
other, the pressure drop when fluorine flows through a
pinhole in a small sheet of platinum, the drop in pressure
being measured in a manometer which contains Kel-F oil
[poly (chlorotrifiuoroethylene)]. The gases flow from
cylinders of commercial-grade carbon monoxide and fluorine,
the flow rates being controlled by hand-operated valves.
A nickel diaphragm valve of the 413 type made by Hoke,

Q" —— ——F,

2
I Combustion
chamber

Hot tube heated
by Nichrome wire
over asbestos
paper

|l

'

F16. 6. Reaction vessel for preparation of trifluoromethyl hypofluorite.

Inc., is suitable to control the flow of fluorine. The flow-
meter for fluorine is calibrated by establishing a fixed flow
of fluorine and collecting a measured sample of the gas over
Kel-F oil, using a stopwatch to determine the time required. }

A satisfactory reaction vessel made from copper tubing
and fabricated by using silver solder is shown in Fig. 6.
The tubing for introducing and leading away gases is
063 cm. o.d. The combustion chamber for carbon mon-
oxide and fluorine is 4.5 ecm. o.d. and 9 em. long. The
electrically heated tube is 17 mm. o.d. and 80 c¢cm. long and

* The checkers used a calibrated bubble counter.
t The checkers used a fluorine generator of calibrated output.
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is covered with asbestos paper over which 9.2 meters of
Nichrome heating wire (2.28 ohms resistance per meter) is
wound with uniform spacing between turns. This in turn
is covered with more asbestos paper. The combustion
chamber is not insulated, because it is desirable at this part
of the system to allow heat to escape to prevent ignition of
the copper vessel.*

When in operation, the heated tube should be at about
350°. This condition can be established by using a ther-
mometer or thermocouple inserted into a well (not shown

Fia. 7. Low-temperature filter.

in Fig. 6) or by applying the proper voltage to the heating
coil to give a temperature of 350°. This voltage can be
established, before using the apparatus for the preparation
of trifluoromethyl hypofluorite, by applying various volt-
ages and reading the resulting temperatures as indicated by
a thermometer inserted in the heated tube.

Traps of Pyrex glass for collecting and handling the
product are shown in Fig. 7. Trap A is about 23 cm. in
length and 3 em. in diameter. In the figure, the letter f
indicates a medium-porosity sintered-glass filter; j repre-

* The checkers added a cooling coil to the combustion chamber.,
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sents a ground joint lubricated with Kel-F grease; s stands
for a stopcock with a Teflon plug or a glass plug lubricated
with Kel-F grease.

Procedure

Caution. Fluorine presents some, though not an exireme,
hazard because of its toxicity. It ignites combustible materials
spontaneously and may start laboratory fires. Waste fluorine
from the reaction should be discharged into a hood, and the
waste vent should not be close to materials which will burn.
Fluorine in high concentration burns human skin. The burn
seems to be caused at least as much by heat as by the hydrogen
fluoride produced by the reaction.

Liquid oxygen also may cause bad fires or explosions. Care
should be taken to avoid handling combustible materials in
traps cooled by liquid oxygen, and combustible solvents should
be kept at least several feet away. Liquid oxygen and Dry-
Ice—acetone should not be used at the same time as coolants on a
single vacuum rack.

In operation, the gases enter at diametrically opposite
sides of the cylindrical combustion chamber. It is here
that much carbonyl fluoride is formed and much heat is
liberated. If flow rates are too high, the heat of the reac-
tion may ignite copper in contact with fluorine. The
capacity of the apparatus to produce trifluoromethyl hypo-
fluorite appears to be limited by the rate of removal of heat
from this reactor. A mixing chamber made from copper,
nickel, Monel metal, or other fluorine-resistant metal should
be satisfactory, provided that adequate provision is made
for removal of heat. Suitable rates of flow for the appa-
ratus described are: fluorine, about 5 l./hour; carbon mon-
oxide, about 2 to 2.3 I./hour. The limiting rates have not
been established.* It isimportant that the ratio by volume
of fluorine to carbon monoxide be somewhat more than 2:1.

® The checkers used flow rates of 7 1. of fluorine and 3 1. of carbon monoxide
per hour.
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The stream of mixed gases passes from the mixing cham-
ber through the electrically heated copper tube, held near
350° by controlling the electrical current in the coil of
resistance wire. Temperatures in excess of about 400°
must be avoided because of the possibility that fluorine
may ignite the copper vessel.

Gas from the hot tube is passed through glass trap 4
(Fig. 7), which is immersed in liquid oxygen (not nitrogen)
up to the level of the letter A on the diagram. Most of the
gas condenses as liquid CF;0OF, solid COF,, and solid
CF;00CF;. Enough fluorine condenses to cause the liquid
to be yellow. Much of the excess fluorine passes from the
trap as gas which escapes into a fume hood. If liquid
nitrogen is used as the refrigerant for trap A, all of the
excess fluorine condenses together with a large quantity of
air.

After the desired volume of liquid has condensed in trap
A, the flow of gas is cut off. Trap B is immersed in liquid
oxygen up to the level of the letter B on the diagram; then
gas is pumped from the system through stopcock s. This
causes liquid to flow from trap A4, through filter f and capil-
lary tube ¢. Solids are held back on the filter. After the
liquid has been transferred, pumping is stopped and the
traps are separated at j. A ground-glass plug greased with
Kel-F grease is inserted in the socket part of 5. The pump-
ing of gas through s is then resumed until all fluorine has
been removed from the liquid, as shown by the disappear-
ance of the yellow color. Liquid remaining in trap B is
substantially pure trifluoromethyl hypofluorite. It may be
subjected to fractional distillation, but for most purposes
this is unnecessary.

Removal of the fluorine by pumping offers some experi-
mental difficulty. The gas ignites pump oil and causes
vanes in oil pumps to stick. It also ignites rubber tubing.
The latter difficulty can be overcome by using copper or
glass tubing. A simple connection of two pieces of the hard
tubing may be made by inserting them into a short length
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of rubber tubing so that the pieces of hard tubing are in
contact with each other. A water aspirator, operating in a
fume hood, can be used to remove most of the fluorine. The
remainder of the fluorine can be pumped away by using an
oil pump (preferably an old pump because of the abusive
service required in pumping fluorine). The gas s drawn
through a bed of granular soda lime to remove most of the
fluorine before it gets to the pump.

Yields of trifluoromethyl hypofluorite may run as high
as 909% of that theoretically obtainable from the carbon
monoxide.

Properties

Trifluoromethyl hypofluorite is a colorless or nearly color-
less substance which boils at —95.0°. The freezing point
is not known, but the liquid can exist at —215°. It is a
highly poisonous substance and is a very strong oxidizing
agent. It hydrolyzes rapidly in basic solutions to give
carbonate and fluorideions. With water at 25° the hydroly-
sis is very slow, if it occurs at all. The gas decomposes
reversibly into carbonyl fluoride and fluorine at tempera-
tures above 370°. It is in general a very reactive sub-
stance.>”® TUnder the influence of ultraviolet light it com-
bines with ethylene to give CF;OCH,CH,F.> Some of its
reactions are explosive.
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CHAPTER VIIB

43. AMMONIUM PERRHENATE

HRCO4 + NH3 b NH4R004

SusMITTED BY RicHARD J. THOMPSON*
Cugckep By Tung-cH’iINgG Wang,t JacoB KLeinBerg,t GEorce M.
Apams,} aNp Burr E. Bryanti

Rhenium is commonly separated as the heptasulfide and
isolated as potassium perrhenate, a substance which is
sparingly soluble in water.! The ammonium salt, which is
desirable for the preparation of pure rhenium? ¢ and rhenium
compounds,*® is less readily obtained than is the potassium
salt because of the pronounced solubility of ammonium
perrhenate in water.! Ammonium perrhenate can be
obtained readily by neutralizing a solution of perrhenic acid
with ammonia.

Procedure

A perrhenic acid solution is obtained from 10.0 g. (0.036
mol) of potassium perrhenate by the method of Watt and
Thompson.®§ The perrhenic acid solution is concentrated

* Texas Technological College, Lubbock, Tex. The support of the
Robert A. Welch Foundation and the Research Corporation is gratefully
acknowledged.

t University of Kansas, Lawrence, Kan,

$ North Texas State University, Denton, Tex.

§ Dowex 50-WX2 (but not Dowex 50-WX8) may be used in the ion-
exchange column instead of Dowex 50-W X1, which is no longer available.
The use of an ion-exchange column coated with “Instatherm,” fabricated
by the Ace Glass Co., Inc., Vineland, N.J., has been found to facilitate the
conversion of potassium perrhenate to perrhenic acid. Thereby, the column
can readily be held at a temperature of 95°, at which the potassium perrhen-
ate will remain in solution (solubility,” about 80 g./l. at 95°).

171
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at 90° to as low a volume as possible without decomposition
(about 5 ml.). If the concentration of the solution is con-
tinued until darkening occurs (at about 3 to 4 ml.), the color
should be removed by adding one drop of 309, hydrogen
peroxide solution.* The solution is cooled to 0°. To the
stirred, chilled solution 1is slowly added a chilled mixture of
15 ml. of 2-propanol (saturated with gaseous ammonia) and
50 ml. of diethyl ether. The chilled mixture is allowed to
stand for one hour, after which the white crystals are trans-
ferred onto the sintered-glass disk of a crucible, washed with
three 10-ml. portions of 2-propanol-diethyl ether (1 part of
2-propanol to 9 parts of diethyl ether by volume), freed of
solvent in vacuo and dried at 110°. The yield is 8.9 g.
(96%). Anal. Caled. for NH,ReO,: Re, 69.4; N, 5.23.
Found: Re, 69.7; N, 5.20. By checkers: N, 5.53; per cent
purity, 99.4, 99.95 (by titration with standard base after
passage of water solutions of two weighed samples through
acid ion-exchange resin).

Properties

Ammonium perrhenate is a white salt which has a solu-
bility of 17 g./l. at 0° and 162 g./l. at 50.2°.! Its density
is 3.53 g./ce. The compound decomposes at 365°.

Ammonium hexahalorhenate(IV) compounds can readily
be made by substituting ammonium perrhenate for the
potassium salt in procedures such as those for the synthesis
of potassium hexabromorhenate(IV) and potassium
hexachlororhenate(IV).®
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44. BIS(ETHYLENEDIAMINE)DIOXORHENIUM (V)
CHLORIDE, BIS(ETHYLENEDIAMINE)OXO-
HYDROXORHENIUM (V) PERCHLORATE, AND
BIS(ETHYLENEDIAMINE)DIHYDROXO-
RHENIUM(V) HEXACHLOROPLATINATE(IV)

SusMmiTTED BY R. KENT MURMANN®*
Cuecgep BY C. J. L. Lockt anp G. WILKINSONT

Compounds of rhenium containing coordinated amines
are uncommon and are generally difficult to prepare.
Exceptions are found in compounds containing the ion
[Re(en);0,]*, which have been described by Lebedinsky
and Ivanov-Emin.! These compounds are readily pre-
pared by air oxidation of [ReClg)2~ in the presence of 909,
ethylenediamine.

Procedure

A. BIS(ETHYLENEDIAMINE)DIOXORHENIUM(V) CHLORIDE

4K2R601¢ + 8C2H4(NH2): + Oz + 6H20 b d
4[Re(en);0.]Cl + 8KCI 4+ 12HCIt

Five grams (0.0105 mol) of potassium hexachlororhenate-
(IV)?is ground to a fine powder and quickly added to 25 ml.

* University of Missouri, Columbia, Mo.

t Imperial College of Science and Technology, London, England.

} This reaction will proceed without oxygen, probably with oxidation by
the ethylenediamine. However, the yields in the absence of oxygen are
lower.
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(0.40 mol) of 909 ethylenediamine contained in a 100-ml.
Erlenmeyer flask. Reaction starts after a few minutes,
and the mixture becomes warm. After 15 minutes of
vigorous hand stirring, a very slow stream of air is passed
into the solution for 12 hours. Then 50 ml. of ice-cold
acetone is added with stirring (heat evolved), and the mix-
ture is added to 500 ml. of cold acetone in a 1-1. flask. After
10 minutes of stirring, the crude product is collected by
vacuum filtration* and washed five times with 100-ml. por-
tions of acetone. The precipitation flasks are rinsed with a
total of 50 ml. of water, and the crude product is dissolved
in the rinsings. After filtration, 500 ml. of acetone is added
and the product is collected on a filter. The yield is 3.1 g.
(809%). The product at this stage is sufficiently pure to
use for subsequent preparations. Recrystallization is
accomplished by dissolving the product in the minimum
quantity of warm (65°) water containing 2 drops of 1 N
hydrochloric acid, adding 35 ml. of absolute methanol, and
cooling to 0°. After 2 hours at 0°, the brownish-green
crystalline product is collected on a filter, washed with
absolute methanol, and dried under vacuum at 58°. The
vield is 2.62 g. (679). Anal. Caled. for ReC,H,:N,0,Cl:
Re, 49.81; C], 9.50; C, 10.2; H, 4.3; oxidation state change
for [Re(en),0,]" — ReO4, 2.0. Found: Re, 49.5; Cl, 9.32;
oxidation state change, 1.97. By checkers: C, 10.0; H, 4.1.

B. BIS(ETHYLENEDIAMINE)OXOHYDROXORHENIUM(V)
PERCHLORATE

[Re(en)20,]Cl + 2HCIO — [Re(en).0(OH)}(ClO4), + HCI

Caution. Bis(ethylenediamine)ozohydroxorhenium(V)
perchlorate explodes wiolently upon drying at temperatures
above room temperature. The compound is also somewhat
sensitive to shock. Although mo explosions have occurred
below }0° in the author’s laboratory unless the compound was

* Some of the product is oily and sticks to the sides of the flask.
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siruck with a heavy object, temperalures above 25° are not
considered safe. The checkers report that carbon-hydrogen
and mnitrogen analyses have frequently resulted in shattered
combustion lubes. Ezxtreme care must always be exercised
with respect to temperature and mechanical shock when work-
ing with the dry compound.

One gram (0.0027 mol) of [Re(en).0.]Cl is dissolved in
7.0 ml. of water, and a mixture of 1.0 ml. of 609, HCIO,
(0.012 mol) and 2.0 ml. of water is quickly added. After
cooling in an ice bath for 25 minutes, the purple needles are
collected on a filter and dried under vacuum at room tem-
perature. (See Caution at beginning of this section.) The
yleld is 1.10 g. (76%). Anal. CalCd- for ReC4H17N401()Clz:
Re, 34.60; N, 10.4; ClO,, 36.96. Found: Re, 34.48. By
checkers: N, 10.7; ClO,, 36.77.

C. BIS(ETHYLENEDIAMINE)DIHYDROXORHENIUM(V)
HEXACHLOROPLATINATE(IV)

2[{Re(en).0,]Cl 4+ 3H,PtCls — [Re(en):(OH),]:(PtCle)s + 2HCI

One gram (0.0027 mol) of [Re(en),0,]Cl is dissolved in
10 ml. of concentrated hydrochloric acid at room tempera-
ture. To thissolutionisadded 5 ml. of a solution of H,PtCl,
in concentrated hydrochloric acid (about 0.2 g. Pt/ml.;
0.0051 mol Pt in 5 ml.) After cooling at 0° for 15 minutes,
the gray-green crystals are collected on a sintered-glass
filter, washed with concentrated hydrochloric acid, and
dried under vacuum at 50 to 70°. The yield is 2.0 g. (809%,).
Anal. Caled. for Re,CsH3sN0,PtsClis: Re, 19.56; C, 5.04;
H, 1.9; O, 34. Found: Re, 19.82. By checkers: C, 5.0;
H, 2.0; O, 3.5.

Properties

Bis(ethylenediamine)dioxorhenium(V) chloride consists
of brown-green plates which dissolve in water to give a
yellow-green solution with an absorption maximum at
440 mu and a molar absorbancy of 20.1. In water or
dilute acid the compound is stable, but it decomposes in
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alkaline media. It is insoluble in absolute methanol and
acetone and forms sparingly soluble iodide, perchlorate, and
hexachloroplatinate(IV) salts. It is diamagnetic and has
an electrical conductivity corresponding to a 1:1 electro-
lyte. In neutral or slightly basic solution, the oxygen
atoms are slow to exchange with the solvent.® Its infrared
spectrum is almost identical with that of trans-[Co(en),.-
CLJCl except that most peaks are shifted to higher fre-
quencies. This, coupled with the fact that attempts to
resolve it into optical isomers with the d-3-bromo-8-cam-
phorsulfonate ion have failed, suggests that the oxygen
atoms are trans to each other. Quantitative oxidation of
[Re(en);0,]Cl takes place with Ce*" in acid and with
bromine in basic solution.
Bis(ethylenediamine)oxohydroxorhenium (V) perchlorate
consists of purple needles which dissolve in water or acids
to give a purple solution. It is acidie, with a dissociation
constant of 5 X 1074 In water it partially reverts to the
dioxo form but is stable in dilute acid. It is insoluble in
absolute methanol and acetone. An absorption maximum
at 487 myu, molar absorbancy of 19.1, is observed together
with a weak absorption at 650 mu.
Bis(ethylenediamine)dihydroxorhenium(V) hexachloro-
platinate(IV) occurs in the form of small gray-green crystals
which are unstable in water. The [Re(en),(OH).)** ion is
a very strong acid which has a deep blue color with absorp-
tion maxima at 610 and 840 mu with molar absorbancies of
20.8 and 8.5, respectively. The chloride salt is soluble in
concentrated hydrochloric acid.
- The analogous forms of each of these complexes may be
prepared with 1,2- and 1,3-propanediamine but not with
N-alkylethylenediamines.

Analysis

Ezxcept in the presence of perchlorate, rhenium is determined
gravimetrically by oxidation with hydrogen peroxide in a
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dilute nitric acid medium followed by precipitation of the
perrhenate ion with “Nitron” or with (C¢H;):As*. In the
presence of Cl0,~, rhenium is determined colorimetrically by
using furil dioxime and tin(II) ion.* With this method, the
complex must first be oxidized to ReO4~ by fuming it with
nitric acid and the excess acid evaporated. The oxidation
state is determined by oxidation to ReO,~ with cerium(IV)
ion in a dilute sulfuric acid solution. The titration is fol-
lowed potentiometrically by using platinum and calomel
electrodes. Chlorine is determined by silver chloride pre-
cipitation from dilute nitric acid.
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CHAPTER VIII

See also: Complex carbonates of beryllium, synthesis 2
Bis(ethylenediamine)dioxorhenium(V) chloride, bis(ethylene-
diamine)oxohydroxorhenium(V) perchlorate, and bis(ethyl-
enediamine)dihydroxorhenium(V) hexachloroplatinate(IV),
synthesis 44

45. DIIRON ENNEACARBONYL
2Fe(CO)s =3 Fey(CO)s 4+ CO

SusMirtep BY E. H. BRAYE* AND W. HiBEL*
CHECKED BY MARVIN D. RauscHt AND THoMas M. WaLLACE}

Speyer and Wolf! obtained diiron enneacarbonyl,
Fe,(CO)y, by exposing an acetic acid solution of iron penta-
carbonyl to sunlight. The yield of 30% claimed by these
authors is reached only under the ideal conditions of bright
sunshine and low temperatures. The modified procedure
which is described here is based on the use of artificial light
and water cooling of the reaction mixture; it gives con-
sistently high yields of diiron enneacarbonyl.

Procedures

Two different procedures are given; the choice between
them will depend upon the availability of the special
equipment required. Caution. Regardless of the procedure

* Union Carbide, European Research Associates, S. A., Brussels, Belgium.

t Monsanto Company, St. Louis, Mo.
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chosen, the reaction must be run in a hood tnasmuch as the tron
carbonyls and carbon monoxide are highly toxic.

Procedure A

A three-necked 1-1. Pyrex flask equipped with an efficient
stirrer, gas inlet, and mercury valve is flushed with nitrogen
and charged with 100 ml. (146 g.; 0.746 mol) of iron penta-
carbonyl and 200 ml. of glacial acetic acid.* The reaction
vessel is placed in a 5-1. silvered Dewar flask f and is cooled
continuously by running water.i The reaction mixture is
irradiated by a 125-watt high-pressure mercury lamp. A
suitable lamp circuit, constructed to avoid contact of the
cooling water with the lamp, is made up with a quartz tube
(about 30 em. long and 1.7 cm. i.d.). The tube, which is
closed at one end, contains a Philips mercury-vapor lamp
(HPK 125 W, type 57203B) to which extension wires
insulated with porcelain beads have been attached. The
lamp assembly is placed in the water of the bath as close
to the reaction flask as possible. Efficient stirring of the
reaction mixture is necessary in order to avoid reduction of
the light intensity owing to deposition of diiron enneacar-
bonyl on the walls of the reaction vessel;if deposition should
occur, the reaction may be interrupted from time to time in
order to remove the diiron enneacarbonyl which has formed.
The filtrate is then reintroduced into the reaction vessel
after it has been flushed with nitrogen once more. After

* If the acetic acid contains more than 59 of water, the reaction yields
only a brown pyrophoric powder.

t Both the authors and the checkers have successfully substituted for the
silvered Dewar flask a plastic pail carefully lined on sides and bottom with
aluminum foil and provided with an improvised aluminum foil lid having
holes for the clamps and stirrer. The pails used varied in size from 8 to
13 L.; a hole was cut near the top, a metal spout inserted in the hole, and a
drain hose attached to the spout. A hose inserted to the bottom of the pail
delivered cooling water to the system and provided the means of keeping
the temperature of the reaction mixture between 20 and 25°,

1 The reaction rate, as well as the yield of the reaction, appears to be
fairly independent of temperature up to 25°.
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24 hours of irradiation, the precipitated diiron enneacar-
bonyl is filtered from the solution, is washed first with
ethanol and then with ether, and is dried n vacuo. The
yield is 100 to 122 g. (74 to 919, based on iron pentacar-
bonyl; the yield of 749, is obtained when using a silvered
Dewar without a lid, and the 919, yield is obtained when
using the plastic pail completely lined with aluminum foil
and with a lid of the same material). Anal. Caled. for
Fe,(CO)q: Fe, 30.71; C, 29.70; O, 39.59. Found: Fe, 30.58;
C, 29.95; O, 39.78.

Procedure B

The lamp described in Procedure A is a variety that
is not readily obtainable in the United States; a suitable
alternative is a 100-watt General Electric mercury lamp
(H-100-A4/T).

The General Electric lamp is connected by an extension
cord to a General Electric Autotransformer (Model No.
9T64Y3518), a transformer especially designed for 100-watt
Type H-4 mercury-vapor lamps. After the lamp has been
suspended in a quartz tube (approximately 34 cm. long and
5.0 cm. i.d. and rounded and closed on one end), the assem-
bly is ready to be inserted into the cooling bath for use in
the irradiation step.

With the exception of the irradiation time, which should
be increased to 34 hours owing to the lower light intensity
provided by the General Electric lamp, all experimental
details given in Procedure A are pertinent and may be fol-
lowed exactly. The yield is 97 g. (729) for 30 hours’
irradiation and 100 g. (74%,) for 35 hours’ irradiation.

Properties

Diiron enneacarbonyl is obtained as shiny orange hex-
agonal leaflets having a density? of 2.08 g./cc. The com-
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pound decomposes at 100 to 120°. It is practically insolu-
ble in all organic solvents and is slowly decomposed in
tetrahydrofuran and methylene chloride. It can be stored
for long periods of time in the dark in an inert atmosphere,
preferably carbon monoxide. Aged diiron enneacarbonyl,
which may be contaminated with pyrophoric materials, is
readily purified by washing it under nitrogen with 259,
hydrochloric acid, water, ethanol, and finally ether, and
drying it in vacuo.
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46. TRIIRON DODECACARBONYL

3Fe(CO)s + NRs; 4+ 2H.0 —
[R:NH][HFe;(CO)u1] + 2CO: + 2CO + H,
12[R;NH][HFes(CO) ] + 18HCl —
llFes(CO)lz + 15Hg + 3FeClz + 12R3NHC]*

SuemiTTED BY W. MCFARLANE} AND G. WILKINSONT
Cueckep By W. HUBEL}

Triiron dodecacarbonyl can be used with advantage in
place of iron pentacarbonyl in many syntheses because it
often reacts under milder conditions and is easier to handle.
The compound was originally prepared! by treating the
solution obtained by dissolving iron pentacarbonyl in

* This is a probable equation. The stoichiometry has not yet been
uniquely proved.

t Imperial College of Science and Technology, London, England.

$ Union Carbide, European Research Associates, S.A., Brussels, Belgium.
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aqueous alkali with manganese(II) oxide and then acid;
directions for this procedure have been given by King and
Stone.2 The purpose of the manganese(II) oxide is some-
what obscure, but it is believed®* that it accelerates the
polymerization of pale yellow [HFe(CO),]~ ion to the dark
red species [HFe; CO)g)~ and [HFe3(CO)1|~, the latter
giving Fe3(CO);, on acidification. It has been found*®
that aqueous strongly basic organic amines react readily
with iron pentacarbonyl to give the polynuclear ion which
on acidification gives Fe3(CO);» almost quantitatively.
The German workers® used formic acid, but hydrochloric
acid as used herein is satisfactory. The following pro-
cedure, adapted from this work, gives high yields of the
carbonyl with little manipulation and is satisfactory for
large-scale operation.

Procedure

Caution. The preparation should be performed in an
efficient hood because iron pentacarbonyl is highly toxic.

First, 240 ml. of air-free water is placed in a 1-1. nitro-
gen-filled three-necked flask equipped with a stirrer and a
reflux condenser. Then, 110 ml. (160 g.; 0.82 mol) of iron
pentacarbonyl and 83 ml. (60 g.; 0.59 mol) of triethylamine
are added, and the mixture is stirred and heated at 80°
under nitrogen for 10 hours or overnight, whichever is more
convenient. It is important that the proper temperature
be maintained, because below 75° the reaction is incomplete
and above 90° decomposition of the iron complex occurs.

The triethylammonium hydrogen undecacarbonyltri-
ferrate, [Et;NH][HFe3;(CO),)], formed in this reaction is a
deep red oil at 80° but solidifies when the mixture is cooled.
The air-stable solid is washed several times with water*
and then dissolved in about 600 ml. of methanol.

* Some care should be exercised here because some unchanged iron penta-
carbonyl may still remain. Washings should not be disposed of by drains
unless bromine water has been added to destroy any carbonyl.
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To the methanol solution is added slowly 1 1. of 1:1
hydrochloric acid—water mixture, and the solution is heated
on a steam bath for several hours until the solution is colored
pale green and the iron dodecacarbony! is floating on the
surface. The product is removed, washed several times
with water, methanol, and petroleum ether (boiling range
40 to 60°) in succession, and dried 7n vacuo. It sometimes
happens that iron dodecacarbonyl made in this way is so
finely divided as to be pyrophoric when dry; this danger is
avoided if the erude product is placed in the thimble of a
Soxhlet apparatus and extracted with petroleum ether
(boiling range 40 to 60°). Comparatively large crystals
are then obtained and the effect upon the yield (90 to 96 g.)
is negligible. The precise yield is somewhat variable and
rather sensitive to the conditions.

Properties

Triiron dodecacarbonyl is a very dark green dense solid
which normally appears black. It is slowly attacked by
atmospheric oxygen; if it is to be stored for more than a
few days, air should be excluded. Although it is but
sparingly soluble in most common organic solvents, its
solutions in them are intensely colored and deposit iron
mirrors on glassware on standing in the air or on boiling.
The structure is unknown but x-ray work® on the analogous
osmium dodecacarbonyl makes it probable that the view
that the compound contains bridging carbonyl groups is
incorrect.
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47. TRICARBONYL(CYCLOOCTATETRAENE)IRON
Fe3(CO)12 + 3CsHg — 3CsHsFe(CO)s + 3CO

SuBMITTED BY W. MCFARLANE* AND G. WILKINSON*
CueckEp BY W. HUBELt

The three reported preparations'™ of tricarbonyl(cyclo-
octatetraene)iron involve the interaction of cycloocta-
tetracne with iron pentacarbonyl. Although the yields are
good, considerable amounts of C3H,[Fe(CO);}, and
CiHFe;(CO); are often obtained as well. The reaction
between cyclooctatetraene and triiron dodecacarbonyl takes
place more rapidly and gives a product of better purity.

Procedure

Caution. This preparation should be performed in a hood
tnasmuch as small amounts of iron pentacarbonyl are occa-
stonally formed in the reaction.

Eight and four-tenths grams (0.017 mol) of triiron
dodecacarbonyl (synthesis 46), 6 ml. (0.057 mol) of cyclo-
octatetraene, and 30 ml. of petroleum ether (boiling range
120 to 130°) are placed in a 100-ml. flask equipped with a
reflux condenser. The mixture is gently refluxed under
nitrogen until the color changes from deep green to brown
(about 30 minutes), and it is then filtered in the air. The
solvent is removed from the clear brown solution under
reduced pressure, and the product is recrystallized from the
minimum volume of hot ethanol. The tricarbonyl(cyclo-
octatetraene)iron obtained in this way is fairly pure
but may be further purified from the last traces of CgH,-
[Fe(CO);): by subliming the product at 50° and 0.01 mm.
pressure onto a water-cooled cold-finger. The yield is
somewhat variable, ranging from about 7 to 11 g. (56 to

88%).

* Imperial College of Science and Technology, London, England.
t Union Carbide, European Research Associates, S.A., Brussels, Belgium.
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Properties

Tricarbonyl(cyclooctatetraene)iron forms red-brown air-
stable crystals which melt at 94°. It is insoluble in water
but dissolves readily in organic solvents. It is easily
sublimed. X-ray studies* indicate that the metal is bound
to two double bonds only, and the unsaturation is also
shown by the protonation in concentrated sulfuric or other
strong acid solutions to give the tricarbonylbicyclo[5.1.0]-
octadieniumiron ion, CsHyFe(CO);*, and by the formation
of a Diels-Alder adduct with tetracyanoethylene.’
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48. IRON CARBONYL COMPLEXES OF
TRIPHENYLPHOSPHINE, TRIPHENYLARSINE,
AND TRIPHENYLSTIBINE

[Fe(COL)s + 3(CoHs)sM — 3[Fe(CO).{(CsHs)sM}]
(M = P, As, Sb)
Fe(CO);s 4+ (CeHs)sM — [Fe(CO)4{(CeHs)sMY) 4+ CO
[Fe(CO)4{ (CeHs)sM}] + (CeHs)sM —
[Fe(CO)s{(CsHs)sM},) + CO

SusMITTED BY A. F. CLIFFORD* AND A. K. MUKHERJEE*
CHECEED BY DoNaLp C. JicHat AND ForresT C. HENTZ, JR.T

Iron carbonyl phosphines were first mentioned by Reppe
and Schweckendiek! as products of the direct reaction

* Purdue University, Lafayette, Ind. This work was performed under
a subcontract with the U.S. Borax Research Corporation and is part of a
program supported by Materials Central, Wright Air Development Division,
under Contract AF 33 (616)-5931.

t University of North Carolina, Chapel Hili, N.C.
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between triphenylphosphine and iron pentacarbonyl. How-
ever, no details were given.

Later, Hallam and Pauson? prepared [Fe(CO);-
{(Ce¢H;)sP}.] by heating triphenylphosphine in an autoclave
with an equimolecular amount of [Fe(CO),C;H;l. or
[FeCl(CO),CsH;), or by treating [Fel,(CO);{(CsHs)sP}]
with cyclopentadienylsodium in tetrahydrofuran.
Recently, Cotton and Parish® obtained the phosphine
derivatives by heating triphenylphosphine and iron penta-
carbonyl in a Carius tube. It has been found possible to
prepare both mono- and diphosphine derivatives, as well
as the corresponding arsines and stibines, much more sim-
ply by reaction in an appropriate solvent.*

Procedure

A. TETRACARBONYLMONO(TRIPHENYLPHOSPHINE)IRON
AND TRICARBONYLBIS(TRIPHENYLPHOSPHINE)IRON

MEeTHOD 1

Two grams (0.007 mol) of triphenylphosphine is dissolved
in 100 ml. of dioxane or tetrahydrofuran. One gram
(0.0020 mol) of triiron dodecacarbonyl (synthesis 46) is
added, and the mixture is stirred in an atmosphere of nitro-
gen at a temperature of about 70° for 45 minutes, or until
the green color of the solution completely disappears. The
mixture is then cooled to room temperature, filtered, and
the brown residue washed with dioxane or tetrahydrofuran.
The solvent is removed from the filtrate and washings by
distillation under vacuum and the residue treated with
50 ml. of methanol or ethanol and cooled. A yellow crystal-
line product is obtained. The crystals are filtered, washed
with two 10-ml. portions of petroleum ether, and sublimed
under vacuum at 180°. The sublimate consists of [Fe(CO),-
{(CeHj)sP}], which melts at 201 to 203° with decomposition.
The residue from the sublimation is dissolved in a minimum
amount of benzene, and the solution is filtered. The fil-



IRON CARBONYL COMPLEXES OF PhsP, PhiAs, AND Ph,Sb 187

trate is then diluted with about 4 to 6 times its own volume
of petroleum ether and cooled to give yellow crystals of
[Fe(CO)s{ (CeHj5)3P}o], which melt at 272° with decomposi-
tion. Another fraction of the products can be isolated from
the brown residue by extraction with benzene followed by
filtration. Benzene is distilled from the yellow filtrate
under vacuum, and the products are separated and isolated
from the residue by vacuum sublimation as described above.
The final yield is 0.88 g. of [Fe(CO)({(CsH;)3P}] (349,) and
1.1 g. of [Fe(CO);{(CesHjs)aP}:] (27%). If, however, excess
triphenylphosphine is used, only [Fe(CO)3{(C¢Hjs)sP},] is
obtained.

MEgTHOD 2

The compounds may also be prepared by using iron
pentacarbonyl as the starting material. Two milliliters
(0.015 mol) of iron pentacarbonyl and 5 g. (0.02 mol) of
triphenylphosphine are placed in about 100 ml. of freshly
distilled cyclohexanol, and the mixture is refluxed for about
one hour in an atmosphere of nitrogen. It is then diluted
with an equal volume of petroleum ether and cooled. The
resulting yellow precipitate, consisting of a mixture of
[Fe(CO)({(CeH;):P}] and [Fe(CO);{(C¢Hj;);sP}:], is then
filtered, washed with petroleum ether, and dried. The two
compounds are then separated by vacuum sublimation.
The yield is 0.98 g. of [Fe(CO).{(CsHs):P}] (15%) and
1.2 g. of [Fe(CO)s{(CeHs)sP}2] (156%).

B. TETRACARBONYLMONO(TRIPHENYLARSINE)IRON AND
TRICARBONYLBIS(TRIPHENYLARSINE)IRON

A mixture of 6 g. (0.016 mol) of triphenylarsine and 2 g.
(0.004 mol) of triiron dodecacarbonyl (synthesis 46) is
either refluxed in 150 ml. of tetrahydrofuran or heated at
80 to 90° in dioxane in an atmosphere of nitrogen for 45
minutes. The mixture is then cooled and filtered. The
residue is rejected. It contains very little product, inas-
much as the arsine complexes are more soluble than the
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phosphine derivatives in dioxane or tetrahydrofuran. From
the filtrate the products are separated by evaporation of the
solvent and isolated by vacuum sublimation at 2 to 5 mm.
pressure, first at 100° to remove unreacted triphenylarsine
and then at 160° in the same manner as for the phosphine
compounds in Part A. The yield of [Fe(CO){(CsHjs);3As}]
(monoclinic needles; m.p. 178° with decomposition) can be
up to 1.0g. (17.5%), and the yield of [Fe(CO):{(CeHjs)3:As},]
(m.p. 193 to 195° with decomposition) up to 1.8 g. (20%).
However, yields are likely to be erratic because of the vary-
ing extents to which decomposition of the mixture may
occur during sublimation. Anal. Caled. for [Fe(CO),-
{(CsHs)sAsl]): C, 55.71; H, 3.19; Fe, 11.77; mol. wt., 474,
Found: C, 55.56; H, 3.29; Fe, 11.26; mol. wt., 466 (deter-
mined cryoscopically in benzene). Caled. for [Fe(CO);
{(CeH)sAs}),]: C, 62.26; H, 4.02; Fe, 7.42; mol. wt., 752.
Found: C, 62.55; H, 4.02; Fe, 7.16; mol. wt., 767.

C. TETRACARBONYLMONO(TRIPHENYLSTIBINE)IRON AND
TRICARBONYLBIS(TRIPHENYLSTIBINE)IRON

A mixture of 6 g. (0.017 mol) of triphenylstibine and 2 g.
(0.0040 mol) of triiron dodecacarbonyl (synthesis 46) is
refluxed in tetrahydrofuran or heated in dioxane at 90 to
95° in an atmosphere of nitrogen for one hour and filtered.
The mixed products are then isolated from the filtrate by
removing the solvent under vacuum and treating the residue
with methane. The compounds are then separated from
each other by fractional crystallization from benzene and
methanol. The less soluble fraction gives [Fe(CO);-
{(Ce¢H;)sSb}s] (m.p. 196° with decomposition). The yield
is 1.3 g. (13%). From the more soluble fraction the pure
mono derivative, [Fe(CO)4{(CsHjs)sSb}], is obtained (m.p.
136°, sharp). The yield is 1.2 g. (20%). Anal. Caled. for
[Fe(CO).{(CeHs)sSb}): C, 50.61; H, 2.90; Fe, 10.72; mol.
wt., 521. Found: C, 50.6u; H, 2.60; Fe, 10.49; mol. wt.,
523. Caled. for [Fe(CO);3{(CsH;s)sSb},): C, 55.37; H, 3.57;
Fe, 6.60; mol. wt., 846. Found:C, 55.00; H, 3.93; Fe, 6.41;
mol. wt., 838.
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Similar treatment of triiron dodecacarbonyl solutions
with triphenylbismuthine and triphenylamine gives no
isolable products. In the former case, the original green
color of the solution is discharged in about 2 hours and an
unidentifiable, brown, amorphous, uncrystallizable solid
precipitates. In the latter case, a brown solid which con-
tains no nitrogen is obtained. The triphenylamine is
recovered unchanged.

Properties

All of these compounds are soluble in most organic sol-
vents. They are very stable to air and light, although on
long exposure to daylight tricarbonylbis(triphenylphos-
phine)iron has been observed to darken on the exposed
surface. The corresponding tricarbonyl-o-phenylenebis-
(dimethylarsine)iron and carbonylbis[o-phenylenebis-
(dimethylarsine)]iron are reported® to darken gradually on
standing, although they are more stable to light than is iron
pentacarbonyl. As compared with the great stability of
both [Fe(CO).{(CsH;)sSb}] and [Fe(CO);{(CsH;)sSb},],
the antimony trichloride substitution compound, [Fe(CO)s-
(SbCls).],® is quite unstable and photosensitive. A series of
substitution products of nitrosyldicarbonyliron? with triaryl
phosphites, phosphines, arsines, and stibines has been pre-
pared; all of these are oxidized spontaneously in air when
not perfectly dry and also when stored at low temperatures,
whereas the compounds listed in Table I are all stable to

TasLE I*
M.p,, °C.
Compound Color (with decomp.)

[Fe(CO)({(CeHs)sP}] | Pale yellow 201-203
[Fe(CO): { (CoHs) aP } 2] Yeliow 272
[Fe(CO)({(CeHs)1A8}) Yellow 178
{Fe(CO)a{(CsH;)sA8) 2} Yellow 193-195
[Fe(CO).{(CeH;s)sSb}] Yellowish brown 1361
[Fe(CO)a{(CsHs)sSb}s] Yellowish brown 196

* From Inorganic Chemistry, 3, 151 (1963); reprinted by permission.
t Sharp, no decomposition.
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air, light, and water. The compound [Fe(CO);{(CsH;)sP}2)
is not attacked by hot alcoholic alkali or by cold concen-
trated acids, and it remains unchanged even when heated at
110° for 24 hours. The compound is, however, slowly
cleaved by potassium in boiling dioxane, one of the products
being (C¢H;):PK. It reacts with iodine in ether to give
[Fel;(CO):{(CeH;)sP}s]. The bis derivatives are always
more stable than the mono ones and, in either type, the
stability decreases from phosphine to arsine to stibine com-
pounds. Thus, both the monophosphine and monoarsine
compounds can be sublimed in a vacuum, but the mono-
stibine compound decomposes under these conditions.
Another notable feature of the complexes is the stability of
the carbon monoxide-metal bond. The direct replacement
of earbon monoxide by pyridine in these complexes does not
appear to be possible.

TasLe II*
Compound Mediumt | CO-stretching frequency, cm.™?

[Fe(CO){(CsHs)aP}] Nujol 2050 1970 1930

CCl, 2055.0 1978.0 1943.0

CClL it 2059 1984 1946

CHCI,t 2059 1978 1938

CS.1 2063 1982 1943
[Fe(CO):{(CeHs)sP}2) Nujol 1890

C8, 1884.8

C8,1 1886

CHClL it 1887
[Fe(CO).{(CeHs)sAs1}] Nujol 2063 1985 1946

CCl, 2053.7 1977 .1 1945.3
[Fe(CO)3{(CeHs)sAs8) 3] Nujol 1894

C8. 1884.3
[Fe(CO)4{(CeHs)sSb}) Nujol 2058 1985 1946

CCl, 2048.0 1975.3 1942.3
[Fe(CO): { (Can):Sb l:l Nujol 1873

CS, 1882.0

* From Inorganic Chemistry, 3, 151 (1963); reprinted by permission.

t The spectra in Nujol were obtained with an Infracord with NaCl optics.
The spectra in CCl, and CS; were obtained with a Perkin-Elmer Model 421
grating instrument.

} Cotton and Parish, ref. 3.
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The infrared spectra in the carbonyl-stretching regions
for these compounds are presented in Table II. The data
of Cotton and Parish? for [Fe(CO).{(C¢H;);P}] and
[Fe(CO)s{(CsH;)sP}a] are also included for convenient
comparison.
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49. NITROSYLPENTAAMMINECOBALT (II)
CHLORIDE

SusmITTED BY OLE BosTrRUP*
Cueckep By R. S. Tontas,t SisTer Sigrip Hurcheson, 0.8.B.,,t AND
W. H. ENGLEMANNT

The black crystalline compound [Co(NH,)s(NO)ICl, can
be prepared in pure form by saturating an ammoniacal
solution of cobalt(II) chloride with nitrogen(II) oxide.
Previously reported methods of preparation’™* result in a
product contaminated with hexaamminecobalt(II) chloride,
which is only slightly soluble in the solutions used and
precipitates together with the black chloride. It should be
noted that analysis for cobalt, chlorine, or nitrogen cannot
reveal the presence of as much as 109, [Co(NHj;)6]Cl; in a
sample of [Co(NH;)s(NO)ICl;. The best tests for purity
are microscopic examination or magnetic measurements.®

® Frederiksborg Statsskole, Hillersd, Denmark. Appreciation is ex-
pressed to Prof. R. W. Asmussen, Technical University of Denmark, for

his help and to Statens Almindelige Videnskabsfond for financial support.
1 University of Minnesota, Minneapolis, Minn.



192 INORGANIC SYNTHESES

In order to avoid this contamination, the procedure
described herein utilizes a somewhat higher temperature
and a lower concentrat.on of ammonia than has previously
been suggested.!™® The formation of the pink precipitate
of hexaamminecobalt(II) chloride is thereby completely
eliminated. An additional advantage of the procedure is
that no special apparatus is required.?3*%

A. NITROGEN(II) OXIDE

Although cylinder nitrogen(II) oxide provides a con-
venient source for preparations, often it is desirable to
obtain the gas quickly in fairly large quantities in the labo-
ratory. The preparation suggested by Blanchard,® utilizing
the reduction of sodium nitrite by means of iron(II) sulfate,
is more difficult than the procedure described below, in
which sodium nitrite is treated with dilute sulfuric acid.”®
The product thus obtained is suitable for use in the prepara-
tion of such compounds as Fe(NO),Br,® Co(NO).Br,? and
[Co(NH;3)s(NO)]Cl,.5

Procedure

3NaNO; + H,SO, — Na,S0, 4+ NaNO; 4 2NO + H;0

(1) In a 2-1. Kipp generator, 69 g. (1 mol) of sodium
nitrite in stick form is treated with 2 M sulfuric acid.
Thereby, a readily controlled flow of nitrogen(II) oxide is
produced.

(2) Alternatively, in a 1-1. flask fitted with a dropping
funnel, 69 g. (1 mol) of powdered sodium nitrite is treated
dropwise with 300 ml. of 2 M sulfuric acid.

In either case, the gas is purified by bubbling it through
two washing bottles containing 30%, (10 M) sodium hydrox-
ide. The gas can be further purified and dried by passing
it through a tower containing glass wool and solid sodium
hydroxide.

The yield is 16 g. (80%).
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B. NITROSYLPENTAAMMINECOBALT(II) CHLORIDE
CoCly6H,0 4+ 5NH; 4+ NO — [Co(NH,):(NO)|Cl; + 6H.0

A 1-1. flask is fitted with a three-hole stopper, to which are
attached an inlet tube for gases, a dropping funnel, and an
exit tube for gases. The inlet tube should be about 15 mm.
in diameter to avoid plugging during the reaction. Eight
hundred milliliters (5.6 mols) of 12.5% ammonia solution
is placed in the flask, which is cooled in an ice bath. The
apparatus is flushed for 30 minutes with nitrogen, after
which time a solution of 30 g. (0.125 mol) of cobalt(II)
chloride 6-hydrate in 40 ml. of water is added to the cold
ammonia solution. Nitrogen(II) oxide is substituted for
the nitrogen flow, and the solution is treated with the
nitrogen(II) oxide gas for 3 hours. During this period,
the solution darkens and black crystals are precipitated.

The nitrogen(II) oxide atmosphere is again replaced by
one of nitrogen, and the mother liquor is decanted off. A
100-ml. sample of ethanol is added to the slurry, whereupon
the black crystals settle to the bottom and the cobalt(II)
ammines are suspended in the alcohol, making it milky.
The milky phase isremoved by decantation. This flotation
process is repeated twice more with ethanol and once with
ether. The black shiny crystals are then filtered by means
of a sintered-glass crucible, washed with ether, and dried
in a vacuum desiccator.

The yield is about 3 g. [109%,, based on cobalt(II) chloride].
Anal. Caled. for [Co(NH;)s(NO)]Cl,: Co, 24.1; NH;, 34.8;
Cl, 28.9. Found: Co, 24.0; NH,, 34.5; Cl, 28.8. By
checkers: Co, 23.9; Cl, 28.8.

Analysis

Gravimelric Analysis of Cobalt as CoSO,. Approximately
200 mg. of the sample is decomposed in a crucible with con-
centrated sulfuric acid in slight excess. The crucible is



194 INORGANIC SYNTHESES

heated first with an infrared lamp and finally in an electric
furnace at 520°. The cobalt(II) sulfate which forms is then
weighed.

Spectrophotometric Analysis of Cobalt as [CoCl)T. A
20-mg. sample is dissolved in 100 ml. of concentrated hydro-
chloric acid, and the optical density is measured at 660 and
670 mu.

Chloride. Chloride is determined gravimetrically as
silver chloride.

Ammonia. Ammonia is determined acidimetrically. A
100-mg. sample is dissolved in dilute sulfuric acid, and the
mixture is heated until it is free from nitrogen(II) oxide.
The solution is then transferred to a standard Kjeldahl
apparatus and made alkaline with 309, sodium hydroxide,
and the ammonia is distilled over into 25 ml. of 0.1 M
hydrochloric acid.

Properties

The black chloride is a lustrous crystalline solid. It is
stable when perfectly dry. It cannot be dissolved in water
(even at 0°) without decomposition to yield basic cobalt(II)
chlorides. Treatment with concentrated hydrochloric acid
yields [CoCl]?~ in solution,® and neither the red isomer?
nor the chloropentaammine chloridet can be obtained. If
air is allowed to come in contact with basic solutions of the
compound, oxidation to cobalt(III) ammines ocecurs.
Treatment with concentrated ammonia solution (in a
nitrogen atmosphere) yields [Co(NHj)e|%t.5

The pure compound has no unpaired electrons,®'? con-
trary to the results obtained in earlier investigations®1—4
on impure samples.

If either [Co(INHj3);(NO)]Cl; or [Co(H;0)e]Cl; is treated
first with 10 ml. of 509, ammonium thiocyanate and then
with 50 ml. of acetone and finally diluted to 100 ml. with
water, blue solutions with identical absorption spectra are
formed.1®
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From all the evidence stated above, it is concluded!s that
from a chemical standpoint the black chloride can best be
classified as a cobalt(II) complex with neutral nitrogen(II)
oxide as ligand.
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50. cis-DINITROBIS(ETHYLENEDIAMINE)-
COBALT(IIl) NITRITE AND NITRATE

trans-[Co(en),Cl;]JCl + 3NaNO, -z
C’iS-[CO(GIl)z(NOz)z]NOz -+ 3NaCl
2 cis-[Co(en)(NO2)o]NO, + 2HNO; —
2 Cis-[CO(en)z(N()z)g]NOa + N02 + NO + Hgo

SuBMITTED BY EpWARD P. HARBULAK* AND MARVIN J. ALBINAK*}
CeeckED BY RicHarp L. LintveEpT, § RoeerT C. HENNEY,} AND HENRY F.
Hovrrzcraw, Jr.}

Several preparations of salts of the cis-dinitrobis(ethyl-
enediamine)cobalt (IIT) ion have been reported in the liter-
ature. The most usual is that of Werner,! modified by
Holtzclaw, Sheetz, and McCarty,? beginning with potassium
hexanitrocobaltate(III). However, this method makes use
of a starting material which is difficult to prepare in high
purity and to dry thoroughly, involves critical temperature
control, and produces a yield of about 159%,. The following
procedure,® which utilizes trans-dichlorobis(ethylenedi-
amine)cobalt(IIT) chloride as the starting material, pro-
vides a 609, yield of cis-dinitrobis(ethylenediamine)cobalt-
(IIT) nitrite. The nitrite is then easily converted to the
nitrate.

trans-Dinitrobis(ethylenediamine)cobalt(I11I) nitrate can
be prepared in good purity and in 849, yield by the method
of Holtzclaw, Sheetz, and McCarty.2

Procedure

Thirty grams (0.105 mol) of trans-dichlorobis(ethylene-
diamine)cobalt(III) chloride is dissolved in 150 ml. of cold

® University of Detroit, Detroit, Mich.
t Present address: Owens-llinois Glass Co., Technical Center, Toledo,
Ohio.

% University of Nebraska, Lincoln, Neb.
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water with the aid of a magnetic stirrer. After all of the
green (rans-dichloro salt has dissolved, the solution is cooled
in an ice-salt bath maintained at —12°. Some freezing
takes place, during which the temperature of the solution
adjusts to about —3°. One hundred and fourteen grams
(1.65 mols) of powdered sodium nitrite is added to the cold
solution over a period of 1 to 2 minutes while stirring moder-
ately rapidly with a magnetic stirrer. The solution turns
from green to red and, before all of the nitrite has been
added, to bright orange-brown with the appearance of a
precipitate of c¢s-dinitrobis(ethylenediamine)cobalt(I1I)
nitrite. The mixture is allowed to remain in the ice-salt
bath with constant stirring for an additional 30 minutes,
following which the precipitate is immediately filtered.
The filtered precipitate is washed once with 20 to 30 ml. of
cold water, twice with 20- to 30-ml. portions of absolute
ethanol, twice with. similar portions of ether or acetone,
sucked dry on the funnel, and air-dried. The yield of cis-
dinitrobis(ethylenediamine)cobalt (III) nitrite is at least
20 g. [609, based on {rans-dichlorobis(ethylenediamine)-
cobalt(III) chloride]. The small amount of contaminating
sodium nitrite and sodium chloride is removed by convert-
ing to the nitrate salt with concentrated nitric acid.? The
resulting compound then gives no chloride test with silver
nitrate.
Properties are reported in Volume IV.2

Analysis

The cis-dinitrobis(ethylenediamine)cobalt(1II) nitrate
may be analyzed electrolytically or volumetrically for
cobalt. Caled.for[Co(en):(NO;),]NO;s:Co, 17.69. Found:
Co, 17.6. By checkers: Co, 17.76, 17.80. The qualitative
test for the cis isomer described by Holtzclaw, Sheetz, and
MecCarty? and infrared analysis confirmed that the product
is the correct isomer. As a final check, the compound was
resolved according to the method of Dwyer;? the specific
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rotation of the bromide salt is —0.45° (previously reported,
—0.44°).
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61. cis-BROMOAMMINEBIS(ETHYLENEDIAMINE)-
COBALT(III) BROMIDE, cis- AND trans-
AQUOAMMINEBIS(ETHYLENEDIAMINE)-
COBALT(III) BROMIDE, AND cis- AND trans-
AQUOAMMINEBIS(ETHYLENEDIAMINE)-
COBALT(III) NITRATE

SuBMITrED BY M. L. TOoBE* AND DEAN F. MARTINT
CHECkKED BY A. A. THELEN,} L. HiLo,} GEORGE GLOVER,} AND Joun P.
FACKLER, JRr.}

Several methods are available for the preparation of cis-
bromoamminebis(ethylenediamine)cobalt (I1I) bromide.
These include the reaction of trans-dibromobis(ethylene-
diamine)cobalt(III) bromide with concentrated aqueous
ammonia;! treatment of c¢is-nitroamminebis(ethylenedi-
amine)cobalt(1II) bromide or cis-aquoamminebis(ethylene-
diamine)cobalt(III) bromide with concentrated hydro-
bromic acid;? and reaction of concentrated ammonium
bromide with bis[bis(ethylenediamine)cobalt(III)-u-dihy-

* University College, London, England.

t University of Illinois, Urbana, Ill. Present address: University of South
Florida, Tampa, Fla.

1 University of California, Berkeley, Calif.
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droxo]diaquocobalt(I1) sulfate (“pink sulfate”’).? The pro-
cedure presented here is a modification of the last method.
The conversion of the cis-bromoamminebis(ethylenedi-
amine)cobalt(III) bromide to the cis- and trans-aquo-
amminebis(ethylenediamine)cobalt(III) bromide and
nitrate salts is a modification of a procedure of Werner.*

Procedure

A. cis-BROMOAMMINEBIS(ETHYLENEDIAMINE)-
COBALT(IIT) BROMIDE

6(CoS047H,0) + 10(en) + O, —
2[Co(H,0),{ (HO):Co(en):}:](S04) - 7H0
+ 18H.0 + 2(en)-H;SO,
[Co(H:0).{(HO):Co(en):}2](SO4) 2 7H,0 + 6NH,Br —
[Co(H;0)6]S04 + 2[Co(en)(NH;)BriBr;-H,0
+ (NH,):S0, + 2NH; + 5H,0

To a solution of 145 g. (0.52 mol) of cobalt(II) sulfate
7-hydrate in 180 ml. of water contained in a 1-1. beaker is
added 300 ml. of 109, ethylenediamine (0.50 mol). The
mixture is stirred for 10 minutes and is allowed to oxidize
by standing undisturbed and exposed to air. A dark red-
brown precipitate begins to form within a few hours. The
reaction mixture should be allowed to stand undisturbed
for three or four days. The product is filtered, washed
successively with water (until the washings are pink),
ethanol, and ether, and then air-dried. The yield is usually
25 to 31 g. (17 to 21%) of the “pink sulfate’’; yields as high
as 50 to 609, have sometimes been obtained. A suspension
of 18 g. of the “pink sulfate” (0.022 mol) and 50 g. of ammo-
pium bromide (0.51 mol) in 50 ml. of water is warmed
(about 50°) until all of the complex dissolves. The deep
purple solution is allowed to cool in the refrigerator over-
night. The purple crystalline solid which precipitates is
filtered, washed with ethanol, and air-dried. The yield of
crystalline 1-hydrate is 12 to 18 g. (60 to 90%,, based upon
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“pink sulfate’’). The product is crystallized from a mini-
mum amount of hot (approximately 70°) solution prepared
by adding 4 ml. of concentrated hydrobromic acid to 50 ml.
of water. Typically, 40 ml. of solution per 20 g. of crude
complex is required. Recovery is about 60 to 70%. Anal.
Caled. for [Co(en):(NH;)Br|Br,-H,O: Br, 52.8; N, 15.4.
Found: Br, 51.8. By checkers: N, 15.0.

The anhydrous compound is obtained when a saturated
solution is treated with a large excess of concentrated hydro-
bromic acid. Anal. Caled. for [Co(en)(NH;)Br|Br,: C,
11.0; H, 4.4; N, 16.1; Br (ionic), 36.7; Br (total), 55.0.
Found: C, 11.2; H, 4.7; N, 16.1; Br (ionic), 36.8; Br (total),
55.6.

B. cis- AND trans-AQUOAMMINEBIS(ETHYLENEDIAMINE)-
COBALT(III) BROMIDE

cis-[Co(en)(NH;)Br]Br,;-H,0 4+ LiOH —
cis- and trans-[Co(en),(NH,)(OH)|Br; + LiBr 4+ H,0
cis- and trans-[Co(en)(NH;)(OH)]Br; + HBr + H,0 —
cis- and trans-[Co(en)(NH,) (H;0)]BrsH:0

Twenty-six grams (0.057 mol) of recrystallized cis-bromo-
amminebis(ethylenediamine)cobalt(III) bromide 1-hydrate
is mixed with 30 g. (0.125 mol) of filtered 109 (by weight)
aqueous lithium hydroxide. The purple crystals dissolve
gradually as the mixture is shaken and a red solution is
obtained. The solution is filtered and cooled in an ice bath.
The filtrate is acidified to a pH of 4 with concentrated
hydrobromic acid, using a pH meter. The resulting orange
crystals of trans-aquoamminebis(ethylenediamine)cobalt-
(III) bromide are filtered, air-dried (yield: 2 to 3.5 g.; 7 to
139%), and recrystallized from a water-ethanol mixture
containing a trace of hydrobromic acid. The temperature
should be maintained below 50°, If the pure trans isomer
is desired, recrystallization should be repeated until a con-
stant spectrum® is obtained. If this is done, the yield of
purified trans isomer is about 1 to 39%. However, the
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preparation of the trans nitrate from mixtures of cis and
trans bromide (Procedure C) affords a better separation
than by recrystallization of the bromide.

The cis isomer (yield: 14 to 18 g.; 52 to 679,) is obtained
by treating the cooled mother liquors with 1 to 4 ml. of
concentrated hydrobromic acid or by permitting the mother
liquors to stand in the refrigerator for a few days. Purifica-
tion of the cis isomer* is effected by recrystallization from a
water-ethanol mixture at 40°. Anal. Caled. for cis-
[Co(en)2(NH;)(H:0)]Bry-H,0: Br, 50.8; H.0, 7.6; Found:
Br, 51.0; H,0, 7.2.

C. trans- AND cis-AQUOAMMINEBIS(ETHYLENEDIAMINE)-

COBALT(III) NITRATE
trans- (or cis-) [Co(en),(NH;) (H,0)]Brs-H,0 4+ 3HNO; —
trans- (or cis-) [Co(en)2(NH;) (H:0)](NO;). + H,O + 3HBr

A solution of 5 g. (0.011 mol) of singly recrystallized
trans-aquoamminebis(ethylenediamine)cobalt(III) bromide
1-hydrate in 15 ml. of water is well cooled in ice and is
treated dropwise with 3 ml. of concentrated nitric acid.
The orange platelets that form are filtered, washed with a
little cold water, and air-dried (yield: 1.8 to 2.5 g.; 42 to
599%). The crude material is recrystallized from the mini-
mum amount of water or from a water-ethano! mixture at
40°. Anal. Caled. for [Co(en).(NH;)(H.0)](NOj);: Co,
14.7; C, 12.0; H, 5.3; N, 28.0. Found: Co, 14.7; C, 12.6;
H, 5.8; N, 28.2.

The preparation of the cis-aquoamminebis(ethylenedi-
amine)cobalt(IIT) nitrate is effected by treating a well-
cooled, saturated solution of cis-aquoamminebis(ethylene-
diamine)cobalt(III) bromide with concentrated nitric acid.
However, the cis nitrate crystallizes very slowly and, if the
solution is left too long, bromine, hydrogen bromide, and
nitric acid are formed.

* If the cis isomer is not desired, it may be converted to cis-bromoam-

minebis(ethylenediamine)cobalt(I111) bromide by warming a saturated solu-
tion that contains an excess of concentrated hydrobromic acid.
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Properties

The cis-bromoamminebis(ethylenediamine)cobalt(III)
bromide crystallizes in purple platelets. The compound
has been resolved,® and the kinetics of the reactions of
hydroxide ion with the d- and l-isomers in water have been
determined.® The red-orange crystals of cis-aquoammine-
bis(ethylenediamine)cobalt(III) bromide are compact and
almost cubic, in contrast to the orange needle-plates of the
trans isomer. The crystals of trans-aquoamminebis(ethyl-
enediamine)cobalt(I1I) nitrate are orange platelets. The
isomerism and water exchange of the aquoammine com-
plexes have been studied.”
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62. SODIUM TRICARBONATOCOBALTATE(III)
3-HYDRATE

2[CO(N03)2’6H20] + H202 + IONaHCO:; 4
2{Na;[Co(CO;)s]-3H,0} + 4NaNO; + 4CO; + 12H.0

SuMiTTED BY H. F. BAUER* AND W. C. DRINKARDT
CHECKED BY RicHARD J. THOoMPSON}

The formula Co:(CO;); was initially assigned to the
product obtained from the oxidation of cobalt(II) salts by

* North American Aviation, Rocketdyne Division, Canoga Park, Calif.

t Experimental Station, E. I. du Pont de Nemours & Company, Wilming-
ton, Del.

t Texas Technological College, Lubbock, Tex.
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hydrogen peroxide in the presence of sodium hydrogen
carbonate.! Subsequently it was shown that oxidation of
cobalt(II) nitrate under these conditions results in a com-
pound which is represented by the formula Nas[Co(CO3),]
3H,O or NasCo(HCO;)3(0OH)s).2 No direct evidence
which will allow a selection between the two structures is
available.

The compound is of particular interest because it contains
six base equivalents per mol. Addition of ligands in their
acid form results in the displacement of carbon dioxide and
water with the formation of the cobalt(III) complex of the
ligand. This procedure is especially useful for the forma-
tion of cobalt(IIT) complexes of easily oxidized ligands.
The excellent stability of Na[Co(CO;)3]'3H;0 makes it a
logical intermediate for the preparation of a variety of
cobalt(IIT) complexes.?

Procedure

A solution of 29.1 g. (0.10 mol) of cobalt(II) nitrate
6-hydrate and 10 ml. of 309, hydrogen peroxide (excess) in
50 ml. of water is added dropwise with stirring to an ice-cold
(0°) slurry of 42.0 g. (0.50 mol) of sodium hydrogen car-
bonate in 50 ml. of water.* The mixture is stirred for one
hour at 0°. The olive-green product is filtered, washed on
the filter with three 10-ml. portions of cold water, then
thoroughly washed with absolute ethanol and dry ether.
The product is further dried in a desiccator over phosphor-
us(V) oxide. The product must be thoroughly dry if it is
to be stored. Small amounts of water cause decomposition
to a black solid. The yield is 26.7 g. (749%,). Anal. Caled.
for Nas[Co(CO3);}-3H,0: C, 9.95; H, 1.66; Co, 16.3.
Found: C, 8.72, 9.03; H, 1.39, 1.69; Co, 16.2. By checker:
C, 9.98; H, 1.73; Co, 16.1, 16.2.

* When too little of this reagent is present, or if a temperature higher
than 0° is used, a black precipitate, probably cobalt(III) oxide, is formed.
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Properties

Sodium tricarbonatocobaltate(III) 3-hydrate is an olive-
green powder insoluble in water. When completely dry,
it is stable indefinitely if stored at room temperature in a
closed bottle. It decomposes at 93° without melting.
Addition of the acid form of a complexing agent results, in
many cases, in the formation of the cobalt(I1I) complex of
the ligand with evolution of carbon dioxide.
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63. POTASSIUM TETRAOXALATO-DI-x-HYDROXO-
DICOBALTATE(III) 3-HYDRATE (DURRANT’S

SALT) AND SODIUM TETRAOXALATO-DI-u-
HYDROXODICOBALTATE(III) 5-HYDRATE

SuvsMITTED BY A. M. SARGESON* aND I. K. REID*
CueckEp BY Joun H. Bougntront aNp R. N. KeLLER}

Durrant! first prepared the potassium salt, to which he
assigned the formula [K;Co(C,0,):(H.0),].0, from cobalt-
(II) oxalate, potassium oxalate, and hydrogen peroxide.
Percival and Wardlaw,? from freezing-point measurements,
subsequently suggested that the compound is a binuclear
complex containing five ions:

OH
7\
K4[(CzO4) 2CO CO(CzO;) 2].
N/

OH

The published yields of the poorly soluble dark green
potassium salt34 are rather low (30 to 409,). However,
the method below gives an almost quantitative yield, based

* John Curtin School of Medical Research, Australian National Univer-

sity, Canberra City, Australia.
t University of Colorado, Boulder, Colo.
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on the cobalt used. The conversion of the potassium salt
to the very insoluble barium compound and thence to the
more soluble sodium salt is also described. Because of its
greater solubility, the latter compound can be more readily
split into two [Co(C204)2(H20):]~ ions than the potassium
salt. This has prompted its use in the preparation of
dioxalato cobalt(III) complexes containing ligands such
as acetylacetone and glycine.5

Procedure
A, POTASSIUM TETRAOXALATO-DI-u-HYDROXODI-
COBALTATE(III) 3-HYDRATE
2[00(021‘1302)2'41{201 + 4[K20204'H20] + H,0, —
K4[002(0204)4(0H)2]‘3H20 + 4KCzH302 + 9H20

A mixture of 20.0 g. (0.08 mol) of cobalt(II) acetate
4-hydrate, 50.0 g. (0.27 mol) of potassium oxalate 1-hydrate,
and 0.5 ml. of glacial acetic acid in 150 ml. of water is
placed in a beaker protected from light and is stirred
mechanically and heated to 55°, whereupon a clear solution
results. Sixty milliliters of 69, hydrogen peroxide is added
dropwise from a buret over a 15-minute interval. The
temperature is kept at 55 to 56° by the addition of small
pieces of ice as the reaction proceeds. The dark green
product is filtered off at room temperature, washed well
with ice water, methanol, and finally acetone, and dried in
the dark at 40°; yield, 27.1 g. (949%). Anal. Caled. for
K[Co0:(C,04)4(0H),|-3H,0: C, 13.45; H, 1.12. Found:
C, 13.44; H, 1.05.

B. SODIUM TETRAOXALATO-DI-u-HYDROXODI-
COBALTATE(III) 5-HYDRATE
K4[COz(CzO4)4(OH)z]'3HzO + 2Ba(CszOz)z -
Baz[002(0204)4(0H)2]'3H20 + 4KC.H;0,
Baz[COz(Czo4)4(0H)2]‘3H20 + 2[N32804'10H20] bnd
Na4[COQ(Czo4)4(OH) 2]5H20 + 2BaS0O, + 18H20

Twenty-seven grams (0.038 mol) of potassium tetra-
oxalato-di-u-hydroxocobalate(III) 3-hydrate is suspended
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in 300 ml. of water at room temperature in a stoppered
500-ml. Erlenmeyer flask protected from light. The mix-
ture is shaken vigorously with 23.25 g. (0.087 mol) of
barium acetate for 15 minutes. The very insoluble green
product is collected, washed well with water, methanol, and
finally acetone, and dried in the dark at 40°; yield, 29.2 g.
(929%)). Because of its insolubility the barium complex
cannot be recrystallized.

Twenty-eight grams (0.034 mol) of the barium salt is
suspended in 500 ml. of water in an Erlenmeyer flask pro-
tected from light and shaken vigorously with 30.0 g. (0.093
mol; 37% excess) of sodium sulfate 10-hydrate for 20 min-
utes. The solution is filtered through a Whatman 542
paper, and the product is precipitated by the addition of an
equal volume of ethanol at <20°.* The substance is fil-
tered under vacuum, washed with ethanol and then acetone
and dried as before. The product is purified by dissolution
in water and reprecipitation with ethanol; yield, 16.5 g.
(639% based on the potassium salt). Anal. Caled. for
Na[Co02(C:04)4(OH).]-5H,0: C, 14.00; H, 1.76. Found:
C, 13.89; H, 1.83.

Properties

The sodium salt is decomposed in the solid state by heat
and light. It also decomposes slowly in basic or neutral
solution and more rapidly in acidic solution. The decom-
position in alkaline solution occurs as follows:*

OH
7\
[(C20y) 2Co\ Co(C104)2)t~ —

OH
Co22t + 2002 + 302042— + 20H-
In alkaline solution a brown precipitate, probably
C0:03°2H,0, rapidly forms:
4Co?* + 80H- + O; + (2z — 4)H,0 — 2[Co0,0;5zH,0]

* The temperature of precipitation is critical. The checkers report that
no precipitation of the sodium salt occurs at temperatures above about 20°.
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64. RESOLUTION OF THE TRIOXALATO-
COBALTATE(III) ION
SusMITTED BY GEORGE B. KAUFFMAN,* Lroyp T. TARAHASHI* AND

NoBUYUKI SUGISAKA*

Cueckep BY Karr H. Pearson,t Lewis W. SEQUIN,{ AND STANLEY
KIRsCHNERT

Oxalate chelation has long been used as a diagnostic tool
in coordination chemistry, and consequently the complex
oxalates have been extensively investigated.! Since Wer-
ner’s resolution of K;[Cr(C.0,);] with strychnine in 1912,2
more resolution and racemization studies have been made
of oxalato complexes than of any other class of coordination
compounds.

The first resolution of trioxalatocobaltates was accom-
plished in 1916 with strychnine.? The method of sponta-
neous crystallization of antipodes from a racemic mixture
of a complex was first demonstrated with K;{Co(C204)3);*
above 13.2° the optical antipodes may be crystallized and
mechanically separated. In practice, however, the stand-
ard technique of fractional erystallization of the strychnine
diastereoisomers has been used.*?7 Partial resolution on
optically active quartz has also been reported.® Selective
decomposition of the antipodes by circularly polarized light

* California State College at Fresno, Fresno, Calif. The authors express
appreciation for helpful discussions with the late Dr. Francis P. Dwyer,

Australian National University.
t Wayne State University, Detroit, Mich.,
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was investigated with negative results by Jaeger and
Berger,? but partial resolution using this method has been
claimed by Tsuchida, Nakamura, and Kobayashi.!®

Diastereoisomer formation with the optically active com-
plex l-tris(1,10-phenanthroline)nickel(II) cation has been
shown by Dwyer and Sargeson!! to provide a rapid general
resolution method for trioxalato complexes of Co(III),
Cr(IIT), and Rh(IIT). The method, with modifications,
is given below.

Procedure

The water content of the racemate, as well as of the opti-
cal antipodes of K;[Co(C,0,);], varies with the temperature
of crystallization and conditions of drying. For thisreason,
the yields and optical rotations given are approximate.

Inasmuch as the optical antipodes of Kj3[Co(C20,):]
racemize rapidly in solution, all operations should be carried
out as quickly as possible using ice-cold solutions and ice-cold
apparatus.

A. POTASSIUM [-TRIOXALATOCOBALTATE(III) 3-HYDRATE

2{K; dl-[Co(C04)3)-3H,0} + L[Ni(C12HgNy) 3] (ClOy4),3H0 —
K IH[Ni(C12HgN2) sJd-[Co(C104) 5] H2O + K3 I-[Co(C204)5]-3H0
+ 2KCIO4 + 5H,0

One gram (0.0012 mol) of I-tris(1,10-phenanthroline)-
nickel(II) perchlorate 3-hydrate!? (synthesis 59) is dissolved
in 18 ml. of a freshly prepared 1:1 by volume acetone-water
mixture. The pink solution is cooled in an ice bath to 10°
(not below) and added to an ice-cold solution of 1.10 g.
(0.0023 mol) of potassium dl-trioxalatocobaltate(III)
3-hydrate!®4* and 1 g. of potassium acetate in 20 ml. of
water. The mixture is allowed to stand in an ice bath for
6 minutes with occasional stirring. Scratching the walls
of the beaker may facilitate precipitation. The green
diastereoisomer which precipitates is collected on a 5-cm.

* Inasmuch as this compound is sensitive to both heat and light, it is
suggested that freshly prepared or recrystallized material be used.



RESOLUTION OF TRIOXALATOCOBALTATE ION 209

Biichner funnel and treated as described in Part B. The
l-antipode is immediately precipitated from the filtrate by
slow addition, with stirring, of 100 ml. of ice-cold ethanol.
The green precipitate is collected on a 5-cm. Biichner funnel,
washed with three 10-ml. portions of ice-cold ethanol or
methanol, and air-dried. The yield is approximately 0.50 g.
(919%). For a 0.0329 aqueous solution in a 1-dm. tube,
a5 = —0.62° and [a]f = —1940°. The high optical den-
sity of even so dilute a solution makes observation of the
field difficult. With the Rudolph high-precision polarime-
ter, the half-shade angle control should be used at its
maximum opening.

B. POTASSIUM d-TRIOXALATOCOBALTATE(III) 3-HYDRATE

K I-[Ni(C1:HsN32) sJd-[Co(C204) s)-H.O0 4 6KI + 2H,0,
+ 4HCQH302 -
I-{N1(C12H3Ny)5)(Is)2 + K; d-[Co(C.04):)-3H,0
+ 4KC,H,0; + 2H,0*

The green diastereoisomer from Part A is washed with
20 ml. of ice-cold ethanol, air-dried, and suspended in 20 ml.
of ice water. Two milliliters (0.0018 mol) of 39, hydrogen
peroxide, two drops (approximately 0.0018 mol) of glacial
acetic acid, and 1 g. (0.006 mol) of potassium iodide are
added. The olive-colored mixture is stirred in an ice bath
for 4 minutes and is then filtered through a 5-cm. Biichner
funnel. If the oxidation continues to occur in the filtrate,
it may be necessary to refilter the filtrate once.t The
d-antipode is precipitated by the addition, with stirring, of
100 ml. of ice-cold ethanol to the filtrate. The product is
collected, washed, and dried in the same manner as the
l[-antipode. The yield is approximately 0.27 g. (49%).

* Hydrogen peroxide oxidizes potassium iodide to free iodine, which in
the presence of excess potassium iodide precipitates the [-[Ni(C;,HNj),l3*
ion as the triiodide.

t The insoluble L{Ni(CisHsN2)s](Is): may be converted to the correspond-
ing iodide by treating a cold ethanolic suspension with SO; or Na,80;. The

iodide may then be used exactly as the perchlorate in the resolution of more
K;[Co(C:0.)3].
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For a 0.0329%, aqueous solution in a 1-dm. tube, af = +0.58°
and [a]p, = +1810° (by checkers, 41928°).

Properties

The optical antipodes of potassium trioxalatocobaltate-
(III) are dark green salts which dissolve readily in water to
give deep green solutions. Both are decomposed by
light®15-18 and heat:!®

2Ka[CO(CzO¢) 8] — 3K,Cs04 + 2C0C,0,4 + 2CO,

The d-antipode is isomorphous with the corresponding
rhodium(I1I) and iridium(I1I) salts.

Both antipodes racemize rapidly in solution, although
less rapidly than the corresponding trioxalatochromates;*1?
racemization is complete within 24 hours. Racemization
is reported to occur even in the solid state.® Isotopic
exchange studies?® have shown only limited parallelism
between the mechanisms of oxalate exchange and racemiza-
tion. Optical rotatory dispersion measurements®’2* have
been used to determine the absolute configuration of the
trioxalatocobaltate(III) ion.
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56. DICHLOROTETRACARBONYLDIRHODIUM
(Rhodium Carbonyl Chloride)

2(RhCls-3H,0) + 6CO — [Rhy(CO),Cly] + 6H,0 + 2COCl,

SusmitTED BY J. A. McCLEVERTY* AND G. WILKINSON*
CHECKED BY LOrREN G. LipsoN,t MIcHAEL L. MaAppox,t AND HERBERT D.
Kagszt

Dichlorotetracarbonyldirhodium has been obtained by
the action of carbon monoxide at high temperature and
pressure on a mixture of anhydrous rhodium(III) chloride
and finely divided copper powder! and by reaction of
rhodium(III) chloride 3-hydrate with carbon monoxide
saturated with methanol at moderate temperatures and
atmospheric pressure.? The preparation described here is
a modification of the latter method, without use of methanol.
This procedure is considerably simpler than the recently
described preparation which involves adsorption of rhodium
chloride on silica gel, chlorination, and subsequent
carbonylation.?

* Imperial College of Science and Technology, London, England.
{ University of California, Los Angeles, Calif.
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Procedure

Caution. T'he reaction must be carried out in a well-vent:-
lated hood.

A tube (20 cm. long and 2 em. in diameter) with a porous
disk (porosity 3 or medium) sealed in at one end and with
an ungreased ground joint, is arranged as shown in Fig. 8.
Rhodium(III) chloride 3-hydrate* (11.0 g.; 0.042 mol) is
pulverized and placed on top of the disk. The apparatus

is then flushed with carbon
To pubbler  monoxide and lowered into
a paraffin-oil bath main-
tained at 100°. Bath tem-
peratures above 100° should
00— be avoided to prevent the
formation of anhydrous
rhodium(IIT) chloride,
which is inert to carbon
monoxide. Carbon mon-

oxide is passed slowly
through the system, a bub-
bler being attached to the

_Fic. 8. Apparatus for the prepara- end of the apparatus to in-
fili?:;n,()f dichlorotetracarbonyldirho~ dicate the rate of flow.
(Caution. The rate of flow
of carbon monoxide through the apparatus must be deter-
mined by the capacity of the hood being used. If the flow is
loo rapid, the escaping noxious gases (carbon monoxide and
phosgene) may not be removed entirely from the atmosphere in
the hood and may escape into the laboratory.) At hourly
intervals, or more frequently if necessary, the water which
condenses near the top of the tube is removed with absorb-
ent cotton. During the reaction, the orange dichlorotetra-
carbonyldirhodium sublimes about halfway up the reaction
tube.
When the reaction is complete (3 to 5 hours), the appa-
® The commercial salt is often not quite stoichiometric for RhCl;-3H,0.

_J
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ratus is withdrawn from the oil bath. When the apparatus
has been cooled, the orange-red crystals can be scraped
from the reaction vessel and the last traces of compound
washed out with dry benzene or hexane. The yield is 8.3 g.
(96%). The rhodium carbonyl chloride so obtained is pure
enough for most purposes, but it may be recrystallized*
from hexane or sublimed at 80° at a pressure of 0.1 mm. Hg.
The compound is stable in air but should be stored in a
desiccator, for it is somewhat sensitive to moisture.

Properties

Dichlorotetracarbonyldirhodium is an orange-red crystal-
line solid very soluble in most organic solvents (except the
aliphatic hydrocarbons) producing orange solutions. The
compound has a melting point of 124 to 125° carbonyl
stretching frequencies® in petroleum solution (b.p. within
the range 40 to 60°) or hexane at 2105 (m), 2089 (s), about
2080 (vw), 2035 (s), and 2003 (w) em.” . Itis quitevolatile,
forming a red crystalline sublimate. Although the pure
compound is stable in dry air, its solutions in organic sol-
vents decompose to insoluble brown materials when left
exposed to air.

Dichlorotetracarbonyldirhodium reacts readily with lig-
ands such as phosphines, arsines, stibines, and phosphites*®
to form mononuclear complexes. It reacts with cyclo-
pentadienylsodium to form w-cyclopentadienyldicarbonyl-
rhodium.” With hydrochloric acid?® it produces the anion
[Rh(CO).CL]~, and with B-diketones in the presence of
base forms dicarbonylrhodium g-diketonates.®

The complex has an unusual booklike structure!® with
chloride bridges, and there is evidence for a metal-metal
bond.
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56. CHLOROCARBONYLBIS-
(TRIPHENYLPHOSPHINE)RHODIUM AND
CHLOROCARBONYLBIS(TRIPHENYLARSINE)-
RHODIUM

[Rhy(CO)4Cls] + 4(CsHz)sM —
2[{(CeHs)sM};Rh(CO)CI] + 2CO
(M = P, As)

SuBMITTED BY J. A. McCLEVERTY* aND . WILKINSON*
CHECKED BY LoreN G. LipsoN,t MicHAEL L. MAbpox,t aNp HErBERT D.
Kagsz t

Dichlorotetracarbonyldirhodium reacts readily with phos-
phines and arsines to form the four-coordinate phosphine
or arsine carbonyl chlorides.!’? The complexes may also
be prepared by refluxing rhodium(III) chloride 3-hydrate
with a large excess of triphenylphosphine or triphenylarsine
in 2-methoxyethanol.?

Procedure

Caution. The reaction is carried out in a well-ventilated
hood.

Dichlorotetracarbonyldirhodium (synthesis 55) (1.30 g.;
0.0034 mol) is dissolved in 25 ml. of benzene. On addition
of 25 ml. of benzene containing either triphenylphosphine
(3.49 g.;0.0133 mol) or triphenylarsine (4.08 g.; 0.0133 mol)
a vigorous reaction takes place and the color of the solution

* Imperial College of Science and Technology, London, England.
1 University of California, Los Angeles, Calif.
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changes from orange to yellow. After 5 minutes, the solu-
tion is evaporated to about one-half its original volume on a
steam bath, and 20 ml. of ethanol is added. The yellow
crystals that precipitate upon the addition of the alcohol
are filtered from the solution, washed with 30 ml. of
anhydrous ether, and dried in the air. The yield of the
phosphine complex is 4.04 g. (889%,), and of the arsine com-
plex, 4.52 g. (879%). The compounds obtained in this way
are pure, as is shown by elemental analysis, including direct
oxygen microanalysis.

Analysis

Direct Microdetermination of Oxygen tn Phosphorus-con-
taining Compounds (by J. Cuckney* and G. Wilkinson).
Although the direct method for the microdetermination of
oxygen by the standard procedure has been stated not to
give satisfactory results for phosphorus-containing com-
pounds,® a minor modification allows good results to be
obtained. Compounds containing fluorine do not give
satisfactory results, however.

The modification of the standard procedure involves the
use of a disposable sample boat. A piece of copper foil
approximately 14 X % in. in size is shaped manually into
boat form. Itisflamedin a Bunsen burner and dipped into
methanol. After this cleaning operation, the boat is
placed in a glass tube and heated briefly with a Bunsen
flame while being swept with a stream of hydrogen (caution!);
it is then ready for use in the procedure described by
Oliver.® Some typical results are given in Table I. Anal.
Caled. for C3;H;CIOP;Rh: O, 2.32. Found: O, 2.30, 2.34.
By checkers: Caled: C, 64.32; H, 4.38; mol. wt., 691.
Found: C, 64.49; H, 4.61; mol. wt., 688 + 4. Caled. for
CsH;3ClOAs;Rh: O, 2.05. Found: O, 1.95, 2.10. By
checkers: Caled: C, 57.06; H, 3.88:, mol. wt., 778. Found:
C, 57.65; H, 4.43; mol. wt., 790 + 13.

* Microanalytical Laboratory, Imperial College of Science and Tech-
nology, London, England.
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TasLe I. ExampLES oF DIRECT OXYGEN ANALYSES ON
PHOSPHORUS-CONTAINING COMPLEXES*

9% Oxygent
Compoundt —e
Caled. | Found
Mo (CO)s(PCiIPh,); 5.7 5.9
ReOCI,;(PPhy), 1.9 1.9
ReOCI1;(OEt) (PPh,). 3.8 3.7
ReOCl;(PPhj)acac 7.6 7.4
ReClz(PPh;)zacac 3.6 4.0
[HPPh,][ReOCl,(PPhj)) 1.8 2.1
{r-CsHeFe(CO)2PPh3)CL-3H,0 15.1 15.0
Rh(CO)Cl1(PPh;), 2.3 2.3
{Rh(C:H:COO);PPh;, 12.5 | 12.3

* Microanalyses by the Microanalytical Laboratory, Imperial College of
Science and Technology, London, England.

tacac = acetylacetone.

1 The weight of the analytical sample is adjusted to correspond to a final
titration of the liberated iodine with about 3 ml. of 0.02 N sodium thio-
sulfate. The errors on all values are +0.3.

Properties

Chlorocarbonylbis(triphenylphosphine)rhodium and
chlorocarbonylbis(triphenylarsine)rhodium form bright yel-
low crystalline solids which are readily soluble in chloroform
and dichloromethane, moderately soluble in benzene and
carbon tetrachloride, and sparingly soluble in ether and
aliphatic hydrocarbons. The phosphine complex (m.p. 195
to 197°) and the arsine complex (m.p. 242 to 244°) are
reported? to have carbonyl stretching frequencies (using
KBr disks) at 1960 and 1963 cm.™), respectively.*

Both compounds react with chlorine or iodine by adding
a molecule of the halogen to give [(CsHs):M].Rh(CO)X,Cl
X =ClorI).

¢ With Nujol mulls, using the Perkin-Elmer Model 21 spectrophotometer
with calcium fluoride optics, the authors found single broad bands at approxi-
mately 1970 cm.~!. With chloroform solutions, using the Perkin-Elmer
Model 421 grating spectrophotometer, the checkers found single broad

bands at 1977 and 1972 + 3 cm.™! for the phosphine and arsine complexes,
respectively.
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67. SODIUM HEXACHLORORHODATE(III)
2-HYDRATE AND POTASSIUM
HEXACHLORORHODATE(III) 1-HYDRATE

2Rh 4 6NaCl + 3Cl; 4+ 4H.0 — 2{NasRhCl¢]-2H.0}

Na;[RhClg}-2H0 4+ 3HCl — H,[RhClg)-aq.* + 3NaCl

Hs[RhClg]-aq. + 3NaCl — Na;[RhCls}-2H,0 4 3HCI
Hs{RhClgJ-aq. + 3KCl — K;3[RhCle}-H,O + 3HCI

SuBMITTED BY GEORGE B. KAUFFMANT AND JaAMEs Hwa-san Tsart
CHECKED BY JAMES P. CoLLMAN,} WiLLiam L. Young, II1,1 aNp Davip A.
BuckiNngHEAM]

Although compounds of the platinum metals are commer-
cially available, many workers, for reasons of economy,
prefer to prepare them from the elements. Rhodium, one
of the rarest and most expensive of the platinum metals, is
not attacked by acids (even aqua regia), and its dissolution
in alkaline fusion mixtures (e.g., fused sodium carbonate
and potassium nitrate mixtures) or in molten salts (e.g.,
molten potassium hydrogen sulfate) is inefficient and
tedious. Chlorination during heating yields a mixture of
water-insoluble chlorides, but in the presence of sodium

* The exact composition of the principal species in agueous solutions of
hexachlororhodate(III) which have been acidified with hydrochloric acid
is not known. For simplicity, the designation HyRhCls-aq. is used here.

t California State College at Fresno, Fresno, Calif. Acknowledgment is
made to the Petroleum Research Fund, administered by the American

Chemical Society, for support of this work.
} University of North Carolina, Chapel Hill, N.C.
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chloride, sodium hexachlororhodate(III), which is a con-
venient water-soluble intermediate, is obtained.!?

Although sodium hexachlororhodate(III) is reported to
decompose at 600 or 650°¢ in air, it can be heated in a
stream of chlorine up to 980° without change.* By employ-
ing high temperatures, excess sodium chloride, and mechani-
cal agitation of the reaction mixture, an almost quantitative
conversion can be accomplished in one chlorination step.
The compound may also be obtained from a solution con-
taining the theoretical ratios of rhodium(III) chloride and
sodium chloride.® It may be conveniently stored in vacuo
over sulfuric acid as the stable 2-hydrate rather than as
efflorescent higher hydrates or the deliquescent anhydrous
salt.”

Potassium hexachlororhodate(I1II) 1-hydrate may be
obtained by chlorination of a mixture of powdered rhodium
and potassium chloride, followed by crystallization from
the reaction mixture solution in the presence of excess
potassium chloride. It may also be prepared by reaction
of sodium hexachlororhodate(III) solution with concen-
trated potassium chloride solution, followed by evaporation
to incipient crystallization.® Both of these methods are
reported to yield potassium pentachloroaquorhodate(III)
if potassium chloride is not present in excess.>® Anhydrous
potassium hexachlororhodate(III) is obtained by heating
potassium hexachlororhodate(1II) 1-hydrate at 100 to 120°.%

Procedure

NoTE. The procedures include modifications suggested
by the checkers and checked independently by the authors.
A Vycor combustion boat (15 X 14 X 1 em.)* containing
an intimate mixture of 1.03 g. (0.010 mol) of finely divided

* The yield varies with the exposed surface area of the reaction mixture
and hence is dependent upon the amount of material and the dimensions of
the boat. When the sodium chloride melts, the denser rhodium tends to
settle to the bottom of the reaction mixture and is no longer exposed to the
chlorine. If the mixture is spread out in the manner shown in Fig. 9, the
maximum yield is obtained.
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rhodium metal (powder) and 3.50 g. (0.060 mol) of pow-
dered sodium chloride is placed in a Vycor combustion tube.
The tube is then inserted in a preheated (900°) tube furnace
which is supported in a level position (Fig. 9). When the
tube and contents have attained a temperature of 900°, a
slow stream of gaseous chlorine* is passed through the tube
(hood!). After several minutes, the entire furnace and tube
are tilted to an angle of about 20° by adjusting the jacks

— VFurnace

Cl, =
entrance

Thermocouple

Fra. 9. Apparatus for the preparation of sodium hexachlororhodate(ITX).

(angles greater than 20° may cause some of the molten
reaction mixture to flow out of the boat; angles less than
20° may leave some rhodium unexposed to chlorine).
After approximately 14 minutes in this position, the furnace
and tube are tilted about 20° in the opposite direction, and
this alternate tilting is continued at 13-minute intervals for
30 minutes, after which the tube and contents are allowed
to cool in a stream of chlorine.t

® The excess chlorine should be absorbed in a trap containing a basic
solution, e.g., sodium hydroxide. A flow rate giving 60 to 100 bubbles/
minute is satisfactory. Tygon tubing and rubber stoppers are sufficiently
chlorine-resistant to be used for connections.

t Exposure of sodium hexachlororhodate(II1) to air at temperatures
above 600 to 650° results in decomposition.?+
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The deep red mixture is transferred to a 50-ml. beaker,
using a minimum volume (15 to 20 ml.) of hot 1 N hydro-
chloric acid* to rinse the last traces from the boat and tube.
After being gently heated and stirred until all soluble mate-
rial has dissolved, the hot burgundy-colored mixture is
quantitatively transferred through a double thickness of
Whatman no. 42 filter papert into 2 100-ml. beaker with
the aid of a minimum volume (about 10 ml. in 2-ml. por-
tions) of hot 1 N hydrochloric acid.

The solution is concentrated to 20 ml. on a steam bath
and then cooled to about 0 to 5°. Hydrogen chloride gas
(e.g., from a HCl/H,SO, generator)? is slowly bubbled for
30 minutes through the concentrated burgundy-colored
solution in an ice bath. The solution turns a dark bur-
gundy-purple and contains hexachlororhodic(III) acid.
The precipitated sodium chloride is removed by filtration
with a coarse sintered-glass funnel and washed with cold
concentrated (12 N) hydrochloric acid (5 to 8 ml.). An
almost quantitative recovery (3.45 to 3.50 g.) of sodium
chloride is obtained. At this stage, either the sodium salt
(Procedure A) or the potassium salt (Procedure B) of the
hexachlororhodate(IIT) anion may be isolated from the
filtrate.

A, SODIUM HEXACHLORORHODATE(III) 2-HYDRATE

The filtrate is evaporated almost to dryness on a steam
bath; a 1.5-g. (0.026 mol) quantity of sodium chloride in
10 ml. of warm water is added; and the burgundy-colored
solution is evaporated to dryness. The residue is powdered

* The hydrochloric acid solution retards formation of the pentachloro-
aquorhodate(III) anion.

t About 95 to 979% of the rhodium has been converted into a soluble
product. Rhodium metal is not attacked by ordinary reagents. Hence,
because of difficulties in cleaning the funnel, use of a sintered-glass funnel to
remove insoluble material is not recommended. A small amount of unre-
acted rhodium metal (0.05 to 0.08 g.) may be recovered from the wet filter
paper by dispersing the paper in warm concentrated (15 N) nitric acid and
washing away the paper by decantation with distilled water.
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and returned to the original beaker, and 10 ml. of cold water
is added. One milliliter of ethanol is then added, followed
by gradual addition of 50 ml. of acetone with stirring. The
dark red crystals which form are collected on a filter and
washed with approximately 30 ml. of fresh acetone. One
further recrystallization is performed. The red crystalline
product is collected on a sintered-glass funnel, washed with
approximately 50 ml. of acetone, and air-dried. On pow-
dering and drying to constant weight (about 3 days) in
vacuo over sulfuric acid, 3.6 to 3.8 g. of pink sodium hexa-
chlororhodate(III) 2-hydrate is obtained (86 to 909,
yield).* Anal. Caled. for Nas[RhCle]-2H,O: Rh, 24.46;
Cl, 50.57. Found: Rh, 24.41, 24.48; Cl, 40.71, 49.76. By
checkers: Cl, 50.18.

B. POTASSIUM HEXACHLORORHODATE(II) 1-HYDRATE{

Ten milliliters of water is added to the filtrate (p. 220),
followed by slow addition, with stirring, of 18 ml. of 259,
potassium chloride solution. On cooling for 30 minutes in
an ice bath, dark burgundy-colored crystals form. These
crystals are collected on a fritted-glass filter and washed
with 609, ethanol (about 75 ml.) until free of chloride ion.}
The product is washed further with 25 ml. of 959, ethanol
and then with two 50-ml. portions of diethyl ether. Upon
air drying, 4.10 to 4.30 g. of potassium hexachlororhodate-
(III) 1-hydrate is obtained (91 to 959, yield). Anal. Caled.

* Large reddish black crystals may be obtained by dissolving the product
in a minimum quantity of hot water and allowing the solution to evaporate
at room temperature for several days. The weight loss on drying the
efflorescent crystals in vacuo over sulfuric acid shows them to correspond
closely to the 12-hydrate.

t The potassium salt may also be prepared directly by the substitution
of potassium chloride (6.0 g.) for sodium chloride in the fusion step (page
219). The regular procedure is then followed except that larger volumes
of solution are needed because of the lower solubility of the potassium salt
(76 to 85% yields).

} Potassium chloride is relatively soluble in 609, ethanol, whereas
K,[RhCl¢]-H;O is relatively insoluble.
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for K;3[RhCl¢]-H.O: Cl, 47.18. Found (by checkers): ClI,
47.20.

On drying at 100° or by vacuum, anhydrous potassium
hexachlororhodate(III) is obtained. Amnal. Caled. for
K;s[RhClg]: Cl, 49.13. Found (by checkers): Cl, 49.52.

Properties

In aqueous solution, hexachlororhodates(III) and hexa-
chloroiridates(III) exist in equilibrium with the correspond-
ing pentachloroaquo compounds? (e.g., M3[RhClg] + H,O =
MCI + M,;[Rh(H;0)Cl;]). Anhydrous sodium hexachloro-
rhodate(III), a deliquescent rose-colored powder, is report-
edly obtained from the various hydrates by heating to
150°;1° according to another report,® heating at 120° is
sufficient for complete dehydration. At temperatures
above 600°%** dehydration should be carried out in a stream
of chlorine!! to prevent decomposition: 2Nas[RhClg]— 2Rh -+
6NaCl + 3Cl,. Under these conditions, the melting point,
which is greatly lowered by traces of sodium chloride, is
902°.# The fact that the anhydrous compound is insoluble
in a 1:1 acetone-ether solution whereas sodium hexachloro-
iridate(IV) is soluble has been suggested as the basis for a
quantitative separation of rhodium from iridium.®

Sodium hexachlororhodate(III) and its hydrates are
freely soluble in water, forming dark burgundy-colored
solutions which become brown on heating or standing.!:1!
Aqueous solutions are quantitatively reduced to metallic
rhodium by hydrogen under pressure,!? zine,'* or magne-
sium.® Alkali metal hydroxides cause precipitation of the
yellow hydrated oxide,’** whereas aqueous ammonia causes
precipitation of [Rh(INH;);Cl|Cl,, #1118 gnd treatment with
hydrogen sulfide results in precipitation of rhodium(III)
sulfide. 16

The chemical and physical properties of the potassium
salt are very similar to those of the sodium salt.
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68. AMMONIUM HEXACHLOROIRIDATE(IV)

Ir 4+ 2NaCl + 2Cl; — Na,[IrCle]
N&z[Il‘Cle] + 2NH4CI b d (NH4)2[II'015] + 2NaCl

SueMiTrED BY GEORGE B. KAUFFMAN* AND LARRY A. TETER*
CHECKED BY J. W. HoGarTHt aAND F. P. DwyER'T}

Iridium is an extremely inert metal which is not attacked
by acids, aqua regia, or fused alkalies. It reacts readily
with chlorine, however, especially in the presence of alkali

* California State College at Fresno, Fresno, Calif. Financial assistance
of the Research Corporation, the National Science Foundation (Grant
G-11241), and the Petroleum Research Fund of the American Chemical
Society (Grant 1152-B5) is gratefully acknowledged.

t Australian National University, Canberra, A.C.T., Australia.

$ Deceased.
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metal chlorides, to yield hexachloroiridates(IV), the most
important derivatives of tetrapositive iridium. The ammo-
nium salt is a particularly useful compound inasmuch as it
can be readily precipitated in a pure state and is not
hygroscopic. These properties, as well as the fact that on
ignition it yields a residue of pure metallic iridium, have led
to its extensive use in the past for determining the atomic
weight of iridium.!2

Ammonium hexachloroiridate(IV) can be prepared by
the metathesis of sodium hexachloroiridate(IV) with ammo-
nium chloride or by the addition of ammonium chloride to
either a solution of iridium(IV) hydroxide in hydrochloric
acid or of iridium(IV) chloride.>* Although many workers
have prepared sodium hexachloroiridate(IV) by chlori-
nating mixtures of sodium chloride and iridium,° few
exact data are available concerning optimum temperatures,
reaction times, and yields.

Among the hexachloroiridates, the compounds of triposi-
tive iridium are more stable than those of the tetrapositive
metal. Wohler and Balz'® report that in a stream of
chlorine, sodium hexachloroiridate(IV) begins to decompose
into hexachloroiridate(III) at 570°. At 750° the product
is primarily sodium hexachloroiridate(III), which in turn
decomposes into metallic iridium above 900°. The chlorine
content of the residue was found to be dependent upon the
temperature. That the reaction proceeds stepwise has
been shown in a more recent study by Puche.!* Typical
results of chlorination studies of mixtures of sodium chloride
(4.00 g.) and iridium (2.00 g.) are as follows:!?

Yield, %, for furnace temp.,

°C. £+ 15°/reaction time hours
Product t /

450/7 | 625/} | 700/} | 800/}

Soluble product 42.3 98.9 84.8 63.4
(NH,).[IrCls] after oxidation and
precipitation ‘ 37.3 95.0 80.0 56.6
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Temperatures of 450 to 560°, i.e., below the dissociation
temperature of sodium hexachloroiridate(IV), were found
to be unsatisfactory because of the slow rate of conversion.
A temperature of about 625° seems optimum. The product
in this case consists mainly of sodium hexachloroiridate(IV)
as well as hexachloroiridate(I1I), unchanged sodium chlo-
ride, and unchanged iridium. Sodium hexachloroiridate-
(ITII) can be readily oxidized to sodium hexachloroiridate-
(IV) by chlorine water or aqua regia:

2Na;[IrCls] + Cl; — 2Na,[IrCly] + 2NaCl

Procedure

An intimate mixture of 2.00 g. (0.0104 mol) of finely
divided iridium and 4.00 g. (0.0685 mol) of sodium chloride
is spread out in the center of a Pyrex or Vycor* combustion
tube.t The tube is heated in a tube furnace to about 625°.
A stream of chlorine is slowly passed through the tube
(hood!) until the mixture sinters to a molten black mass
(15 to 30 minutes). A slight positive pressure of gas should
be maintained at the exit tube. Tygon tubing and rubber
stoppers are sufficiently chlorine-resistant to be used for
connections. The cooled melt is transferred to a 100-ml.
beaker, using about 20 ml. of boiling water to rinse the last
traces from the tube. After being gently heated and stirred
until all soluble material has dissolved, the hot dark brown
mixture is quantitatively transferred through filter paper}
into another 100-ml. beaker with the aid of a minimum vol-
ume of hot water (about 10 ml.). The filtrate is boiled
gently for about 10 minutes with 10 ml. of aqua regia

* Pyrex may soften slightly at the temperature to be employed.

t A porcelain combustion boat fastened to a length of rigid wire is con-
venient for inserting the sample and dumping it into the tube without loss.

i Iridium is not attacked by ordinary reagents. Use of a sintered-glass
funnel to remove insoluble material is not recommended because of difficulty
in cleaning.
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(1 HNO4:4HCI).* To the hot solution is added 2 g. of
ammonium chloride in 5 ml. of boiling water. The beaker
is first allowed to cool to room temperature and is then fur-
ther cooled in an ice bath for about 30 minutes. The
opaque black crystals are separated by suction filtration,t
washed in order with two 10-ml. portions of 209 ammonium
chloride solution, successive 10-ml. portions of 95% ethanol
until the washings are free from chloride ion, and two 10-ml.
portions of diethyl ether. The yield of air-dried product is
4.13104.36 g. (90 t0 95%). Anal. Caled. for (NH,),[IrCle]:
Ir, 43.58; N, 6.35; H, 1.81. Found: Ir, 43.59; 43.60. By
checkers: Ir, 43.40; N, 6.55; H, 1.84. (Ignition should be
carried out in a stream of hydrogen in order to decompose
any IrQ, to metallic iridium.)

Properties!?

Ammonium hexachloroiridate(IV) forms strongly refract-
ing octahedra which vary from red-black to almost black
depending on crystal size. Above 200° it decomposes to
metallic iridium, nitrogen, ammonium chloride, and hydro-
gen chloride.

Although it is only sparingly soluble in water (1.09
g./100 g. at 25°; 4.38 g./100 g. at 80°), the solutions are
intensely red-brown; one part of the salt can be detected
visually in 40,000 parts of water. Solubility is decreased
by addition of ammonium chloride. In dilute solution,
hydrolysis proceeds to a small extent but can be repressed
by addition of hydrochloric acid. Above 80° the solution
apparently decomposes.

Aqueous solutions of ammonium hexachloroiridate(IV)
are readily reduced to hexachloroiridate(I1I) by a variety

* A more easily filtered product is obtained by using aqua regia than by
using chlorine water. For the same reason the product is allowed to pre-
cipitate slowly from a hot solution. Thorough removal of aqua regia by
boiling prevents oxidation of ammonium ion in the next step.

t The deep red color of the filtrate is deceptive; the solution actually
contains little product (see Properties).
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of reducing agents such as potassium iodide, sulfur dioxide,
and sodium oxalate. The reaction with potassium iodide
can be used for the quantitative determination of iridium.3:14
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69. RESOLUTION OF THE TRIS-
(1,10-PHENANTHROLINE)NICKEL(II) ION

SusMiTTED BY GEORGE B. KATFFMAN® AND LLOoYD T. TARAHASHI*
CHEckEDp BY KarRrL H. PearsoN,t LEwis W. SeQuIN,} AND STANLEY
KIrscHNER}

The aromatic heterocyclic base 1,10-phenanthroline
(o-phenanthroline) forms chelate complexes of varying

* California State College at Fresno, Fresno, Calif. The authors express
appreciation for helpful discussions with the late Dr. Francis P. Dwyer,
Australian National University, and for a generous supply of 1,10-phenan-
throline from the G. Frederic Smith Co., Columbus, Ohio.

t Wayne State University, Detroit, Mich.
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stabilities with a number of transition metal ions.! Of the
three types of bivalent nickel compounds,?? [Ni(H;0),-
(o-phen)}X.,* [Ni(H;0).(0o-phen),}Xs, and [Ni(o-phen);)X,,
the tris complexes are by far the most stable. Thus,
[Ni(o-phen);}(ClO4). precipitates on addition of sodium
perchlorate to a solution of the bis complex in accord with
the equilibrium:

3[Ni(H,0),(0-phen),]?* < 2[Ni(o-phen);]** + [Ni(H,0)q]2"

However, the less stable mono complexes have been recently
isolated.*®

The tris complex has been extensively studied. Meas-
urements have been made of magnetic susceptibility,®
spectra,” reaction rates,®® racemization,!® and biological
activity.!’ Although of outer-orbital (sp3d?) configuration,
the octahedral tris complex may be conveniently resolved
in a single precipitation by use of potassium antimony
dextro-tartrate because of the large difference in solubility of
the diastereoisomers.!? The antipodes are then obtained
as the sparingly soluble perchlorates.

Procedure

NiCly6H20 + 3(0-phen-H,0) — dl-[Ni{o-phen);]Cl; + 9H,0

Caution. Tris(o-phenanthroline) complexes should be han-
dled with care because of potential high toxicity.

A solution of dl-tris(1,10-phenanthroline)nickel(II) chlo-
ride is prepared by adding 3.0 g. (0.015 mol) of 1,10-
phenanthroline 1-hydrate to a solution of 1.2 g. (0.005 mol)
of nickel(II) chloride 6-hydrate in 40 ml. of water. As the
mixture is stirred, the white crystals slowly dissolve and
the green solution changes to a deep burgundy color.

* “o-phen”’ represents 1,10-phenanthroline (C;;H;N3).
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A. d-TRIS(1,10-PHENANTHROLINE)NICKEL(II)
PERCHLORATE 3-HYDRATE

2{dl-[Ni(o-phen);]Cl.} 4 2(d-KSbC,H,0+-3H:0) + 6H.0 —
d-[Ni(o-phen);}d-(SbCH,07),-7H,0 + 2KCl .
~+ I-[Ni(o-phen);]Cl.
d-[Ni(o-phen);d-(SbC.H,07) - 7H,0 + 2NaOH —
d-[Ni(o-phen);](OH), + 2(d-NaSbC,H,0;) + 7TH,0
d—[Nl(O—phen);](OH)z + 2NaClO4 4+ 3H,0 —

d-[Ni(o-phen);)(Cl0,):-3H,0 + 2NaOH

To the burgundy-colored solution which has been cooled
to about 15° is added slowly with stirring a similarly cooled
solution of 5.0 g. (0.015 mol) of potassium antimony
d-tartrate $-hydrate in 100 ml. of water, whereupon the
pink crystalline diastereoisomer precipitates.* The mix-
ture is cooled rapidly in an ice bath to about 5° and is fil-
tered through a 5-cm. Biichner funnel. The l-antipode is
immediately precipitated from the filtrate (4) with sodium
perchlorate as described in Part B. The diastereoisomer
(approximately 3.0 g.) is washed with two 10-ml. portions
of ice water and purified by dissolving in 30 ml. of 1.0 M
sodium hydroxide, filtering to remove undissolved material,
and reprecipitating by dropwise addition of glacial acetic
acid (approximately 1 ml.) until the solution is slightly
acidic (pH about 6). The purified diastereoisomer is
washed with three 10-ml. portions of ice water and air-dried.
The yield is approximately 2.9 g. (89%). For a 0.440%
solution in 0.10 M sodium hydroxide in a 2-dm. tube:
a8t = +7.50° [a]2®® = +915° and [allf = +950°.12

The diastereoisomer is dissolved in & minimum volume
(about 75 ml.) of 0.05 M sodium hydroxide by stirring, and
undissolved material is removed by filtration. Five milli-
liters of 1.0 M sodium perchlorate (7.02 g. NaClO4+H,0/50
ml. of solution) is added dropwise, and the resulting pink
precipitate is collected on a 5-cm. Biichner funnel and

* If commercial-grade tartar emetic is used, the precipitate may be tan,
Scratching the beaker walls may facilitate precipitation.
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washed with three 10-ml. portions of ice water. The crys-
tals are dissolved in a minimum volume (about 90 ml.) of
warm (55 to 60°) 30% by volume acetone-water mixture;*
the solution is cooled to about 25° in an ice bath; and the
perchlorate is fractionally precipitated by dropwise addition
of 1.0 M sodium perchlorate (1.0 ml. for the first fraction,
9.0 ml. for the second fraction). The d-perchlorate is
washed with three 10-ml. portions of ice water and is puri-
fied by dissolving in a minimum volume (about 75 ml.) of
warm (55 to 60°) 30% by volume acetone-water mixture,*
cooling the solution to about 25° in an ice bath, and repre-
cipitating by dropwise addition of 4.0 ml. of 1.0 M sodium
perchlorate. The pink crystals of d-perchlorate 3-hydrate
are washed with three 10-ml. portions of ice water and air-
dried. The yieldis 0.87 g. (40%). For a 0.4084%, solution
in 50% by volume acetone-water mixture in a 2-dm. tube:
afd = +12.06° [a]2® = +1476° and [a]lf = +1463°.12

Analysis

Nickel is determined by heating the sample with sulfuric
acid until all fuming has ceased, dissolving the residue in
sulfuric acid, diluting, making the solution ammoniacal,
and electrolyzing. Caled. for [Ni(C;.HsN?);](Cl0,).:3H;0:
Ni, 6.89. Found: Ni, 6.89.

B. I-TRIS(1,10-PHENANTHROLINE)NICKEL(II)
PERCHLORATE 3-HYDRATE

I-[Ni(o-phen);]Cl; + 2NaClO, 4+ 3H,0 —
I-[Ni(o-phen);](ClO4)»-3H,0 + 2NaCl

Five milliliters of 1.0 M sodium perchloratef is added
dropwise to the pink filtrate (4) from Part A, and the pink

* The acetone-water mixtures should be freshly prepared, inasmuch as
the concentration of the mixture may change even over & 24-hour period.

1 The first fraction, which may contain some of the less soluble dl-per-
chlorate, is discarded.

} Excess sodium perchlorate may precipitate potassium perchlorate.
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crystalline precipitate is collected on a 5-cm. Biichner
funnel, washed with 10 ml. of ice water, and dissolved in a
minimum volume (approximately 100 ml.) of warm (55 to
60°) freshly prepared 309% by volume acetone-water mix-
ture. The solution is cooled to about 25° in an ice bath,
and the l-antipode is reprecipitated by dropwise addition
of 15.0 ml. of 1.0 M sodium perchlorate. The pink crystals
of the l-perchlorate 3-hydrate are washed with four 10-ml.
portions of ice water and air-dried. The yield is 1.15 g.
(53.4%). For a 0.39609, solution in 50% by volume ace-
tone-water mixture in a 2-dm. tube: «f® = —11.74°,
el = —1482° and [a]}} = —1463°.12 Anal. Caled. for
[Ni1(C12HN,)3](ClOy),-3H,0: Ni, 6.89. Found: Ni, 6.87.

Properties!?

The optical antipodes of tris(1,10-phenanthroline)nickel-
(IT) perchlorate are more stable than those of the cor-
responding tris(2,2’-bipyridine)[tris(2,2’-dipyridyl)] com-
pound.!’® In 18 hours, solutions of the 1,10-phenanthroline
complexes lose only 509 of their activity. ‘When examined
at 589.0 and 546.1 my, the antipodes show a large abnormal
rotatory dispersion. The precipitation of [Ni(o-phen);]-
[Co(CO) 4] is the basis for a method of determining cobalt
tetracarbonyl hydride.!*
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60. BIS(4-IMINO-2-PENTANONATO)NICKEL(II) *
[Nickel(II) Acetylacetone Imide]

2CsHoNO + Ni(NOg): + 2NH.OH —
[(C:HsNO).Ni] 4+ 2NH,NO; + 2H.0

SumITTED BY A. W. StRUsS8t AND DEAN F. MARTINT
Ceeckep BY NorMaN E. GriswoLp}

This reaction is analogous to the preparation of bis(4-
imino-2-pentanonato)copper(II) [bis(4-amino-3-penten-2-
onato)copper(II)] described by Holtzclaw, Collman, and
Alire,! and it consists in mixing an ethanolic solution of the
B-keto imine (B-imino ketone) with an ammoniacal metal
salt solution. Advantages of this technique are the simplic-
ity of preparation and the fact that acetylacetone imide
(4-imino-2-pentanone) can be purchased.§ The product
is useful as a starting material in ligand-exchange reactions.

Procedure

To a solution of 12.0 g. (0.12 mol) of acetylacetone imide
(4-imino-2-pentanone) in 100 ml. of 95%, ethanol is added a

* Following submission of this synthesis, a similar synthesis for the com-
pound was reported independently by Dr. R. D. Archer.?

t University of Illinois, Urbana, Ill. Present address: University of South
Florida, Tampa, Fla.

$ University of Nebraska, Lincoln, Neb.

§ Aldrich Chemical Company, Milwaukee, Wis.
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solution of 20.4 g. (0.07 mol) of nickel(II) nitrate 6-hydrate
in 300 ml. of water containing 25 ml. of 15 M aqueous
ammonia.* The reaction mixture is shaken vigorously
until a light orange precipitate forms. This mixture is
allowed to stand at room temperature overnight (approxi-
mately 10hours).  After filtration, the 12.0 g. of crude prod-
uct isrecrystallized from 900 ml. of a 1:1 mixture of benzene
and petroleum ether (b.p. 90 to110°). Thefirst crop of erys-
tals weighs at least 8.0 g.  After reducing the volume of the
filtrate to 50 ml., a second crop of 0.60 g. may be obtained.
The total yield after recrystallization is at least 8.6 g.
(56.2%) (m.p. 249 to 251°). Anal. Caled. for (CsHzNO),-
Ni:C,47.1; H, 6.28; N, 11.0. Found: C, 46.80; H, 6.36; N,
11.11. By checker: C, 46.95; H, 6.33; N, 11.07.

Properties

Bis(4-imino-2-pentanonato)nickel(II) crystallizes from a
benzene—petroleum ether mixture as dark red needles or as
fine red-orange needles. The two forms have identical
melting points. The compound is very soluble in chloro-
form, but less soluble in benzene, pyridine, and carbon
tetrachloride, and very insoluble in water. The compound
crystallizes from pyridine without adduct formation.4
The compound is diamagnetic and apparently has the trans
configuration.? Partial resolution in optically active frac-
tions has been achieved by means of a chromatographic
technique.? Molecular weight determinations indicate
that the compound is monomeric in chloroform and benzene
solution.* The visible absorption spectrum of this com-
pound in chloroform is characterized by a band centered at
552 mu (e = 43).2 The ultraviolet absorption maxima for
solutions in 1:1 benzene-petroleum ether occur at 298,
348, and 364 mu (e = 4150, 4760, and 4460, respectively).?

* A large excess of ammonia will reduce the yield. The yield is 27.8%
when 50 ml. of 15 M aqueous ammonis is used.
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61. TETRAAMMINEPALLADIUM((II)
TETRACHLOROPALLADATE(II) AND
trans-DICHLORODIAMMINEPALLADIUM(II)

Pd + 2HNO; + 4HCl — H,[PdCl,] 4+ 2H,0 + 2NO,T
H.[PdCL] 4 2NaCl — Na,[PdCl] 4 2HCIT
Na,[PdCL] + 4NH; — [Pd(NH,),JCl; + 2NaCl
[Pd(NH3)4]C]2 + 2HC] b lTans-[Pd(NHg)zclzll + 2NH401
[Pd(NH,)4]Cl; + Nay[PdCl] — [Pd(NH;)[PdCL)! + 2NaCl

SusMITTED BY GEORGE B. KAUFFMAN* AND JaAMEs Hwa-san Tsar*
CHECKED BY LowELL P. EppY,t LEONARD JOHANNES,t AND DAVID PARKERT

Tetraamminepalladium (II) tetrachloropalladate(II), the
palladium analog of Magnus’ green salt, [Pt(NH3),][PtCly],
may be prepared by treatment of aqueous ammonium tetra-
chloropalladate(II) with aqueous ammonia,!? by addition
of aqueous ammonia to a palladium(II) chloride solution,*
by treatment of aqueous tetraamminepalladium(II) chlo-
ride with palladium(II) chloride solution,® and by precipi-
tation on mixing a freshly prepared solution of a tetra-
amminepalladium(II) salt with cold aqueous potassium tet-

® California State College at Fresno, Fresno, Calif. For support of this
regearch, acknowledgment is made to the donors of the Petroleum Research
Fund, administered by the American Chemical Society.

t Western Washington State College, Bellingham, Wash.
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rachloropalladate(II).? Modification of this last method,
given below, which uses metallic palladium as a starting
material, gives a pure product in almost quantitative yield.
Evaporation of the tetraamminepalladium(II) chloride solu-
tion and addition of hydrochloric acid precipitates trans-
dichlorodiamminepalladium(II), which is a compound used
in the separation of palladium from other platinum metals,
the determination of the atomic weight of palladium, and
the preparation of dipositive palladium complexes. Tetra-
amminepalladium(II) tetrachloropalladate(II), Vauquelin’s
red salt, is a ‘““polymerization isomer”’ of trans-dichlorodi-
amminepalladium (IT).8

Procedure

Caution. This synthests should be performed in a hood.

A 2.134-g. (0.0202-mol) quantity of palladium metal is
dissolved in aqua regia (3 ml. of 156 N HNO; + 12 ml. of
12 N HCI) which has been allowed to stand for about 30
minutes. If powdered palladium is used, no heat is
required to effect solution; for other forms of palladium
metal, some heating is usually required. The solution is
evaporated on a steam bath to a brown-black syrup, which
is then covered with 5 ml. of 12 N hydrochloric acid and
evaporated to moist salts. This treatment with hydro-
chloric acid is repeated twice more to remove nitric acid and
to destroy nitrosyl complexes.® The resulting tetrachloro-
palladic(II) acid is dissolved, with stirring and heating, in a
minimum volume of water (approximately 100 ml.), and
4.0 g. (0.068 mol) of sodium chloride is added. The dark
brown solution is concentrated to one-half its volume on a
hot plate and is then evaporated to dryness on a steam bath.
This evaporation removes excess hydrochloric acid, which if
allowed to remain leads to contamination of the tetra-
amminepalladium(II) tetrachloropalladate(II) with the
isomeric trans-dichlorodiamminepalladium(II). Removal
of hydrochloric acid also prevents loss of product owing to
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the solubility of the red salt in acid solution. Use of a
steam bath, rather than a hot plate, for the final stage of the
evaporation prevents thermal decomposition of sodium
tetrachloropalladate(II), which may decompose at higher
temperatures.

From this point on, either of two alternative procedures
may be followed, depending upon the product desired. If
the synthesis is to lead to tetraamminepalladium(II) tetra-
chloropalladate(II), Procedure 1 should be followed; if
dichlorodiamminepalladium(II) is the desired compound,
Procedure 2 should be used.

1. Tetraamminepalladium(II) tetrachloropalladate(II).
The dark red-brown residue from the above evaporation is
dissolved in 200 ml. of water, and the solution is divided
into two equal portions, A and B. Portion 4 is diluted to
300 ml. and is heated to vigorous boiling. To the vigor-
ously boiling solution, approximately 10 ml. of 5 N aqueous
ammonia is slowly added dropwise and with stirring until
the solution has become a light straw-yellow. During the
addition of the ammonia, the yellow precipitate of trans-
dichlorodiamminepalladium(II), which forms as an inter-
mediate following the addition of each drop, is allowed to
dissolve before the next drop of ammonia is added. Occa-
sionally, a fine black precipitate forms and does not dissolve
despite vigorous boiling. Undissolved precipitate will
lower the yield of desired compound but does not seem to
have any other effect on the course of the reaction. If such
a precipitate forms and will not redissolve with vigorous
boiling, it may be filtered from the solution after the reac-
tion mixture has cooled to room temperature. After the
addition of the ammonia is completed, the solution is
allowed to cool to room temperature and is carefully
brought to a pH of 8 with pHydrion paper by the dropwise
addition, with stirring, of several milliliters of 5 N hydro-
chloric acid.

To the solution is next added slowly and with stirring
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90 ml. of solution B, whereupon a copious rose-red precipi-
tate of tetraamminepalladium(II) tetrachloropalladate(II)
forms. The acidity of the suspension is readjusted to
about pH 8 with pHydrion paper by the addition of several
drops of 5 N ammonia, and the remainder of solution B is
added slowly with stirring. The product is collected
immediately on a 5-cm. Biichner funnel and washed with
successive 10-ml. portions of water until the washings no
longer give a positive test for chloride ion; it is then washed
twice with 10-ml. portions of acetone and is air-dried.
Immediate isolation of the product from the solution is
necessary to prevent hydrolysis, which produces a brown
precipitate and a yellow solution. The yield of tetra-
amminepalladium(II) tetrachloropalladate(II) is 3.99 g.
(93.4%). Anal. Caled. for [PA(NHy),)[PdCl,]: Pd, 50.34;
N, 13.25. Found: Pd, 50.20. By checker: Pd, 50.61; N,
13.36.

2. trans-Dichlorodiamminepalladium(II). The dark red-
brown residue from the evaporation step of the general pro-
cedure given above is diluted to 600 ml., and, after bringing
the solution to a vigorous boil, 20 ml. of 5 N aqueous
ammonia is added dropwise with stirring. If a precipitate
forms and will not redissolve despite vigorous boiling, it
may be filtered from the solution after the reaction mixture
has cooled. After the ammonia has been added, the solu-
tion is evaporated to 200 ml. on a hot plate and then to
100 ml. on a steam bath. The solution is allowed to cool to
room temperature, 10 ml. of 6 N hydrochloric acid is added,
and the mixture is cooled in an ice bath for 15 minutes.
The yellow crystalline product is collected on a 5-cm.
Biichner funnel, washed twice with 10-ml. portions of 3 N
hydrochloric acid and then with several 10-ml. portions of
ice water until the washings are neutral to pHydrion paper.
The yield of air-dried trans-dichlorodiamminepalladium(II)
is 4.10 g. (96.0%). Anal. Caled. for [Pd(INH;).Cl,]: Pd,
50.34. Found: Pd, 50.20. By checkers: Pd, 50.35.
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Properties

Tetraamminepalladium(II) tetrachloropalladate(Il) is a
rose-red powder which is stable up to 180° but which isom-
erizes at higher temperatures to trans-dichlorodiamminepal-
ladium(I1).2® The reaction is not reversible. Although
tetraamminepalladium(II) tetrachloropalladate(II) is insol-
uble in cold water,?? it reacts with boiling water to produce a
brown residue.®* When the aqueous solution is cooled,
trans-dichlorodiamminepalladium(II) precipitates. Tet-
raamminepalladium(II) tetrachloropalladate(II) dissolves
in aqueous ammonia on long heating to give a solution
which contains tetraamminepalladium(II) chloride.? Acid-
ification or evaporation of this solution produces trans-
dichlorodiamminepalladium(II),>~¢ a yellow water-insolu-
ble nonelectrolyte which is stable below 210° but which
decomposes into palladium, ammonium chloride, and
hydrogen chloride above this temperature.!® Similarly to
tetraamminepalladium(II) tetrachloropalladate(II), the
trans-dichlorodiamminepalladium(II) dissolves in aqueous
ammonia to form tetraamminepalladium(II) chloride.?37
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62. TRIS(ETHYLENEDIAMINE)PLATINUM(V)
CHLORIDE

HgPtC]o‘tzo + 5C2H4(NH2)2 d
[Pt(en)s]Ch + 2[02H4(NH2)2HCI] + zH.0

SuemitTrEp BY D. C. GiEpT* anND C. J. Nyman*
CueEckep BY JoHN Younagt anp R. KENT MURMANNT

Tris(ethylenediamine)platinum(IV) chloride was first
reported by A. Werner! in 1917. Several variations of his
method have been used,? but basically the preparation from
platinum involves three steps: (1) the preparation of the
hexachloroplatinie(IV) acid, (2) the preparation of the
crude tris(ethylenediamine)platinum(IV) chloride, and (3)
purification. The following procedure is a modification of
Werner’s method.

Procedure

Preparation of Hexachloroplatinic(IV) Acid.} Three
and eight-tenths grams (0.02 mol) of platinum metal is
dissolved in 80 ml. of hot aqua regia (three volumes of con-
centrated hydrochloric acid to one volume of concentrated
nitric acid). Nitrie acid is removed from the reaction mix-
ture by five successive evaporations with concentrated
(12 N) hydrochloric acid. The solution should be evapo-
rated almost to dryness each time. An electric hot plate is
best for this process inasmuch as overheating causes the

® Washington State University, Pullman, Wash.

t University of Missouri, Columbia, Mo.

1 Alternatively, hexachloroplatinic(IV) acid may be purchased com-
mercially for use in the following parts of the procedure.
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hexachloroplatinic(IV) acid to be reduced to platinum
metal. After the excess hydrochloric acid is driven off, the
solution becomes a deep orange viscous liquid. At this
point it is removed from the hot plate and the pure orange
hexachloroplatinic(IV) acid erystallizes. If the acid does
not crystallize immediately on cooling, the solution should
be reheated to remove any traces of excess hydrochloric acid
that may still be present.

Preparation of Crude Tris(ethylenediamine)platinum(IV)
Chloride. Ten and one-tenths grams (0.019 mol, assuming
the 6-hydrate) of hexachloroplatinic(IV) acid is dissolved in
80 ml. of absolute ethanol. After cooling this solution in an
ice bath, 6.6 ml. of 989, ethylenediamine [5 mols of ethyl-
enediamine per mol of hexachloroplatinic(IV) acid] is
slowly added with constant stirring. A pale yellow pre-
cipitate forms immediately. The mixture is heated to 65°
and is maintained at 65 + 1° in a water bath for 2 hours.
Care must be exercised not to heat the reaction mixture
above 70° inasmuch as a brown gum occasionally forms at
higher temperatures. The mixture is stirred constantly
during the digestion period. Absolute ethanol is added as
required to keep the volume of the reaction mixture con-
stant. The mixture is allowed to cool to room temperature,
and the tris(ethylenediamine)platinum(IV) chloride is sepa-
rated from the ethanol solution by suction filtration. The
crude yellow product is washed twice with absolute ethanol.
The yield of the crude wet product is about 17 g.

Purification. Seventeen grams of the crude product is
recrystallized as follows. The product is dissolved in 20 ml.
of boiling water. Twenty milliliters of concentrated
(12 N) hydrochloric acid is added; a white precipitate
forms immediately. Gentle heating is continued until the
solution is again at the boiling point, and then the minimum
quantity of boiling water (about 80 ml.) necessary to dis-
solve all of the solid at the boiling point of the solution is
added in small portions. The solution is allowed to cool
slowly and stand for several hours at room temperature so
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that slow crystallization occurs. The tris(ethylenedi-
amine)platinum(IV) echloride, which crystallizes as long
white needles, is collected on a coarse Hirsch funnel and
dried by sucking air through it. The entire recrystalliza-
tion procedure is then repeated twice, using amounts of
water and hydrochloric acid in the same proportion to the
weight of solute as indicated above. After the third recrys-
tallization, the wet crystals are rapidly washed twice with
10-ml. portions of 6 N hydrochloric acid and water at 0°
and once with a minimum amount (10 ml. or less) of water
at 0°. The product is dried for 3 hours at 105°. The final
yield of tris(ethylenediamine)platinum(IV) chloride is 6.7 g.
(669%, based on platinum metal). Anal. Caled. for
[Pt(en);]Cl,: Pt, 37.71; Cl, 27.42. Found: Pt, 37.69, Cl,
27.51.

Properties

Tris(ethylenediamine)platinum(IV) chloride is a white
crystalline solid which is readily soluble in water and stable
toward decomposition in both acidic and basic solution.
Resolution of the complex cation into its optical isomers has
been achieved by fractional precipitation of I-[Pt(en)s]-
Cly(d-CH,O) on addition of ammonium d-tartrate to the
racemic mixture.® Racemization of the cation occurs only
under extreme conditions and is accompanied by little
exchange of bound ethylenediamine. A solution of the
complex is quantitatively reduced to platinum metal by
magnesium and hydrochloric acid. The solid complex is
quantitatively reduced to platinum metal upon ignition.
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63. ¢is-DICHLORO (ETHYLENEDIAMINE)-
PLATINUM (IT)

K,[PtClL] + H.NCH,CH;NH,-2HCI + 2NaOH —
[Pt(en)Cl,] + 2NaCl 4 2KCl 4 2H:0

SusmiTTED BY GORDON L. JoHNSON*
CHECKED BY THEODORE A. MICHELFELD}

An early preparation of cis-dichloro(ethylenediamine)-
platinum(II), [Pt(en)Cl;), was reported by Jorgensen,! who
obtained the compound by the slow addition of a dilute
solution of ethylenediamine to a cold aqueous solution
of potassium tetrachloroplatinate(II), K,[PtCl,]. More
recently this same compound has been synthesized by
Drew,? by Basolo, Bailar, and Tarr,? and by Heneghan and
Bailar* using procedures based upon the method of Jérgen-
sen. Watt and McCarley?® synthesized the compound from
cis-dibromo(ethylenediamine)platinum(II), which was pre-
pared by the Jérgensen method. All of these procedures
are time-consuming and sometimes produce a product in
low yield and in a rather impure state. The following
method for the preparation of cis-dichloro(ethylenedi-
amine)platinum(II) overcomes these difficulties.

Procedure

To a solution containing 4.15 g. (0.010 mol) of potassium
tetrachloroplatinate(II) 1 in 50 ml. of water is added 1.33 g.

* Kenyon College, Gambier, Ohio.

t University of Nebraska, Lincoln, Neb.

{ The preparation of potassium tetrachloroplatinate(II) has been de-
scribed by R. N. Keller, INorGANIC SYNTHESES, 2, 247 (1946). The author
used this general method in preparing the compound, but used hydra-
zinium (2+) chloride instead of sulfur dioxide as the reducing agent for the
platinum (IV) compound. A procedure using hydrazinium(2+) chloride
as the reducing agent for hexachloroplatinic(IV) acid 6-hydrate bas been
described by W. E. Cooley and D. H. Busch, INoRGANIC SYNTHESES, b,
208 (1957).



cis-DICHLORO(EN)PLATINUM((II) 243

(0.010 mol) of ethylenediamine 2-hydrochloride. The
resulting solution is heated to boiling and is kept boiling
gently for 30 minutes during the dropwise addition of a
solution containing 0.90 g. (0.022 mol) of sodium hydroxide
dissolved in 30 ml. of water. The addition of sodium
hydroxide is continued until the acidity of the solution
remains constant at pH 6.* It will be found that upon each
addition of sodium hydroxide to the pale yellow solution the
pH rises rapidly as free ethylenediamine is liberated from
its hydrochloride and then decreases slowly as the ligand
reacts with the tetrachloroplatinate(II) ion. If at any
time the solution becomes more alkaline than pH 6, plati-
num black forms. If this occurs, the solution should be
cooled immediately and filtered to remove the metallic
platinum before the reaction is continued. (Mechanical
stirring of the solution will help to prevent local rises in pH
and consequent precipitation of platinum during the addi-
tion of the base.)

cts-Dichloro(ethylenediamine)platinum(II) and the chief
by-product of the reaction, bis(ethylenediamine)platinum-
(IT) tetrachloroplatinate(Il), [Pt(en).][PtCly], start to pre-
cipitate from the solution before all of the ethylenediamine
2-hydrochloride has been neutralized by the base. When
the reaction is complete, the mixture is evaporated to dry-
ness on the steam bath and the residue is transferred to a
sintered-glass funnel with the aid of five 3-ml. portions of
0.001 N hydrochloric acid solution. Air is drawn through
the funnel until the product is thoroughly dry.

The crude cis-dichloro(ethylenediamine)platinum(II) is
purified by dissolving it in approximately 250 ml. of liquid
ammonia® and separating it by filtration from the insoluble
violet-colored bis(ethylenediamine)platinum(II) tetrachlo-
roplatinate(II). The liquid-ammonia filtrate is allowed to
evaporate, and the residue is washed into a sintered-glass

* Accutint Indicator Paper (wide range B) made by Anachemia Chemicals
Ltd., Montreal, Canada, and Champlain, N.Y., is suitable for checking the
pH of the solution during the course of the reaction.
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funnel with several 2-ml. portions of acidified wash water;
it is then washed with ethanol and with ether and allowed to
dry in the air. The yield is 2.22 g. (68.19% based on
K,PtCl,). Anal. Caled. for [Pt(en)Cl;]: Pt, 59.83; C, 7.36;
H, 2.47; N, 8.59; Cl, 21.75. Found: Pt, 60.00; C, 7.35; H,
2.57; N, 8.60; Cl, 21.88.

Properties

The cis-dichloro(ethylenediamine)platinum(II) prepared
by this method is a yellow powder which is practically insol-
uble in cold water and in cold dilute hydrochloric acid; it is
moderately soluble in liquid ammonia and in boiling water.
The compound forms yellow needles when recrystallized
from water acidified with hydrochloric acid.* Recrystalli-
zation from N,N-dimethylformamide is effected by the
addition of water and then cooling. Darkening of the dry
compound occurs at approximately 230°. The compound
is soluble, without reaction, in hot 12 M hydrochloric acid.
1t is stable for several hours in contact with a cold saturated
sodium hydroxide solution; however, the compound dis-
solves rapidly, by reaction, upon treatment with a hot 1 M
sodium hydroxide solution. The reactions of [Pt(en)Cl,]
with water and 0.008 and 0.016 M potassium hydroxide
solutions have been studied.® The six most intense x-ray
diffraction lines have been reported.®

The product is a useful starting material for the
preparation of several platinum(IV) compounds such
as dichlorodihydroxo(ethylenediamine)platinum(IV), [Pt-
(en)(OH).Cl,}], and tetrachloro(ethylenediamine)platinum-
(IV), [Pt(en)Cly).34
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64. cis- AND trans-TETRACHLOROBIS(DIETHYL
SULFIDE)PLATINUM(V)

c18- Or trans—[Pt{ (CzHa) 25 } 2012] + Clz g
cis- or trans-[Pt{(C2Hs):S}.Cly]

SuBMITTED BY GEORGE B. KAUFFrMAN,* JAMES Hwa-5AN TsAL* AND LLoYD
T. TAKAHASHI*

CHECKED BY J. W. HoGgartHt AND F. P. DwyER{]

The complexes of platinum(IV), less well known than
those of platinum(II), can be prepared by oxidation of the
latter. Such a conversion often proceeds with retention of
configuration. Early workers!?reported that halogenation
of either cis- or trans-dihalobis(dialkyl sulfide)platinum (IT)
resulted in only one product. The compound obtained by
Loir® and R4y and Bose-Riy* by treating diethyl sulfide
with aqueous or alcoholic H,[Pt(OH),Cl,] was probably
mainly the trans isomer. The preparation given here,
based on the work of Angell, Drew, and Wardlaw,® involves
the chlorination of cis- and trans-dichlorobis(diethyl sul-
fide)platinum(II) in cold benzene solution. In this non-
polar solvent, isomerization is minimized.

Procedure
A, cis-TETRACHLOROBIS(DIETHYL SULFIDE)PLATINUM(IV)

A slow stream of chlorine (60 to 100 bubbles/minute)§ is
bubbled for 8 to 10 minutes through a pale yellow solution of

* California State College at Fresno, Fresno, Calif. Financial support of
the Research Corporation and the National Science Foundation (Grant
G-11241), and the Petroleum Research Fund of the American Chemical
Society (Grant 1152-B5) is gratefully acknowledged.

t Australian National University, Canberra, A.C.T., Australia.

1 Deceased.

§ The bore of the delivery tube must be sufficiently large to avoid clogging
with product, which begins to precipitate immediately on chlorination.
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1.20 g. (0.0027 mol) of cis-dichlorobis(diethyl sulfide)-
platinum(II)® in approximately 40 ml. of benzene which has
been cooled to but not below 5° in an ice bath. The bright
yellow precipitate of cis-tetrachlorobis(diethyl sulfide)-
platinum(IV) is separated from the cold bright yellow solu-
tion by suction filtration, washed with two 10-ml. portions
of diethyl ether, and air-dried (oven-drying causes isomeri-
zation to the trans isomer). The yield of crude product is
1.19 g. (86%). The product melts at 129 to 130°, solidifies,
and then remelts at 195°.*

The product may be recrystallized with a recovery of
about 909, by dissolving it in a minimum amount of chloro-
form (approximately 5 ml./g. of isomer), adding diethyl
ether (approximately 7 ml./g. of isomer), cooling for 15
minutes in an ice bath, separating the small bright yellow
crystals by suction filtration, washing them with two 10-ml.
portions of diethyl ether, and air-drying. The yield of
purified product is about 1.10 g. (79% yield, based on
[Pt{(C.H;)»S};Cl]). The product melts at 131°, solidifies,
and then remelts at 197°.* Anal. Caled. for PtCgH,,S,Cly:
Pt, 37.73; C, 18.56; H, 3.86. Found: Pt, 37.38. By
checkers: Pt, 37.90; C, 18.61; H, 3.96.

B. trans-TETRACHLOROBIS(DIETHYL
SULFIDE)PLATINUM(IV)

The chlorination procedure is the same as that for the
cis isomer except that only 7.5 ml. of benzene (an excess
may result in an oily product) is used to dissolve the 1.85-g.
(0.0042-mol) sample of irans-dichlorobis(diethyl sulfide)-
platinum(II) and the impure product is recovered quan-
titatively by evaporation of the benzene solution with a
stream of air. The orange-yellow residue is dissolved in a
minimum amount (45 to 55 ml.) of boiling ethanol, and the
solution is allowed to cool first to room temperaturet and
then in an ice bath for 15 minutes. The fine, lemon-yellow

* For method of measuring melting points, see Properties.
t Preliminary slow cooling yields purer crystals.
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crystals are separated by suction filtration, washed with
two 10-ml. portions of 309, cold aqueous ethanol,* and
air-dried. The yield is 1.25 g. (58%,). The product sinters
at about 188° and melts at 201°.  Anal. Caled. for PtCgH,o-
S:Cl,: Pt, 37.73; C, 18.56; H, 3.86. Found: Pt, 37.90. By
checkers: Pt, 37.31; C, 18.51; H, 3.82.

Properties®

As prepared above, cis-tetrachlorobis(diethyl sulfide)-
platinum(1V) is bright yellow, wherecas the trans isomer is
lemon-yellow. If the cis isomer is heated on a melting-
point block well below its melting point, it isomerizes and
does not melt until the temperature reaches 195 to 198°.
However, if the substance is placed on a melting-point block
which has been preheated to 133°, it melts, solidifies almost
immediately, and remelts at 201°, the melting point of the
trans isomer. The trans isomer also sinters at about 10°
below its melting point.

Both isomers are less soluble in benzene than are the cor-
responding platinum(I]) isomers. The trans compound is
much more soluble than the cis compound; both may be
recrystallized from this solvent, but in low yield. Each
isomer is soluble in methanol, ethanol, or acetone, but
virtually insoluble in diethyl ether or cold water.

Isomerization of the cis isomer occurs in polar solvents,
especially at elevated temperatures. The cis isomer can be
converted to the trans isomer by boiling for several minutes
n methanol or ethanol, but recrystallization from these
solvents is possible if accomplished quickly.

The cis isomer is decomposed by warm concentrated
nitric acid, whereas the trans isomer is not attacked.
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NOBLE GASES (RARE GASES, INERT GASES)

66. INTRODUCTION TO THE CHEMISTRY OF
COMPOUNDS OF THE NOBLE GASES*

SusmitTTeEp BY H. H. HYmaNt aAND C. L. CHERNICK}

As early as 1785, Cavendish recognized and demonstrated
that atmospheric nitrogen contains a constituent that “can-
not be reduced to nitrous acid.” Ramsey and Rayleigh,
in 1894, concluded a series of investigations on the differ-
ences between chemical and atmospheric nitrogen and
announced the discovery of the gas “argon.” This work
was quickly followed by the isolation, mainly by Ramsey, of
the remaining members of the noble gas family. For this
group, which occupies the position in the periodic table
between the halogens and the alkali metals, the most char-
acteristic chemical property was taken to be the absence of
chemical reaction.

Concepts of valence and the construction of the periodic
table have always been associated with one another. As
the idea of electronie distribution in orbitals developed, the
role of the noble gases and the concept of filled shells were
stressed in many theoretical developments. It must be
emphasized that most theoreticians never thought in terms
of an absolute prohibition of reactions for the noble gases.
Indeed, for awhile the possibilities of compound formation
for xenon and even for krypton were suggested. It was
only after a number of claims for the synthesis of com-
pounds were discredited and the best investigations of such

* Based on work performed under the auspices of the U.S. Atomic Energy
Commission.

1 Argonne National Laboratory, Argonne, Il
249
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reactions led to negative results that the lack of reaction of
these gases came to be regarded as more or less established.
Inasmuch as the absence of reaction for these gases com-
prised a convenient pedagogic tool, teachers of inorganic
chemistry and valence theory have overemphasized the
absolute nature of this prohibition.

In 1962, N. Bartlett, having made O,;PtFs from oxygen
and platinum hexafluoride, reasoned that the comparable
ionization energy of xenon might lead to a similar reaction.
When he mixed xenon and platinum hexafluoride, these
were found to undergo reaction at room temperature in a
simple glass system. Bartlett suggested XetPtFq as the
most likely formula for the resulting yellow powder, but the
exact nature of this reaction has not yet been firmly estab-
lished. At Argonne National Laboratory, the reaction
between xenon and platinum hexafluoride was duplicated;
in addition, xenon was shown to undergo reaction at room
temperature with ruthenium hexafluoride, but not with
uranium hexafluoride or neptunium hexafluoride. When
the reaction of xenon with ruthenium hexafluoride was
studied quantitatively, approximately twice as much hexa-
fluoride was consumed as with platinum hexafluoride. This
suggested the role of the hexafluoride as a fluorine carrier
and led to the studies of reactions of xenon with fluorine.

Shortly after publication of the observations on the syn-
thesis of xenon tetrafluoride, research was initiated with the
noble gases in a number of laboratories. Xenon difluoride,
xenon hexafluoride, xenon oxide tetrafluoride, and xenon
trioxide were synthesized and reasonably well characterized
within a rather short time. A number of other compounds
have since been isolated, including xenon tetraoxide, a
family of perxenates, and a variety of complex fluorides such
as XeF,28bF;, XeF¢BF; and Cs,;XeFs.

The syntheses of fluorides of krypton and radon have also
been demonstrated. Krypton fluorides are harder to make
and probably are less stable than the corresponding xenon
fluorides. Fluorides of radon would be expected to be more
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stable than those of xenon. However, the high radioactiv-
ity associated with the radon makes predictions of stability
rather tenuous.

Very shortly after the synthesis of the xenon compounds,
the techniques of infrared absorption, Raman, and nuclear
magnetic resonance spectroscopy were brought to bear on
the structure of individual molecules, while x-ray and neu-
tron diffraction studies were used to reveal the structure of
solid phases. The difluoride of xenon is a linear molecule,
and the tetrafluoride exhibits a square-planar arrangement.
The highly reactive nature of the hexafluoride has made it
difficult to obtain the necessary experimental data to estab-
lish its structure, and a conflict has developed over whether
or not it shares the octahedral symmetry characteristic of
other hexafluorides studied to date. The infrared and
Raman spectra of the hexafluoride appear to be too complex
to indicate octahedral symmetry. In XeOF, the oxygen
occupies a position above the xenon, whereas the fluorine
atoms retain the square-planar array. The XeO; molecule
appears to be best interpreted in terms of a symmetrical
distribution of the three oxygen atoms around the xenon as
a trigonal pyramid. Preliminary spectral results indicate
that xenon tetraoxide has a tetrahedral structure.

Xenon difluoride dissolves in water, yielding a solution
which contains undissociated XeF, molecules which have a
half-life of about 7 hours at 0°. It eventually hydrolyzes
to yield the expected products, xenon, hydrogen fluoride,
and oxygen. The hydrolysis reactions of the tetrafluoride
and hexafluoride are somewhat more complicated. The
addition of the stoichiometric amount of water to the hexa-
fluoride results in the formation of xenon oxide tetrafluoride.
Hydrolysis of either fluoride with an excess of water or acid
yields in solution a stable xenon(VI) species, which has been
shown to be hydrated xenon trioxide. Removal of the
excess water leaves xenon trioxide as a solid residue. Inas-
much as this solid is an extremely sensitive explosive, such
solutions must be handled with care.
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Hydrolysis of xenon hexafluoride or tetrafluoride with a
sodium hydroxide solution results in the precipitation of a
stable xenon(VIII) salt, sodium perxenate, Na,XeQs, which
on heating does not decompose until around 300°. Similar
hydrolysis with potassium hydroxide can yield a yellow
precipitate which is a mixed potassium perxenate-xenon
trioxide salt, and is explosive even when damp. With more
concentrated base, the much more stable hydrated per-
xenate may be isolated.

Studies of the nonaqueous chemistry of xenon fluorides
have also been initiated. Whereas xenon tetrafluoride is
only sparingly soluble in hydrogen fluoride, xenon difluoride
and xenon hexafluoride are very soluble indeed. Electrical
conductivity, absorption and Raman spectroscopy, and
nuclear magnetic resonance measurements have been
employed in studying these solutions. The observations
have been interpreted in terms of dissolution without
appreciable dissociation for xenon difluoride and xenon
tetrafluoride, and dissolution with extensive ionization for
xenon hexafluoride. The extensive solubility and ioniza-
tion of xenon hexafluoride contrast strikingly with the
behavior of other hexafluorides (e.g., uranium hexafluoride).

Almost before the news of the preparations had been
published, theoreticians had begun to explore the nature of
the bonding between the noble gases and fluorine. Many
saw a relationship to the bonding in the halogen fluorides,
such as chlorine trifluoride and bromine pentafluoride.
However, scientists who agreed upon the similarity between
the noble gas fluorides and the halogen fluorides did not
necessarily agree on the nature of the bonding in either case.
Early attempts at predicting the shapes and sizes of the
noble gas fluoride molecules were not especially successful.
There now seems to be general agreement between the
known shapes of a number of noble gas fluorides and oxides
and the theoretical models. However, the shape of the
hexafluoride has resulted in a controversy between the
molecular-orbital model and the localized electron-pair
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bond model. According to the former, xenon hexafluoride
should exhibit octahedral symmetry, while the latter sug-
gests a structure distorted from such symmetry. The
evidence from infrared and Raman spectroscopy, as already
indicated, would seem to favor an unsymmetric molecule.
However, alternative explanations for these spectra have
been suggested, involving perhaps low-lying excited elec-
tronic states for the hexafluoride.

Although the compounds formed by the noble gases will
undoubtedly be explained and described by the same general
theories that prove successful in correlating the properties
of other compounds, the noble gas compounds seem to pose
a rather formidable challenge. It is to be hoped that the
rapidly accumulating body of information will stimulate
theoreticians to meet this challenge and inevitably increase
our understanding of chemical bond formation. The syn-
thesis of xenon compounds is relatively simple, and many
laboratories should be able to contribute to this accumula-
tion of information.

Syntheses of xenon tetrafluoride (synthesis 66), xenon
hexafluoride (synthesis 67), and xenon difluoride (synthesis
68) appear in this volume.
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66. XENON TETRAFLUORIDE

Xe + 2F; — Xel,

SusMmiTTED BY J. G. MaLM®* anp C. L. CHERNICK*
CHECKED BY STANLEY M. WiLLiamMsoNt

Xenon tetrafluoride has been prepared by a number of
methods. Irradiation of a mixture of xenon and fluorine
with ultraviolet light produces xenon difluoride if the reac-
tion product is immediately condensed from the gas phase.!
However, if the difluoride is allowed to remain in the reac-
tion zone, the tetrafluoride is produced.? Passage of an
electric discharge through a mixture of xenon and fluorine
also produces xenon tetrafluoride.® Perhaps the best
method is the one in which xenon and fluorine are heated
together either in a closed system* or in a flow system.’
The method which uses a closed system allows a somewhat
better control of purity and is described below.

Procedure

Caution. Among the materials that may be inadvertently
produced while manipulating the zenon fluorides vs xenon
trioxrde. This may be formed by hydrolysis of xenon tetra-
fluoride and subsequent drying of the hydrolysis product.
Xenon trioxide is a potentially dangerous explosive. Millz-
gram quantities can cause extensive damage. If the procedure
described below ¢s followed exactly and moisture is rigorously
excluded, no formation of explosive materials should occur.
Occasionally, however, in glass traps protecting diffusion
pumps, materials have collected which on warming have

* Argonne National Laboratory, Argonne, Ill. Work performed under
the auspices of the U.8. Atomic Energy Commission,
t University of California, Berkeley, Calif.
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exploded or reacted with the glass to produce materials which
have subsequently exploded.

The reactor should be designed to handle 30 atmospheres
pressure (approximately 4 limes the expected pressure), and
adequate shielding should be used. Because of the use of
fluorine, the procedure should be performed in a good hood.

F1a. 10. Apparatus for preparation and purification of xenon tetrafluoride.
*A. 30,000-p.s.i. valve, Monel body, Teflon packing.
B. 30,000-p.s.i. Monel tee.
C. 30,000-p.s.i. Monel cross.
D. Welded nickel U-tube.
E. Welded Monel Bourdon gage (0 to 1000 mm.).
*F. 130-ml. welded nickel reactor vessel (1% in. 0.d. X g in. wall X 3 in.
long).
*G. 1500-ml. welded nickel storage and measuring vessel (4 in. o.d. X # in.
wall X 9% in. long).
*H. 85-ml. welded nickel storage and measuring vessel (1§ in. 0.d. X % in.
wall X 6% in. long).
J. Brass valve: Hoke type A431.
K. Soda-lime trap.
L. Monel valve: Hoke type 413.
* The dimensions of these vessels are approximate. The lengths are
those of the main volume, and do not include the length of the connecting
nipples.

The apparatus used for the preparation and purification
of xenon tetrafluoride is shown in Fig. 10. The total vol-
ume of the manifold including the U-tubes, but excluding
all reaction and storage vessels, is about 105 ml. All parts
are fabricated of nickel* or Monel and are pretreated by

* Details concerned with the welding of nickel may be obtained from the

Huntington Alloy Products Division, International Nickel Company, Inc.,
Huntington, W.Va.
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heating to dull red heat, first with hydrogen in the system
and then with fluorine. The pretreatment produces a
protective fluoride coating on the inside of the system and
prevents attack by the xenon tetrafluoride on the nickel.
After removal of the fluorine, the system is evacuated to
5% 107 mm. Hg, or less. The volume of reaction
vessel F should be determined before beginning the
procedure.

One part of xenon* (0.361 g; 0.00275 mol) is condensed
into the reaction vessel F' by means of liquid nitrogen. The
quantity of xenon is best measured by the pressure, accord-
ing to gas law calculations based on the known volume of
the vessel F.

The valve J is closed and approximately five parts of
fluorine (0.524 g.; 0.0138 mol), by pressure, is measured out
and condensed into the vessel F, which is still immersed in
liquid nitrogen. The fluorine is measured out in a manner
similar to that used for the xenon. The large vessel G is
used in order to have a sufficiently large volume. Fluorine
is allowed to flow into the manifold and the vessel G until
the pressure is about 300 mm. greater than the calculated
required pressure. (The vapor pressure of fluorine at
liquid-nitrogen temperature is about 300 mm.) The valve
to the fluorine tank is closed, the valve J is then opened,
and the fluorine is introduced into the vessel F until the
change in pressure is equivalent to the calculated amount
needed. When the required quantity has been introduced,
valve J is closed, the liquid-nitrogen bath is replaced with
an electric furnace, and the vessel F is heated to 400° for
one hour. Under these conditions, the pressure is about
7.0 atmospheres or slightly less. Larger pressures favor
the formation of xenon hexafluoride. Considerably lower
pressures favor the formation of xenon difluoride.

After cooling to room temperature, the reaction vessel is

* Xenon can be purchased from Air Product and Chemicals, Inc., Allen-
town, Pa., or from Air Reduction Company, 150 E. 42nd St., New York,
N.Y.
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immersed in a Dry Ice-trichloroethylene bath (—78°) and
the excess fluorine is pumped away. Essentially pure
xenon tetrafluoride remains in the reaction vessel, although
in some cases small amounts of the more volatile hexafluo-
ride are also produced. The hexafluoride will preferentially
expand into the vacuum manifold if the reaction vessel is
allowed to warm to room temperature. The resultant
material in the manifold can be separated or discarded.
This procedure is repeated until the pressure obtained on
opening the reaction vessel at room temperature is not
greater than 3 mm. Further purification can be achieved
by distilling the reaction product into a nickel U-tube
cooled to —78° while pumping to 107 mm. Hg, thus remov-
ing any hydrogen fluoride, xenon, or fluorine trapped in the
crystals. The final purity may be checked by examination
of the infrared spectrum of the product in the 500- to
650-cm.™! range. Xenon tetrafluoride has a fundamental
in this region which is a doublet with peaks at 581 and 591
cm.”! The most likely impurities are xenon hexafluoride
and xenon difluoride. The hexafluoride exhibits a strong
peak at 612 cm.™! and a slightly weaker one at 520 cm.™
The difluoride produces peaks at 550 and 565 em.™* As
little as 1% of either of these may easily be detected.
Yields of at least 0.51 g. (909%,), based on original amounts
of xenon, may be obtained.

Properties

At 25° xenon tetrafluoride is a colorless crystalline solid
with a vapor pressure of 2.5 mm. It can be stored
unchanged in nickel or glass vessels, although the latter
must be thoroughly dried. It readily hydrolyzes in moist
air or water to form xenon, oxygen, hydrogen fluoride, and
a stable xenon species in solution.® Hydrogen at 300°
reduces the tetrafluoride quantitatively to xenon and hydro-
gen fluoride. Xenon tetrafluoride dissolves readily in
anhydrous hydrogen fluoride and may be recovered quanti-
tatively on evaporation.
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67. XENON HEXAFLUORIDE

Xe + 3F2'—) Xer

Susmrrrep By C. L. CHERNICK* AND J. G. MaLM*
CHECKED By STANLEY M. WiLuamsont

Xenon hexafluoride may be prepared in essentially the
same way as xenon tetrafluoride (synthesis 66), except for
increasing the fluorine-to-xenon ratio and the final pressure
at reaction temperature.'”* Variations of temperature,
pressure, mol ratio, and time make possible the formation
of xenon difluoride, xenon tetrafluoride, or xenon hexafluo-
ride. The conditions described below have been found to
give good yields and purity for xenon hexafluoride.

Procedure

Caution. Among the materials that may be inadvertently
produced while manipulating xenon fluorides is xenon trioxide.
Xenon trioxide s a potentially dangerous explosive. Milli-

* Argonne National Laboratory, Argonne, Ill. Work performed under
the auspices of the U.S. Atomic Energy Commission.
t University of California, Berkeley, Calif.
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gram quantities can cause extensive damage. If the procedure
described below s followed exactly and moisture is rigorously
excluded, no formation of explosive materials should occur.
Occasionally, however, in glass traps protecting diffusion
pumps, materials have collected which on warming have
exploded or reacted with the glass to produce materials which
have subsequently exploded.

The reactor should be designed to handle 400 atmospheres
pressure at room temperature, and adequate shielding should
be used. Because of the use of fluorine, the procedure should
be performed in a good hood.

The apparatus and experimental procedures are similar
to those used for the tetrafluoride (synthesis 66), except for
the use of the heavier-walled vessel H instead of the vessel F.
In order to add the required amount of fluorine, it will be
necessary either to use a larger vessel G or to repeat the
measuring and condensing procedures.* The xenon-to-
fluorine mol ratios used are about 1:20 [0.689 g. (0.00525
mol) of xenon and 4.18 g. (0.110 mol) of fluorine]. The gas
mixture is heated to 300° for 16 hours. The hexafluoride
is purified by distillation, the less volatile fraction of lower
fluorides being discarded. The purity may be checked by
examination of the infrared spectrum, noting the presence
of bands at 520 and 612 em.™! and the absence of peaks for
the difluoride and the tetrafluoride. The spectrum should
also be studied in the 900- to 1000-cm.™! region, where
oxyfluorides have fundamentals, for example, XeOF, at
928 em.™L

Properties

Xenon hexafluoride is a colorless solid with a vapor pres-
sure of about 30 mm. at 25°. In a poly(chlorotrifluoro-

* The checker points out that the necessity of taking several portions of
fluorine can be eliminated if nitrogen that has previously been chilled to its
triple point by pumping on the Dewar flask is used as a coolant. The
reactor should first be cooled with regular liquid nitrogen. Then the use
of the solid-liquid nitrogen mixture will reduce the vapor pressure of fluorine
from 300 to about 20 mm.
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ethylene) (Kel-F) tube it was observed to turn yellow at
42° and to melt at 46°. After solidifying, it was again
colorless. The vapor is greenish-yellow.

The compound is stable at room temperature and may be
stored unchanged in thoroughly dried nickel vessels. Sam-
ples sealed in quartz react slowly to produce a colorless
liquid which has been identified as XeOF,.

Xenon hexafluoride hydrolyzes in excess dilute acid or
water to produce XeO; [Xe(VI)] in solution. Hydrolysis
with strong base results in the precipitation of a perxenate
salt [Xe(VIII)]. Xenon hexafluoride is a fairly strong
fluorinating agent, and it forms addition compounds with
other fluorides such as BF;s, AsF;, SbFs, and alkali metal
fluorides.
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68. XENON DIFLUORIDE
Xe + Fy; — XeF,

SuBMITTED BY JaMEs L. WEERs* aND Max S. MaTHESON*
CHEckED BY DEForesT F. SMmiTt aND W. G. ScHwaB?

Xenon and fluorine react to form xenon difluoride, a
crystalline solid, when irradiated with ultraviolet light in
the fluorine absorption band (2300 to 3500 A.). If the

* Argonne National Laboratory, Argonne, Ill. Work performed under
the auspices of the U.S. Atomic Energy Commission.
t Union Carbide Nuclear Company, Oak Ridge, Tenn.
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product is continuously trapped at —78° essentially pure
xenon difluoride is produced.! Xenon difluoride and fluo-
rine will photolyze further at room temperature, with no
trapping, to produce at least 809, yields of xenon tetrafluo-
ride.? Xenon difluoride has also been prepared by the
reaction of xenon with fluorine in a circulating system at
400°,3 by the reaction of xenon with carbon tetrafluoride in
a high-voltage discharge,* and by the reaction of xenon and
fluorine at high pressures.®

Procedure

Caution. Although the method described below yields pure
zenon difluoride, some xenon tetrafluoride will be produced if
any xenon difluoride remains in the reaction zone. Because
of this possibility, the care suggested in handling xenon tetra-
JSluoride (synthesis 66) should also be exercised in dealing with
zenon difluoride, so as not to produce any zenon trioxide. If
the procedure is followed exactly and moisture is rigorously
excluded, no formation of explosive materials should occur.
Occastonally, however, in glass traps protecting diffusion
pumps, materials have collected which on warming have
exploded or reacted with the glass to produce materials which
have subsequently exploded.

Because of the use of fluorine, the procedure should be per-
formed in an efficient hood.

The reaction vessel and other experimental equipment
are shown in Fig. 11. The cell is constructed of nickel* and
Monel in a closed-loop design. A is a cylindrical reaction
chamber about 100 ml. in volume and 9 em. long. Vacuum-
tight sapphire windows B,t 3 mm. thick, allow the light to

* Cells constructed of fused silica are readily attacked by fluorine to
produce silicon tetrafluoride, which complicates the purification of the xenon
difluoride.

{ Sapphire-to-metal seals can be obtained from any of the following:
Advanced Vacuum Products, Inc., Stamford, Conn.; Reuter-Stokes Elec-
tronic Components, Cleveland, Ohio; Ceramaseal, Inc., New Lebanon
Center, N.Y.
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enter the cell and intensities to be measured behind the cell.
Nickel tubing forming the loop for convection circulation
of the gases is about 8 mm. i.d. Heating tape may be
wrapped on the rear ‘“leg’”’ of the loop and operated at tem-
peratures up to 100° to help effect adequate gas circulation.
The bottom U-bend C is placed in a bath at —78° contained

ra

Fig. 11. Apparatus for the photochemical preparation of xenon difluoride.

in a Dewar. D is a cylindrical ballast container with a
volume of about 400 ml.; it is added to allow more product
to be formed. E is a Bourdon-type pressure gage of Monel
(0 to 1000 mm. Hg),* which is useful in following the rate

* Available from several commercial sources, including the Helicoid Gage
Division of the American Chain and Cable Company, Inc., Bridgeport,

Conn. A gage free from oil should be specified (often designated “Oxy-
gen—Use no oil.”’).
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of reaction. F is a Monel valve for connection to a nickel
and Monel vacuum system (synthesis 66) for filling and
emptying the cell. The light source G is a 1000-watt high-
pressure mercury arc, such as General Electric AH-6.
(Other light sources can be used if they have reasonably
high intensities in the region of fluorine absorption.) H is
an optional filter or monochromator for allowing only the
wavelengths absorbed by fluorine to enter the cell.* Iisa
fused-silica lens to concentrate the light in a narrow intense
beam inside the reaction chamber.

Xenon is introduced into the cell until a pressure of 500
mm. Hg is obtained, as measured by the pressure gage on
the cell. The xenon is frozen by means of liquid nitrogen.
Then the calculated amount of fluorine is bled into the cell,
from the vacuum system manifold, so that on warming to
room temperature an amount of fluorine equal to about
500 mm. pressure has been introduced. The cell is then
closed off at F and, if one desires to follow the rate of reac-
tion, the liquid nitrogen is removed to allow the cell to come
to room temperature for a reading of initial total pressure.

When the bath at —78° is in place and the current is
turned on for the heating tape, the irradiation is begun.
Decreases in total pressure of about 20 mm./hour are com-
mon. The rate of pressure drop decreases as the fluorine
is consumed, and less light is absorbed by fluorine. The
irradiation is continued until the rate of production of
xenon difluoride, as indicated by the rate of pressure drop,
is negligible. The cell is then reattached to the nickel
vacuum system. The xenon difluoride is held at —78° in
the U-bend as the unreacted xenon and fluorine, if any, are
pumped away. The xenon difluoride can then be purified
by distillation at room temperature into a trap at —78°
while the pumping is continued.

® A 2.0-cm. fused-silica cell containing an aqueous solution of cobalt(IT)
and nickel(IT) sulfates (45.0 g./1. CoSO7H.0 and 500 g./l. NiSO6H.0).
This solution transmits 75% of the light near 2900 A., where the maximum
absorption of fluorine occurs.
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With the conditions and apparatus described above, after
an irradiation of one to two days, the yield is approximately
2 g. of xenon difluoride. By increasing the initial total
pressure and/or the cell volume, larger quantities of the
difluoride can be prepared.

The purity of the xenon difluoride can be checked by
measuring the absorption in the infrared (synthesis 66).
Samples prepared as described above, with continuous
trapping, contain less than 19, xenon tetrafluoride, even if
the initial fluorine-to-xenon ratio is varied from 0.1 to over 6.

Properties

Xenon difluoride forms solid, water-white erystals which
have a vapor pressure of approximately 3 to 4 mm. at room
temperature and a penetrating, nauseating odor, but which
have a negligible vapor pressure at —78°. The compound
has a melting point about 140°, sublimes easily, and can be
grown into crystals of millimeter dimensions. It reacts
quantitatively with hydrogen at 300° to give xenon and
hydrogen fluoride. Xenon difluoride can be stored indefi-
nitely in predried nickel or glass vessels. It dissolves in
water, giving undissociated XeF; in solution, with a half-
life of 7 hours at 0°. Eventually, it decomposes completely
to xenon and hydrogen fluoride.
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SUBJECT INDEX

Names used in the cumulative subject index for Volumes I through VIII
are based for the most part upon those adopted in Volume II (Appendix,
page 257 ; see also the heading Nomenclature in this index), 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 Nomenclature 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, 5523-5544 (1960).

With a view to keeping the index within reasonable limits, a few changes
in policy have been made, some of them more in line with Chemical Abstracts
practice. Thus more names than silanes, germanes, phosphines, and the
like, including names of organic compounds, are now entered in inverted
form. For example, as the only entries for metal alkyls, aryls, 1,3-diketone
and certain other derivatives: Sodium, cyclopentadienyl-; Manganese, bis(2,4-
penlanedionalo)- instead of Manganese(II) acelylacetonate. In this way many
entries beginning with numerical prefixes are avoided. Numerical and some
other prefixes are also avoided by restricting entries to group headings where
possible: Cobalt carbonyls as the only entry for [Co(CO)3)s, with the formula
given there; Silicon chlorides; Sodium periodates for the meta- and para-
(ortho-); Sodium sulfites including NaHSO,.

Another change is the use of boldface type to indicate individual prepara-
tions described in detail, whether for numbered syntheses or for intermediate
products (in the latter case, usually without stating the purpose of the
preparation). Group headings, as Calcium orthophosphates, are in lightface
type unless all the formulas under them are boldfaced. Under a few general
headings such as Ammonium compounds, substituted, reference is made to a
table of such compounds instead of listing all of the specific compounds that
could be entered under the heading. However, each specific compound is
entered in the Formula Index.

Under other general headings, such as Chromium(I11) complex compounds
and Ammines, used for grouping coordination compounds of similar types
with names not suitable for individual entries, formulas are no longer given.
Hence it is imperative to consult the Formula Index for entries for specific
complexes, The decision as to names of acids (and their salts and other
derivatives) suitable for index entries has been based largely on the Chemical
Abstracts list of anions (“The Naming and Indexing of Chemical Compounds
from Chemical Abstracts,” 1962, Appendix III, page 73N). Thus halo,
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cyano, oxalato, and some other complexes are entered only under their
specific names: Polasstum hezachlororhenate(I1V); Potassium tetraozalato-
uranate(IV). One important exception is the handling of phosphorus acid
derivatives (thio, halo, amido, etc.), for which names like Sodium thiophos-
phate have been preferred, with sometimes duplicate entries for the ‘“new”
organic phosphorus names (CA, ibid., §407), as Sodium phosphorothioale.
As in previous indexes, two entries are made for compounds having two
cations. Unsatisfactory names that have been retained for want of better
ones are placed in quotation marks.
Headings are alphabetized straight through, letter by letter, as in Chemical
Abstracts indexes, not word by word. Roman numerals in Stock names are

ignored in alphabetizing unless two or more are otherwise the same.

Foot-

notes are indicated by n. following the page number.

A

Acetic acid, glacial, dehydration
of, 1:85; 2:119

Acetic acid-acetic anhydride solu-
tion, 1:85

Acetylacetone (see 2,4-Pentane-
dione)

Acetylacetone imide (see 2-Penta-
none, 4-imino-)

Acetylene, purification of, 2:76

Acidoaquotetraamminecobalt (11T)
salts, formation of, 6:175

Acidopentaamminechromium (I1I)
salts, 6:131-135

Acidopentaamminecobalt (I1T) salts,
4:171-176

Acids, organic, basic Be derivatives
of, 3:4-9

Aldehydes, aromatic o-hydroxy,
metal derivatives of, 2:11

Alkali metal amides, 1:74, 2:80,
128, 135

Alakli metal azides, 1:79-81; 2:139

Alkali metal cyanates, 2:86-90

Alkali metal pyrosulfites, 2:162-165

Alkali metal sulfites, 2:162-165

Alkaline earth azides, 1:79-81

Allanite, extraction of, 2:44

Allophanic acid, methyl and ethyl
esters, §:49, 52

Allophanyl azide, 8:51

Allophanyl hydrazide (1-amino-
biuret), 5:48
benzaldehyde der vative of, §:51
salts of, 6:51
Aluminum, tris (2,4-pentane-
dionato)-, 2:25
Aluminum bromide, 3:30
Aluminum chloride, anhydrous,
7:167
Aluminum iodide, 4:117
6- and 20-ammoniates, 4:119
Aluminum phosphide, 4:23
Aluminum selenide, 2:183
Alums, cesium, 4:8
cesium titanium, 6:50
Amalgams, 1:5-10
europium, 2:65
rare earth (lanthanon), 1:15;
5:32
Amides, alkali metal, 1:74; 2:128,
135
Amidophosphoryl dichloride,
dimethyl-, 7:69
~——, (trichlorophosphoranylidene)-,
8:92
Amines, chloramination of tertiary,
5:91
coordination compounds with
boron halides, 5:26-29
B-Amino ketones, and chromium-
(I1I) chelates, 8:149
Ammines, of chromium (I1IT), 2:196;
8:153; 6:131
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Ammines, of chromium(IV), 8:132
of cobalt(II), 4:168; (corrections)
5:185; 8:191
of cobalt(I1I), 1:186, 187, 188;
2:216; 4:168, 171; 6:185;
8:6, 194, 198
of copper (1), 2:4
of nickel(II), 8:194
of palladium (I1), 4:179
of platinum (II), 3:250, 251
of vanadium (I1II), 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 Al:le, 4:119
of [Co(NH,)e]Cls, 2:220
of FeBr,, 4:161
(See also Ammines)
Ammonium amidophosphate,
NHHPO;NH,, 6:112
Ammonium azide, 2:136; 8:53
Ammonium carbamate, 2:85
Ammonium compounds, substituted,
dimethyl-—chloride, 7:70, 72
tetraalkyl—polyhalogen com-
plex salts (table), 5:172
tetrabutyl—dibromobromate-
(), (tribromide), 6:177
tetrabutyl—tetrachloroiodate-
(I1), 5:176
tetramethyl—dichloroiodate (I),
5:176
Ammonium difluorophasphate,
NHPO,F,, 2:155, 157
Ammonium dithiocarbamate, 3:48
Ammonium fluorophosphate,
(NH,),PO,F, 2:155, 157
Ammonium hexabromaosmate(IV),
5:204
Ammonium hexachloroiridate (I11),
8:226
Ammonium hexachloroiridate(IV),
8:223
Ammonium hexachloroosmate (IV),
5:206
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Ammonium hexachloroplatinate-
(IV), in recovery of Pt, 7:235
Ammonium hexachlorotellurate (IV),
2:189
Ammonium hexafluorophosphate,
3:111
Ammonium hexafluorovanadate-
(1II), anhydrous, in molten
NHHF,, 7:88
Ammonium hexahalorhenates(1V),
8:172
Ammenium imidodisulfates, HN-
(SO;:NH,)., 2:180
NH,N(SO;NH,),-H.0, 2:179
Ammonium ion, qualitative tests
for, in cyanates, 2:89
Ammonium N-nitrosohydroxyl-
amine-N-sulfonate, (NH,).-
SO;’NzOz, 5:121
Ammonium perrhenate, 8:171
mixture of, with NHNOQ,, 1:177
Ammonium pyrophosphates,
(NH¢)2H2P207, 7:66
(NH,)P:0,, 7:65
Ammonium sulfamate, 2:180
Ammonium tetrafluoroborate, 2:23
Ammonium thiophosphate, (NH,)z-
HPO,S, 6:112
Ammonium vanadate(V), NH,VO;,
3:117
Anatase, frem v-TiO,, 5:82
Aniline, 4-derivative of 3-penten-
2-one, 8:149n.
——, o (and m)-chloro-, 4-derivative
of 3-penten-2-one, 8:149n.
——, dimethyl-, compound with
SO!; 2:174
purification of, 2:174n,
——, p-phenyl-, 4-derivative of
3-penten-2-one, 8:149n.
p-Anisidine, 4-derivative of 3-
penten-2-one, 8:149n.
Antimony (I1I) cesium chloride,
28bCl;.3CsCl, from pollucite,
4:6
Antimony (IIT) fluoride, as fluori-
nating agent, 4:134
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Antimony hydride, SbH; (see
Stibine)
Antimony(III) iodide, 1:104
Antimony (III) oxyiodide, 1:105
Arsenic(III) fluoride, 4:150
as fluorinating agent, 4:137
Arsenic hydrides, polymeric As.;H,
7:42
(See also Arsine)
Argenic(III) iodide, 1:103
Arsine, 7:34, 41
methyl derivatives of, in methyl-
bromoarsines, 7:84n.
tertiary alkyl derivatives of, struc-
ture of complexes with Cul,
AuCl, or Agl, 7:9
vinyl halo derivatives of, 7:85
——, diethylchloro-, 7:85
——, dimethylbromo-, 7:82
—, dimethylchloro-, 7:85
——, dimethyliodo-, 6:116; T:85
——, ethyldichloro-, 7:85
——, methyldibromo-, 7:82
——, methyldichloro-, 7:85
——, methyldiiodo-, 6:113; 7:85
——, phenyldibromo-, 7:85
——, triphenyl-, complexes with
Fe and CO, 8:185
complex with Rh and CO,
8:214
Asbestos, platinized, 1:160n.; 8:129
Atomic weight, determination of
average, of rare earth elements
in & mixture, 2:58
Azides, alkali and alkaline earth,
1:79-81; 2:139
phenyllead(IV), 8:56
‘“‘Azido~carbon disulfide,” (SCSN,),,
1:81
Azidodithiocarbonic acid, 1:81
Azoimides (see Azides)
Azourea, cyclic, 6:62

B

Barium amalgam, 1:11
Barium bromate, 2:20
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Barium dithionate, 1-hydrate, 2:170
Barium hexafluorogermanate(IV),
4:147
Barium hexafluorosilicate, 4:145
Barium iodate, 1-hydrate, 7:13
Barium periodate, Ba;H,(104)2,
1:171
Barium dextro-tartrate, 6:184n.
Barium thiocyanate, 3:24
Benzalazine, 1:92
Benzylamine, 4-derivative of
3-penten-2-one, 8:149n.
Beryllium, bis(2,4-pentanedionato)-
2:17
Beryllium acetate, basic, 3:4, 7, 9
basic, structure of, 8:8
Beryllium acetate isobutyrate,
basic, Be.O(CgH.Oz)z-
(C,H;0,),, 3:7
Beryllium acetate propionate
b&BiC, Be.O(CzHQOQ)a—
(C;H0,),, 87, 8
Beryllium benzoate, basic, 3:7
Beryllium butyrate, basic, 8:7, 8
Beryllium carbonate, basic, 8:10n.
Beryllium chloride, anhydrous, 6:22
Beryllium o-chlorobenzoate, basic,
3:7
Beryllium complex compounds,
anions, carbonato, M-
[BeO(COys)s), 8:5
basic, of organic acids, 8:4-11
structure of, 3:6 '
Beryllium formate, basic, 3:7, 8
Beryllium isobutyrate, basic, 8:7, 8
Beryllium isovalerate, basic, 3:7
Beryllium pivalate, basic, 3:7, 8
Beryllium propionate, basic, 3:7-9
Bicycloheptatrienyl, 7:106
Biguanide, 7:58
and its derivatives, complexes
with metals, 6:65, 68, 71
sulfate, 7:56
~——, ethylenebis-, complexes
with Ag(III), 6:74
——, 1-phenyl-, complexes with
Co(11I), 8:71
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Biguanide-p-sulfonic acid, 1-
phenyl-, 7:6
complexes with Cu(Il), 7:6
4-Biphenylamine, 4-derivative of
3-penten-2-one, 8:149n.
2,2’-Bipyridine, complex nonelectro-
lytes with copper(l), 7:9, 12
Bismuthine, methyldibromo-, 7:85
, triphenyl-, reaction with
Fea(CO)lz, 8:189
Bismuth(III) iodide, 4:114
Bismuth magnesium nitrate, 2Bi-
(NO;)3'3Mg(NOJ)z‘24HzO,
separation of Eu by, 2:57
Biurea, 4:26
separation of, in preparation of
urazole, 6:53, 54
Biuret, 1-amino- (see Allophanyl
hydrazide)
Borane (borine), chlorodiethoxy-,
5:30
, dichloroethoxy-, 6:30
Borazine (borazole), derivatives of,
5:28
Boric acid, H;BO;, esters of, 5:29
Boron bromide, 8:27
Boron chloride, 3:27
compound with PCl;, 7:79
compound with (CH;);N, 5:27
Boron chloride(Cl2¢), 7:160
Boron fluoride, 1:21
compound with N(CH,);, 6:26
with N[Si(CH,);;, 8:18
Boron halides, coordination com-
pounds with amines, 6:26-29
Boron imide, condensed derivatives
of, 5:28
Boron oxide, porous, 2:22
Bromimide, NHBr,, 1:62
Bromine, determination of uni-
positive, in complexes, 7:174
solution of, in CCl,, 1:86
Bromine(I) complex compounds,
cations, with pyridine,
7:172-173
Bromine fluorides, BrF, 8:185
BrFa, 3:184
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Bromine fluorides, BrF;, 8:185

Brushite, 4:20

1,4-Butadiene, -metal coordination
compounds, 6:216-218

Butanal, 3-oxo- (formylacetone),
chromium (III) and sodium
derivatives of, 8:144-145

n-Butyl nitrite, 2:139

N-t-Butyl osmiamate, 6:207

C

Cadmium chloride, anhydrous,
5:154; 7:168
Calcium, finely divided metal, 6:24
metal powder, 6:18
reduction of refractory metal
oxides with, 6:47
Calcium chloride, anhydrous, 6:20n.
Calcium dithionate, 2:168
Calcium fluoride, as fluorinating
agent, 4:137
Calcium hypochlorite, 5:161
Calcium orthophosphates, Ca(Hg-
PO4)2'H10, 4:18
CaHPO,, and 2-hydrate, 4:19;
6:16-17
B8-Cas(POy)2, in Ca10(POy)s(OH),,
6:17
Cay(OH)(PO,); or Cao( OH)z
(PO,)s 6:16; 7:63
Carbamates, nitro-, 1:68-70
Carbohydrazide, 4:32
cyanate condensation products of,
4:36
Carbohydrazide-N-carboxamide,
4:36
Carbohydrazide-N,N’-dicarbox-
amide, 4:38
Carbonates, qualitative test for, in
cynates, 2:89
Carbon dioxide, reduction of con-
tent of, in (CN),, 6:44n.
removal of, from commercial
CO, 6:157n.
from SnH, and its detection,
7:40, 41
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Carbon disulfide, compound with
(n-C.Hg);P, 6:90
Carbon monoxide, 2:81
carbon dioxide removal from
commercial, 6:157n.
Carbon tetrafluoride, 1:34; 8:178
Carbon tetraiodide, 3:37
Carbony! azide, 4:35
Carbony] fluoride, 6:155
in preparation of CF,OF, 8:165
Carbonyl hydrides, sodium salts of
metal, in ethereal media,
7:196-201
Carbonyls, metal, 2:229
cyclopentadienyl derivatives
of, 7:99
structure of, 2:232
Catalysts, beryllium chloride,
5:25
boron fluoride, 1:23
chromium (I1I) oxide gel, 2:190
copper, for reaction of CH,Cl
with 8i, 8:56
iron, for preparation of NaNH,,
2:133
nickel powder, 8:197
silica gel for, or for supports,
2:95, 98
Cement, laboratory, 1:189
Cerite, extraction of, 3:44
Cerium, phosphor containing, 3:23
separation of, from rare earth
mixtures, 2:43, 47, 48
test for, 2:50
Cerium amalgam, 1:15
Cerium-group earths, separation of,
from yttrium earths, 2:44
Cerium (1IT) magunesium nitrate,
2CG(NO]):‘3M&(NO;)2‘24H10,
separation of Pr from La by,
2:57
Cerium(III) nitrate, 3:51
Cerium(IV) nitrate, basic, 2:49
Cesgium, extraction of, from
pollucite, 4:5
Cesium alum, 4:8
Cesium antimony (II1T) chloride,
3CsCl-25bCls, from pollucite,
4:6

INORGANIC SYNTHESES

Cesium azide, 1:79
Cesium dibromoiodate(I), §:172
Cesium dichloroiodate(I) (iodo-
dichloride), 4: 9, 6:172
Cesium diiodoiodate(I) (triiodide),
5:172
Cesium nitrate, 4:6
1-hydrogen nitrate, 4:7
Cesium titanium alum, 6:50
Charcoal, sugar, 2:74
Chloramidation, of tertiary amines,
5:91
of tertiary phosphines, 7:67
Chloramide (chloroamine), 1:59
generator for, 5:92
Chloric acid, in HCIO solutions
and its determination,
56:161, 164
Chlorides, anhydrous metal, 1:29;
6:153; 7:163; (tables), 5:154;
7:167
volatile, labeled with chlorine-
36, 7:160, 162
Chlorination apparatus, for prepara-
tion of BeCl,, 5:22
for preparation of SeCl,, 5:125
Chlorine, determination of, in
Cl;0 in CCl, and HCIO
solutions, 6:162, 164
determination of, in I(C;H;N)Cl,
7:178
removal of, from SF,, 7:122
Chlorine-36, -labeled DCI, 7:155
-abeled volatile chlorides, 7:160
Chlorine(I) compounds, 6:156
Chlorine(I) oxide, 8:156; (correc-
tion), 8:265
in CCl, solution, 6:158
Chlorine(IV) oxide, 4:152
admixed with inert gas and Cl,
4:153; (correction), 8:265
analysis of efluent gas for Cl,
and, 4:157
free from Cl, 4:154
2-Chloroethyl chlorosulfonate, 4:85
2-Chloroethy! dichlorophosphite,
4:66
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Chloroplatinous acid [see Tetra-
chloroplatinic(II) acid]
Chlorosulfonic acid (chlorosulfuric
acid), purification of, 4:52
Chromium, powder, 6:50
——, bisbenzene-, 6:132
——, bis(2,4-pentanedionato)-,
8:125, 130
——, diperoxotriammine-, 8:132
——, tricarbonyl(cyclopenta-
dienyl)-, dimer, 7:104, 139
——, tris(biguanidato)-, 1-hydrate,
6:68
——, trig(3-bromo-2,4-pentane-
dionato)-, 7:134
——, tris(1,3-diphenyl-1,3-
propanedionato)-, 8:135
——, tris(8~-oxobutanalato)-
cis- and trans-, 8:144
——, tris(2,4-pentanedionato)-,
5:130
——, tris(1,3-propanedialato)-,
8:141
——, tris(4-p-toluidino-3-penten-
2-onato)-, 8:149
-——, tris(1,1,1-trifluoro-2,4-
pentanedionato)-, 8:138
Chromium(II) acetate, 1:122;
3:148; 6:145
anhydrous, and 1-hydrate, 8:125
Chromium carbonyl, Cr(CO)s,
3:156
Chromium(II) chloride, anhydrous,
8:150
3- and 4-hydrates, 1:126
solution of, 1:124
Chromium(III) chloride, anhydrous,
2:193; B:154; 6:129
compound with tetrahydrofuran,
8:150
Chromium (III) chromate, from
reduction of CrO;, 2:192
Chromium(0) complex compounds,
anions, with C;H; and CO,
7:104, 136
Chromium (I) complex compounds,
cations, with C;H,, 6:132
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Chromium (IIT) complex com-
pounds, with biguanide and
its derivatives, structure of,
6:66

cations, ammines, aquopentaam-
mine and acidopentaam-
mine, 5:131-135
hexaammines, 2:196; 8:153
pentaammines, 2:196;
5:132-135; 6:138
with biguanide, 6:69-70
with ethylenediamine (bis-),
cis- and {rans-, 2:200-202
(tris)-, 2:196~199
nonelectrolytes, with 0,0’-
diethyl dithiophosphate,
Cr[s:P(OC:Hﬂ:]:, 6:142
with pyridine, T:132

Chromium (II) compounds (salts),

6:144
apparatus for preparation of, .
8:127

Chromium(III) dibenzoylmethide,
8:135

Chromium(III) O,O’-diethyl
dithiophosphate, 6:142

Chromium(VI) dioxychloride,
2:205

“Chromium(III) hydroxide,”’
8:138-139

Chromium (II) iodide, 5:130

Chromium(III) iodide, 5:128

Chromium(III) oxide, hydrous or

hydrated (gel), 2:190;
8:138n.
catalytic activity of, 3:191

Chromium(V1) oxide, addition com-
pounds with pyridine and 8-
and 4-picoline, 4:94, 95

Chromium oxychloride, CrCl.,
1:126

Chromium(III) sulfate, anhydrous,
2:197

Chromy! chloride, 2:205

Cinnabar, 1:20

Cobalt, bis(cyclopentadienyl)-,
T:113

——, dicarbonyl(cyclopentadienyl)-,
7:112
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Cobalt, tris(8-nitro-2,4-pentane-
dionato)-, 7:205
——, tris(2,4-pentanedionato)-,
5:188
Cobalt(II) carbonate, pure, 6:189
Cobalt carbonyl nitrosyl, Co(CO),-
NO, 2:238
Cobalt carbonyls, [Co(CO)s],,
2:243; 6:191n.
[Co(CO).):, 2:238; 6:190
Cobalt (I1) chloride, anhydrous,
5:154; 7:113
Cobalt(II) complex compounds,
anions, N-nitrosohydroxyl-
amine-N-sulfonato, [Co(SO;-
N,O2)s]+, 6:121
with biguanide and its derivatives,
structure of, 6:66
cations, ammines, hexaammine,
8:191
pentsammine nitrosyl,
4:168; 8:191
with pyridine, 5:192
nonelectrolytes, with di-2-pyri-
dylamine, §:184
with N,N’-disalicylalethylene-
diamine, 3:196
Cobalt (I1I) complex compounds,
anions, carbonyl, 2:238;
56:190, 192
with ethylenediamminetetra-
acetatic acid, §:186
d- and [-, 8:193, 194
tetraoxalato binuclear,
8:204
with biguanide and its deriva-
tives, structure of, 6:66, 71
cations, ammines, 8:194
acidopentaammine, 1:186;
4:171-176,; 5:185; 6:182
aquopentaammine salts,
1:188; 6:175
determination of hexaam-
minecobalt (I1I) ion,
2:220
diacido- and monoacidoaquo-
tetraammine, 6:173, 175,
177

INORGANIC SYNTHESES

Cobalt(ITI) complex compounds,
cations, ammines, diaquote-
traamminesalts, 6:175, 179

dodecaammine tetranuclear,
6:176
hexaammines, 2:216-221; 8:6
pentaammine nitrosyl, 4:168;
(correction), 8:185
triammine, 6:180, 191
with diethylenetriamine, 7:211
with ethylenediamine (bis-),
2:221
stereoisomers, 2:222;
4:176; 6:192, 195; 8:196
(bis)-, ammine, and aquo-
ammine, cts- and {rans-,
8:198
(tris)-, B:221
d- and [, 6:183, 186
with 1-phenylbiguanide, 8:71
nonelectrolytes, ammines,
triacidotriammines, 6:182,
189
with diethylenetriamine,
7:208-213
Cobalt (III) 0,0'-diethyl dithio-
phosphate, 6:142
Cobalt (II) ethylenediaminetetra-
acetate, 5:187
Cobalt(III) fluoride, 3:175
Cobalt(III) sulfate, 18-hydrate,
5:181
Cobalt (11) dextro-tartrate, 6:187
Columbium (see Niobium)
Copper, active form of, for removal
of oxygen, 3:14
catalyst, 3:56
Copper(1l), bis(4-imino-2-
pentanonate)-, 8:2
——, bis(8-phenylimino-1-
phenyl-1-butanonato)-, 8:2
Copper(I) bromide, 2:3
Copper carbonyl chloride, 2:4
Copper(I) chloride, 2:1
Copper(11) chloride, anhydrous,
6:154
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Copper(I) complex compounds,
ammines, from CuCl, 2:4
anions, with I, 6:16
chloro, from CuCl, 2:4
nonelectrolytes, with 2,2’-bipyri-
dine, binuclear, 7:12
with 1,4-butadiene, binuclear,
6:217-218
with tertiary alkylphosphines
or -arsines, structure of, 7:9
with tri-n-butylphosphine,
7:9, 10
with tri-n-butylphosphine and
2,2'-bipyridine, 7:9
Copper(II) complex compounds,
with biguanide and its deriva-
tives, structure of, 6:66
cations, with di-2-pyridylamine,
5:14
with ethylenediamine, §:16, 18
nonelectrolytes, with di-2-pyridyl-
amine, §:14
with 1-phenylbiguanide-p-
sulfonic acid, 7:6
Copper(I) iodide, 6:3
Crystallization, apparatus for, of
[Pt(Cqu)Clz]z, 56:213
fractional, of Mg rare earth
nitrates, 2:52
of rare earth bromates, 2:62
Cyanamide, aqueous solution of,
8:39
crystalline, 3:41
Cyanates, alkali metal, 2:86-90
qualitative test for, 2:89
Cyanides, qualitative test for, in
cyanates, 2:89
Cyanogen, 5:43
para-, from NaCN and Cl;, 2:92n.
Cyanogen chloride, 2:90
Cyanuric chloride, 2:94
Cyclodisilthiane, tetrachloro-,
7:29n., 30
Cycloheptatrienocarbonium bro-
mide, 7:105
Cyclooctatetraene, complexes with
Fe and CO, 8:184
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Cyclopentadiene, 6:11; 7:101
metal carbonyl derivatives of,
7:99-115
metal derivatives of, 6:11, 15
(See also Ferrocene)
Cyclophosphazenes, alkoxy and
aryloxy derivatives of, 8:77-84
mercapto derivatives of chloro-,
8:84-92
Cyclotetraphosphazatetraene,
tetrachlorotetrakis(ethyl-
mercapto)-, 8:90
——, tetrachlorotetrakis(phenyl-
mercapto)-, 8:91
—, octaethoxy-, 8:79
——, octaphenoxy-, 8:83
Cyclotetrasilazane, octaethyl-,
5:62
——, octamethyl-, 5:61
Cyclotriphosphazatriene, hexa-~
ethoxy-, 8:77
——, hexakis(ethylmercapto)-, 8:87
——, hexakis(phenylmercapto)-,
8:88
——, hexaphenoxy-, 8:81
-, 2,2,4,4-tetrachloro-6,6-
bis(ethylmercapto)-, 8:86
—, 2,2,4,4-tetrachloro-6,6-
bis(phenylmercapto)-, 8:88
Cyclotrisilazane, hexaethyl-, §:62
, hexamethyl-, §:61
Cyrtolite, extraction of Hf and
Zr from, 8:67, 68

D

Deuterium chloride(Cl1%%), 7:155
Deuterophosphoric acid, D,PO,,
anhydrous, 6:81
Deuterosulfuric acid, D,SO,,
anhydrous, 6:121; 7:155
Diamidophosphosphoryl chloride,
tetramethyl-, 7:71
Diazomethane, 6:38
Diazotization, of 5-aminotetrazole
1-hydrate, 6:63
of thiosemicarbazide and 4-alkyl
and 4-aryl derivatives, 6:42
Dibromamide (dibromoamine), 1:62
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Dichlorophosphites, alkyl, 4:63
Dichloroselenious acid, 8:132
Dichrochloride, 8:180, 191
Dicyanodiamide, 8:43
Diethylenetriamine, inner complexes
with Co(III), 7:207
Digermane, 7:36
——, hexaphenyl-, §:72, 78; 8:31
Digermoxane, hexaphenyl-, 6:78
Diimidotriphosphoric pentamide,
8:110
1,3-Diketones, metal derivatives of,
2:10-17; 6:105-113
silicon derivatives of, 7:30
structure of, 2:10
(See also 2,4-Pentanedione)
Dinitrososulfites, 6:117-122
Dioxane-bis(gulfur trioxide), 2:174n.
Dioxane-sulfur trioxide, 2:174
Diphosphates, determination of, in
mixtures of phosphates, 8:93
Diphosphoric acid, 8:96
Di-2-pyridylamine (2,2’-imino-
dipyridine), 6:14
complex with cobalt (II), §:184
with copper(II), 8:14
with zinc, 8:10
Disilane, hexabromo-, 2:98
——, hexachloro-, 1:44
Disilazane, hexamethyl-, §:56
compound with BF;, 6:58
lithium derivative, 8:19
sodium derivative, 8:15
——, N-methylhexamethyl-, §:58
Disiloxane, hexachloro-, 7:23
——, hexamethyl-, 5:58
Dispersion apparatus, for Na, §:7
Distannane, 7:39
Dithiocarbamates, of Se(II) and
Te(1I), 4:91
Dithionic acid, salts of, 2:167
Dithionite ion, §:13
Ditropyl, 7:106
Durrant’s salt, 8:204

E

Enneachloroditungstate ion, test
for, 65:142

INORGANIC SYNTHESES

Ethoxyphosphimide, 4:65
Ethyl amidophosphate, (C.H;0).-
PONH;, 4:77
Ethyl borate, B(OC:H;),, 5:29
Ethyl chlorophosphate, (C.H;0).-
POCI, 4:78
Ethyl dichlorophosphite, 4:63
Ethyl dichlorothiophosphate,
C:HaOPSC]z, 4:75
Ethyl dithiophosphate, (C:H0).~
P(8)(SH), complex with Cr,
8:142
Ethylene, complexes with Pt(II),
5:210
Ethylenediamine, anhydrous, 2:197
complex cations, with chromium-
(I1I), 3:196, 200
with cobalt (II1), 2:221, 222;
4:176; 8:196, 198
with copper(II), 6:16-18
with platinum (II), 8:242
with platinum(IV), 8:239
with rhenium (V), 8:173
with rhodium (1IT1), 7:217, 218
dihydrochloride, 7:217n.
——, N,N'-disalicylal-, 8:198
complex with Co(II), 3:196
Ethylenediaminetetraacetic acid,
complex anion with Co (1II),
5:186; 6:192
Ethyl phosphenimidate, 4:65
Ethyl phosphite, (C.H,0).POH,
4:58
Ethyl phosphoramidate, (C.H;0):-
PONH,, 4:77
Ethyl sulfide, complex nonelectro-
lytes with Ir(11I), 7:224, 227
complex nonelectrolytes with
Pt(I11), 6:211, 215
with Pt(1V), 8:245
Europium, isolation of materials
containing Sm, Yb, and, 6:32
phosphors containing, 8:21-22
purification of, from acetate
solution, 6:37
separation of, from rare earth mix-
tures, as amalgam, 2:65, 68
from samarium and Gd, 2:57
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Europium, separation of, from
samarium in concentrated
acetate solution, 5:35

tests for purity of preparations of,

2:68

Europium (II) acetate, 2:68
Europium (11I) acetate, 2:66
Europium amalgams, 2:65, 68n.
Europium(II) carbonate, 2:71
Europium(II) chloride, 2:71

from amalgam, 2:68
Europium (1II) oxalate, 2:66
Europium (II1) oxide, 2:66
Europium (II) salts, 2:69-73
Europium(II) sulfate, 2:70

F

Faraday tube, for preparation of
KzReOzN, 6:167
Ferric compounds [see specific com-
pounds under Iron (11I))
“Ferricinium(Fe’5-59)” perchlorate,
7:203
analogous salts, 7:205
Ferrocene [bis(cyclopentadienyl-
iron), dicyclopentadienyliron],
8:11, 15
Ferrocene(Fets.59), 7:202
Ferrous compounds {see specific
compounds under Iron(1I)]
Filters, low-temperature, 8:167
for moisture-free filtration,
7:170-171
for solutions, 8:16
for use with H, atmosphere,
2:163
Flowrator, for fluorine, 7:126n.
Fluo- (see under Fluoro-)
Fluorides, anhydrous metal, 8:171
complexes with Xe fluorides,
8:250, 260
a8 fluorinating agents, 4:137
of sulfur(VI), 8e(VI), and
Te(VI), 1:121
Fluorination, apparatus for, 8:173;
4:138
of volatile inorganic compounds,
4:133

Fluorine, 1:136
caution, 8:168
as fluorinating agent, 4:137
for preparation of fluorides, 8:172,
184
Fluorine-18, and compounds labeled
with it, 7:150, 154
Fluorine oxide, 1:109
Fluoroboric acid, HBF,, 1:25
Fluorophosphates, hexa-, 3:111, 116
mono-, 2:156
Fluorosulfuric acid, 7:127
Formate ion, from CO, 5:13
Formic acid, azidodithio~, 1:81
Formylacetone (see Butanal,
3-0x0-)
Fulvenes, 6:15
Furan, tetrahydro-, compound with
CrCl,, 8:150
Furnace-tube assemblies, for high-
temperature, controlled-atmos-
phere operations, 8:17

G

Gadolinite, extraction of, 2:44
Gadolinium, separation of Eu
from Sm and, 2:57
separation of Sm from, 5:36
Gadolinium nitrate, analysis of
anhydrous, 5:41
Gallium, pure, 1:26
removal of, from glass, 2:27
Gallium(II) bromide, 6:33
Gallium(III) bromide, 6:31
Gallium(II) chloride, 4:111
Gallium(III) chloride, 1:26
compound with PCl;, 7:81
Gallium(III) nitride, 7:16
Gallium (III) oxide, insoluble, 2:29
Gallium (III) perchlorate, basic, 2:29
6-hydrate, 2:26
9}-hydrate, 2:28
Gallium(I) tetrabromogallate(III),
6:33
Germane, 7:36
———, bis(chloromethyl)dichloro-,
8:40
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Germane, (chloromethyl)trichloro-,
6:39
, diphenyl-, 5:74
formation of, by (CesH;)sGeH,
5:78
——, diphenyldibromo-, 6:76; 8:34
——-, methyltriiodo~, 3:64
~——, tetraanilino-, §:61
——, tetraphenyl-, 6:70; 8:31
formation of, by (CsH;);GeH,
b:78
removal of, in preparation of
(CgHs)eGea, 6:73
——, triphenyl-, 5:76
separation of, in synthesis of
(C5H5)2GeH2, 5:76
——, triphenylbromo-, 6:76
formation of, from (CeHj;)(Ge,
8:34
from (C4H;)eGes, 5:74; 8:34
Germanes, organic derivatives of,
6:64-70
(See also Digermane; Germane;
Trigermane)
Germanium, determination of,
in K2Ge(C,0,);-H:0, 8:35
recovery of, 8:64
Germanium(IV) chloride, 2:109
Germanium(IV) chloride(Cl39),
7:160
Germanium compounds, halomethyl
derivatives, 6:37
methyl— oxide, 8:67
methyl— sulfide, 8:67
organo-, 5:64-70
Germanium(IV) fluoride, 4:147
Germanium hydrides, 7:34
GeH,, 7:37
(See also Digermane; Germane)
Germanium (IT) imide, 2:108
Germanium (IV) imide, 2:114
Germanium(IT) iodide, 2:106; 3:63
Germanium(IV) iodide, 2:112
Germanium(II) sulfide, precipitated,
2:102
Gold, powder, 4:14

INORGANIC SYNTHESES

Gold(I) complex compounds, non-
electrolytes, with tertiary
alkylphosphines or -arsines,
structure of, 7:9

Graham’s salt, 3:104

composition of, 3:88

Guanidine, amidino- (see Biguanide)

-—--—, cyano-, 3:43

——, guanyl- (see Biguanide)

Guanidinium (guanidonium)
compounds, amino— hydrogen
carbonate, 8:45

hexa— tetraphosphate 1-hydrate,
5:97
nitrate, 1:94

H

Hafnium, determination of, in
Zr-Hf solution, 8:69
extraction of, from cyrtolite and
separation from Zr, 8:67, 74
Hafnium chloride, anhydrous, 4:121
Hafnium zirconium phosphates,
3:71
Halides, anhydrous metal, 4:104-111
fluorination of nonmetal, 4:133,
138
formation of ions of, 5:13
Halogens, complex compounds of
unipositive, 7:169-176
complex poly-, salts, 6:167-178;
(table), 5:172
Halomethyl derivatives, of 8i, Ge,
and Sn, 6:37
Haloplumbic (IV) acids, H.PbX,,
1:48
Halotellurates(IV) (halotellurites),
M.TeX,, 2:188-190
2,4,6,8,9,10-Hexaaza-1,3,5,7-
tetraphosphaadamantane,
2,4,6,8,9,10-hexamethyl-, 8:63
Hexachloroplatinic(IV) acid, 8:239
Hexachlororhodic (IIT) acid,
solution of, 8:220
Hexafluorophosphates, 8:111, 116
Hexahaloplumbic acids, 1:48
Hexahalotellurates(IV), 2:188-190
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Hexaiodostannates(1V), 4:121
“Hexametaphosphates’ (see Meta-
phosphates)
Hydrazidicarbamide, 4:26
Hydrazine, 1:90
and derivatives, 5:121, 124
dihydrochloride, 1:92
residues, recovery of, 1:92
sulfate, 1:90, 92, 94
urazolate, 6:53
,» 1,8-dicarbamoyl-, 4:26
Hydrazinium (hydrazonium) chlo-
ride, 1,1,1-trialkyl and -aryl-
substituted derivatives of,
5:91-95
1,1,1-triethyl-, 5:04
1,1,1-trimethyi-, 5-94
Hydrazoic acid, 1:77
Hydrazones, formation of, by
allophanyl hydrazide, 6:51
Hydrides, volatile, 7:34
Hydriodic acid, 1:157
regeneration of oxidized solutions
of, 2:210
(See also Hydrogen iodide)
Hydrobromic acid, 1:151, 152
constant-boiling, 1:155
(See also Hydrogen bromide)
Hydrogen, from NaH, 5:12
for reduction of TiCl, and TiBr,,
6:59; 7:47
Hydrogenation apparatus, for
preparation of NaH, 6:11
for preparation of UCl;, 5:146
Hydrogen azide, 1:77
Hydrogen bromide, 1:114, 149
(See also Hydrobromic acid)
Hydrogen chloride, 1:147; 8:14, 131
prevention of loss of, in analysis
of BeCl,, 6:25n.
removal of, in synthesis of
(C.H,;0).PO, 4:58
removal of water and, from
HPO,, 4:57
solution of, in TiCl,, 6:55
Hydrogen-D chloride(Cl3¢), 7:155
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Hydrogen fluoride, 1:134
caution, 3:112
as fluorinating agent, 4:136
formation of, by SF,, 7:123
Hydrogen fluoride(F#), 7:154
Hydrogen iodide, 1:159; 7:180
(See also Hydriodic acid)
Hydrogen selenide, 2:183
Hydrogen sulfide, apparatus for
treating solutions with, 3:15
liquid, 1:111
purification of, 8:14
o-Hydroxy aldehydes, metal deriva-
tives of aromatic, 2:11
Hydroxyapatite (see Hydroxyl-
apatite)
Hydroxylamine, 1:87
Hydroxylamine-O-sulfonic acid,
56:122
Hydroxylammonium arsenate, 3:83
Hydroxylammonium chloride,
recovery of, 1:89
Hydroxylammonium ion, §:124
Hydroxylammonium oxalate, 3:83
Hydroxylammonium phosphate,
3:82
Hydroxylammonium salts, 8:81-85
Hydroxylapatite (hydroxyapatite),
6:16; 7:63
o-Hydroxy phenones, metal deriva-
tives of, 2:11
Hypochlorite solution, 1:90
Hypochlorous acid, 5:160
2-hydrate, §:161
Hypofluorous acid, trifluoromethylt
ester, 8:165

I

Ilmenite, extraction of TiO; from,
5:79

Imidodiphosphoric acid tetramide,
6:110, 111n.

Imidodisulfuric acid chloride, 8:105

2,2'-Iminodipyridine (see Di-2-
pyridylamine)

B-Imino ketones, 8:52

metal derivatives of, 8:46-51
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Indium, determination of, in InBr,
7:20n.
Indium (I) bromide, 7:18
Indium (1I) bromide, 7:19, 20
Indium (I) chloride, 7:19, 20
Indium (II) chloride, 7:19, 20
Indium (1) iodide, 7:19, 20
Indium (II) iodide, 7:19, 20
Inert gas compounds, 8:249-253
Iodination apparatus, for prepara-
tion of Crl,;, 5:128
Iodine, determination of uniposi-
tive, in complexes, 7:174, 178
recovery of, from Agl residues,
2:6, 8
removal of unreacted, in prepara-
tion of Zrl,, 7:53n.
Todine-131, activity, purification
of “carrier-free,”” 6:166
Iodine(I) chioride, 1:165
Iodine (III) chloride, 1:167
Iodine(I) complex compounds, with
pyridine, 7:176
with quinoline, 7:170
Iodostannates(IV), M.Snl,, 4:121
Iridium (IIT) complex compounds,
anions, with pyridine, cis- and
trans-, 7:221, 228
cations, ammine, 7:227
with ethylamine, 7:227
nonelectrolytes, with diethyl
sulfide, cis~ and trans-, 7:224
with pyridine, cis- and trans-,
7:231
Iridium (IV) complex compounds,
nonelectrolytes, with pyridine,
cis- and lrans-, 7:220, 231
Iron, catalysts for preparation of
NaNH,, 2:133
removal of, in extraction of TiO.
from ilmenite, 5:80
from porcelain cup for prepara-
tion of COz(SO4)3'18H:O,
5:182
Iron, bis(cyclopentadienyl)- (see
Ferrocene)
——, dicarbonyl(cyclopenta-
dienyl)-, dimer, 7:110

INORGANIC SYNTHESES

Iron, heptacarbonyl(cyclo-
octatetraene)di-, 8:184
, hexacarbonyl{cycloocta-
tetraene)di-, 8:184
, tetracarbonyl(triphen-~
ylargine)-, 8:187
———, tetracarbonyl (triphen-
ylphosphine)-, 8:186
~—, tetracarbonyl(triphen-
ylstibine)-, 8:188
, tricarbonylbicyclo[5.1.0]-
octadienium-, ion, 8:185
——, tricarbonylbis(triphen-
ylarsine)-, 8:187
——, tricarbonylbis(triphenyl-
phosphine)-, 8:186
——, tricarbonylbis(triphen-
ylstibine)-, 8:188
——, tricarbonyl (cycloocta-
tetraene)-, 8:184
Iron(II) bromide, 6-ammoniate,
4:161
Iron carbonyls, Fe.(CO),, 8:178
Fe;(CO)yg, 7:193, 197n.;
8:181
Iron(II) chloride, anhydrous, 6:172
1-hydrate, 5:181
2-hydrate, 6:179
Iron(III) chloride, anhydrous,
8:191; 56:154; 7:167
removal of, in preparation of
BeCl,, 6:24n.
from ZrCl,, 4:124
Iron complex compounds, anions,
with CO, 8:182
Iron(0) complex compounds, anions,
with CsHs and CO, T:112
Iron(II) complex compounds,
cations, with C;H; and CO,
7:110
cations, with pyridine, 1:184
Iron(—1II) complex compounds,
anions, carbonyl, 2:243; 7:193,
194, 197, 198n.
Iron(II) formate, 2-hydrate, 4:159
Iron(III) oxide, beta-, 1-hydrate,
2:215




SUBJECT INDEX

Iron(III) oxide, gamma-, and 1-
hydrate, 1:185
Isopropyl acetate, drying of, 8:48

K

B-Keto amines, a,8-unsaturated,
and their Cr(I1I) chelates, 8:149
B-Keto esters, silicon derivatives of,
7:30
B-Keto imines, 8:52
metal derivatives of, 8:46-51
Krypton fluorides, 8:250

L

Labile compounds, 6:144
Lanthanide contraction, 2:32
Lanthanides, term, 2:29
Lanthanon (11I) acetates, 5:32
Lanthanon nitrates, anhydrous,
5:37
analyses of, §:41
Lanthanons, term, 5:32, 37
(See also Rare earth elements)
Lanthanum, separation of mixtures
with Pr from monazite, 2:56
Lanthanum amalgam, 1:15
Lanthanum chloride, 7:168
anhydrous, containing Pr, 1:32
Lanthanum nitrate, analysis of
anhydrous, §:41
Lead(IV) acetate, 1:47
Lead(IV) compounds, diphenyl—
diazide, 8:60
diphenyl— dichloride, 8:60
diphenyl— oxide, 8:61
phenyl— azides, 8:56-63
triphenyl— azide, 8:57
triphenyl— chloride, 8:57
triphenyl— hydroxide, 8:58
Lead cyanate, 8:23
Lead(1I) 0,0’-diethyl dithiophos-
phate, 6:142
Lead(IV) oxide, 1:45
Lead(II) thiocyanate, 1:85
Lithium, n-butyl-, 8:20
——, (triphenylgermyl)-, 8:34
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Lithium amide, 2:135
Lithium bis(trimethylsilyl)amide,
8:19
Lithium carbonate, 5:3
purification of, 1:1
Lithium chloride, anhydrous, 5:154
Lithium hydroperoxide, 1-hydrate,
5:1
Lithium hydroxide, anhydrous, 7:1
i-hydrate, 5:3
Lithium nitride, 4:1
Lithium oxide, 8:1; 7:1
Lithium peroxide, 6:1
Lutetium, purification of, from
Lu Yb acetate solution, §:36

M

Magnesium, bis(cyclopentadienyl)-
(magnesium cyclopenta-
dienide), 6:11

Magnesium bismuth nitrate, 3Mg-
(N03)32Bl (NO:);24H0, sepa-
ration of Eu by, 2:57

Magnesium cerium (III) nitrate,
3Mg(NO;):-2Ce(NO;);3-24H,0,
separation of Pr by, 2:57

Magnesium chloride, anhydrous,
1:29; 6:154n.; 6:9

Magnesium rare earth nitrates,
2:43, 52

fractional crystallization of, 2:53

Magnus’ green salt, [Pt(NH;) -
[PtCly], 2:251; 7:241

Malonaldehyde (1,3-propanedial),
chromium (III) derivative of,
8:141

Manganese, tricarbonyl(cyclo-
pentadienyl)-, 7:100

——, bis(2,4-pentanedionato)-,
6:164

——, tris(3,4-pentanedionato)-,
7:183

Manganese carbonyl, Mn;(CO),,
T7:198

Manganese(II) chloride, anhydrous,
1:29
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Manganese(—1) complex com-
pounds, anions, carbonyl, 7:198
Manganese(II) complex compounds,
anions, N-nitrosohydroxyl-
amine-N-sulfonato, {Mn{SO;--
N:0,)4)¢7, 6:121
Magnaese(III) orthophosphate,
MnPO,, 2:213
Manganese(IV) oxide, 7:194
Marble, for use in separation of Ce
from rare earth mixtures, 2:49
Mercury, recovery of, from Na
amalgam, 7:199n.
removal of, from black P, 7:62
solubility of metals in, 1:6
Mercury (I1) chloride, complexes
with thiourea, 6:27
compound with (n-C,Hj),;P, 6:90
Mercury (1I) complex compounds,
cations, with thiourea, 6:26
nonelectrolytes, Hg[CsH -
Cr(CO)sls, 7:104
Mercury fluorides, as fluorinating
agents, 4:136
Mercury (II) oxide, recovery of, in
preparation of Cl,0O, 5:157, 159
Mercury (II) sulfide, red, 1:19
Metals, powders of refractory, 6:47
solubility of Hg in, 1:36
Metaphosphates, determination of
poly- (“hexa-""), in mixtures of
phosphates, 3:94
structure of, 8:85
Metaphosphimic acid, H;(PO:NH);,
8:79
(See also Phosphonitrilic acid)
Metaplumbates, 1:45
“Metaplumbic acid’’(?), 1:46
Methanesulfonic acid, amino-,
8:121
metal salts of, 8: 123
——, hydroxy-, sodium salt of,
8:122
Methylamine hydrochloride, separa-
tion of, from P,N.(CHj,),
8:66
Methyl chlorofluorophosphite, 4:141
Methyl dichlorophosphite, 4:63

INORGANIC SYNTHESES

Methyl difluorophosphite, 4:141
Molybdenum, determination of, in
L\'IO(C[,H(;N);CI;, 7:141
——, dioxobis(2,4-pentane-
dionato)-, 6:147
——, tricarbonyl (cyclopentadienyl)-,
dimer, 7:107, 139
——, tris(2,4-pentanedionato)-,
8:153
Molybdenum (V) chloride,
anhydrous, 7:167
separation of, from WCl,, 8:165
Molybdenum (0) complex com-
pounds, anions, with C;Hj;
and CO, 7:107, 136
Molybdenum (III) complex com-
pounds, anions, aquo, 4:97
nonelectrolytes, with pyridine,
7:140
Molybdenum (VI) oxide chloride,
MOOzClz, 7:168
12-Molybdosilicic acid (silico-
molybdic acid), 1:127
Monazite, extraction of, 2:38
separation of rare earths from,
2:56
Monetite, 4:22
Monochloramide (monochloro-
amine) (see Chloramide)
Morpholine, 4-piperidinosulfonyl-,
8:113
4-Morpholinesulfonamide, 8:114
——, N,N-pentamethylene-, 8:113
-——, N-(trichlorophosphor-
anylidene)-, 8:116
4-Morpholinesulfonyl chloride,
8:109

N

8-Naphthylamine, 4-derivative of
3-penten-2-one, 8:149n.

Neodymium, determination of
atomic weight of, in pure
oxalate, 2:61

geparation of, from Sm from
monazite, 3:56
Neodymium amalgam, 1:15
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Neodymium chloride, anhydrous,
1:32; 5:154n.
Neodymium nitrate, analysis of
anhydrous, §:41
Neodymium oxalate, determination
of atomic weight of Nd in, 2:60
Nickel, powder, 5:195
~——, bis(4-imino-2-pentanonato)-,
8:232
——, tetrakis{phosphorus(III)
chloride]-, 6:201
Nickel(II) acetylacetone imide,
8:232
Nickel carbonyl, Ni(CO),, 2:234
Nickel(II) chloride, anhydrous,
6:154, 196n.
Nickel(I) complex compounds,
anions, carbonyl, cyano, 6:201
Nickel (IT) complex compounds, with
biguanide and its derivatives,
structure of, 6:66
cations, ammines, hexammine,
3:194
with ethylenediamine (bis-),
6:198, 200
with 1,10-phenanthroline
(tris-), 6:193n., 195; 8:228
-, 8:209n.
resolution of, 8:227
with propylenediamine, 6:200
Nickel(I) cyanide, 6:200
Nickel(II) cyanide, 2:228
Nickel(II) 0,0’-diethyl dithiophos-
phate, 6:142
Nickel(II) fluoride, 8:173
Nickel(IV) potassium periodate,
KNilO41H,0, 5:202
Nickel(IV) sodium periodate,
NaNilO¢-H.0, 5:201
Niobium (V) chloride, anhydrous,
7:167
Niobium (V) fluoride, 3:179
Nitramide, 1:68
Nitrates, anhydrous, 5:38
Nitric acid, anhydrous, 4:52
distillation of, 8:13
Nitric anhydride, 8:78
Nitric oxide (see Nitrogen oxides)
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Nitrido compounds, with Os, 6:204
Nitrogen, for preparation of TiCl,,
7:48
pure, azides for preparation of,
1:79
removal of O; and water vapor
from, 3:14
Nitrogen (III) chloride, 1:65
Nitrogen oxides, NO, 2:126; 8:192
for preparation of N-nitroso-
hydroxylamine-N-sulfonates,
5:118n., 119
N.0,, 5:87
N 205, 8:78
Nitrogen selenide, 8:21
N-Nitrosohydroxylamine-N-sul-
fonates, §:117-122
complex anions containing Zn,
Mn(I1), or Co(II), 6:121
structure of, 65:121
Nitrosyl chloride, 1:55; 4:48
Nitrosylsulfuric acid, 1:55
Nitryl chloride (nitroxyl chloride),
4:52
Noble gas compounds, 8:249-253
Nomenclature, of germanium com-
pounds, 5:64
of inorganic compounds, 2:257—
267
of B-keto imines (8-imino ketones)
and their metal derivatives,
8:46
of metal derivatives of 1,3-dike-
tones, 2:16
of organic compounds and coordi-
nation groups, 3:267
of organosilicon compounds, 3:55
of rare earth elements and their
compounds, 2:29

O

Octacyanotungstic(IV) acid, in
aqueous solution, 7:145
Octamethylpyrophosphoramide,

7:73
Octyl phosphite, (CsH,,0):POH,
4:61
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Olefins, complexes with Pt(II),
6:214
coordination compounds of
metals with di-, 6:216
Organic compounds, nomenclature
of, 2:267
Orthite, extraction of, 2:44
Orthoboric acid, esters of, 5:29
Orthophosphates, determination of,
in mixtures of phosphates, 3:93
Orthophosphoric acid, 1:101
Orthophosphoric acid-D;, 6:81
Orthotelluric acid, 3:145
Osmium (IV) complex compounds,
anion, amido, 6:207
Osmium compounds, nitrido,
6:204-208
Osmium (IV) oxide, 65:206
Osmium (VIII) oxide, caution, §:205
Oxalates, determination of, in rare
earth oxalates, 2:60
Oxalato salts, tri-, 1:35-38
Oxides, reduction of refractory
metal, to metal powders, 6347
Oxygen, liquid, caution, 8:168
microdetermination in P com-
pounds, 8:215; (table), 8:216
Oxygen fluoride, 1:109

P

Palladium (IT) complex compounds,
with biguanide and its deriva-
tives, structure of, 6:66

cations, tetraamine, 8:234
nonelectrolytes, with 1,4-
butadiene, 6:218
diammine, {rans-, 4:179; 8:234
2,4-Pentanedione (acetylacetone),
metal derivatives of, 2:14, 17,
25, 119 (correction, 8:37),121,
123; 5:108, 109, 113, 130, 188;
6:147, 164; 7:50 (correction,
8:37), 183; 8:38, 125, 130, 153
nomenclature of, 2:16
properties of, 5:110
substitution of Br, I, and Cl
into the chelate rings of,
7:134, 135

INORGANIC SYNTHESES

2,4-Pentanedione (acetylacetone),

structure of, 2:10

, 3-bromo-, chromium (I1I)

derivative of, T:134

—, 1,1, 1-trifluoro-, chromium (1IT)
derivative of, 8:138

2-Pentanone, 4-imino- (acetylace-
tone imide), nickel(IT) deriva~
tive of, 8:232

3-Penten-2-one, 4-substituted amino
derivatives of, and their
Cr(I1I) chelates, 8:149

——, 4-p-toluidine-, and its
chromium (I11) derivative,
8:149

Perchloric acid, removal of, from
[Ga(H,0)6](ClOy)s, 2:28

Periodates, 1:168

analysis of, 1:170n.

Periodic acid, HsIO4, 1:172

Peroxide, bis(trifluoromethyl) or
perfluorodimethyl, 6:157;
8:165

Peroxy compounds, of hafnium and
zirconium, 3:72

Peroxydisulfuryl difluoride, 7:124

Perrhenic acid, concentrated solu~
tion of, 8:171

Perxenates(VIII), 8:252, 260

1,10-Phenanthroline (o-phenan-
throline), complex cation with
Ni(II), 6:193n., 195; 8:209n.,
227

Phenones, o-hydroxy, metal deriva-
tives of, 2:11

Phenyl chlorophosphite, (CcH0)--
PCl, 8:68

Pheny! dichlorophosphite, 8:70

Phenyl phosphite, (CsH;0)sP,
purification of, 8:69

Phenyl phosphorochloridite,
(CGH50)2PCI, 8:68

Phenyl phosphorodichloridite, 8:70

“Phosphate glasses,”” 3:88

Phosphates, analysis of mixtures of
soluble, 3:91 .

determination of, in UQHPO,-

4H,0, 6:151
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Phosphates, structure of meta- and
poly-, 3:85
Phosphazophosphorus(V) oxy-
chloride, trichloro-, 8:92
Phosphine, chloramidation of terti-
ary organic derivatives of, 7:67
methyl derivatives of, 7:85
tertiary alkyl derivatives of,
structure of complexes with
Cul, Aul, or Agl, 7:9
——, diethylbromo-, 7:85
~——, dimethylbromo-, 7:85
-——, dimethylechloro-, 7:85
——, (2,2-dimethylhydrazino)-
diphenyl-, 8:74
——, diphenyl-, potassium deriva-
tive, 8:190
, ethyldibromo-, 7:85
——, methyldibromo-, 7:85
-—, methyldichloro-, 7:85
, trianilino-~, 5:61
, tri-n-butyl-, 6:87
complexes with Pt(II), cis-
and trans-, 7:245
complex nonelectrolytes with
Cu(), 7:9
compounds with CS; and
with HgCls, 6:90
, trimethyl-, 7:85
, triphenyl-, complexes with
Fe and CO, 8:185
complex with Rh and CO,
8:214
Phosphine oxide, trisubstituted,
7:69
~——, (2,2-dimethylhydrazino)-
diphenyl-, 8:76
, tri-n-butyl-, 6:90
Phosphine sulfide, (2,2-dimethyl-
hydrazino)diphenyl-, 8:76
Phosphinic acid, diphenyl-, 8:71
Phosphonic acid, as name for
H;POs, 4:57
Phosphonitrile bromide, compound
with PBr,, 7:77n.
trimeric and tetrameric, 7:76
Phosphonitrile chloride, mercapto
derivatives of cyclic, 8:84-92
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Phosphonitrile chloride, trimeric
and tetrameric, 6:94
Phosphonitrilic acid, alkyl and aryl
esters of, 8:77-84
(See also Metaphosphimic acid)
Phosphonium compounds, amino—
chlorides and other salts of
P,P,P-trisubstituted, 7:67-69
amino(cyclopentamethylene)
(phenyl)— chloride, 7:67
amino (cyclotetramethylene)-
phenyl— chloride, 7:67
amino(2,2-dimethylhydrazino)-
diphenyl— chloride, 8:76
amino (tri-n-butyl)— chioride,
7:67
amino(triphenyl)— chloride, 7:67
methyl(2,2-dimethylhydrazino)-
diphenyl— iodide, 8:76
Phosphonium iodide, 2:141
all-glass apparatus for prepara-
tion of, 6:91
Phosphoramidic dichloride,
dimethyl-, 7:69
Phosphoric acid-D;, anhydrous,
6:81
Phosphoric acids, strong, 3:85, 89
H;PO,, crystalline, 1:101
H4P207, 3:96
Phosphorodiamidic chloride, tetra-
methyl-, 7:71
Phosphorous acid, 4:55
Phosphorous acid amide imide,
6:111
Phosphors, infrared-sensitive,
strontium sulfide and selenide,
3:11
Phosphorus, black, 7:60
mixture of white with P.lI,, 2:143
white, for preparation of black
P, 7:60
Phosphorus bromides, PBr;, 2:147
PBr,, compound with PNBr,,
T:77n.
Phosphorus chlorides, PCl;, 2:145
PCl;, compound with Ni, 6:201
PCl;36, 7:160
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Phosphorus chlorides, PCl;, 1:99
compound with BCl;, 7:79
compound with GaCl,, 7:81

Phosphorus compounds, micro-
determination of oxygen in,
8:215; (table), 8:216

Phosphorus(III) cyanide, 6:84

Phosphorus(III) fluoride, 4:149;
5:95

Phosphorus(V) hexachlorophos-
phate, trichloro[(trichlorophos-
phoranylidene)amino]-, 8:94

Phosphorus hexamethylhexaimide,
P4N4(CH3)5, 8:63

compound with CH;I, 8:68

Phosphorus iodide, P;1,, mixture
Of, with P;, 2:143

Phosphorus(III) methylimide,
P,N¢(CH,)s, 8:63

Phosphorus(V) oxide, sublimation
of, in vacuum, 6:81

Phosphorus(V) oxybromide, 2:151

Phosphorus(V) sulfobromide, 2:153

Phosphorus(V) sulfobromodifluo-
ride, 2:154

Phosphorus(V) sulfochloride, 4:71

Phosphorus(V) sulfodibromofluo-
ride, 2:154

Phosphorus(V) sulfofluoride, 2:154

Phosphoryl triamide, 6:108

Phosphoryl tribromide, 2:151

Phosphotungstic acid, 1:132

3(and 4)-Picoline —chromium(VI)
oxide, 4:95

Piperidine, N, N’-sulfonyldi-, 8:114

Platinic compounds [see specific
compounds under Platinum (IV)]

Platinized asbestos, 1:160n.; 8:129

Platinized silica gel, in preparation
of HBr, 1:152

Platinous compounds [see specific
compounds under Platinum (1I)}

Platinum, recovery of, from labora-
tory residues, 7:232

Platinum(II) chloride, 6:208; 6:209

Platinum (V) chloride, 2:253

INORGANIC SYNTHESES

Platinum (IT) complex compounds,
anions, with 1,4-butadiene,
6:216

anions, with ethylene, 6:211, 214
cations, ammines (tetra-), 2:250;
5:210
with ethylenediamine (bis-),
8:243
with pyridine, 7:251
with tri-n-butylphosphine,
7:248
nonelectrolytes, diammines,
2:253; cts- and trans-, 7:239
with diethyl sulfide, cis- and
trans-, 6:211
with ethylene, cis-(?)
and trans-(?), 6:215
dimer, 8§:210;
with ethylenediamine, ¢s-,
8:242
with propylene, 5:214
with pyridine, cis- and trans-,
7:249
with styrene, 5:214
with tri-n-butylphosphine, ¢is-
and lrans-, 7:245

Platinum (IV) complex compounds,
cations, with ethylenediamine
(tris-), 8:239

nonelectrolytes, ammines, cis-
and trans-, 7:236
with diethyl sulfide, cs-
and trans-, 8:245

Plumbates(IV), M.PbO;, 1:45

“Plumbic acid,” H.PbO,(?), 1:46

Plumbic compounds [see specific
compounds under Lead(IV)]

Plumbous compounds [see specific
compounds under Lead(II))

Pollucite, extraction of cesium from,
4:5

Polyhalogen complex salts, 6:167—
178; (table), 5:172

Polyphosphates, determination of,
in mixtures of phosphates, 8:91

structure of, 3:85

Potassium, (triphenylgermyl)-,

8:34
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Potassium amide, 2:135; 6:168

Potassium azide, 1:79; 2:139

Potassium chlorochromate(VI),
KCr0,Cl, 2:208

Potassium chloroplatinite [see
Potassium tetrachloro-
platinate (1I)]

Potassium cyanate, 2:87

Potassium dioxalatocuprate(II),
Kz[C“(CzOOz], 68:1

Potassium dithioferrate(IIl), 6:170

Potassium enneachloroditungstate-
(I11), K;W,Cl;, 5:139; 6:149;
7:143

Potassium ferrate(VI), K,FeO,,
4:164

Potassium fluorophosphate,
KzPOaF, 3:109

Potassium hexabromorhenate(1V),
7:189.

Potassium hexabromotellurate(IV),
2:189

Potassium hexachloromolybdate-
(I11), 4:97

Potassium hexachlororhenate(1V),
1:178; 7:189

Potassium hexachlororhodate(III),
and 1-hydrate, 8:217, 222

Potassium hexacyanochromate(IIlL),
2:203 -

Potassium hexacyanocobaltate-
(III), 2:225

Potassium hexacyanodinickelate-
(1), 6:197

Potassium hexacyanomanganate-
(ID), 2:214

Potassium hexacyanomanganate-
(IID), 2:213

Potassium hexafluorophosphate,
3:111

Potassium hexaiodorhenate(IV),
hydrolysis of, 7:191

Potassium iodide, for use as a
primary standard, 1:163

Potassium metaphosphimate,
K;(PO:NH),, 6:97

Potassium nickel(IV) periodate,
KNilO,3H,0, 5:202

201

Potassium nitridoosmate(VIII),
6:204

Potassium nitridorhenate, 6:167

Potassium nitridotrisulfate, 2:182

Potassium nitrocarbamate, potas-
sium derivative, NO,.NKCO:K,
1:68, 70

Potassium N-nitrosohydroxylamine-
N-sulfonate, KzSOa'NzOz,
5:117, 120

Potassium octacyanomolybdate(IV),
2-hydrate, 3:160

Potassium octacyanotungstate(IV),
2-hydrate, 7:142

Potassium octacyanotungstate(V),
7:145

Potassium osmiamate, 6:204

Potassium pentachloroamidoosmate-
1v), K,0sCl;NH,, 6:207

Potassium pentachloroaquomolyb-
date(III), 4:97

Potassium pentachloroaquorhodate-
1, 7:215

Potassium pentachloronitrido-
osmate(VI), 6:206

Potassium periodate, K10,, 1:171

Potassium permanganate, stand-
ardization of solution of, for
determining average atomic
weight of rare earth elements
in oxalates, 2:60-61

Potassium pyrosulfite (K.S:0;),
2:166

and its §-hydrate, 2:165, 167

Potassium rare earth sulfates, 2:47

Potassium selenocyanate, 2:186

Potassium sulfites, KHSOj, in
solution, 2:167

K;S0;, anhydrous, 2:166

solubility of, 2:165

Potassium tetrabromoaurate(III),
and 2-hydrate, 4:14, 16

Potassium tetrachloroplatinate(1I),
2:247; 7:240; 8:242n.

Potassium tetracyanonickelate(II),
2:227
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Potassium tetracyanopalladate(II),
2:245
1- and 3-hydrates, 2:246
Potassium tetracyanoplatinate(II),
56:215
Potassium tetradecachlorotritung-
state(III), K, W,Cl,,, 6:149
Potassium tetrafluoroborate, 1:24
Potassium tetrahydroborate, in
preparation of volatile hydrides,
7:34
Potassium tetraoxalatohafnate(IV),
5-hydrate, 8:42
Potassium tetraoxalatothorate(IV),
4-hydrate, 8:43
Potassium tetraoxalatouranate(IV),
8:158
b-hydrate, 3:169; 8:157
Potassium tetraoxalatozirconate-
(IV), b-hydrate, 8:40
Potassium thiophosphate, K;PO,S,
5:102
Potassium trioxalatoaluminate, 1:36
Potassium trioxalatochromate(III),
1:37
Potassium trioxalatocobaltate(III),
1:37
8-hydrate, d- and -I, 8:208, 209
Potassium trioxalatoferrate(III),
1:36
Potassium trioxalatogermanate-
(IV), 8:34
Potassium trithiodiferrate (1I),
K!F&zS), 6:171
Potassium tungstate(VI), K.WO,,
6:149
Praseodymium, separation of mix-
tures with La from monazite,
2:56, 57
Praseodymium (III) nitrate, analysis
of anhydrous, §:41
Praseodymium (III) oxide, 5:39n.
Precipitates, apparatus for removing
liquid from, 8:16
1,3-Propanedial (malonaldehyde),
chromium (I11) derivative of,
8:141

INORGANIC SYNTHESES

1,2(and 1,3)-Propanedismine, com-
plex cations, with rhenium (V),
8:176
1,3-Propanedione, 1,3-diphenyl-,
chromium (ITI) derivative of,
8:135
Pyridine, complex cations, with
iron(II), 1:184
with silver(I), 8:6, 7:172
complexes, with iridium (III) and
-(IV), 7:220, 227, 228
with unipositive halogens and
its determination in them,
7:169, 172, 173, 175, 176, 178
complex nonelectrolytes, with
chromium (I1I), 7:132
with molybdenum (I11I), 7:140
with platinum (IT), 7:249, 253
purification of, 2:173n.
Pyridine—chromium(VI) oxide, 4:94
Pyridine-iodine(I) chloride, 7:176
Pyridine-sulfur trioxide, 2:173
Pyridinium N-phenylsulfamate,
2:175
Pyrolusite, in oxidation of H,SO,
to SzOs’_, 2:168n.
Pyrophosphates, determination of,
in mixtures of phosphates, 8:93
Pyrophosphoramide, octamethyl-,
7:73
Pyrophosphoric acid, 8:96
Pyrosulfites, alkali metal, 2:162-165
Pyrosulfuryl chloride, 8:124

Q

Quinoline, complex cation with
iodine(I), 7:170
determination of, in iodine(I)
complex, 7:174
8-Quinolinol, complexes with U(VI),
4:101

R
Radon fluorides, 8:250

Rare earth acetates, citrate solution
of, 2:69
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Rare earth (lanthanon) amalgams,
1:15; 6:32
Rare earth bromates, 2:43, 59, 62
Rare earth chlorides, anhydrous,
1:28
Rare earth elements, and com-
pounds 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 under Lanthanon)
Rare earth magnesium nitrates,
2:43, 52
fractional crystallization of, 2:53
Rare earth minerals, extraction of,
2:35, 38, 44
occurrence of, 2:34
Rare earth oxalates, 2:42, 46
for determination of average
atomic weight of rare earth
elements in mixtures, 2:59
Rare earth potassium sulfates, 2:47
Rare earths, cerium separation from
mixtures of, 2:43, 48
for determination of average
atomic weight of rare earth
elements in mixtures, 2:59
europium separation from mix-
tures of, 2:66, 68
hydrous, 2:42, 46, 47, 63
separation of, 3:37
term, 2:29
Rare earth sodium sulfates, 2:42,
46
Rare earth sulfates, 2:63
Rare gas compounds, 8:249-253
Rhenium, determination of, in
rhenium (V) complex cations
with CQH4(NH2)2, 8:176
metallic, 1:175
Rhenium(III) chloride, 1:182
Rhenium(V) chloride, 1:180
anhydrous, 7:167
- Rhenium(V) complex compounds,
cations, with C,H,(NH.,),, O,
and/or OH, 8:173-176
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Rhenium (V) complex compounds,
cations, with 1,2- and 1,3-pro-
panediamine, O, and/or OH,
8:176

Rhenium(III) iodide, 7:185

Rhenium(IV) iodide, 7:188

Rhenium(VI) oxide, 3:186

Rhenium(VII) oxide, 3:188

Rhenium (VII) sulfide, 1:177

Rhodium, recovery of waste,
7:214, 219; 8:220n.

——, tetracarbonyldichforodi-,
8:211

Rhodium(III) chloride, 3-hydrate,
7:214

Rhodium complex compounds,
nonelectrolytes, with carbonyl
and (CQHB)SP or (CcHa);AB,
8:214

Rhodium (IIT) complex compounds,
anions, aquo, 7:215; 8:220n.,
222

cations, ammines, {rans-
tetraammine and penta-
ammine, 7:216
with ethylenediamine (bis)-,
cis- and trans- 7:217-218

Rhodium (III) hydroxide, RhyO,--
5H,0 or Rh(OH);-H.0, 7:215

Rubidium azide, 1:79

Rubidium dichloroiodate(I), 5:172

S

Samarium, isolation of materials
containing Eu, Yb, and, 5:32
phosphors containing, 8:21-23
separation of Eu from Gd and,
2:57
separation of Eu from, §:35
separation of, from Gd, 5:36
from neodymium from mon-
azite, 2:57
with yttrium-group earths from
monazite, 2:56
Samarium (III) nitrate, analysis of
anhydrous, §:41
Selenic acid, crystalline, 8:137
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Selenides, precipitation of pure
metallic, from H,Se, 2:185
Selenium, red and gray, 1:119
Selenium (IT) chloride, 5:127
Selenium (1V) chloride, 5:125
Selenium (IT) dithiocarbamates,
4:91
Selenium(VI) fluoride, 1:121
Selenium(IV) oxide, 1:117; 8:127,
131
purification of, by sublimation,
3:13, 15
Selenium(1V) oxychloride, 3:130
Selenium (I1T) 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, 65:60
iodo derivatives of, 5:60
organic derivatives of, 8:51-56
organochloro derivatives of, 4:43
(See also Disilane; Trisilane)
Silane, bromotrichloro-, 7:30
» (2-chloroethoxy)trichloro-,
4:85
———, (a- and g-chloroethyl)tri~
chloro-, 3:60
, (chloromethyl)dichloro-, 6:39
——, cyclohexyltrichloro-, 4:43
——, dibromo-, 1:38
———, diiododichloro-, 4:41
——, dimethyldichloro-, 3:56
——, dimethyldiisocyanato-, 8:25
——, dimethyldiisothiocyanato-,
8:30
——, divinyldichloro-, 8:61
, iodotrichloro-, 4:41
-——, methyldichloro-, 3:58
——, methyltrichloro-, 8:58
——, methyltriisocyanato-, 8:25
——, methyltriisothiocyanato-, 8:30
——, tetraanilino-, §:61
, tribromo-, 1:38
, trimethyl-, halo, §:61
——, trimethyl(anilino)-, §:59
: , trimethylchloro-, 3:58
——, trimethylisocyanato-, 8:26

INORGANIC SYNTHESES

Silane, trimethylisothiocyanato-,
8:30
——, vinylmethyldichloro-, 8:61
——, vinyltrichloro-, 3:58
——, vinyltrimethyl-, 3:61
Silanediol, diphenyl-, 3:62
Silanethiol, trichloro-, 7:28
Silanol, trimethyl-, 5:58
Silazanes, organic derivatives of,
5:55~-64
Silica gel, 2:95; (correction), §:55
platinized, in preparation of
HBr, 1:152
Silicobromoform, 1:38
“Silicoformic anhydride,” H,8i,0;,
1:42
Silicomolybdic acid, 1:127
Silicon acetate, Si(C,H;02)4, 4:45
Silicon bromides, SiBr,, 1:38
SizBI‘s, 2:98
Silicon chlorides, higher, 1:42-45
SiCl,, 1:44
recovery and recirculation of,
in preparation of 8i:OCls.
7:25, 26
SiCl,36, T:160
SizClg, 1:44
SiaC]s, 1:44
Silicon compounds, cationic chelates
with 1,3-diketones and g-keto
esters, 7:30
cations, with 2,4-pentanedione,
7:30-33
halomethyl derivatives, 6:37
organo-, 3:50-56
Silicon fluoride, SiF,, 4:145
Silicon isocyanates, Si(NCO), and
(CH;).Si(NCO),_n, 8:23
Silicon isothiocyanates, Si{(NCS),
and (CHj3),Si(NCS)s_n, 8:27
Silicon oxychlorides (see under
Siloxanes)
Silicon sulfide dichloride, polymer,
7:30
Silicon tetrachloride (see Silicon
chlorides)
“Silicooxalic acid,” (Hs8i:04)z,
2:101
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Silicotungstic acid, 1:129
Siloxanes, chloro derivatives of
higher, 7:27n.
from hydrolysis of [(CHj;).~
SiNH]J; and [(CH,)sSiNH],,
5:63
Silver, metallic, 1:4
precipitation of, 6:19
recovery of, from Agl residues,
2:6, 7
residues, purification of, 1:2
Silver(I) carbonate, 5:19
Silver(I) chlorate, 2:4
Silver (1) chloride, reduction of, 1:3
Silver (I) complex compounds,
cations, with pyridine, 6:6;
7:172
nonelectrolytes, with tertiary
alkylphosphines or -arsines,
structure of, 7:9
Silver (III) complex compounds,
with biguanide and its deriva-
tives, structure of, 6:66, 74
cations, with ethylenebisbigua-
nide, 8:74-79
Silver(I) cyanamide, 1:98
Silver dithioferrate(III), 6:171
Silver fluorides, Ag.F, 6:18
AgF, as fluorinating agent, 4:136
solution of, 5:19-20
AgF,, 8:176
Silver(I) fluorophosphate, Ag.PO;F,
3:109
Silver(I) iodide, recovery of Ag
and I from residues of, 2:6
Silver isocyanate, 8:23
Silver(1I) oxide, 4:12
Silver oxynitrate, Ag;0sNO,, 4:13
Silver thiocyanate, 8:28
Sodium, calcium metal preparation
from a solution in, 6:18, 24
dispersions of, 5:6
formation of, from NaH, 5:12
pellets of, for reaction with
liquid NH;, 2:132
sand, 7:101, 105
Sodium, cyclopentadienyl-, 7:101,
108, 113
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Sodium, (diphenylgermyl)di-, §:72
——, ethynyl-, 2:75
, 3-oxobutanalato-, 8:145
, (triphenylgermyl)-, 6:72, 74
Sodium acetylides, NaC = CH and
alkyl derivatives, 2:75, 79, 80
NaC = CNa, 2:79-80
Sodium amalgam, 1:10
metal exchange with lanthanon-
(III) acetates, §:32
Sodium amide, 1:74, 2:128
Sodium amidophosphate
(NazPOaNﬂz), 6:100
anhydrous, 6:101
Sodium azide, 2:139
purification of, 1:79
Sodium azidodithiocarbonate, solu-
tion of, 1:82
Sodium butoxide, solution of, 1:88
Sodium carbonate, Na,CO,, “light,”
56:159
Sodium chlorate, 6:159n.
Sodium chlorite, analysis of, 4:156
caution, 4:152
Sodium cyanate, 2:88
Sodium diimidothiophosphate, 6:112
Sodium diimidotrimetaphosphate,
Na;P:0s(NH),, formation and
basic hydrolysis of, 6:105n., 106
Sodium diimidotriphosphate,
Na;P;04(NH),-6H.0, 6:104
Sodium diphosphates, 3:98
Sodium dithionate, 2:170
Sodium ethoxide, T:129
Sodium fluoride, 7:120n.
Sodium fluoride(F18), 7:150
Sodium fluorophosphate, Na,PO,F,
3:106
Sodium hexachloroiridate(III),
8:224-225
Sodium hexachloroiridate(IV), 8:225
Sodium hexachlororhodate(III),
2-hydrate, 8:217
Sodium hexafluorophosphate,
8:111
Sodium hydride, 5:10
Sodium hypochlorite, 6:159n.
solution of, 1:90
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Sodium hypophosphate, Na,H,Ps-
OQ'GHQO. 4:68
Sodium imidodiphosphate,
NE‘PQOQ(NH), 8:101
Sodium iodate, 1:168
Sodium metaphosphates, 8:88, 103
Nn.P.O.-GH,O, 8:104
Na P,0,,4H,0, purification of,
5:98
(NaPOy,)., 8:104
Sodium nickel(IV) periodate,
NaNilO,H,0, 5:201
Sodium nitridotriphosphate,
N(PO;NBQ);, 8:103
Sodium N-nitrosohydroxylamine-
N-sulfonate, Na,SO;-N,O,,
5:119
Sodium periodates, NalO,, 1:170
Na,H: 10 1:169-170; 2:212
Sodium peroxide, 8-hydrate, 3:1
Sodium perxenate(VIII), 8:252
Sodium phosphates, structure of,
3:85
Sodium phosphoramidate,
Na,PO;NH,, 6:100, 101
Sodium phosphorothioate, Na;-
PO,S, and 12-hydrate, 5:102
Sodium pyrophosphates, 3:98
NazH2P,01, 3:99
Na.PzO-,, 3:100
Sodium pyrosulfite, 2:162
and its 7-hydrate, 2:165
Sodium rare earth sulfates, 2:42,
46
Sodium selenocyanate, 2:186, 187
Sodium “‘selenopentathionate,”
3-hydrate, 4:88
Sodium sulfate, removal of, 6:119
Sodium sulfide, NaHS, anhydrous,
7:128
Sodium sulfide(S?), 7:117
Sodium sulfites, NaHSO,, in
solution, 2:164
Na:SO;, anhydrous, 2:162
and its 7-hydrate, 2:165
Sodium superoxide, 4:82
Sodium “‘telluropentathionate,”
2-hydrate, 4:88

Sodium tetrachloropaliladate(II),
8:236
Sodium tetraphosphate, NasP(O1,,
5:99
Sodium thiophosphate, Na,PO,S,
and 12-hydrate, 5:102
Sodium tricarbonatocobaltate(III),
3-hydrate, 8:202
Sodium trihydroxothioferrate (1I),
Na,FeS(OH);, 6:170
Sodium trimetaphosphimates, 6:80
Na,(PO.NH),, 1-hydrate, 6:99
4-hydrate, purification and acid
hydrolysis of, 8:105
Na;(PO;:NH),"NaOH-7H,0, 6:80
Sodium triphosphate (tripolyphos-
phate), 3:101
6-hydrate, 8:103
Stannane, 7:39
Stannic compounds [see specific com-
pounds under Tin(IV)]
Stibine, 7:43
———, dimethylbromo-, 7:85
——, dimethylchloro-, 7:85
——, methyldibromo-, 7:85
——, methyldichloro-, 7:85
, triphenyl-, complexes with
Fe and CO, 8:185
Stirring device, for use under re-
duced pressure, 3:40, 41
Strontium amalgam, 1:11
Strontium chloride, 3:21
Strontium nitrate, 3:17
Strontium selenide, 3:20
phosphors, 8:11, 22
Strontium selenite, 3:20
Strontium sulfate, 3:19
Strontium sulfide, 3:20
phosphors, 3:11, 21, 23
Styrene, complex with Pt(II),
5:214
Sublimation apparatus, for purifica-
tion of P30, 6:81
Succinimide, N-bromo-, purifica-
tion of, 7:135n.
Sulfamic acid, 2:176
purification of, for use as acidi-
metric standard, 2:178
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Sulfamic acid, N-(trichlorophophor-
anylidene)-, dialkylamides of,
8:116-119; (table), 8:118

Sulfamide, N- and N,N’-sub-
stituted derivatives of,
8:111-116; (table), 8:114

——, bis(trichlorophosphor-
anylidene)-, 8:119

——, N,N-di-n-propyl-, 8:112

——, N-(trichlorophosphor-
anylidene)-, N’,N'-dialkyl
derivatives of, 8:116-119;
(table), 8:118

Sulfamoyl chloride, dialkyl deriva-
tives of, 8:108-111; (table),
8:110

——, dimethyl-, 8:109

Sulfanilic acid, N-(amidino-
amidino-) (see Biguanide-p-
sulfonic acid, 1-phenyl-)

Sulfide, bis(trichlorosilyl), 7:30

Sulfites, alkali metal, 2:162-165

Sulfone, bis(trichlorophosphazo),
8:119

Sulfones, dialkylamino trichloro-
phosphazo, 8:116-119;
(table), 8:118

Sulfonium compounds, trimethyl—
dichloroiodate(I), 5:172

trimethyl— tetrachloroiedate,
5:172
Sulfur, conversion of hexa- to
octaatomic, 8:102
hexaatomic, 8:100
removal of unreacted, in
preparation of V:(SO,);,
7:93

Sulfur-86, 7:116

Sulfur(II) chloride, 7:120n.-121n.

Sulfur chloride fluoride, SCIF,,
8:160

Sulfur dioxide, addition compound
with (CH,)sN, 2:159

purification of, 2:160

Sulfur fluorides, removal of SF,,
SO;F:, and SF¢ from SF,Cl,
8:162

SF;, 7:1 19
SF,, 1:121; 8:119
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Sulfuric acid-D;, anhydrous, 6:121;
7:155
Sulfur imide(S;NH), 8:103
formation of, with S,N,, 6:124
Sulfur nitrides, 8:123-128
polymeric, 6:127
S.N,, formation of, with S;NH,
8:104
Sulfur oxychlorides, 8,05Cl,, 3:124
(See also Sulfuryl chloride;
Thionyl chloride)
Sulfur trioxide, addition compounds
with C;H:N, C,H;N(CH,);,
and dioxane, 2:173-175
for synthesis of D:S0,, 6:121;
7:156
Sulfuryl chloride, 1:114
Sulfuryl fiuoride, 6:158
removal of, from SF;Cl, 8:162
Swarts reaction, 4:134

T

Tantalum(V) bromide, 4:130
Tantalum (V) chloride, anhydrous,
T:167
Tantalum(V) fluoride, 8:179
Telluric acid, H,TeO,, 8:145
Tellurium(IV) chloride, 3:140
Tellurium (IT) dithiocarbamates,
4:91
Tellurium(VI) fluoride, 1:121
Tellurium(IV) oxide, 8:143
Tellurium (IT) xanthates, 4:91
Tetrachloroauric(III) acid, and its
reduction to Au, 4:14
Tetrachloropalladic(II) acid, 8:235
Tetrachloroplatinic(II) acid, solu-
tion of, 2:251; 8:208
Tetrafluoroboric acid, 1:25
1,3,5,7,2,4,6,8-Tetrazatetra-
phosphocine, 2,2,4,4,6,6,8,8-
octahydro-, ethoxy and
phenoxy derivatives of, 8:79, 83
——, tetrachloro-2,2,4,4,6,6,8,8-
octahydro-, ethylthio and
phenylthio derivatives of,
8:90, 91
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5-Tetrazolediazonium sulfate,
solution of, 6:64
Tetrazolone (5-hydroxytetrazole),
8:62
1,2,3,4-Thiatriazole, 6-amino-, 8:42
5-(substituted) derivatives, 6:44
———, B-anilino, 6:45
Thiocyanogen, solution of, 1:84
Thiony! bromide, 1:113
Thionyl chloride (Cl13¢), 7:160
Thionyl fluoride, 6:162; 8:162
formation of, by SF,, 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
Thiourea, complexes with HgCl,,
6:26
Thorium, powder, 6:50
removal of, in extraction of
monazite and xenotime, 2:41
—, tetrakis(2,4-pentanedio-
nato)-, 2:123
Thorium bromide, ammoniates, 1:54
anhydrous, 1:51
hydrates, 1:53
Thorium chloride, anhydrous, §:154;
7:168
Thorium oxybromide, 1:54
Tin, as reducing agent for complex
W (V1) chlorides, 6:149
Tin(IV) compounds, halomethyl
derivatives, 6:37
(CH;),(CH,C1)SnCl, 6:40
Tin hydrides, 7:34
Tin(IV) iodide, 4:119
Titanium, powder, 6:47
Titanium(III) bromide, 2:116;
6:57
Titanium(IV) bromide, 2:114
reduction of, 6:60
Titanium cesium alum, 6:50
Titanium (II) chloride, 6:56, 61
Titanium(III) chloride, 6:52, 57
anhydrous a-, 7:45

INORGANIC SYNTHESES

Titanium(IV) chloride, reduction
of, 8:52, 57; 7:45
Titanium(IV) complex compounds,
cations, with 2,4-pentanedione,
2:119; 7:50 (correction to
both, 8:37)
Titanium(IV) oxide, extraction of,
from ilmenite, §:79
reduction of, 6:47
Titanium(IV) sulfide, 6:82
o(and p)-Toluidine, 4-derivatives
of 3-penten-2-one, 8:149-150
1,3,5,2,4,6-Triazatriphosphorine,
2,2,4,4,6,6-hexahydro-,
ethoxy and phenoxy deriva-
tives of, 8:77, 81
ethylthio and phenylthio deriva-
tives of, and of 2,2,4,4-
tetrachloro derivative,
8:80, 87, 88
Triazoates (see Azides)
Trigermane, 7:37
Trigermylamine, nonaphenyl-
[tris(triphenylgermyl)amine],
5:78
Trimethylamine, coordination com-
pounds with BF; and BCl,,
5:26, 27
purification of, 2:159
Trimethylamine-sulfur dioxide,
2:159
Trinitrides (see Azides)
Trioxalatocobaltate(III) ion,
resolution of, 8:207
Triphenylamine, reaction with
Fe:(CO)u, 8:189
Triphosphates, determination of, in
mixtures of phosphates, 8:93
Trisilane, octachloro-, 1:44
Trisilylamine, nonamethyl-
[tris(trimethylsilyl)amine),
8:15, 19
compound with BF,, 8:18
Tris(triphenylgermyl)amine (see
Trigermylamine, nonaphenyl-)
Tropylium bromide, 7:105
Tungsten, tricarbonyl(cyclo-
pentadienyl)-, dimer, 7:139
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Tungsten carbonyl, W(CO),, 5:135
Tungsten(VI) chloride, anhydrous,
3:163; 7:167
complexes of, in preparation of
complex chlorotungstates-
(I11), 6:149
Tungsten (0) complex compounds,
anions, with C;H; and CO,
7:136
Tungsten(VI) fluoride, 3:181
12-Tungstophosphoric acid
(phosphotungstic acid), 1:132
12-Tungstosilicic acid (silico-
tungstic acid), 1:129

U

Uranium, determination of, in
UO.,HPO,4H;0, b:151
powder, 6:50
Uranium(III) chloride, 5:145
Uranium(IV) chloride, 5:143
formation of, by UCl,, 5:148
Uranium (V) chloride, 6:144
Uranium (VI) complex compounds,
cations, with 8-quinolinol, 4:101
Uranium(IV) oxalate, 3:166
Uranium oxide, UO; and U;04, 5:149
Uranyl chloride, 5:148
1-hydrate, 7:146
Uranyl orthophosphate, 4-hydrate,
UO:HPO,4H.0, 5:150
Urazine (4-aminourazole), 4:29
salts of, 4:31
Urazole, §:52
hydrazine salt of, 6:53, 54
Urea, qualitative test for, in
cyanates, 2:89
Urethan, nitro-, and ammonium
derivative, 1:69

v

Vanadium, powder, 6:50

, bis(cyclopentadienyl)-,
solution of, 7:102

——, bis(2,4-pentanedionato)oxo-,
5:113
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Vanadium, tetracarbonyl(cyclo-~
pentadienyl)-, 7:100
Vanadium(II) chloride, 4:126
Vanadium(III) chloride, 4:128
anhydrous, for preparation of
CsHaV(CO)q, 7:100
6-hydrate, 4:130
Vanadium(IV) chloride, removal
of, from VOCI;, 1:107
Vanadium (IIT) complex compounds,
cation, hexaammine, and
others from VCl;, 4:130
Vanadium (II) fluoride, non-forma-
tion of, from VF;, 7:91
Vanadium(III) fluoride, anhydrous,
7:87
Vanadium(II) hydroxide, 7:97
Vanadium (III) hydroxide, 7:99
Vanadium(III) oxide, black, 1:106;
{correction for V,0,), 4:80
Vanadium(IV) oxide sulfate, 7:94
Vanadium oxychloride VOCI,,
1:106; (correction), 4:80; 6:119
Vanadium oxyfluorides (?), 7:89n.
Vanadium(II) sulfate, 7-hydrate,
7:94
Vanadium(III) sulfate, anhydrous,
7:92
Vauquelin’s red salt, 8:235
Vermilion, 1:20

w

Water, for preparation of
Cl‘(CzHan)z, 6:145n.

Whitlockite, formation of, in
preparation of hydroxylapatite,
6:17

Wolfram (see Tungsten)

X

Xanthates, of Se(1I) and Te(II),
4:91
Xenon fluorides, 8:250-253
XeF,, 8:260
XeF,, 8:254, 261
XeF,, 8:257, 258
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Xenon oxide fluoride, XeOF,,
8:251, 260
Xenon oxides, XeQ,, 8:251, 260
caution, 8:254, 258
XeQ,, 8:251
Xenotime, extraction of, 2:38

Y

Ytterbium, isolation of materials
containing Sm, Eu, and, §:32
purification of, from Lu Yb
acetate solution, 5:36
Yttrium-group earths, containing
Sm, separation from monazite,
2:56
separation of, from cerium
earths, 2:44, 46, 56, 62
Yttrium nitrate, analysis of
anhydrous, 5:41

Z
Zeise's salt, 5:211

Zine chloride, anhydrous, 5:154;
7:168-

INORGANIC SYNTHESES

Zine complex compounds, anions,
N-nitrosohydroxylamine-N-
sulfonato, [Zn (803 N:02)sli,
6:121

nonelectrolytes, with di-2-
pyridylamine, 8:10

Zirconium, extraction of, from
cyrtolite and separation from
Hf, 8:67, 74

powder, 6:47

——, tetrakis(2,4-pentanedio~
nato)-, and 10-hydrate, 2:121

Zirconium bromide, anhydrous, 1:49

Zirconium chloride, anhydrous,

4:121
analyses of, 7:167

Zirconium complex compounds,
cation, with 2,4-pentanedione;
8:38

Zirconium iodide, 7:52

Zirconium oxide, low in Hf, 8:76

Zirconium oxybromide, ZrOBr.,
1:51

Zirconium oxychloride, 8:76

8-hydrate, purification of, 2:121

Zirconium hafnium phosphates, 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, or in the case of compounds in
tables or of many complex coordination compounds, not to be found at all in
the Subject Index. Al specific compounds with definite formulas (or even a
few less definite) are entered in this index, whether entered specifically in the
Subject Index or not. As in the latter index, boldface type is used for
formulas of compounds whose preparations are described in detail, in at
least one of the references cited.

Wherever it seemed best, formulas have been entered in their usual form
(i.e., as used in the text) for easy recognition: PbQ., EuSO;, 8i,Cls, ThOBr,.
However, for compounds containing the more uncommon elements and group-
ings and also for complexes, the significant or central atom has been placed
first in the formula in order to throw together as many related compounds as
possible. This procedure usually involves placing the cation last (often of
relatively minor interest, especially in the case of alkali and alkaline earth
metals): [PtCLjK;; [Al(C20,):]Ks3H,0; [Co(enta)):Ba. The guiding prin-
ciple in these decisions has been the chapter in the text in which the prepara-
tion of the compound in question is described. Where there is likely to be
almost equal interest in two or more parts of a formula, two or more entries
have been made: AgClO; and ClO;Ag: Al,Se; and Se;Aly; SFe and FeS
halides other than fluorides are entered only under the other elements or
groups in most cases); NaNH, and NH:Na; NH;SO;H and (SO;H)NH..

Formulas for organic compounds are structural or semistructural so far
as feasible: CH;COCH,COCH,. Consideration has been given to probable
interest for inorganic chemists, i.e., any element other than carbon, hydrogen,
or oxygen in an organic molecule is given priority in the formula if only one
entry is made, or equal rating if more than one entry: Zr(C;H:0:),, but
NaC=CH and CH=CNa. Names are given only where the formula for an
organic compound, ligand, or radical may not be self-evident, but not for
frequently occurring relatively simple ones like C;H;N (pyridine), CsH-0.
(2,4-pentanedione), CsH; (cyclopentadienyl).

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:
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NH,SO,NH,

(NHe)gCgH; (instea.d of N2H4CzH4, N2H5C2, or CzH;Nz)
Si(CH,)Cl, FH

Si(CH3),Cl FisH

Si(CH=CH,)Cl, FNa

$i(C2H,Cl)Cls F1sNa

Cr(CN)¢K; (instead of CrC,N K)

Cr(C,H;0;); (instead of CrC,HO,)

[CT(CQO‘)3]K3'3H20 (instead of Cl‘CqOuKa'HeO3 or CrCeO”,K,';Hq)

|Cr{en).Cl;]JCI*H:O (“‘en’ is retained for simplicity and is alphabetized
as such rather than as C:H,(NH:). or (NH,).C:H,. Similarly,
“dien’’ stands for diethylenetriamine, ‘‘enta’’ for | — CH.N (CH,CO,).]2*",
“g-phen” for o(or 1,10)-phenanthroline, and “pn” for propylenediamine.)

Footnotes are indicated by n. following the page number.

A As(CH;)Br,, 7:82
As(CH,)Cl,, 7:85
[Ag(CsHN):|ClO,, 6:6 As(CH,)I,, 6:113; 7:85
[Ag(Cst,N)z]NOs, T:172 AS(CH;):BI’, 7:82
[Ag(CeN1cH1s)(OH); Ethylene- As(CH,),Cl, 7:85
bisbiguanidesilver (III) hydrox-  As(CH,).l, 6:116; 7;85
ide, 8:78; perchlorate and As(CH;)s, T7:84n.
nitrate, 6:78 As(C.H;)Clz, T7:85
[Ag(CoN10H16)|2(SOx)s, 8:77 As(C,H,).Cl, 7:85
AgCl, 1:3 AS(CeHg)Brz, 7:85
AgClO;, 2:4 [{As(CsH;);}.Fe(CO),], 8:187
AgF, 4:136; 5:19-20 [{AS(CeH3)s}:Fe(CO),), 8:187
AgF,, 3:176 [{As(CsH,)s}.Rh(CO)Cl}, 8:214
AgFeS;, 6:171 AsF;, 4:137, 150
Agl, 2:6 AsH;, 7:34, 41
AgNCO, 8:23 As];, 1:103
AgO, 4:12 (As.H)., 7:42
AgSCN, 8:28 AuBr X (and + 2H,0), 4:14, 16
AggCNz, 1:98 AUCIQH, 4:14
AngOa, 6:19
Ang. 5:18 B
Ag,PO;F, 3:109
Ag'/OaN()s, 4:13 BBr;, 3:27, 29
AlBr;, 3:30, 33 BCl;, 3:27, 28, 29
[Al(ci()‘)a]Ka'aHzo, 1:36 BCl;'(CH;)aN, 6:27
Al(05H702)3, 2:25 BClg-PCls, 7:79
AlCl;, 7:167 BCI3¢, 7:160
AlCs(80,)°12H,0, 4:8 BF;, 1:21; compound with
AlP, 4:23 NH {Si(CHj)s}2, 5:58;
All,, 4:117 with N {Si(CHj)s}s, 8:18

Al;Ses, 2:183 BF;-(CH,):N, b:26
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BFH, 1:25

BF.K, 1:24

BF,NH,, 2:23

BH.K, 7:34

B(OC:H;)CI'), 6:30

B(OC.H;).Cl, §:30

B(OC1H5):, 6:29

B:0,, 2:22

BB(BrOa)z‘Hzo, 2:20

BaC,H,0, Barium deztro-
tartrate, 6:184

Ba(10;),H,0, 7:13

Ba(SCN);, 3:24

BaS.042H.0, 2:170

Bﬂ.zH;(lOo)g, 1:171

BG(C5H102)3, 2:17

BGCIz, 5:22

(BeO),'(BeCOa)w 8:10n.

Be,O(CHOy)s, 8:7, 8

[BesO(COs)e}[Co(NH;)e):*10(and
11)H.0, 8:6

[Be.O(CO;)g]Kg, 8:7

[BesO(CO,)e)(NHy)s, 8:9

[BeAO(COs)a]NB.e, 8:9

Be.O(CgHaoz)z(CaH702)4(iso')x 8:7

Be,O(C;H;0,)3(C;H:0.)s, 8:7, 8

BC4O(CzH302)5, 3:4, 7, 8, 9

Be4O(CaH50,)., 3:7, 8, 9

Be;O(C4H102)Q(7L- and iSO-), 817, 8

Be,O(CsH¢02)s Beryllium isovaler-
ate and pivalate, 3:7, 8

Be.O(C.HBCO-_»)., 3:7

Be¢0(0‘ClC‘H|COZ)l, 8:7

BiBl‘gCH;, 7:85

Bi(CsH,)s, 8:189

Bil,, 4:114

2Bi(NO;);'3M8(NO;)2‘24H20, 2:57

[Br(C.HN),]ClO,, 7:173

[Br(C:HN):]JNO;, 7:172

BrCl;N(CH,),, b6:172

BrF, 8:185

Bl’Fg, 3:184

BrF;, 8:185

BrH, 1:114, 149

(BrOa)zBa-HgO, 2:20

Br,NH, 1:62

Br;N(CH,),, 5:172

Bng(Cqu)a, 6:177

303
C

CF, 1:34, 8:178

CH=CH, 2:76

CH=CNa, 2:75; alkyl derivatives,
2:79, 80

(CH2CO):NBr, 7:135n.

CH,COCH=C(HNC.H,CH;-p-)-
CH;, 8:150

CHaCOCHzCOCHa, 2:10

CHaCOzCaH:(iSO-), 8:48

CH,;CO:H, 1:85; 2:119

CI,, 8:37

CNCl, 2:90

CNNi, 6:200

(CN),, 5:43

(CN):Ni, 2:228

(CN)., 2:92n.

C(=NH)(NH.;)NHCN, 8:43

[C(=NH-H)(NH,);]NO;, 1:94

[C(=NH-H)(NH3)2]sPO10, 5:97

[C(NHz)z(NgH;)]HCO;, 3:45

CNzAgz, 1:98

CNzHg, 8:39, 41

CNa=CNa, 2:79-80

CO, 2:81; 6:157n.

COF,, 6:155; 8:165

CO(N;);, 4:35

COq, 6:44n.; 6:157n.; 7:40, 41

CS:' (n-C.Hg),P, 6:90

C;N;Cl;, 2:94

CH.OBa Barium dertro-tartrate,
6:184

CH0¢Co Cobalt(II) dextro-
tartrate, 6:187

8C,H;0-CrCl; Chromium (III)
chloride-tris(tetrahydrofuran),
8:150

C:H;Na, 7:101, 108, 113

CHs, 6:11;7:101; metal derivatives,
8:11, 15; 7:99-115

[0-CeH((OH)CH=NCH,-);, 3:198

C;H, Ditropyl, 7:106

C.H;Br, 7:105

CaCO, Marble, 2:49

CaCl,, 6:20n.

CaF,, 4:137

CaHPO, (and 2H;0), 4:19; 6:16-17
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Ca(H,PQ,):'H.0, 4:18

Ca(OCl),, 5:161

CaS,O.-dszO, 2:168

Cas(PO¢)2(8-), 6:17

Cas(OH) (P04)3 or Calo(OH)r
(POJ)e Hydroxylapatite,
6:16; 7:63

CdCl,, 6:154; 7:168

Ce(NOa)a, 2:51

2Ce(NO3)3-3Mg(NO;)2-24H,0, 2:57

ClI#¢D, 7:155

ClH, 1:147; 2:72; 3:14, 131; 4:57,
58; 6:25n.; 6:55

CINH,, 1:59; 5:92

CINO Nitrosyl chloride, 1:55;
4:48

CINO., 4:52

CIOH, 5:160; (+2H.0), 5:161

CIONa, 1:90; 5:159n.

(Cl10),Ca, 5:161

Cl10,, 4:152; (correction), 8:265

ClO;Na, 4:152, 156

Cl10,Ag, 2:4

ClO,H, 5:161, 164

ClO;Na, 5:159n.

Cl10,[Ag(CsH;N)s], 6:6

CIOH, 2:28

Cl0,Re(en):0,], 8:176

(C10,):[Ni (0-phen),]-8H.0 d- and
l-, 8:229-230

(0104)2[RelC;Hg(NHg)z}zO(OH)],
8:176

(C10,):[Re(en);O(OH)], 8:174

(C10,)sGa-6(and 93)H.0, 2:26, 28

CI1S0,;(C.H,Cl), 4:85

CISO,H, 4:52

C1.0, 5:156, 158

CLN, 1:65

Co[(CH,C0),CNO;],, 7:205

Co(CN)eK,, 2:225

[CO(COa)g]NEa'sH’o, 8:202

Co(CO);NO, 2:238

[Co(CO)s)s, 2:243; 5:191n,

[Co(CO)(CsHNH), 5:194

Co(CO)H, 2:238; 5:190, 192

Co(CO),K, 2:238

[Co(CO),]),, 2:238; 5:190

[Co(CO),]s[Co(CsH:N)4], 8:192

INORGANIC SYNTHESES

[Co(CO)]s[Ni(o-phen),], 5:193n.,
195

CoCO,, 6:189

[Co(C20,):]K;, 1:37; (+3H,0),
d- and [-, 8:208, 209

CoCHOs Cobalt(II) dextro-tar-
trate, 6:187

CoCH(CO),, T:112

CO(CsHa)g, 7:113

[Co(CsHsN)][Co(CO),),, 5:192

Co(CsH;0;);, 5:188

[CO(CQH5CQN5H5)3]CI;;'2.5H20, 8:73

[CO(CQHngNaHo);](OH):, 6:72

{[Co(C,¢H,N,0,)],H:0} Bis-
[N,N’-disalicylalethylenedi-
amine-p-aquo-dicobalt (1)),
3:196

CoCl,, 5:154; 7:113

[Co(dien)Cl;), 7:211

[Co(dien)(NH;)(NO,)]Cl, T:211

[Co{dien)(NO;).Cl], 7:210

[Co(dien)(NO;);), 7:209

[Co(dien)(NO;);), T:212

[Co(dien)(SCN),OH]J, 7:208

[Co(dien)(SCN),], 7:209

[Co(en);Cl,]Cl cis- and trans-,
2:222; l-cis-, 2:224

{{Co(en)s(HO),} Co(H:0)2](SO,)2-
TH,0, 8:199

[Co(en):( NH;)Br|Br:(and H:O )cis-,
8:198

[Co(en)z(NH;)(HgO)]Brg-HQO
cis- and trans-, 8:198

[Co(en)( NH,)(H;0))(NOs),
cis- and trans-, 8:198

[Co{en)s(NO2):]Br cis-, 6:196

[Co(en):(NO:):]Cl cis-, 6:192

[Co(en);(NO¢):]NO: cis-, 4:178;
8:196

[{Co(en):(NO;):]NO; cis-, 8:196;
cis- and trans-, 4:176, 177

[Co(en);(NO;)2]SbOC,H,Os d-
and I-Dinitrobis(ethylenedia-
mine)cobalt (III) antimony
deztro-tartrate, 6:195

|Co(en)s]CIC H,O¢6H,0 (dextro-),
6:183, 186

[Co(en),]Cl,, 2:221
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[Co(en).]I.-Hgo d- and l-, 6:185,
186
[Co(enta)}[Co(en):;(NO;),)-3H,0,
8:193
Co(enta)H,, 5:187n.
[Co(enta)]K, 5:186; d- and I,
6:193, 194
[Co(enta)]Na, 5:186
[Co(enta)):Ba, 5:186
COFa, 8:175
[Co(HCO;);(OH);]Na;, 8:203
[Co{NH(C:H,N).}Cl,], 5:184
CO(NH!)S(CZOA)NOZ, 6:191
[Co(NH;);Cl1(C:0,)], 6:182
Co(NH;);Cl1(NOs;),, 6:191
[Co(NH;);Cls), 6:182
[Co(NH,):(H-0)Cl,]Cl, 6:180, 191
[Co(NH;)s(H:0)3](NOy)s, 6:191
Co(NH,);(NO,),, 6:189
[CO(NH;)4CO;]CI, 6:177
[Co(NH;)CO;]NO,, 6:173; analo-
gous salts, 6:174
[Co(NH,),(H,0)Cl]Cl, cis-, 6:178

[Co(NH;)(H.0)Cl]SO, cis-, 8:178
[Co(NH;)((H:0):]2(804)s  cis-,
8:179

[Co(NH,);Br|Brs, 1:186
[CO(NH;)sCOI]NOa, 4:171
[CO(NH;)sCzH;Oz](NO.)z, 4:175
[Co(NH,),ClICl,, 5:185; 6:182
(Co(NH;);FI(NOy),, 4:172
[Co(NH,);H,O)Brs, 1:188
[Co(NH,):I}(NO,)s, 4:173
[Co(NH;)sNOjCl., 4:168; (correc-
tion), 5:185; 8:191
[Co(NH,)sNO]Cl,, 4:168; (correc-
tion), 6:185
[Co(NH,)iNOJ(NO3),, 4:174
[Co(NH,);NO;}(NO;),, 4:174
[Co(NH;)e]:[Be,O(CO:)e}:10(and
11)H.O, 8:6
[Co(NHa).]Br., 2:219
[Co(NHjy)g]Cly, 8:191
[Co(NH,)e|Cly, 3:217; (+6NH,),
2:220
[Co(NH,)s(NO,)s, 2:218
[CO(NHQ).]:(C:O;)@"H,O, 2:220

[Co{(OH)sCo(NH,),}4)(S0,)s,

hydrates, 6:176, 179
Co[P(OC:Hj;)a8,),, 6:142
[Co:(C20,)(OH);]K-8H,0;,

8:204
[Co,(C,O.).(OH)z]NapISHzO, 8:204
C02(S0,)+-18H,0, 5:181
Cr(CN)¢K,, 2:203
Cr(CO),, 8:156
Cr(C;:H;03)s, 1:122; 8:148; 6:145;

8:125; (+1H,0), 8:125
Cr(C:N;H,),-H;0 Tris(biguani-

dato)chromium (III), 6:68
[cf(CzN5H7) 20H(H20)]SO4 Hy-

droxoaquobis(biguanide)chro-

mium (I11) sulfate, 6:70
[cl’(01N5H1)a]Cla, 6:69
[Cx(C20,):]K,-8H,0, 1:37
Cr(C;H,0,)s Tris(1,3-propane-

dialatochromium (11I), 8:141
Cr(C.H;0,);s cis- and trans-Tris-

(3-oxobutanalato)chromium-

(I11), 8:144
Cr(C:H,0,F,); Tris(1,1,1-tri-

fluoro-2,4-pentanedionato-

chromium (I11), 8:138
CrC,Hy(CO);H, 7:136; CrC;H,-

(CO);Na, 7:104
[CrCH(CO);)s, T:104, 139
[CrC:H(CO)\l.Hg, 7:104
[cl’(C5H5N )3013]) 7:132
Cr(C,HgBroz);, 7:134
Cr(C;H;0,),, 8:125, 130
Cr(C;H,0;),, 5:130
Cr(C,Hg)g, 8:132
[Cr(C,H,)J]I, 8:132
Cr(cleuNo)a Tl‘is(‘l-p'tol“idiDO'

3-pentene-2-onato)chromium-

(1I1), 8:149
{Cr(C1sH110s)s] Tris(1,3-diphenyl-

1,3-propanedionato)chromium-

(III), 8:135
CrCl,, 1:124, 125; 8:150; (+3 and

4H:0), 1:126
CrCl,, 2:193; 8:154; 6:129
CrCl;:8C . H;O Chromium (IIT)

chloride—tris(tetrahydrofuran),

8:150
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[Cr(en)s(Cla]CLHO  cis-, 2:200

[Cr(en)( SCN),J(SCN)H,O
trans-, 2:200

[Cr(en);)Br,-4H,0, 2:199

[Cr(en)s]C1-83 H.O, 2:198

[Ct(en);]l;‘nzo, 2:199

[Cr(en);)(SCN);*H 0, 2:199

[Cr(en).]z(SO.),, 2:198

Crl;, 6:130

Crl,, 6:128, 129

[Cr(NH,);Br|Br,, 5:134

[Cr(NH;);Cl)Cl,, 2:196; 6:138

{Cr(NH,);(H,0))Br;, 5:134

[Cr(NH,)s(H:0)]Cly, 6:141

[Cr(NH,;)(H,0)}(NO,),, 65:134

[Cl’(NHa) 5(Hzo)](N03);'NH4No;,
5:132

[Cr(NH;)s(NO2)|(NO;),, 5:133

[Cr{NH,);(NO;)[(NO;),, 5:133

[Cr(NH),|Cl;, 2:196

[Cr(NH,)4](NO3)s, 8:153

“Cr(OH);,"” 8:138

CI'Ozclz, 2:205

CrO:'2C5H5N, 4:94

Cr0:2C:H;N 3 (and 4)-Picoline~
chromium(VI) oxide, 4:95

Cr0,CIK, 2:208

CrO(NH,),, 8:132

(CrO.)sCrz, 2:192

Cr[P(0C2H5)gSz];, 6:142

Crz(CzH;02)4-2H20(?), 8:129

Cr,0;:zH,0, 2:190; 8:138n.

Cl‘z(SO.)z, 2:197

CsAl(S0O,)12H,0, 4:8

3CsCl-28b(l,, 4:6

CsNO,, 4:6; (+1HNO,), 4:7

CsNj,, 1:79

CsTi(S0.).12H,0, 6:50

CuBr, 2:3

(CuBr).C,Hs Dibromo-u-1,4-
butadiene-dicopper(I), 6:218

Cu[CH,COCHC(=NH)CH;},, 8:2

[Cu(C:0,):]K,, 6:1

[Cul (n-C;H.);P}I]., 7:10

[Cu(CsH N )2 { (n-CH,),P}I), T:11

[Cu(CsH, N),I],, 7:12

Cu[C:H;CO=CHC(=NCH;)CH,;).,
8:2

INORGANIC SYNTHESES

CuCl, 2:1

[CuCl-COJ}-2H0, 2:4

(CuCl),CHs Dichloro-u-1,4-
butadiene-dicopper(I), 6:217

CuCl,, 6:154

[Cu(en),}[Cul,],, 5:16

{Cu(en),]Is, 5:18

[C“(HO;SCoH4C2N5H5)3] Copper-
(II) complexes of 1-phenyl-
biguanide-p-sulfonic acid, 7:6

Cul, 6:3

[Cul]s[Cu(en),], §:16

[Cu{NH(C:H,N),}Cl,}, 6:14

lCU{NH(C§H4N)2’1]C12, 6:14

D

DCI3, 7:155
D;SO,, 6:21; 7:155
D,PO,, 6:81

E

EuCO0,,2:71
Eu(c:H;Oﬂz, 2:68
Eu(CzH;Oz)x, 2:66
EuCl,, 2:68, 71

EuHgo, 2:67

EuHg., 2:65

EuSO., 2:70
Eu:(C:04)s10H20, 2:66
Eu,0;, 2:66

Eu;Hg,, 2:68n.

F

FAg, 4:136; 6:19-20
FAgz, 5:18

FBr, 8:185

FH, 1:134; 8:112; 4:136; 7:123
FioH, T:154

FHg, 4:136

FNa, 7:120n.

Fi8Na, 7:150
FPOCI(CH,), 4:141
FPO;Ag., 3:109
FPO;Kg, 8:109
FPO,(NH,),, 2:155
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FPO)NE;. 8:106

FSO;H, 7:127

F.Ag, 3:176

F.CO, 6:155; 8:165

FzC&, 4:137

F.Hg, 4:136

F.Ni, 8:173

F,0, 1:109

F,PO(CH,), 4:141

F,PO.NH,, 2:155, 157

F.SO, 6:162; 7:123; 8:162

F;S0., 6:158; 8:162

FzSzOs, T:124

F.V, 7:91

F.Xe, 8:260

F;As, 4:137, 150

F;B, 1:21, 23; compounds with
NH{Si(CHs)s}., §5:58; with
N{Si(CHs)}s, 8:18

F;B«(CH;);N, 5:26

F;Br, 3:184

F;COF, 8:165

(F3C):0s, 6:157; 8:165

(FsC:H,0,);Cr Tris(1,1,1-trifluoro-
2,4-pentanedionato)chromium-
(II1), 8:138

F;Co, 8:175

F;P, 4:149; 5:95

FiSb, 4:134

F.V, 7:87

F,C, 1:34; 8:178

F,Ge, 4:147

F.S, 7:119; 8:162

F,Si, 4:145

FXe, 8:254, 261

F¢Br, 8:185

F:Nb, 8:179

F;:SCl, 8:160

F;Ta, 8:179

Fe¢GeBa, 4:147

F.PK, 8:111

FQPNHJ, 3:111

FPNa, 3:111

FsS, 1:121; 3:119; 8:162

F,Se, 1:121

F¢SiBa, 4:145

FoTe, 1:121

FeV(NH,);, 7:88
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FW, 8:181

F¢Xe, 8:257, 258

FeBry6NH,;, 4:161

Fe(CHO,),2H,0, 4:159

[Fe(CO).I,{(CsH;)sP}2), 8:190

[Fe(CO);{(CeHs):A8} ], 8:187

{Fe(CO):{(CeH;):P )2, 8:186

[Fe(CO);{(CsH);Sb}.], 8:188

Fe(CO);CsH; Tricarbonyl{cyclo-
octatetraene)iron, 8:184

[Fe(CO);CsHy)* Tricarbonylbi-
cyclo[5.1.0)octadieniumiron
ion, 8:185

[Fe(CO),{(CsHs):As 1], 8:187

[Fe(co)4!(C¢H5)xP”, 8:186

[Fe(CO),{(CsH;);Sb}], 8:188

Fe(CO),H,, 2:243; K salt, 2:244;
Na salts, 7:194, 197

[Fe(C.0,):)K:+3H,0, 1:36

FeC;H(CO).I, 7:110

FeCsH(CO);Na, T:112

[F605H5(C0)2]2, 7:110

Fe(CsH;), Ferrocene, 6:11, 15

Fe°5-°’(C5H5)2, 7:201, 202

Fe®-%9(C;H;),Cl0,, 7:203; analogous
salts, 7:205

[Fe(CsH;:N),JCl,, 1:184

FeCl,, 6:172; (+1H.0), 6:181;
(+2H.0), 6:179

FeCl;, 8:190; 4:124; 5:24n., 154;
7:167

FeO,H 3-, 2:215

FeO/K,, 4:164

FeS(OH);Nas, 6:170

FeS:Ag, 6:171

FeS:K, 6:170

Fe:(CO)¢CsH: Hexacarbonyl-
(cyclooctatetraene)diiron, 8:184

Fe;(CO);CsH: Heptacarbonyl-
(cyclooctatetraene)diiron, 8:184

Fey(CO),, 8:178

Fezoa Y-y 1:185

Fezo;g'Hzo B-, 2:215

y-, 1:185

Fezsus, 6:171

(Fes(CO)1;H][NH(C:Hy)a), 8:182

Fey(CO)z, 7:193, 197n.; 8:181
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GaCl,, 4:111

GﬂCla, 1:26

GaClyPCl,, 7:81
Ga(Cl0,);-6(and 94)H,0, 2:26, 28
Ga[GaBr,}, 6:33

GaN, T:16

Ga;Brg, 6:31

Gan;, 2:29

Gd(NOy)s, 5:41
Ge(CH,C1)Cl,, 6:39
Ge(CH2Cl)2Clz, 6:40
Ge(CH,)I,, 3:64
Ge(czo;)aKerO, 8:34
Ge(CsHy)2Brs, 5:76; 8:34
Ge(C5H5) sz, 5:74, 78
Ge( CeHs)zNaz, B5:72
Ge(Ce¢H;):Br, 6:74, 76; 8:34
Ge(C¢H,;);H, 5:76
Ge(CsH;);:K, 8:34
Ge(CeH,);Li, 8:34
Ge(CgHa)aN&, 5:72, 74
[Ge(CeH,)s):0, 6:78
[Ge(CeHy),)sN, 6:78
Ge(CsHy),, 5:70, 73, 78; 8:31
GeCl,, 2:109

GeCl2%, 7:160

GQF4, 4:147

GeF.Ba, 4:147

GeH,, 7:36

GeH,, 7:37

Gel:, 2:106; 3:63

Gel,, 2:112

GeNH, 2:108

Ge(NH),, 2:114
Ge(NHC;H;)., 5:61

GeS, 2:102

Gey(CsH;)s, 6:72, 78; 8:31
Ge;H,, 7:36

Ge,H,, 7:37

H

Hf(C,0,) K 5H:0, 8:42

HICl,, 4:121

HgCl,, Compound with (n-
C;Hg);P, 6:90

HgF, 4:136

HgF,, 4:136

HgO, 5:157, 159

Hgs, 1:19

[Hg(SCN:H,)CI]Cl Mercury (II)
chloride monothiourea, 6:26

[Hg(SCN:H,):|Cl., 6:27

[Hg(SCN.H,),]Cl,, 8:28

[Hg(SCN.H,).|Cl,, 6:28

Hg.Eu;, 2:68n.

HgEu, 2:67

Hg.Eu, 2:65

I

IBrCIN(CH,),, 6:172
IBr.Cs, 5:172
IBr;N(CH,),, 5:172
IBl’zN(C;H7)4, 5:172
[I(CsHN)ICI or [I(CsH,N)Cl],
7:176
I(C;H;N)(C.H;COO0), 7:170
ICl, 1:165
IC1,Cs, 4:9; 5:172
ICI;:N(CH;),, 8:176
ICL,N(C:Hy),, 5:172
IClgN(C;H'l)‘, 6:172
ICI:N(C.H,),, 5:172
ICI.Rb, 5:172
IC1,S(CH,;),, 5:172
I1Cl,, 1:167
ICl(N(CH:)g, 8§:172
ICl.N(C.Hg)., B6:176
ICIJS(CH:);, 5:172
IH, 1:157; 2:210; 7:180
IO.Na, 1:168
10K, 1:171
I0.Na, 1:170
I0¢H;, 1:172
IOQKNi'-&HQO, 5:202
10.NaNi-H,0, 5§:201
10¢Na,H,, 1:169-170; 2:212
(Io;)zBﬂJH‘, 1:171
IzBl’N(CH;)4, 6:172
I,ClN(CH;)., 6:172
1,Cs, 5:172
I,N(CH,),, 5:172
IaN(CaH'{)‘, 5:172
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IaN(C4HQ)¢, 5:172

IquN(CH;)‘, 5:172

I;N(CH;)“ 56:172

I;N(C;H;),, 5:172

I1N(C;H1)4, 6:172

I,N(CH,),, 5:172

InBr, 7:18

InBr,, 7:19, 20

InCl, 7:19, 20

InCl,, 7:19, 20

Inl, 7:19, 20

Inl,, 7:19, 20

[Ir (CH ;N H.);Cl)Cl,, T:227

[II‘ { (Csz) zs] (C;HsN) zCla] cis-,
T:227

[Il’ ( (CzHO:S’z(C;HsN)Cl:] cis-,
7:227

[II{(C:Hs):Sl;Cl;] cts- and trans-,
7:224; compound of trans-,
with CHCI;, 7:228

[Ar(C:H;N),Cl,] cis- and trans-,
7:220, 231

[Ir(CsHsN):C1,]C;H;NH, 7:228;
corresponding acid and salts,
7:221, 223, 231

[Ir(CsHsN);Cl;]  cis- and trans-,
7:229, 231

{IrCl}(NH,),, 8:223

[IrCle)(NHy,)s, 8:226

[IrCle]Na,, 8:225

[IrCls]Na;, 8:224-225

[Ir(NH;) { (C:H;):81:Cls), T:227

[Mr(NH,):{(C:H,)sS}Cls], T:227

[Ir(NH;)Cl]Cl,, 7:227

K

KI, 1:163
KNH., 2:135; 6:168
KN;,, 1:79; 2:139

L

LaCl;, 1:32; 7:168
L&(NO;);, 5:41
Li(n-C,H,), 8:20
LiCl, 6:154

LiN, 4:1

LiNH,, 2:135

LiOH, 7:1; (+H:0), 5:3
LiO:H-H,0, 5:1

Li:CO,, 1:1; 6:3

Li;0, 6:1;7:1

Li;O,, 6:1

M

Mg(c;Ha)z, 6:11

MgCl,, 1:29; 5:154n.; 6:9
3Mg(NO;):2Bi(NO;);-24H,0, 2:57
3Mg(NOy)2-2Ce(NO,)s24H,0, 2:57
Mn(CN):K,, 2:213

Mn(CN).K,, 2:214

Mn(CO);H, 7:198

Mn(CO);Na, 7:198
MDCﬁH&(CO)x, 7:100
Mn(C;H102)z, 6:164
MD(C5H102);, 7:183

MnCl.,, 1:29

MnO,, 7:194; (+2H,0), 2:168n.
MnO.K, 2:60, 61

MnPO,, 2:213

an(CO);o, T7:198
Mo(CN):K,2H,0, 8:160
MoC;H(CO):H, 7:107, 136
[MoC:H;(CO);),, 7:107, 139
Mo(CH;N),Cl;, 7:140
[MO(C;H'}Og)z:'O]zO, 8:156
MO(CsH’;Oz);, 8:153

MoCl;, 8:165; T7:167
[MoCly(H,0))K., 4:97
[MOCI;]K:, 4:97
MoO,(C,H,O.)z, 8:147
MOOzCIz, 7:168
[MouO.oSi]H4-tzO, 1:127

N

[N {=CHCH,(OH) | CH.],, 8:198
(—N=CHC,H,);, 1:92
N(CH,)H,Cl, 8:66
N(CH,):CeH;, 2:174n.
N(CH,):H:C], 7:70, 72
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N(CH:)QNHP(CQHs)z, 8:74
[N(CH:):NHP(CeHs):(CH,)]I,
8:76
{N(CH,):NHP(C.Hj;):(NH,)]Cl,
8:76
N(CH,).NHPO(CesH;),, 8:76
N(CH,);NHPS(CsH;),, 8:76
N(CH,).POCl,, 7:69
N(CH,;).S0,Cl, 8:109
[N(CH;)z]gPOCl, 7:71
[N(CHa)z].anOz, 7:73
N(CH,);, 2:159; compounds with
BF; and BCl;, 5:26, 27
(NCH;);PQOz, 8:68
N(C:Hj;).S0.Cl, 8:110
N(CzHg)zSOzN(n-CJ‘Ig)z, 8:114
N(’IL-C;II‘:)zSOzCl, 8:110
N(C,H;3;0)S0,C1 4-Morpholine-
sulfonyl chloride, 8:109
N(n-C4H9)zS()2Cl, 8:110
(NCsH4)2NH, 6:14
NC&HE, 2:1737&.; 7:175, 178
N(CsH0)S0O:C1 Pentamethylene-
sulfamoyl chloride, 8:110
N(C;H,,)SO,(NC,H;0) N,N-
Pentamethylene-4-morpho-
linesulfonamide, 8:113
(NC¢H10):80: N,N,N’,N’-Di-
pentamethylenesulfamide,
8:114
N(CsHs)a, 8:189
N(CeH11)2:80,Cl  Dicyclohexyl-
sulfamoyl chloride, 8:110
NCl;, 1:65
NGa, 7:16
NHBr,, 1:62
NH=C(NH,)NHCN, 8:43
[NH(C:Hs);][HFe;(CO) 1], 8:182
NH(C¢H,CH:)SO;NC:H;s N,N-
Pentamethylene-N'-tolyl-
sulfamide, 8:114
NH(CQHa)SOgN (Csz)g, 8:114
NH(C@H5)SO;[NC§H6]7 2:175
[(NH-H)=C(NH,;)3]NO;, 1:94
[(NH-H)=C(NH:):]¢P.0:3*H0,
56:97
NH(CsH,1)S0.N (C:H;)s, 8:114

NH(C¢H,,)SO;NC;H,q, N,N-
Pentamethylene-N’-cyclo-
hexylsulfamide, 8:114

NHGe, 2:108

NHZPOCzﬁs, 4:65

NH[PO(NH})],, 6:110, 111n.

(NH=PONH,),, 6:111

(NHPO.),H;, 6:79

(NHPO:);K:, 6:97

(NHP02)1N83(+1H20), 6:99;
(+4H,0), 6:15

(NHPO;);:Na;-NaOH-7H0, 6:80

NH(PO;Naz)z, 6:101

NH(SO.Cl)., 8:105

NH(S0;NH.,),, 2:180

NHS,, 6:124; 8:103

[NHSi(CH,),)s, 5:61

[NHSi(CH,)s),, 5:61

NH[Si(CH;)a]z, 5:58

[NHSi(Csz)z]z, 5:62

[NHSi(Csz)z]q, 6:62

(NH)2Ge, 2:114

(NH),(PO)s(NH>);, 6:110

(NH),POSNa, 6:112

(NH)2P301N83, 6:105n., 106

(NH)zPaO;Nag‘Hzo, 8:104

NHzCHgSOsH, 8:121

NH,CONHCONH,, 5:48; hydra-
zones, §:51; salts, 6:51

NH,CONHCON;,, 6:51

NH.CONHCO,CH,, 5:49, 52

NHzCONHCOzCzH@, 5:49, 52

(NH.CONHNH),CO, 4:38

NH,CONHNHCONH,, 4:26; 6:53,
54

NH.CONH,, 2:89

NHQCOZNH‘, 2:85

NH,CSNHNH,, 4:39; 6:42

NH:CS;NH,, 8:48

NH,Cl, 1:59; 5:92

NH.K, 2:135; 6:168

NH,Li, 2:135

NH.N(CH,).(C.H,OH)Cl, 5:92

NH,N(CH,):(CsH,CH;)Cl, 6:92

NH.N(CH,;).CsH:Cl, 5:92

NH,N(CH,),Cl, 5:92, 94

NHgN(CzHQz(CgHgOH)Cl, 5:92

NHzN(Csz)z(C;H‘OH)Cl, 5:92
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NH;N(CzHﬁ)zCaHAC], 5:92

NH;N(C;Hs)zceHnCl, 5:92

NH,N(C;H,)Cl, 5:92, 94

NH,N (iso-C;H4):Cl, 8:92

NHzN(C']H]s):Cl, 6:92

NH,(NH)CNHC(NH)NH, Bigua-
nide, 7:58; and its derivatives,
complexes with metals, 6:65,
68, 71; (+2H2S04), T7:56

|{NH,(NH)CNHC(NH)NRCH:-} >~
2H.S0,6H,0, 6:75

NH,NHCONHNHCONH,, 4:36

(NH,NH),CO, 4:32

NH,NH,, 1:90, 92; 5:124

NH,NH,-C;H;N,0,, §:53

NH,NH.2HCI, 1:92

[NH,NH,;JHSO,, 1:90, 92, 94

NH;NO., 1:68

NH.Na, 1:74; 2:128

NH,OH, 1:87

NH,0S0;H, 5:122

NH:PO;(C:H;):, 4:77

NHzPOa(NH;)H, 6:110

NBH,PO;Na,, 8:100

NH.S0:N(CH,),, 8:114

NHQSO2N(C2H§)2, 8:114

NH1SO2N(n-C3H1)2, 8:112

NH,S0:(NCHs0) 4-Morpholine-
sulfonamide, 8:114

NH.S0:N (n-C/Hy),, 8:114

NH.SO;NCs;H;o N,N-Pentameth-
ylenesulfamide, 8:114

NH,S0,H, 2:176, 178

NH,SO;NH,, 2:180

[(NH;),C(NzH;)]HCO;, 8:45

(NH,),C.H,, 2:197; (+2HCl),
7:217n.

(NH,),PO, 6:108

(NH,),PS, 8:111

NH,, 1:75; 2:76, 128, 134;
3:48

[NH,OH|CI, 1:89

[NnaloCzo‘, 8:83

[NH,0H];As0,, 3:83

[NH;OH];PO” 8:82

NHgNoa’ICI'(NHB)b(HgO)](NO;):,
5:132

NH;N;, 2'.136; 8:53
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NLi, 4:1

NNH,(SO,NH,),H,0, 2:179

NO, 2:126; 5:118n., 119; 8:192

NOCI, 1:55; 4:48

NOHSO,, 1:55

NO,, 5:90

NO;C H,(n-), 2:139

NO.CIl, 4:52

NO,NHCO,C.H;, 1:69

NO.NH,, 1:68

NOzNKCOzK, 1:68, 70

NO.N(NH,)CO.C-H;, 1:69

NO,H, 3:13; 4:52

(NPBra)s (see N;P3Brs; NP Brs)

(NPC]z)n (see N;P;Cls; N4P4Cls)

[N(=PCl;)PCl,)(PCl,], 8:94

N(=PCl,)POCl,, 8:92

(N=PC13)SOQN (CH;) 2 8:118

(N=PC13)SO¢N (Csz)z, 8:118

(N=PCl,)S0;N (n-C;H1):, 8:118

(N=PCL,)SO,(NCH,0) N-
(Trichlorophosphoranylidene)-
4-morpholinesulfonamide,
8:116

(N=PCl;)S0,N (n-C,Hy)., 8:118

(N=PCI.)2802, 8:119

N(PO;NE:);, 8:103

NPzCl';'CszClo, 8:96

NP:0Cl;, 8:96

NReO;X,, 6:167

(NS)., 6:127

N(S0;:K),, 2:182

N8,CH.OH, 8:105

NS;COCH;, 8:105

N[Si(CH;)a]cha, 5:58

N[Si(CH,)s):L4, 8:19

N(Si(CH,);}:Na, 8:15

N{[Si(CH,),];, 8:15, 19

N,CH,, 8:38

N;0,K1SO;, 6:117, 120

N;0,(NH,).S0,, 5:121

NzOz'NazSO;, 6:119

Nzo" 5:87

Nzo‘s, 3:78

NQSQ, 8:126

N.S,, 6:128

N,CS:H, 1:81

N.CS:Na, 1:82
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N,C:H.0:(NH,)
salts, 4:31

N,C,H;0: Urazole, 6:52-54; hy-
dragine salt, 5:53, 54

N,Cs, 1:79

N]H, 1:77

NiK, 1:79; 2:139

N;NH,, 2:136; 8:53

N;Na, 1:79; 2:139

nggBl’g, T:76

NIP‘CI‘( SCsz)z, 8:86

N.PaCl.( SCgHa)z, 8:88

N.P:Cl,, 6:94

N.P]( 002}{5)3, 8:77

N'pj(OCQHs)g, 8:81

N;P;(SCQHQQ, 8:87

N,P;(SC:Hj)y, 8:88

NPb(CeHjy),, 8:57

N:Rb, 1:79

(N,)zCO, 4:35

(N4):Pb(CeHs)s, 8:60

N;SCNHans, 6:45

N;SCNH: 5-Amino-1,2,3,4-thia-
triazole, 6:42; 5-(substituted)-
amino derivatives, 6:44

(N,SCS),, 1:81, 82

N CHN,HSO, 5-Tetrazolediazo-
nium sulfate, 6:64

N.CH,O Tetrazolone, 6:62

N4P4Bfa, 7:76

N.P.Cl(SC.H;),, 8:90

N(p4Clq(SCQH§)4, 8:01

N4P4Cla, 6:94

N(P((OCQHg)g, 8:79

qu‘(OCQHs)g, 8383

NS, 6:124; 8:104

NyP(CH;),, 8:63

NgP.(CHs)ﬂ, 8:68

NaC=CH, 2:75; alkyl derivatives,
2:79, 80

NaC=CNa, 2:79-80

Na(CH;0,) 3-Oxobutanalato-
sodium, 8:145

NaC;H;, 7:101, 108, 113

NaGe(C.Ha)u 5:72, 74

NaH, 5:10

NaNH,, 1:74; 2:128

NaN,, 1:79; 2:139

Urazine, 4:29;

NaOC,H,, 7:129
NaOC.H., 1:88
NaO,, 4:82
Na,CO;,, 5:159
Na;Ge(CeHg)s, 6:72
Na,O,-GH,O, 8:1
NbCl;, 7:167
NbF,, 8:179
NdCl,, 1:32; 6:154n.
Nd(NOy),, 5:41
ng(CzO.)a'lOHzo, 2:60
NiCN, 5:200
Ni(CN),, 2:228
[Ni(CN);COJK,, 5:201
Ni(CN).K,H.0, 2:227
Ni(CO),, 2:234
[Ni(C;H:NO).] Bis(4-imino-2-
pentanonato)nickel (11), 8:232
NiCl,, 5:154, 196n.
[Ni(en),]Cl,, 6:198
[Ni(en);]Cl1;-2H0, 6:200
NiF., 3:173
NiK10,-1H,O0, §:202
[Ni(NH,)s]Brs, 8:194
[Ni(NH.)g]Ig, 8:194
NiNalOyH,0, 5:201
Ni(PCl;);, 6:201
Ni[P(OCsz)zSalz, 6:142
[Ni(o-phen);]Cl; di-, 8:228
[Ni(o-phen),(C10,),:8H;O d- and
-, 8:229-230
{Ni(o-phen);)1, I-, 8:209n.
[Ni(o-phen)a](Is)2 I-, 8:209n.
[Ni(pn);)Cl,-3H,0, 6:200
[Ni;(CN)sJK,, 6:197

o

(OCN)K, 2:87
(OCN)Na, 2:88

OF,, 1:109
[O8Brg)(NH,)s, 5:204
0sCINH;K;, 8:207
OsCl;NK,, 6:206
[OsCle(NH,)z, 5:206
080’, 5:206
OBO;NC(CHa);, 8:207
0sO,NK, 6:204
0s0,, 6:205
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PAJ, 4:23

PBr,, 2:147

P(CH,)Br;, 7:85

P(CH,)Cl., 7:85

P(CH,)Br, T7:85

P(CH,):Cl, 7:85

P(CH,),, 7:85

P(CN),, 8:84

P(CzHa)Brz, 7:85

P(C,H;).Br, 7:85

P(n-C.H,);, 6:87; compounds with
CS, and HgCl,, 6:90

[P(n-C.H,):NH,|Cl, 7:67

[P(CsHs) (CHs)NHJCl  Phenyl-
(cyclotetramethylene)amino-
phosphonium chloride, 7:67

[P(CsH,)(CsH o) NH.JCl  Phenyl-
(cyclopentamethylene)amino-
phosphonium chloride, 7:67

[P(CeH,)2(CH,) NHN (CH,)Jl1, 8:76

P(CgHg)gK, 8:190

P(C¢Hy):NHN(CH,),, 8:74

[P(CeHy):(NH;) NHN (CHj,),|Cl,
8:76

[{P(C.H;):}Fe(CO),], 8:186

[P(CeH;);NH;]Cl, 7:67; other salts,
7:69

[{P(CeHy)s )2 Fe(CO).l;), 8:190

[{P(CeHs)s}2Fe(CO)s), 8:186

[{P(C:H;)2} :Rh(CO)Cl}, 8:214

PCl,, 2:145

PCI}¢, 7:160

[P(Cl;)-NPCl,][PClq], 8:94

P(Cl;)=NB0:N(CH,),, 8:118

P(Cl;)=NS8O0:N(C:Hy),, 8:118

P(Cl;)=NSO;N (n-CsH1)s, 8:118

P(Cl.)=NSOg(NC4H,O) N-
(Trichlorophosphoranylidene)-
4-morpholinesulfonamide, 8:116

P(Cl.) =NSO.N (’n-C.Hn)z, 8:118

{P(Cl;)=N}.S0,, 8:119

(PCl,;)(Ni, 6:201

PCl;, 1:99

PCl¢BCl,, 7:79

PCl;-GaCl,, 7:81

PF,, 4:149; 5:95

313

PF.K, 8:111

PFQNH., 8:111

PF¢Na, 3:111

PHJ, 2: 141; 6:91

PNBr.-PBr;, 7:77n.

(PNBr;)s (see P;N;Brq; PN (Brs)

(PNCl;), (see P;N,Cls; PN ,Cly)

P(NHCQH;)., 5:61

POBr;, 2:151

PO(n-Cqu)a, 6:90

PO(CeH;):NHN(CH3),, 8:76

POCIF(CH,), 4:141

POCI(CH,), 4:63

POCI,(C,H,Cl), 4:66

Poclz(ans), 4:63

POCL:(CeHy), 8:70

POCI;(N=PCl,), 8:92

POF,(CH,), 4:141

PON(CH,).Cl,;, 7:69

PO[N(CH,).}.Cl, 7:71

PO(=NH)C:H;, 4:65

{PO(=NH)NH.},, 6:111

PO(NH:;),, 6:108

P(O)OH(CeH;)s, 8:71

POSCI(C,H;s;) O-Ethyl dichloro-
thiophosphate, 4:75

POS(NH);Na, 6:112

POzCl(Cgﬂs)z, 8:68

PO.F,NH,, 2:155, 157

PO,S:(C:H;);H 0,0’-Diethyl
dithiophosphate and salts,
6:142

PO,(C.H;).H, 4:58

PO;(CoHjs)s, 8:69

PO,;(CsHiq).H, 4:61

PO,CI(C,H,;)s, 4:78

PO;FAgg, 8:109

PO]FKg, 3:109

PO,F(NH,),, 2:155, 157

PO,FNa,, 8:106

PO,H,, 4:55

PO, NH(CyH;),, 4:77

PO;NH:NHAH, 6:110

PO)NHzNB:, 8:100

(PO;Na),, 8:104

PO:SK:, 6:102

POaS(NH.)zH, 6:112

PO,SNa,, 6:102
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POCaH, 4:19, 22; 6:16-17;
2-hydrate, 4:19

p04D;, 6:81

PO4H3, 1:101

PO,UO.H-4H,0, 5:150

(PO,):CaH H,0, 4:18

(PO.):Cas(g-), 8:17

(PO,):(OH)Ca; or (PO,)( OH),-
Cayo, 6:16; 7:63

PSBrF., 2:154

PSBr.F, 2:154

PSBr;, 2:153

Ps(Cgﬂs)zNHN(CHa)g, 8:76

PSCl;, 4:71

PSF,;, 1:154

pS(NI‘Iz)a, 6:111

[quO‘o]Hg‘ZHzo, 1!132

P,NCl,-C.H,Cl,, 8:96

PgNOCls, 8:96

PgOz(NCHa);, 8:68

P.0,(NH)(NH,),, 6:110, 111n.

PxO][N (CH;)}](, 7:73

PzOg, 8:81

PzOQ(NH)NCq 6:101

PzOgN&zHa‘enzo, 4:68

P301H4, 3:96

PzO1(NH4)zH:, 7:66

P207(NH¢)‘, 7:65

P107N32H2, 3:99

P.0;Na,, 8:100

PaNans, 7:76

PxN;Clg(SCgHg)z, 8:86

P]N;clq(505ﬂg)z, 8:88

P;N;Cl¢, 6:94

PaNg(OCsz)g, 8:77

P;Na(OCeHs)., 8:81

PaNx(SCsz)e, 8:87

P;N;(SCQHg)g, 8:88

P,0:(NH),(NH.)s, 6:110

P;OQ(NH)aHa, 8:79

P;O.( NH);K;, 6:97

P.Og(NH)aNa. ( +1H:O), 8:99;
(4-4H,0), 6:105

P;04(NH);Na, NaOH-7H:0, 6:80

P)O1(NH):N&;, 8:105”., 106

PaOa(NH)zN&s'GH:O, 6:104

P;OQNNB.Q, 8:103

paOoNa:'GHzo, 8:104

P;0,0Na,, 8:101; (+6H:0), 8:103

PN,Br,, 7:76

PN C1(SC.H;),, 8:90

P.N.CI1(SCH;),, 8:91

P,NCl,, 8:94

P.N,(OC,H;),, 8:79

PqNg(OCoHs)s, 8:83

EN,(CH;)., 8:63

PN¢(CHj,),1, 8:68

P.0,::Na4H 0, 5:98

P,0.s[(NH,;);C=NH-H|,H:0, 6:97

P{O]:N&e, 5:99

Pb(CNO),, 8:23

Pb(CzHQOz)‘, 1:47

Pb(c;Hs)zclz, 8:60

Pb(CsH;)(Ny)2, 8:60

Pb(CaHG)zO, 8:61

Pb(CaHs)aCl, 8:57

pb(CaHg);Ns, 8:57

Pb(C.H;);0H, 8:58

PbO,, 1:45

PbO;H,(?), 1:46

Pb[P(OCsz)zSz]z, 6:142

Pb(SCN),, 1:85

Pd(CN)K:1(and 3)H,0, 2:245, 246

PdCl.C(H, Dichloro-(1,4-buta-
diene)palladium (II), 6:218

[PdCL]H., 8:235

[PACL,|Na,, 8:236

[Pd(NH;),Cl;] trans-, 8:234

[pd(NHn)z(NOz)g] trans-, 4:179

[Pd(NH,),)[PdCL,], 8:234

PI'(NO;)., B6:41

Pl'sz, 6:39

Pt(CN).K,, §:215

[Pt(C2H,):Cls] cis~(?) and
trans-(7), 6:215

[pt(C2H‘)Clzlz, 6:210

[Pt(CzI-L )Cl;]K’Hzo, 5:211, 214

Ptl(Cans)zs)sCh cis- &Ild lrana-,
6:211

[Pt{(C3H;):S}:CL] cis- and trans-,
8:245

Pt {(C:Hs)sS}:(OH)., 6:215

[Pt(C3sHas)<Clsls, 5:214

[Pt{(n-C,H;);P}sCl:] cis- and
trans-, 7:245

[Pt{(n-CH,)sP}Cls, 7:248
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[Pt(CsH;N):Cl:)
T7:249

[Pt(C;HsN)2(OH)s] cte- and
trans-, 7:253

[Pt(CsHN)Clq, T:251

[Pt(CoHsCH=CH:)Clz]z, 6:214

PtCl,, 5:208; 6:209

l(PtCla)zC¢Hg]Kz, 8:216

PtCl,, 2:253

[PtClH,, 2:251; 6:208, 210

[PtCLJK,, 2:247; 7:240; 8:242n.

[PtClg)H,xH,0, 8:239

[PtCls)(NH,)s, 7:235

[PtClg][Re(en):Os]s, 8:176

[PtCle]a[Re (CzHo(NHz)z} 2(OH)4]s,
8:176

[PtCls]s[Re(en)( OH),]s, 8:175

[Pt(en)Cls] cis-, 8:242

[Pt(en)<][PtCl,], 8:243

[Pt(en);]Cl,, 8:239

[Pt (NH,),Cls), 2:253; cis- and
trans-, 7:239

[Pt(NHa)gcld cts- and trans-,
7:236

[Pt(NH,),]Cl,, 2:250; 5:210;
(+1H:0), 2:252

[Pt (NH,),J[PtCly], 2:251; 7:241

cis- and trans-,

R

RbN,, 1:79

ReBreK,, 7:189

[Re l CaHo(NH;): } 20 (OH)] (CIO‘)z,
8:176

[Re{CsHes(NH,):}:0:]Cl, 8:176

[Re{CisHes(NHs)2}2(OH),)s (PtCle)s,
8:176

ReCl;, 1:182

ReCl;, 1:180; 7:167

ReClK,, 1:178; 7:189

[Re(en).O(OH)](C10.),, 8:174

[Re(en);0,]Cl, 8:173

[Re(en):0,)Cl0O,, 8:176

[Re(en).0,]1, 8:176

{Re(en);0,).PtCl,, 8:176

[Re(en)z(OH)g]Cla, 8:176

[Re(en):( OH).J:(PtCls),, 8:175

Rel;, 7:185

Rel,, 7:188

Rel(K,, 7:191

ReO;, 3:186

ReO;NK,, 6:167

ReO(H, 8:171

ReO,NH,, 1:177, 178; 8:171

R0201, 3:188

Re,S1, 1:177

[Rh{(CeH;):A8}2(CO)CI], 8:214

(Rh{(CeH;);P}(CO)CI], 8:214

RKCl,-8H,0, 7:214

[RhClejH;aq., 8:220

RRCLJK; (and + H,0), 8:217, 222

[Rhcl;]Naa, 8:217

[Rh(en),Cl;]Cl cis- and trans-,
T:218

[Rh(en);Cl,]NO,
7:217

[Rh(H;0)ClyJ*, 8:220n., 222

[Rh(H,O)Cl;]K,, 7:215

[Rh(NH;),CL;]JCl (trans-, 7:216

[Rh(NH,);Cl|Cl;, 7:216

[Rh;(CO),Cl,), 8:211

Rh:045H:0 or Rh(OH)sH,0,
7:215

cis- and {rans-,

(SCN)Ag, 8:28

(SCN),, 1:84

(SCN);Ba, 3:24

(SCN),Pb, 1:85

[{S(C-H}):}2PtClL,]
trans-, 8:245

SCIF;, 8:160

8Cly, T:120n.

SF,, 7:119; 8:162

SF,, 1:121; 3:119; 8:162

SH,, 1:111; 8:14, 15

(SN)., 6:127

SN,CNHCH; 5-Anilino-1,2,3,4-
thiatriazole, 6:45

SN,CNH; 5-Amino-1,2,3,4-
thiatriazole, 6:42; 5-
(substituted)amino deriva-
tives, 6:44

SNaH, 7:128

S*Na,, 7:117

cis- and
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SOBr,, 1:113
SOCI13®, 7:160
SOF.,, 6:162; T:123; 8:162
80,, 2:160
(SOzCl)N(CHa)z, 8:109
(SO.CIHYN(C.H;),, 8:110
(80:C1)N (n-C;H7),, 8:110
(80,C1)(NC,H;0) 4-Morpholine-
sulfonyl chloride, 8:109
B80:CHN (n-CH,)2, 8:110
(80,CI)NC;H,, Pentamethylene-
sulfamoyl chloride, 8:110
(80:C1)N(Ce¢H11)» Dicyclohexyl-
sulfamoyl chloride, 8:110
(S0O,Cl1).NH, 8:105
802012, 1:114
SO.F,, 6:158; 8:162
502'N(CH3)3, 2:159
{SOzN(CgHs)z}N(n—C4H9)2, 8:114
SO(NCH,;()(NCH;O) N,N-
Pentamethylene-4-morpholine-
sulfonamide, 8:113
S0:(NCs;Hyp): N,N,N',N’-
Dipentamethylenesulfamide,
8:114
(80:NHCH,CH;)NC;H;o N,N-
Pentamethylene-N’-tolyl-
sulfamide, 8:114
(SOgNHCsHa)N(CZHs)z, 8:114
(SOzNHCaHu)N(Csz)z, 8:114
(80, NHCH.,)NC:H,y N,N-
Pentamethylene-N’-cyclo-
hexylsulfamide, 8:114
(SO:NH,)N(CH,)., 8:114
(SOzNHz)N(CzHg)z, 8:114
(SO;NH:)N(n-C;H), 8:112
(80.NH,)(NC,H;0) 4-Morpho-
linesulfonamide, 8:114
(SO:NH,)N (n-C,H,),, 8:114
(8O:NH:)NC;H,0, N,N-Penta-
methylenesulfamide, 8:114
SOz(Nchla)N(CHg;)z, 8:118
S0:(N=PCl;) N (C:H;)., 8:118
80, (N=PCIl;)N (n-C;H,)., 8:118
SO (N=PCl;}(NC,H,0O) N-
(Trichlorophosphoranylidene)-
4-morphoinesulfonamide, 8:116
50:(N=PCl;)N (n-C.H,),, 8:118

INORGANIC SYNTHESES

SO, (N=PCl;),, 8:119
80, 6:121; 7:156
$0;-C;H;N, 2:173
SO0,C:H;N(CH;),, 2:174
S0,-CI(C,H,Cl), 4:85
(SO;H)CH,NH,, 8:121
(8O;H)Cl, 4:52
(SO;H)F, T:127
(SO;H)NH,, 2:176, 178
(SO;H)ONH., 5:122
SO;KH, 2:167
480;KH-8.0;:K,, 2:167
(SO;K);N, 2:182
SO.K,, 2:165, 166
SOBKz'N202, 5:117, 120
(SOa[NC5He])NHC5H5, 2:175
(So;;NHq)NHz, 2:180
(SO;NH,),NH, 2:180
(803NH4)2NNH4'H20, 2:179
SOa(NH4)z'N202, 5:121
(80;Na)CH.0OH, 8:122
S0O;NaH, 2:164
SO;Na. (and +7H,0), 2:162, 165
SO;Naz-N202, 5:119
SO;'O(CHzCHz)zO, 2:174
250,-0(CH,CH.),0, 2:174
SO.D,, 6:121; 7:155
SO,HNO, 1:55
SO,Nag, 5:119
SzNz, 6:126
8:0:Cl,, 3:124
8:0:K3, 2:165, 166; (+2H:0),
2:165, 167
8:0:K»4S0;KH, 2:167
S8;0;Na; (and +7H;0), 2:162; 165
320333'2H20, 2:170
SanCa-4H20, 2:168
SzOer, 7:124
SzOoNaz‘zﬂzo, 2:170
S;Ng, 6:128
S4N4, 6:124; 8:104
S7NCH20H, 8:105
S;NCOCH3, 8:105
S;NH, 6:124; 8:103
Sb(CH;)Br,, 7:85
Sb(CH;)Cle, 7:85
Sb (CHa)zBl‘, 7:85
Sb(CH,)Cl, 7:85
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[{8Sb(CsH;)3}Fe(CO),), 8:188
[{8Sb(CsHs)s}.Fe(CO);), 8:188
28bCl4:3CsCl, 4:6

SbF,, 4:134

SbHa, T:43

Sbl;, 1:104

SeCNK, 2:186

SeCNNa, 2:186

SeCl,, 6:127

SeCl,, 5:125, 126

SeFs, 1:121

SeH,, 2:183

SeOCl,, 3:130

Se0,, 1:117; 3:13, 15, 127, 131
56020121'12, 3:132

Se0;Sr, 3:20

SGO4H2, 3:137
Se[S:CN(CH;),),, 4:93
Se[S,CN(C:Hs)ols, 4:93
Se(S;COCHj;)., 4:93
Se(SchCzns)z, 4:93
SeS,0:Na,-8H,0, 4:88
SeSr, 38:11, 20, 22

Se;Al, 2:183

SiBrCl,, 7:30

SiBr,H,, 1:38

SiBr;H, 1:38

SiBr,, 1:38

Si(CH;)Cl.H, 8:58
Si(CH,;)Cl,, 8:58
Si(CH;).Cl,, 3:56
[Si(CH;).NH]J;, 5:61
[Si(CH,).NH],, 6:61
Si(CH,);Cl, 3:58

Si(CH,);H Halo derivatives, 6:61
Si(CHx)sNHCGHs, 5:59
[Si(CH,);].NCH;, 5:58
[Si(CH,;);]:NH, 6:56
[Si(CH;);)eNLi, 8:19
[Si(CH;);]):NNa, 8:15
[Si(CH};);).0, 6:58
[Si(CH;);]sN, 8:15, 19
8i({CH==CH,)(CH;)Cl,, 3:61
Si(CH=CH2) (CH;):, 8:61
Si(CH==CH.,)Cl;, 3:58
Si(CH=CH.,).Cl,, 8:61
Si(CH,C1)Cl.H, 6:39
Si(02H302)4, 4:45

Si(C.H,Cl1)Cl,, 8:60

[Si(CZH5)2NH]3, 5:62

[Si(C,H;).NH],, 5:62

[Si(C:H70,);])CI'-HC, 7:30

[Si(C5H702)3]FeCl4, 7:32

[Si(CsH:0:)4]ZnCl;, 7:33

Si(CeH11)Cls, 4:43

SiCl;SH, 7:28

(SiCl,)4S, 7:30

SiCl,, 1:44; 7:25

SiCE®, 7:160

SiF,, 4:145

SiF¢Ba, 4:145

SIICl,, 4:41

SiL,Cl,, 4:41

[SiMOmOm]H4’XH20, 1:127

Si(NCO)(CH3);, 8:26

Si(NCO).(CHj;)., 8:25

Si(NCO):(CHj;), 8:25

Si(NCO),, 8:23

Si(NCS)(CHj;);, 8:30

Si(NCS)y(CH;),, 8:30

Si(NCS);(CH,), 8:30

Si(NCS),, 8:27

Si(NHCeHs);, 5:61

Si(OC,H,C1)Cl;, 4:85

SiOH(CHj)s, 65:58

Si(oH)z(CsHﬁ)z, 3:62

Si0, Silica gel, 2:95; (correction),
§:55

(SiSCly)s, 7:30

[SiW120401H4'xH20, 1:129

Si,Bre, 2:98

Si,Cle, 1:44

Sizocls, T7:23

(8i:0,H3)., 2:101

SianHz, 1:42

SizSgClq, 7:29%., 30

Siacls, 1:44

Sm(NO;)s, b:41

Sn(CH,C1)(CH;),Cl, 6:40

SnH,, 7:39

Snl,, 4:119

SIIsz, 7:39

SrCl,, 3:21

Sr(NO;),, 3:17

SrS, 8:11, 20, 21, 23

SrSO,, 8:19
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SrSe, 3:11, 20, 22 U0,(C,;HNO). Bis(8-quinolinol-

SrSe0,, 8:20 ato)dioxouranium(VI), 4:101;
compound with 8-quinolinol,
T 4:101
UO:HPO,4H 0, 56:150
TaBr,, 4:130 U304, B:149
TaCls, 7:167 v
TaF;, 8:179

TeBr K., 2:189

TeCl., 3:140

TeCls(NH,),, 2:189

TeF,y, 1:121

TeO,, 8:143

TeOsH,, 3:145

Te(82CN(CH:)2)2, 4:93

Te(SzCN(Czns)z)z, 4:93

Te(S:COCH,),, 4:93

Te(52COC2H5)2, 4:93

TeS,OsNa.2H.0, 4:88

ThBr,, 1:51

Th(C:0,)K4H,0, 8:43

Th(CsH:02), 2:123

ThCl,, 6:154; 7:168

ThOBr,, 1:54

TiBr;, 2:116; 6:57

TiBr,, 2:114; 6:60

[Ti(CsH10,).Cl.], 8:37

[Ti(CaH70z)3]FeCl4, 2:120

[Ti(CbH'Ioz)a]zTiClo, 2:119; 7:50;
(correction to both), 8:37

TiCl;, 6:56, 61

TiCl,, 6:52, 57; 7:45

TiCl,, 6:52, 57; 7:45

TiCs(S0,),12H.0, 6:50

TiOq, 5:79; 6:47

TiS,, 5:82

U

U(C.0,).-6H,0, 3:166

U(C204).K,, 8:158; (4+5H,0),
3:169; 8:157

UCl,, 5:145

ucl,, 5:143, 148

UCl,, 5:144

U0,, 5:149

UO.Cl,, 5:148; (+1H,0), T:146

VC:H(CO),, 7:100
V(CsHs)z, T7:102
VCl,, 4:126

VCl,, 4:128; 7:100; (4-6H:0), 4:130

vCl,, 1:107

VF, T:91

VF,, 7:87

vF;(NH;)a, 7:88

[V(NH,;)eCls, 4:130

VO(CsH10,)2, 5:113

VOCI,;, 1:106; (correction), 4:80;
6:119

V(OH),, 7:97

VOSO4, T7:94

VO;NH4, 3:117

VSO,7TH.0, 7:96

V.0,, 1:106; (correction for
VzOz)y 4:80

V2(S04)3, 7:92

w

W(CN)sH,, 7:145
W(CN);K;, T7:145
W(CN)3K4’2H20, T:142
W(CO)e, 8:135
WC:H(CO);H, 7:136
[WCsHa(CO)a]z, 7:139
WCl,, 3:163; 7:167

WF,, 3:181

WO0.K., 6:149

W:CLK,, 5:139; 6:149; 7:143
w;cluKs, 6:149
[W1:0,P]H, xH:0, 1:132
[W12040Si]HxH-0, 1:129

X

XeF:, 8:260
XeF,, 8:254, 261
XeF,, 8:257, 258
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XeOF,, 8:251, 260

XeO,, 8:251, 254, 258, 260
XeO,, 8:251

XeO.Na., 8:252

Y
Y(NO.) 3 B:41
Z

ZnCl,, 6:154; 7:168
{Zn {NH(C.H,N).}(CN).}, 8:10

[zn‘NH(C;H(N)Q'(CgH;Oﬂg], 8:10

[Zn {NH(C:H,N).}ClJ], 8:10

ZrBr,, 1:49

Zr(C.0,).K8H-0, 8:40

[Zr(CsH:0.),]Cl, 8:38

Zr(C:H,0,),, 2:121; (+10H.0),
2:121

Z:Cl,, 4:121; 7:167

Zrl,, 7:52

ZrOBr,, 1:51

ZrOCl,, 8:76; (4-8H,0), 2:121

ZrQ,, 3:76



