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PREFACE

In its more than half-century of existence, the Inorganic Syntheses series has
reflected, in the contents of its volumes, profound changes in the field of
inorganic chemistry. The modern scope of this discipline would have been
almost unimaginable to our counterparts of the 1930s and 1940s, who could
not have anticipated huge subfields centered on transition metal organo-
metallic complexes, electronically active solid state materials, or bioinorganic
systems, not to mention metal clusters, carboranes, or rare-gas compounds.
Whatever its formal definition, the fact is that in practice, inorganic synthesis
today extends well beyond its traditional confines into the realms of bio-
chemistry, materials science, physics, and organic chemistry (witness the
inclusion of procedures for C;HMe; in both this volume and its predecessor).
In truth, inorganic chemistry has been enriched by the absorption of much
that organic chemists have abdicated as outside their immediate concern.
The discovery of ferrocene in 1951 might well have launched a novel area
of organic chemistry, if the imaginative insight of the late Robert
B. Woodward, who (with Geoffrey Wilkinson) correctly guessed the structure
of Fe(CsH;), and gave it its name, had been shared at that time by organic
chemists generally. As it happened, the currently vast area of organotrans-
ition metal chemistry developed as an inorganic subdiscipline, much to the
benefit of that field (the Inorganic Division of the American Chemical Society
routinely sponsors the largest divisional programs at ACS national
meetings).

The current volume of Inorganic Syntheses reflects this broad scope. In
addition to many procedures for preparing metal coordination compounds
and other substances within the more traditional inorganic areas, the book
contains numerous syntheses of organometallics, boron and other main-
group compounds, metal clusters, and transition metal-main-group clusters.
One contribution that is particularly illustrative of the catholicity of modern
inorganic chemistry is the synthesis of organic superconductors (synthetic
metals) by a leading group in that area. Why “organic” metals in an Inorganic
Syntheses volume? See the preceding paragraph!

Many of the procedures described herein will be important to a broad
spectrum of inorganic and organometallic chemists, while others deal with
more specialized areas but will be valuabie to investigators in those fields. In
making the inevitable judgments about the significance of each contribution
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vi Preface

and its appropriateness for Inorganic Syntheses, I have kept in mind that
certain areas of research have intrinsic significance that belies small numbers
of investigators—the fields of rare-gas compounds, boron clusters, and
metal-nonmetal clusters, for example. Today’s exotica may spark
tomorrow’s hot fields—when ferrocene was first prepared, there were only a
half-dozen metallocene chemists in the world.

As in the case with my predecessors who edited earlier volumes in this
distinguished series, I am indebted to many people including the authors, the
checkers (the true heroes of Inorganic Syntheses, especially those who sent in
their reports on time), my colleagues on the Editorial Board who reviewed
countless manuscripts, and Tom Sloan of Chemical Abstracts for painstak-
ingly checking the nomenclature on every submission and for preparing the
index. Thanks also are due my secretary, Shirley Fuller, the Department of
Chemistry at the University of Virginia for a variety of services, not least the
absorption of postage costs, and my research group for their understanding
and tolerance. :

RusseLL N. GRIMES

Charlottesville, Virginia
February 1992



CORRECTION TO VOLUME 24

TITANIUM(II) CHLORIDE

Submitted by JEAN’NE M. SHREEVE

The synthesis described in Inorg. Synth., 1986, 24, 181, entitled “Titanium(II)
Chloride”, does not produce the title compound.

ERRATA: VOLUME 26, p. 372.

The second checker for procedure 68 should be Dominique Matt (not Watt
as printed). Index of Contributors: change Watt, D., 26:372 to read Matt, D,,
26:372.

vii



NOTICE TO CONTRIBUTORS
AND CHECKERS

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 Inorganic Syntheses by offering their advice
and assistance in both the formulation of and the laboratory evaluation of
outstanding syntheses. Help of this kind 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, For example, starting materials or intermediates that
are useful for synthetic chemistry are appropriate. The synthesis also should
represent the best available procedure, and new or improved syntheses are
particularly appropriate. Syntheses of compounds that are available com-
mercially at reasonable prices are not acceptable. We do not encourage the
submission of compounds that are unreasonably hazardous, and in this
connection, authors are requested to avoid procedures involving perchlorate
salts due to the high risk of explosion in combination with organic or
organometallic substances. Authors are also requested to avoid the use of
solvents known to be carcinogenic.

The Editorial Board lists the following criteria of content for submitted
manuscripts. Style should conform with that of previous volumes of
Inorganic Syntheses. The introductory section 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 laboratory directions
and be written so that it anticipates possible 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
stated clearly. Sources of unusual starting materials must be given, and, if



b3 Notice to Contributors and Checkers

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
delineated clearly. The section on Properties should supply 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. A style sheet is available from the Secretary of the Editorial Board.

The Editorial Board determines whether submitted syntheses meet the
general specifications outlined above, and the Editor-in-Chief sends the
manuscript to an independent laboratory where the procedure must be
satisfactorily reproduced.

Each manuscript should be submitted in duplicate to the Secretary of
the Editorial Board, Professor Jay H. Worrell, Department of Chemistry,
University of South Florida, Tampa, FL 33620. The manuscript should be
typewritten in English. Nomenclature should be consistent and should follow
the recommendations presented in Nomenclature of Inorganic Chemistry, 2nd
ed., Butterworths & Co., London, 1970, and in Pure and Applied Chemistry,
Volume 28, No. 1 (1971). Abbreviations should conform to those used
in publications of the American Chemical Society, particularly Inorganic
Chemistry.

Chemists willing to check syntheses should contact the editor of a future
volume or make this information known to Professor Worrell.



TOXIC SUBSTANCES AND
LABORATORY HAZARDS

Chemicals and chemistry are by their very nature hazardous. Chemical
reactivity implies that reagents have the ability to combine. This process can
be sufficiently vigorous as to cause flame, an explosion, or, often less
immediately obvious, a toxic reaction.

The obvious hazards in the syntheses reported in this volume are de-
lineated, where appropriate, in the experimental procedure. It is impossible,
however, to forsee every eventuality, such as a new biological effect of a
common laboratory reagent. As a consequence, all chemicals used and all
reactions described in this volume should be viewed as potentially hazardous.
Care should be taken to avoid inhalation or other physical contact with all
reagents and solvents used in procedures described in this volume. In
addition, particular attention should be paid to avoiding sparks, open flames,
or other potential sources that could set fire to combustible vapors or gases.

A list of 400 toxic substances may be found in the Federal Register, Vol. 40,
No. 23072, May 28, 1975. An abbreviated list may be obtained from
Inorganic Syntheses, Volume 18, p. xv, 1978. A current assessment of the
hazards associated with a particular chemical is available in the most recent
edition of Threshold Limit Values for Chemical Substances and Physical
Agents in the Workroom Environment published by the American Conference
of Governmental Industrial Hygienists.

The drying of impure ethers can produce a violent explosion. Further
information about this hazard may be found in Inorganic Syntheses, Volume
12, p. 317. A hazard associated with the synthesis of tetramethyldiphosphine
disulfide [Inorg. Synth., 15, 186 (1974)] is cited in Inorganic Syntheses,
Volume 23, p. 199.
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Chapter One
MAIN-GROUP COMPOUNDS—GENERAL

1. XENON DIFLUORIDE (MODIFICATION)

Submitted by ANDREJ SMALC* and KAREL LUTAR*
Checked by SCOTT A. KINKEADY}

In the preparation of xenon difluoride by photosynthesis from the elements,
described by S. M. Williamson [Inorg. Synth., 11, 147 (1968)], commercial
fluorine was employed, which prior to use was purified from hydrogen
fluoride by passing through a U trap cooled with dry ice. However, we have
found! that hydrogen fluoride in amounts of up to about 1 mol % catalyses
the photochemical reaction between xenon and fluorine and increases the
rate of reaction by a factor of ~4 without noticeable damage to the Pyrex
photochemical reactor. It is, therefore, pointless to purify commercial
fluorine, which normally contains up to 0.5% hydrogen fluoride.

The reaction rate can be increased using mole ratios of F, : Xe higher
than 1 : 1. However, in this case the reaction should be stopped in time
(i.e., before all the xenon is consumed), in order to prevent the formation of
xenon tetrafluoride.

The triple point of the product obtained is 129.10 4 0.05°C (published
value 129.03 + 0.05°C).2 Infrared spectra of the vapor show only the bands
characteristic of XeF,.?

*“J. Stefan” Institute, University of Ljubljana, 61000 Ljubljana, Slovenia.
t Los Alamos Scientific Laboratory, Los Alamos, NM 87545.



2 Main-Group Compounds—General

Procedure

The reaction is preferably carried out in a 1-1.5-L Pyrex glass photochemical
reactor with a water-cooled well for the light source, shown in Fig. 1. The
reactor is equipped with a Rotaflo* or similar Teflon-needle glass valve. The
reactor is connected to an all-metal vacuum line schematically shown in

Rotaflo
valve
Well for
light source
Water
outlet /
Water
inlet
Reaction
vessel

"

Fig. 1. Photochemical reactor for synthesis of xenon difluoride.
* J. Bibby Science Products Limited, Stone, Staffordshire ST 15 OSA, United Kingdom.
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Pressure Helicoid
gauge gauge
0-5 bar 0- 2000 mbar abs.
2L
Rotaflo
} valve
—DI<C D3|
Teﬂon
FEP
To I‘
fluorine Ligh
cylinder / sofrcte
Pressure Soda-lime
rlegu- trap
ator Cold
finger .
Photochemical
Xenon reactor
cylinder

To forepump

Fig. 2. Schematic diagram of fluorine metering system.

Fig. 2. The connection is best made by a piece of Teflon FEP tubing (i.d.
6-8 mm) additionally sealed with halocarbon wax (see preparation of KrF,).
The reactor is then evacuated to high vacuum for several days. It is advisable
to heat it during evacuation in a hot-water bath. Finally the reactor is cooled
down and seasoned once or twice by irradiation of about 500 mbar of fluorine
for about an hour.

About 300 mbar of xenon followed by about 600 mbar of fluorine are
introduced into the reactor and irradiated until the pressure in the reactor
remains constant. If a 400-W medium pressure mercury lamp* is used as a
light source, the reaction is finished in about 80 min with an XeF, yield of
practically 100%. Approximately 2.5 g of XeF, is isolated.

Xenon difluoride is removed from the reactor by pumping the gases
through a trap (preferably from Teflon FEP or Kel-F) cooled to — 78°C.
Unreacted fluorine as well as silicon tetrafluoride and other possible contam-
inants will pass through. Xenon difluoride will transfer more easily if a warm-
water bath is placed around the reactor (after unreacted fluorine is removed)
and siphoned into the water jacket of the lamp well.

* E.g., Applied Photophysics Ltd., 20 Albemarle Street, London WIX 3HA, United Kingdom.



4 Main-Group Compounds—General

m Caution. Fluorine is a potent oxidizing agent and must be handled with
great care, preferably in nickel or copper equipment. The apparatus used should
be thoroughly cleaned and degreased, and then prefluorinated prior to use.
Organic materials other than fluoropolymers such as Teflon, FEP or PF A, and
Kel-F should be absent. The use of fluorine requires that this procedure be
carried out in an efficiently ventilated area. Only equipment specially designed
Jor use with fluorine such as pressure regulators* for use with fluorine cylinders,
pressure gauges, + and valves§ should be used. For more exhaustive precautions
see Inorganic Syntheses, Fluorine Compounds.* In addition, safety glasses or
a face shield, neoprene gloves, and protective shielding should be used in front of
the reactor during operation. The reduced fluorine pressure in the fluorine
metering system should not exceed a few bars.

References

1. K. Lutar, A. Smalc, and J. Slivnik, Vestn. Slov. Kem. Drus., 26, 435 (1979).

2. F. Schreiner, G. N. McDonald, and C. L. Chernick, J. Phys. Chem., 72 1162 (1968).
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2. XENON TETRAFLUORIDE

Submitted by KAREL LUTAR,* ANDREJ SMALC,* and BORIS ZEMVA*
Checked by SCOTT A. KINKEAD}

Xenon tetrafluoride was first prepared by heating a gaseous mixture of xenon
and fluorine under moderate pressure.!'2 However, the product obtained by
this method is always contaminated with xenon difluoride and hexafluoride,
which are in chemical equilibrium with xenon tetrafluoride.> Xenon tetra-
fluoride obtained in this way can be purified by subsequent chemical
purification with arsenic pentafluoride.*

However, pure xenon tetrafluoride can be obtained by thermal dissoci-
ation of xenon hexafiuoride.®

* E.g., Matheson Co., Inc., East Rutherford, NJ or Matheson Gas Products, 2431 Oevel,
Belgium.

t E.g., Helicoid Pressure Instruments, Helicoid Division, Bristol Babcock, Buckingham St.,
Watertown, CT 06795.

t E.g., Hoke Inc, 1 Tenakill Park, Creskill, NJ 07626, or Autoclave Engineers, Erie, PA
16501.

§“J. Stefan” Institute, University of Ljubljana, 61000 Ljubljana, Slovenia.

9 Los Alamos Scientific Laboratory, Los Alamos, NM 87545,
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Xenon reacts with excess fluorine at 300°C under pressure, yielding xenon
hexaftuoride, which is combined with sodium fluoride to form a nonvolatile
complex Na,[XeF;]

Xe + 3F, + 2NaF — Na,[XeF;]

Xenon difluoride and tetrafluoride, which are also present in the reaction
mixture, form no complex with sodium fluoride and can be pumped off at
room temperature. Finally, Na,[XeFg] is decomposed at 350°C:

Na,[XeFg] - XeF, + F, + 2NaF

This method could also be used for the preparation of pure fluorine.

Procedure

The reaction is carried out in a 500-mL pressure vessel made of nickel or
Monel and rated to 350 bar, equipped with a Monel high-pressure valve and
NPT adapter.* Prior to first use about 15 g of sodium fluoride is added to the
vessel. The reaction vessel is then heated in high vacuum at 450°C for 8 h.
After cooling down it is pretreated once or twice with about 500 mbar of
fluorine at 300°C for an hour and finally with 5 bar of fluorine at 350°C for
8 h. Fluorine is metered into the reaction vessel by repeated condensation
from a storage vessel on the all-meta