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From the Preface to the First Edition

For many years, the inorganic section of the “Handbook of
Preparative Chemistry” by L. Vanino was a laboratory standard.
By 1940, however, the third (and last) edition of the handbook was
no longer in print. Rather than simply reissue the Vanino manual,
the Ferdinand Enke Press projected a completely new book: in
contrast to the old, the new work would be written by a number of
inorganic chemists, each a specialist in the given field.

As editor, the publishers were able to obtain the services of
Prof. Robert Schwartz, If was Prof. Schwartz who laid down what
was to be the fundamental guideline for all subsequent work: that
only those procedures were to be included which had been tested
and confirmed in laboratory practice. Concerning the choice of sub-
stances, while not pretending to be exhaustive, the book would
cover most of the compounds of inherent scientific interest or of
importance for purposes of instruction. At the same time, it
was clearly apparent that the common commercial chemicals,
as well as those whose preparations require only the simplest
chemical operations, need not be included.

The organization of the work took account of the broad scope
and varied nature of contemporary preparative inorganic chemistry.
The increasingly rigorous purity requirements, the use of unstable
substances and those sensitive to air and moisture, the employ-
ment of ultralow and ultrahigh temperatures and pressures, etc.,
have increasingly complicated the experimental apparatus and
techniques. Thus, in the introductory part (Preparative Methods)
the authors have endeavored to assemble a number of experimental
techniques and special apparatusthat can be extended to applications
much more general than the original purposes for which they were
designed. This is complemented by an Index of Techniques at
the end of the work., This index links the contents of Part I with
the various experimental procedures distributed throughout the
work., Space considerations have forced abridgments in several
places. Thus, a literature reference must often take the place
of a more detailed description. Occasionally, different researchers
have solved a given problem by different experimental techniques.
Here again a reference to the literature is in order. Naturally,
the choice of preferred method is always a subjective decision of
the individual experimenter. Thus, our own selection may not
always seem correct or adequate fo every inorganic chemist,
As is customary, please forward any pertinent criticism to either
the editor or publisher. It will be gratefully received.
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vi PREFACE TO THE SECOND EDITION

What has been said above also holds true for Part II (Elements
and Compounds) and even more so for Part III (Special Groups of
Substances). In every case the decision as to inclusion or omission
was dictated by considerations of available space. Here, again, the
editor would be grateful for any suggestions or criticisms.

Preface to the Second Edition

The first edition of the Handbook of Preparative Inorganic
Chemistry was intended to fill a gap in the existing literature.
Because if accomplished its mission so well, it has won wide
respect and readership. Thus, the authors have been persuaded to
issue asecond, revised and enlarged edition, even though a relatively
brief period has elapsed since the appearance of the first.

The present edition is much more than a revision of the previous
work,

Several sections had to be completely rewritten; in a number of
cases, the choice of compounds to be included has been changed;
above all, recently developed processes, methods and apparatus
could not be neglected. The reader will note also that several new
authors have cooperated in this venture.

Thus, we are presenting what is in many respects a com-
pletely new work. Most of the preparative methods presented here
have either been verified by repetition inthe author’s own laboratory
or checked and rechecked in those of our collaborators. We trust
that the reader will benefit from the improved reliability and
reproducibility that this affords.

The editorial work could not have been completed without the
invaluable help of Dr. H. Barninghausen, Miss G. Boos, and my
wife, Doris Brauer., Credit for the careful layout of the more than
eighty new or revised drawings found in the book goes to Mrs, U,
Sporkert. To all of my co-workers, advisers, colleagues and
friends who have given their assistance, I wish to extend my
heartfelt thanks.

Freiburg, April 1960 G. Brauer



Translation Editor’s Preface

The Handbook of Preparative Inorganic Chemistry by G. Brauer
has been a valuable addition to the detailed preparative literature
for some years largely because of the number and diversity of me-
thods which are contained in its pages. The tranglation of this
work, therefore, will simplify the task of synthesis for chemists
whose German is less than proficient.

Because laboratory practice, as outlined in Part I of the Hand-
book, is in some ways different from laboratory practice in the
United States a number of additions and omissions have been made
in the translated text. These include: (1) the removal of the names
of German suppliers and trade names and the substitution of Amer-
ican trade names and suppliers, the latter only occasionally, (2)
conversion of German glass and ground-glass joint sizes to their
American equivalents, (3) substitution throughout the text of "'liquid
nitrogen" for "liquid air", (4) improvement in the nomenclature
where it was judged unclear. In addition, certain brief sections
have been omitted or rewritten when the practice or equipment de-
scribed was outmoded or so different as to be inapplicable in the
United States.

It is hoped that these changes have been consistent and wise de-
spite the diffusion of responsibility for the production of a book of
this size.

Reed F. Riley

Brooklyn, New York
August, 1963

vii



Conversion of Concentration Units

Dgt = density of solvent
sn = density of solution
Dge = density of solute
Mgt = molecular weight of solvent
Mge = molecular weight of solute

Unit a b c d
g./100 ml, . 100« c » Dy (100« d« Dgt
a solvent @ b e Dst (100 - Dgpy—c 100~d
b g./100 g, A b 100- ¢ 100 = d
solvent Dyt (100 « Dgyp)e-c 100—d
. g-/100 ml, 100 +a + Dy 1100+ b« Dy . 4D
solution (100 « D) +a T100+b sn
4| 8 /100 g. solution 100 «a 100. b c d
(wt. %) (100 « Dg) +a 100 +b Dgp
d e f
d g./100 g. solution d e« Dge 100 "
* B (
(wt. %) Dy 1+ T oS
100 « Dgn/Dge
ml, /100 ml, solution d e Dgp T 00— A\M..
1T /M
s€
les/100 1 100 100
moles moles —_—— ‘00 « D
f | solution (mole %) +<1°°— Mse 1 +( 100 - Dgyy _D Mse f
! d /Mg | ‘e.Dg Mgt
mole fraction = moles of solute/ total moles =1—56
molality = moles of solute/1000 g. of solvent = 1&—'1’
se
molarity = moles of solute/1000 ml. of solution =192 €

se

Example: The concentration of a solution of sulfur in carbon
disulfide (15°C, given Dgy, = 1.35, Dgt=1.26, Dge = 2.07) is 24.0 g.
$/100 ml. CS, or 19.05 g. S/100 g. CSpor 21.6 g. S /100 ml.
solution or 16.0 g. S /100 g. solution or 16.0 wt. % or 10.4 vol, %
or 31.2 mole %.
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Preparative Methods

P. W. SCHENK AND G. BRAUER

This part of the book describes special methods and devices for
inorganic preparations. We do not intend to present a compre-
hensive, thorough compilation of all the known methods of prepara-
tive inorganic chemistry, such asgiven in handbooks. An enterprise
of that kind would require too much space, and the appropriate
books are already available. Even through the several-volume
treatise by Stock, Staehler, Tiede and Richter is by now partly
outdated, many references, methods and descriptions of apparatus,
useful for solving experimental problems, can be found in special-
ized books, such as those by Von Angerer, Dodd and Robinson,
Grubitsch, Klemenc, Kohlrausch, Lux and Ostwald-Luther [1],
to name but a few. These texts canthus be consulied when the need
arises.

In Part I, only a more or less subjective selection of methods
and devices is presented. This selection was governed by certain
principles. Increased emphasis on greater purity of preparations
and the advent of extreme experimental conditions have imposed
more rigorous demands on the experimental equipment. Porcelain
dishes and beakers must increasingly be complemented or replaced
by more complicated apparatus for the preparation of unstable or
oxidizable substances. Such special demands placed on individual
preparatory steps have often led to the development of general
procedures which can be applied to alarger number of preparations
than was originally contemplated. An effort has been made to ex~
tract such standard methods and techniques fromlater sections and
to summarize them in this first part. Whenever a too detailed de-
scription had to be omitted because of space limitations, at least
the original literature reference is given. In addition to brief
descriptions of the more commonly used and well-known special
equipment, an attempt has also been made to describe some of
the experimental “art,” namely, those littletricks and short-cuts
which with the passage of time have become traditional in almost
every laboratory, but which somehow never seem to find their
way into the literature.
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Assembly of Apparatus

The classic Bunsen support with its clamps and brackets is
still the most frequently used framework for assembling apparatus,
There are various newer variations of it which eliminate the
movement of the clamps when the brackets are tightened.

It is best to assemble a permanent support so that the entire
structure can be easily carried about without having to dismantle it
each time and so that it can be set aside when not in use. Such an
arrangement is especially useful with the most commonly used
pieces of apparatus, e.g., pump assemblies consisting of forepump,
mercury traps and vacuum measuring instruments, or apparatus
used for the preparation, purification and drying of inert or other
frequently used gases. To construct more extensive assemblies,
it is best to interconnect individual uprights with round steel rods
13 mm. in diameter, and to increase the stability of the whole, the
uprights are fastened to similar rods, cemented into the wall.
It is also very helpful fo attach strong wooden strips, about 10 cm.
wide, horizontally along the wall above the working benches (one
strip about 30 cm., the other about 80 cm. above the bench surface).
The rods holding the uprights in place can then be screwed into
wall receptacles (1/4” size, available in hardware supply stores)
which are fastened to the wooden strips. These round wall re-
ceptacles can also be fastened with screws to the work bench to
hold the vertical rods, thus replacing the base plate of the support.
The cross braces fastened to the wall, or else suitable clamps,
allow the work bench supports fo be eliminated, and the entire
apparatus can then be mounted directly on the wall. This has the
considerable advantage of leaving the table space free, so that it
can be kept clean more easily, and so that spilled mercury can be
readily wiped up. If the apparatus is very tall, a “gallows” frame
(Fig. 1) canbeused, mounted on a table about 60 cm. above the floor.
This frame is free standing and, as a result, the experimental
apparatus can easily be reached from all sides. Similar structures
can be built on the free-standing center benches of the laboratory
by attaching four vertical rods fo the two short sides of a bench
and connecting them horizontally with matching roundrods. Suitable
perforated structural steel angles with corresponding bolts and nuts
are available for the various setups, even those built up from the
floor. These perforated angles can be assembled into very stable
structures resembling those which children build from Erector sets.
Additional suggestions and details about frame materials can be
found in G. C. Monch [2]. Inassembling the apparatus, special care
is required in selecting the rightlocation and the proper apparatus-
supporting clamps. Too many clamps, causing stresses which
are liable to break the apparatus, are just as bad as too few
clamps,
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Fig. 1. Frame for setting up a
free-standing experimental appa-
ratus (measurements in cm.),

Glass

The important types of glass used in chemical work are shown in
Table 1.

The chemical composition of the more frequently used types of
glass is shown in Table 2.

The ordinary starting material for the manufacture of laboratory
glassware and connectors consists of glass tubes of circular
cross section. The tubing is designated as hand-drawn or machine-
drawn; the size reproducibility of the machine-drawn tubingis con-
siderably superior.

Glassware is identified by a special brand number and by the
trademark of the firm manufacturing it. A helpful characteristic

Table 1
Linear coefficient of
Type of glass expansion
Flint glass (Kimble) 93 - 10~7 (25°C)
Pyrex glass 33 . 10~7 (0—300°)
Vycor glass 8 + 107 (0—300°)
Quartz glass 5. 10=7 (0—300°)
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is the color of the glass, the “hue,” which can clearly be seen
by transmitted light on a freshly broken end piece. The most
common colors vary from yellow to green.

Table 2

Chemical Composition of Some Types of Glass

SiOz BgOa NazO Kz20{CaO|BaO MgO AlgOs Fez03

Flint 67.7| 1.5 | 15.6§ 0.6| 5.612.0| 4.0 | 2.8
glass
(R-6)
(Kimble
Glass
Co.,
Toledo,
Ohio)

Soft

KG-33 80 | 13 4 |<0,1/<0.1 2 <0.1
(Kimble)

Pyrex 80 | 13 4 |<0.1(<0.1 2 <0.1
(Corning
Glass
Co.,
Corning,
N. Y.)

Hard

Vycor 96 3
(Corning)

In terms of its chemical resistance to attack by aqueous solu-
tions, laboratory glasses are generally classified according to
(a) hydrolytic resistance, (b) resistance to acids and (c) resistance
to alkali, as shown in Tables 3 and 4.

Many more details about the types of glass can be found in
the descriptive literature of the manufacturers.

The various parts of a glass apparatus are assembled into a
unit by using ground glass joints, rubber tubing, stoppers, ad-
hesives and especially by sealing glass tubing together with hand
torches. The handiing of these torches can be easily learned even
by one having no previous knowledge of glass blowing. A glass seal
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Table 3

Hydrolytic Resistance

ml, of 0.02 N Weight
Glass Conditions Time HCI/10 g. loss,
of powdered / 2
glass mg./cm.
Flint glass steam at .
(Kimble) 121°C 30 min, 7.8
Pyrex glass | VPt M | 48 hr. 0. 002
KG -33 steam at .
(Kimble) 121°C 30 min. 0.26
Vycor watS%z;Ca t 48 hr. negligible

at the ends of two glass tubes often can be formed in a shorter time
than is required for careful connection of the tubes with rubber
tubing. The technique of glass blowing is best learned under the
tutorship of an experienced individual; a description of manipulations
can thus be omitted here. However, a few hints will be offered:

1. Use glass tubing and other necessary glass from the same
manufacturer.

2. Protect glass from dust and store it horizontally; if it is
necessary to store it vertically due fo lack of space, cover the
openings.

3. Before using, clean the glass tubing by pushing or blowing
through a moist piece of cotton; clean tubes of larger diameters
with a moist rag pulled through on a string; never clean the in-
terior surfaces of glass tubing with anironor steel wire or another
piece of glass tubing. Ignoring this rule is a common cause of
cracked tubing during heating.

4. Only freshly cut surfaces, not touched by fingers, should be
sealed. When it is impossible to {rim an end piece in order to
obtain a freshly cut surface, heat the area with a torch and pull off
some glass with the aid of a glass rod, or melt the glass, blow this
area into a thin-wall bubble and strip it off,

5. When working with hard borosilicate glass (Pyrex), oxygen
is added to the air siream through a tee-connector tube.* The
difficulty of working at higher t{emperatures notwithstanding,

*Blowtorches and hand forches equipped with a valve for oxygen
addition are commercially available.
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borosilicate glasses are more amenable to glass blowing than the
soft glasses because they are much less likely to crack when un-
evenly heated.

Table 4
. . Weight lossg,
Glass Conditions Time mg. /om. 2

Acid resistance
Pyrex glass 5% HC1 at 100°C 24 hr, 0. 0045
Vycor 5% HC1 at 100°C 24 hr. 0. 0005

Base Resistance
Pyrex glass 5% NaOH at 100°C 6 hr. 1.4
Vycor 5% NaOH at 100°C 6 hr. 0.9

Industrial fusion of pure quartz yields clear quartz glass or
vitreous silica. It has the following advantages: low temperature
coefficient of expansion, transparency and relatively good, but
strongly selective chemical resistance. Tubing, ground joints,
etc., of quartz glass can also be made in the laboratory. Oxy-
hydrogen or hydrogen-air flames with additional oxygen are used.
In a pinch, a small industrial oxy-acetylene welding torch will
suffice. Despite the high softening temperature of 1500°C, manipu-
lation of quartz is no more difficult than that of ordinary glass.
However, the following hints will be useful for those working with
quartz glass:

1. Holes often do not close completely in the molten glass; fine
capillaries usually remain open. Such spots must be repeatedly
remelted or drawn together with a thin quartz rod.

2. Since SiO and SiO, vaporize, quartz glass becomes cloudy
in the melted area. Remedy: After completing the main sealing
operation, remelt the whole area until it is clear, using a large
but not too hot oxy-hydrogen flame; if necessary, follow with a
rinse of dilute hydrofluoric acid.

3. Rapid blowing is essential because the viscosity tends to in-
crease rapidly on cooling; blowing is best done with a rubber tube.

4. On cooling or on prolonged exposure fo heat, there exists
the danger of devitrification; that is, conversion of the meta-
stable, glassy form fo cristobalite may occur, Once it has started,
this process rapidly leads to mechanical failure of the apparatus.
The failure starts preferentially at the externally adhering impurity
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centers and proceeds very rapidly, especially at femperatures in
excess of 1000°C, Consequently, those parts of quartz glassware
which are to be heated and which have already been thoroughly
cleaned (with aqueous solutions or organic liquids such as alcohol,
acetone, etc,) mustnot be touched prior to heating because perspira-
tion (NaCl) acts as a devitrifying agent.

The upper temperature limit, when quartz glass is used in the
absence of a pressure differential, is 1250°C. Unfortunately, evacu~
ated quartz glass flasks start to deform in the 1150°C region. The
devitrification and warp