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TRANSLATOR'S PREFACE

THE success of Professor Gattermann's book in the original
has warranted its reproduction in English. The translation is
intended for those students of chemistry who have not yet
become sufficiently familiar with scientific German to be able
to read it accurately without constant reference to a dictionary.
To such students this translation is offered, in the hope that it
will increase their interest in the science without causing a cor-
responding decrease in their efforts to acquire a knowledge of
German, which is indispensable to every well-trained chemist.

My grateful acknowledgments are due to my colleague, Dr.
H. M. Ullmann, for many valuable suggestions, and to Professor
Gattermann for his courtesy in pointing out several inaccuracies
in the German edition.

WILLIAM B. SCHOBER.
SOUTH BETHLEHEM, PENNSYLVANIA,

April, 1896.



PREFACE

THE present book has resulted primarily from the private needs
of the author. If one is obliged to initiate a large number of
students at the same time into organic laboratory work, it is
frequently impossible, even with the best intentions, to direct the
attention of each individual to the innumerable details of labo-
ratory methods. In order that students, even in the absence of
the instructor, can gain the assistance necessary for the carrying
out of the common operations, a General Part, dealing with
crystallisation, distillation, drying, analytical operations, etc., is
given before the special directions for Preparations. In the
composition of this General Part, it has been considered of
more value to describe the most important operations in such
a way that the beginner may be able to carry out the directions
independently, rather than to give as fully as possible the numer-
ous modifications of individual operations. In the Special Part,
to each preparation are added general observations, which relate
to the character and general significance of the reaction carried
out in practice; and the result follows, that the student during
the period given to laboratory work, becomes familiar with the
most varied theoretical knowledge, which, acquired under these
conditions adheres more firmly, as is well known, than if that
knowledge were obtained exclusively from a purely theoretical
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book. And so the author hopes that his book, along with the
excellent " Introductions " of E. Fischer and Levy, may here ar.d
there win some friends.

For the assistance given by his colleagues, in pointing out
deficiencies of his work, the author will always be grateful.

GATTERMANN.
HEIDELBERG, August, 1S94.



PREFACE TO T H E SECOND AMERICAN

EDITION

IN the preparation of this new edition advantage has been
taken of the opportunity offered to correct a number of errors
in the first edition, and to make the text a reproduction of
the fourth German edition of Professor Gattermann's book. In
many cases the laboratory directions have been improved, a
number of new illustrations have been added, and the Special
Part now includes methods for the preparation of glycol, di-
methylcyclohexenone, s-xylenol, phenylhydroxylamine, nitroso-
benzene, p-tolyl aldehyde (Gattermann-Koch synthesis), salicylic
aldehyde (Reimer and Tiemann's oxyaldehyde synthesis), cuprous
chloride, the decomposition of inactive mandelic acid into its
active constituents, and a zinc dust determination. The prepara-
tions of acetylene and acetylene tetrabromide have been omitted.

WILLIAM B. SCHOBER.
SOUTH BETHLEHEM, PENNSYLVANIA,

May, 1901.
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THE PRACTICAL METHODS OF O R G A N I C

CHEMISTRY

G E N E R A L P A R T

THE compounds directly obtained by means of chemical reac-
tions are, only in rare cases, pure; they must therefore be
subjected to a process of purification before they can be further
utilised. For this purpose the operations most frequently em-
ployed are :

1. CRYSTALLISATION.

2. SUBLIMATION.

3. DISTILLATION.

CRYSTALLISATION

Methods of Crystallisation. — The crude solid product obtained
directly as the result of a reaction is generally amorphous or not
well crystallised. In order to obtain the compound in uniform,
well-defined crystals, as well as to separate it from impurities like
filter-fibres, inorganic substances, by-products, etc., it is dissolved,
usually with the aid of heat, in a proper solvent, filtered from the
impurities remaining undissolved, and allowed to cool gradually.
The dissolved compound then separates out in a crystallised form,
while the dissolved impurities are retained by the mother-liquor.
{Crystallisation by Cooling.) Many compounds are so easily
soluble in all solvents, even at the ordinary temperature, that

B I



2 GENERAL PART

they do not separate from their solutions on mere cooling.
In this case, in order to obtain crystals, a portion of the sol-
vent must be allowed to evaporate. (Crystallisation by Evapo-
ration.)

Solvents.—As solvents for organic compounds, the following
substances are principally used:

CLASS I. Water,
Alcohol,
Ether,
Ligroi'n (Petroleum Ether),
Glacial Acetic Acid,
Benzene.

Also mixtures of these:

CLASS II. Water 4-Alcohol,
Water -|- Glacial Acetic Acid,
Ether -f- Ligroin,
Benzene + Ligroin.

Less frequently used than these are : hydrochloric acid, carbon
disulphide, acetone, chloroform, ethyl acetate, methyl alcohol,
amyl alcohol, toluene, xylene, solvent naphtha, etc.

But rarely used are: pyridine, naphthalene, phenol, nitro-
benzene, aniline, and others.

Choice of the Solvent. — The choice of a suitable solvent is
often of great influence upon the success of an experiment, in that
a solid compound does not assume a completely characteristic
appearance until it is uniformly crystallised. In order to find the
most appropriate solvent, preliminary experiments are made in.
the following manner: successive small portions of the finely
pulverised substance (a few milligrammes will suffice) are treated
in small test-tubes, with small quantities of the solvents of Class I .
If solution takes place at the ordinary temperature, or on gentle
heating, the solvent in question is, provisionally, left out of con-
sideration. The remaining portions are heated to boiling, until,
after the addition of more of the solvent if necessary, solution
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takes place. The tubes are now cooled by contact with cold
water, and an observation will show in which tube crystals have
separated in the largest quantity. At times crystallisation does
not occur on mere cooling; in this case the walls of the vessel
are rubbed with, a sharp-angled glass rod, or the solution is
" seeded," i.e. a small crystal of the crude product is placed in the
solution; by this means, crystallisation is frequently induced. If
the individual solvents of Class I. are shown to be unsuitable,
experiments are made with the mixtures, — Class II. Compounds
which are easily soluble in alcohol or glacial acetic acid, and
which consequently do not separate out on cooling, are, as a rule,
difficultly soluble in water. In order to determine whether a
separation of crystals will take place on cooling, the hot solutions
in the pure solvents are treated with more or less water, according
to the conditions. Substances easily soluble in ether, benzene,
toluene, etc., often dissolve in ligroin with difficulty. Hence
mixtures of these solvents can be frequently utilised with ad-
vantage, in the manner just described. If these experiments have
shown several solvents to be suitable, the portions under examina-
tion are again heated until solution takes place, and this time
are allowed to cool slowly. That solvent from which the best
crystals separate in the largest quantity is selected for the crystal-
lisation of the entire quantity of the substance. If a substance
is easily soluble in all solvents, recourse must be had to crystallisa-
tion by evaporation, i.e. by allowing the different solutions to stand
some time in watch-glasses. That solvent from which crystals
separate out first is the most suitable. Frequently a compound
dissolves in a solvent only on heating and yet does not crystallise
out again on cooling; compounds of this class are said to be
"sluggish" (trage). In this case, the solution may be allowed to
stand for some time, if necessary over night, in a cool place. If
a compound is very difficultly soluble, solvents with high boiling-
points are used, as toluene, xylene, nitrobenzene, aniline, phenol,
and others. The crystals obtained in these preliminary experi
rnents, especially if they are of easily soluble substances, are pre-
served, so that if from the main mass of the substance no crystals
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can be obtained, the solution may be seeded, thus inducing
crystallisation. The crystallisation of substances which boil with-
out decomposition may often be facilitated by first subjecting them
to distillation.

To dissolve the Substance. — When water or glacial acetic acid,
or a solvent which is not inflammable or not easily inflammable, is
employed, the. heating may be done in a beaker on a wire gauze
over a free flame if the quantity is small; if large, a flask is always
used. In either case care must be taken to prevent the flask from
breaking, by stirring up the crystals from the bottom with a glass
rod, or by frequently shaking the vessel. This precaution is
especially to be observed when, on heating, the substance to be
dissolved melts at the bottom of the vessel. Alcohol and benzene
may also be heated in like manner directly over a moderately
large flame, if the student has already had a sufficient amount of
experience in laboratory work and does not use too large .quanti-
ties. If the liquid becomes ignited, no attempt to extinguish the
flame by blowing on it should be made, but the burner is removed
and the vessel covered with a watch-glass, a glass plate, or a wet
cloth. In working with large quantities of alcohol, benzene, ether,
ligroin, carbon disulphide, or other substances with low boiling-
points, they are heated on a water-bath in a flask provided with a
vertical glass tube (air condenser) or a reflux condenser. A sub-
stance to be crystallised from a solvent which is not miscible with
water must be dried, in case it is moist, before dissolving.

An error which even advanced students too often make in
crystallising substances consists in this : an excessive quantity of
the solvent is poured over the substance at once. When heat is
applied, it is true, solution takes place easily, but on cooling noth-
ing crystallises out. So much of the solvent has been taken that
it holds the substance in solution even at ordinary temperatures.
The result is that a portion of the solvent must be evaporated or
distilled off, which involves a loss of time and substance, as well
as decomposition of the substance. The following rule should,
therefore, always be observed : The quantity of solvent taken at

first should be insufficient to dissolve the substance completelyt even


