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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 THE 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 ORGANIC

CHEMISTRY

GENERAL PART

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 :

i. 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,
Ligroin (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 alsb 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
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on heating; then ??iore of the solvent is gradually added, until all of
the substance is just dissolved. In this way only is it certain that
on cooling an abundant crystallisation will take place. If a mixt-
ure of two solvents is used, one of which dissolves the substance
easily and the other with difficulty, e.g. alcohol and water, the
substance is first dissolved in the former with the aid of heat;
the heating is continued while small amounts of the second are
gradually added (if water is used it is better to add it hot) until
the first turbidity appearing does not vanish on further heating.
In order to remove this cloudir/ess^ a small quantity of the first
solvent is added. On the addition of the first portions of the
second liquid (water or ligroi'n) resinous impurities separate out
at times; in this case, these are filtered off before a further addi-
tion of the solvent is made.

At times it happens that the last portions of a compound will
dissolve only with difficulty. The beginner often makes the mis-
take here of adding more and more of the solvent to dissolve this
last residue, which for the most part generally consists of difficultly
soluble impurities, like inorganic salts, etc. The result of this is
that on cooling nothing crystallises out. In such cases the diffi-
cultly soluble portions may be allowed to remain undissolved, and
on filtering the solution are retained by the filter.

Filtration of the Solution. — When a substance has been dis-
solved, the solution must next be filtered from the insoluble im-
purities like by-products, filter-fibres, inorganic compounds, etc.
For filtration a funnel with a very short stem is generally used,
i.e. an ordinary funnel the stem of which 'has
been cut off close to the conical portion (Fig. i).
The funnels used in analytical operations have
the disadvantage that when a hot solution of
a compound flows through the stem, it be-
comes cooled to such an extent that crystals
frequently separate out, thus causing an obstruc-
tion of the stem. The funnel with a shortened
stem or no stem is prepared with a folded filter. In case the
solution contains a substance that easily crystallises out, the filter
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is made of rapid-filtering paper (Fig. 2). The solution to be
filtered is not allowed to cool before filtering, but is poured on

the filter immediately after removing it from the
flame or water-bath. If inflammable solvents
are used, care must be taken that the vapours
are not ignited by a neighbouring flame. Under
normal conditions, no crystals or only a few
should separate out on the filter during filtra-

FlG 2 tion. I f large quantities of crystals appear in a
solution as soon as it is poured on the filter, it is

an indication that too small an amount of the solvent has been
used. In a case of this kind, the point of the filter is pierced and
the crystals are washed into the unfiltered portion of the solution
with a fresh quantity of the solvent; the solution is further diluted
with the solvent, heated, a n d filtered.

Very difficultly soluble compounds crystallise during the filtra-
tion in the space between the filter and funnel, in consequence
of the contact of the solution with the cold walls of the funnel.

This may be prevented when a small quantity of liquid is to be
filtered, by warming the funnel previously in an air-bath, or directly
over a flame. If the quantity of the liquid is large, hot water or
hot air funnels may be used (Figs. 3 and 4), or the funnel may
be surrounded by a cone of lead tubing wound around it through
which steam is passed (F ig . 5). Before filtering inflammable
liquids, the flame with which the hot water or hot air funnel has
been heated is extinguished. Substances which easily crystallise
out again, may also be conveniently filtered with the aid of suc-
tion and a funnel having a large filtering surface (Btichner funnel,
see Fig. 38, p. 53). After filtration the solution is poured into the
proper crystallisation vessel. In order to prevent the thick-walled
filter-flasks from being cracked by solvents of a high boiling-point,
they are somewhat warmed before filtering by immersion in warm

Boiling nitrobenzene, aniline, phenol, and similar substances may
be filtered in the usual way through ordinary filter-paper.

Choice of the Crystallisation Vessel;—The size and form of the
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crystallisation vessel is not without influence upon the separation
of the crystals. If a compound will crystallise out on simple cool-
ing, without the necessity of evaporating a portion of the solvent,
a beaker is used for the crystallisation. The shallow dishes known
as "crystallising dishes" are not recommended for this purpose,
since they cannot be heated over a free flame, and 'further, the
solution easily " creeps " over the edge, involving a loss of the
substance. Moreover, the crusts collecting on the edges are very
impure, since, in consequence of the complete evaporation of the
solvent, they contain all the impurities which should remain dis-

FIG. 3. FIG. 4. FIG. 5.

solved in the mother-liquor. The beaker is selected of such a
size that the height of the solution placed in it is approximately
equal to the diameter of the vessel, which is thus about one-half
to two-thirds filled.

Heating after Filtration.—Many compounds crystallise out in
the beaker during nitration. The crystals thus obtained are never
well formed, in consequence of the rapid separation; therefore,
after the entire solution has been filtered, it is heated again until
the crystals have redissolyed^ and is then allowed to cool as slowly
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as possible without being disturbed. In order to protect the
solution from dust as well as to prevent it from cooling too rapidly,
the vessel is covered first with a piece of filter-paper and then
with a watch-glass or glass plate. The paper is used to prevent
drops of the solvent formed by the vapours condensing on the cold
cover-glass from falling into the solution, by which the crystallisa-
tion would be disturbed. The paper need not be used if the
vessel is covered with a watch-glass, the convex surface of which
is uppermost: the condensed vapours will thus flow down the walls
of the beaker.

Crystallisation. —In order to obtain as good crystals as possible,
the solution is allowed to cool slowly without being disturbed. In
exceptional cases only is it placed in cold water to hasten the separa-
tion of crystals. The vessel must not be touched until the crystalli-
sation is ended. If a substance, on slow cooling, separates out in
very coarse crystals, it is expedient, in case a sample of the substance
for analysis is desired, to accelerate the crystallisation by artificial
cooling, so that smaller crystals will separate out. Very coarse
crystals are commonly more impure than smaller ones, in that they
enclose portions of the mother-liquor. If a deposit of crystals as
abundant as possible is desired, the vessel is put in a cool place —
in a cellar or ice-chest if practicable. Should a compound crys-
tallise sluggishly, the directions given on page 2, under " Choice of
the Solvent/' may be followed (rubbing the sides of the vessel with
a glass rod; seeding the solution; allowing to stand over night).
At times a compound separates out on cooling, not in crystals, but
in a melted condition. This may be caused by the solution being
so concentrated that crystallisation already takes place at a tem-
perature above the fusing-point. In this case the solution is again
heated until the oil which has separated out is dissolved, more of
the solvent is then added, the quantity depending upon the condi-
tions. In other cases this may be prevented by rubbing the walls
of the vessel a short time with a sharp-edged glass rod, as soon as
a slight turbidity shows itself, or by seeding the solution with a
crystal of the same substance. This difficulty may also be avoided,
in many cases, by allowing the solution to cool very slowly; t.g* the
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beaker is placed in a larger vessel filled witrh i)ot water and'allowed J

to cool in this.
At times the separation of crystals takes place suddenly, within

a few seconds, throughout the entire solution. Since the crystals
thus obtained are generally not well formed, the liquid, after some
of the crystals have been removed, is heated until solution again
takes place. After it has partially cooled, those crystals which
were taken out are now added to it, by which a gradual crystallisa-
tion is caused.

Separation of Crystals from the Mother-Liquor.—When crystals
have been deposited, they are then to be separated from the liquid
(mother-liquor). This is always done with the aid of suction, and
never by merely pouring off the liquid. The filter to be used is
previously moistened with the same substance which was employed
as the solvent. Crusts, formed on the sides and edges of the ves-
sel by the complete evaporation of the solvent, are not filtered
with the crystals ; they are removed with a spatula before the filter-
ing, and are worked up with the mother-liquor. In order to
remove the last traces of the mother-liquor adhering to the crys-
tals, they are washed several times with fresh portions of the solv-
ent ; obviously, if the substance is easily soluble, too large quantities
of the solvent must not be used. If a solvent that will not evap-
orate easily in the air or on the water-bath has been used, eg.
glacial acetic acid, toluene, nitrobenzene, etc., it must be removed
from the crystals by a more volatile substance, like alcohol or ether.
This is done by first washing with a fresh quantity of the solvent,
then with a mixture of the solvent and a small quantity of the more
volatile liquid, the proportion of the latter in the washing mixture
being gradually increased, until finally the volatile substance is
used alone. Glacial acetic acid may, in this way, be displaced by
water.

Drying of Crystals.—When crystals have been freed from the
mother-liquor they must be dried. This may be effected ( i ) at
the ordinary temperature by the gradual evaporation of the solvent
in the air, and (2) at higher temperatures by heating on a water-
bath or in an air-bath, In the first case the crystals are spread
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out in a thin layer upon several thicknesses of filter-paper and
covered with a watch-glass, funnel, beaker, or similar vessel. In
order that the vapours of the solvent may escape, the covering must
be so placed that the air is not shut off completely from the crys-
tals; this is conveniently done by supporting it on several corks.
Crystals may also be dried in a desiccator which is partially ex-
hausted, if necessary. In drying substances at higher temperatures
the crystal form may be lost by the fusion of the substance or by
the separation of the water of crystallisation. Since many sub-
stances will liquefy far below their melting-point if they contain
even small quantities of the solvent, a preliminary experiment with
a small portion is always made when the drying is to be effected
at higher temperatures. Compounds, not easily soluble in ether,
which crystallise from a solvent miscible with ether, can be very
quickly dried by being washed several times with it. After a
short exposure to the air they are dry.

Treatment of the Mother-Liquor.—The mother-liquor filtered
off from crystals still contains more or less of the substance, in
proportion to its solubility at the ordinary temperature; in many
cases it is advantageous to extract the last portions remaining in
solution. A " second crystallisation " is obtained by distilling or
evaporating off a portion of the solvent. The mother-liquor may
also be diluted with a second liquid, in which the dissolved sub-
stance is difficultly soluble; e.g. a solution in alcohol or glacial
acetic acid may be diluted with water, or a solution in ether or
benzene with ligroin.

Crystallisation by Evaporation. — If a compound is so easily
soluble in all solvents that it will only crystallise out on partial
evaporation, then, in order to get good crystals, a solution, not
too dilute, is made, by the aid of heat if necessary, and filtered
from the impurities remaining undissolved. In this case, as a
crystallisation vessel, one of the various forms of shallow dishes—
the so-called crystallising dishes — is used, in which the solution
is allowed partially to evaporate. In order to protect the vessel
from dust, it is covered with a funnel or watch-glass, in -the
manner indicated under "Drying of Crystals.'1 Jn crystallising
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by this method, it sometimes happens that the solution, owing to
capillary action, will " creep " over the edge of the dish. To
avoid loss of the substance from this source, the dish is placed on
a watch-glass or glass plate. Under these conditions, the vessel
is never covered with filter-paper, since, after standing some time,
it may absorb the entire quantity of the substance. If, in order
to obtain well-formed crystals, the solvent is to be evaporated as
slowly as possible, the solution is placed in a beaker or test-tube,
which is then covered with filter-paper. Evaporation may be
hastened by placing the crystallisation' vessel in a desiccator,
charged, according to the nature of the solvent, with different
substances; for the absorption of water or alcohol, calcium chlor-
ide or sulphuric acid is used; glacial acetic acid is absorbed by
soda-lime, solid potassium hydroxide, or sodium hydroxide. The
evaporation of all solvents may be hastened by exhausting the
desiccator.

Since the purifying effect of crystallisation depends upon the
fact that the impurities remain dissolved in the mother-liquor, and
with this are filtered off, in no case must the solvent be allowed
to evaporate completely, but the crystals must be filtered off while
still covered with the mother-liquor. Before filtering, crusts depos-
ited, generally on the edges of the vessel, are removed with the
aid of a small piece of filter-paper or a spatula. Even though
the substance is very soluble, the mother-liquor adhering to the
crystals is washed away with small quantities of the solvent. If
the quantity of crystals is very small, the adhering mother-liquor
may be separated, in cases of necessity, by placing them on porous
plates (biscuit or gypsum) and moistening with a spray of the
solvent.

Fractional Crystallisation, -r- Up to this point, it has been
assumed that the substance to be crystallised possessed an essen-
tially homogeneous nature, and the object of crystallisation was
only to change it to a crystallised form. Crystallisation is often
employed for another purpose — that of separating a mixture of
different substances into its individual constituents, — a task that
is generally far more difficult th&n the crystallisation of an in
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ual substance. The simplest case is one in which two substances
are to be separated. If the solubilities of the two substances are
very different, as is generally the case when a mixture of two dif-
ferent highly substituted compounds is under examination, it is
frequently not difficult to find a solvent which will dissolve a con-
siderable portion of the more easily soluble substance, and but a
small portion of the less soluble. If, now, the mixture be treated
with such a solvent, in not too large quantities, a solution will be
obtained containing all of the easily soluble substance and a small

portion of the difficultly soluble substance.
This is filtered from the residue remaining
undissolved. The mixture has thus been
divided into two fractions. By evaporating
the solution to a certain point, the more in-
soluble compound will crystallise out, unac-
companied by any of the other compound;
the crystals are filtered off, and the solution
further evaporated- If the crystallisation of
the two fractions be repeated a second time,
a complete separation will be effected. For
separating a mixture of this kind, specially
constructed apparatus — the so-called ex-
traction apparatus — may be employed, the
use of which possesses the advantage over
the method of simple *h eating, that much
smaller quantities of the solvent are required.
An apparatus of this kind is represented in
Figs. 6 and 7, To a wide glass tube d is
fused a narrow tube which acts as a siphon,
bent as in Fig. 7. This portion of the
apparatus is surrounded by a glass jacket b,
narrowed at its lower end. This is con-
nected with the flask that is to contain the

FIG. 6. FIG. 7. s oivenk A c o rk bearing a reflux condenser
—a ball condenser is convenient—is fitted in the opening at the
upper end of the jacket. A shell of filter-paper is next prepared
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in the following manner: Three layers of filter-paper are rolled
around a glass tube with half the diameter of the inner tube d.
One end of the roll must extend somewhat beyond the edge of the
glass tube; this is turned over and securely fastened with thread.
T o preserve the form of the roll, thread is loosely wound around its
middle and upper portion. The length of the roll is such that it
extends i cm. above the highest point of the narrow siphon-tube.
I n the shell is placed the mixture of the easily soluble and diffi-
cultly soluble substance to be extracted ; the upper end is closed
b y a loose plug of absorbent cotton. The flask a, containing the
solvent, is now heated on a water-bath or over a free flame, accord-
ing to the nature of the solvent. The condensed vapours drop from
the condenser into the shell, dissolve the substance, filter through
the paper, and fill the space between shell and inner glass tube.
As soon as the liquid has reached the highest point of the siphon-
tube, the solution siphons off and flows back into the flask a.
This operation may be continued as long as necessary. The
amount of solvent used should be one and a half or two times
the volume of the inner tube up to the highest point of the siphon.
T h e construction of. a ball condenser is
represented in Fig. 8. In order to dis-
tinguish the tube by which the water en-
ters from the outlet-tube, the former is
marked with an arrow. Comparatively
easy also is the separation of two sub-
stances about equally soluble, if the one
i s present in larger quantity than the other.
I f a mixture of this kind is dissolved, then,
o n cooling, the substance which was pres-
e n t in larger quantity generally crystal-
lises out. Occasionally, after standing
some time, crystals of the second sub-
stance will appear; under these conditions the crystallisation
must be carefully watched, and as soon as crystals differing
from those first appearing are observed, the solution is filtered
with suction at once, even though it is still warm.

~a
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If two compounds crystallise simultaneously at the outset, as i ^
the case when they possess approximately the same solubility ancj
are present in almost equal quantities, they can be separated me^
chanically. If, e.g., one of the compounds crystallises in coars^
crystals, and the other in small ones, they may be separated by-
sifting through a suitable sieve or wire gauze. A compound crys^
tallising in leaflets can frequently be separated from one crystals
Using- in needles by a sieve. If these methods fail, the separation
may be effected by picking out the crystals with small pincers or ^
quill. In all these mechanical operations, the crystals must be a s
dry as possible.

In many cases, when one of the compounds is heavier than the
other, it is possible to separate them by causing the lighter crystals
to rise to the top of the liquid, by imparting to it a rotatory motion
by rapid stirring with a glass rod. The heavier compound collects
at the bottom of the vessel, and the liquid with the lighter com-
pound floating in it can be poured off.

Double Compounds with the Solvent. — Many substances crys-
tallise from certain solvents in the form of double compounds,
composed of the substance and the solvent. It is well known that
many substances, in crystallising from water, combine with a cer-
tain portion of water. Alcohol, acetone, chloroform, benzene, and
others also have the power of uniting with other substances to
form double compounds. As a familiar example, the combination
of triphenylmethane with benzene may be mentioned in this con-
nection. If double compounds of this kind are heated, the com-
bined solvent is generally vaporised.

SUBLIMATION

Much less frequently than crystallisation, sublimation is used to
purify a solid compound. The principle involved is this: A
substance is converted by heat into the gaseous condition, and the
vapours are caused to condense again on a cold surface. Under
these conditions the substance frequently condenses in crystals.

The sublimation of a small quantity of a substance can be con-
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veniently effected between two watch-glasses of the same size.
The substance to be sublimed is placed on the lower one, which is
then covered with a round filter perforated several times in its
centre and projecting over the edges ; the second watch-glass with
its convex side uppermost is placed on it, a n d
the two are held together by a watch-glass
clamp. If the lower glass is now heated very
slowly on a sand-bath with a free flame, t he
vaporised substance condenses on the cold sur-
face of the upper watch-glass in crystals • t he
filter-paper prevents the very small, light crys-
tals from falling back on the hot surface of the
lower glass. To keep the upper glass cool, it is
covered with several layers of wet filter-paper
or with a small piece of wet cloth. If large a

 F

quantities of a substance are to be sublimed,
the upper watch-glass in the apparatus just described is replaced
by a funnel somewhat smaller than the lower glass (Fig. 9). To
prevent the escape of vapours, the stem of the funnel is closed by
a plug of cotton or is covered with a small cap of filter-paper.
The apparatus for sublimation designed by Brtihl is admirably
adapted to the purpose for which it is in tended (Fig. 10). It
consists of a hollow metal plate through which water flows. In

FIG. 10.

the conical opening is placed a crucible containing the substance
to be sublimed. The plate is covered with a concave glass dish,
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the ground edges of which fit the plate tightly. The crucible is
heated directly with a small flame, while cold water flows through
the plate. The vapours condense in part on the glass cover, but
more abundantly on the upper cold surface of the plate in crystals.
The glass cover is not removed until the apparatus is completely
cold.

Sublimations can also be conducted in crucibles, flasks, beakers,
retorts, tubes, etc. The heating may be done in an air- or oil-bath.
In order to lead off the vapours rapidly, a current of an indifferent-
gas is sent through the apparatus.

DISTILLATION

Kinds and Objects of Distillation. — By distillation is meant the
conversion by heat of a solid or liquid substance into a vapour and
the subsequent condensation of this. When distillation is con-
ducted at the atmospheric pressure, it is called ordinary distilla-
tion ; if in a partial vacuum, vacuum distillation. The object of
distillation is either to test the purity of an individual substance
by the determination of its boiling-point, or to separate a mixture
of substances boiling at different temperatures into its constituents.
(Fractional Distillation.}

Distillation Vessels. — The heating of the substance to be dis-
tilled is generally effected in a fractionating flask (Figs, n , 12, 13).
These flasks differ, not only in size, but in the diameter of the con-
densation-tube (side-tube), as well as in the distance of the latter
from the bulb. In selecting a fractionating flask the following points
are to be observed. For distillation at the atmospheric pressure a
flask is selected having a bulb of such a size that when it contains the
substance to be distilled it will be about two-thirds filled. " There
are two objections to distilling small quantities of a substance from
a large flask: the vapours are easily overheated, thus giving a
boiling-point that is too high; a loss of the substance follows, in
that, after the distillation is finished, a larger volume of vapours
which condense on cooling, remains behind in the bulb,, than if a
smaller flask had been used. In the distillation of low boiling
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compounds, a flask is selected which has its condensation-tube as
high as possible above the bulb, so that the entire thread of mer-
cury of the thermometer employed is heated by the vapour of the
liquid. By using a flask of this kind it is not necessary to cor-
rect the observed boiling-point, as is the case when the mercury
column is not entirely surrounded by the vapour. The higher a
substance boils, the nearer must the side-tube be to the bulb, in

FIG. 11. FIG. 13.

order that the vapours shall have as little opportunity as possible
of condensing below the tube and flowing back into the bulb.

If large quantities of a substance are to be distilled, an ordi-
nary flask is used. This can be converted into a fractionating
flask with the aid of a cork bearing a T-tube, as illustrated in
Fig. 14. .

For the distillation of solid substances which solidify in the
condensation-tube, a fractionating ilask with a wide side-tube is
used.

A fractional distillation can also be conducted in the fractionating
flasks jusUdescribed; but the operation am be carried out more

c
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rapidly and more completely by the use of apparatus especially
adapted to fractionating (Fig. 15). These can be fused directly
on the bulb or they can be attached to an ordinary flask by means
of a cork (Fig. 14) ; the round, short-necked flasks such as rep-
resented in Fig. 16, are well adapted to this purpose. Flasks of

FIG. 14. FIG. 15.
Fractionating Apparatus.

WURTZ LlNNEMANN HEMPEL

this description can be obtained in different sizes but still possess-
ing the same width of neck; this enables one to use the same
cork with any flask. The value of these different forms of fraction-
ating apparatus depends upon the fact that the higher boiling
portions carried ̂  along with the vapours do not pass immediately
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to the outlet tube, but before entering this they have an oppor-
tunity of condensing and flowing back into the flask. In the
apparatus of Wurtz (a) the condensation takes place on the large
upper surfaces of the bulbs. More complete condensation is ob-
tained in LinnemamVs apparatus (3), which differs from that of
Wurtz in that the narrow tubes between the bulbs contain small
platinum-wire sieves. Since the lower
"boiling portions condense to a liquid
and collect in these, the ascending
vapours are so far cooled by the pas-
sage through them that the accom-
panying portions of the higher boiling
substances are likewise condensed.
T h e apparatus of Hempel is filled with
l^lass beads which act like the sieves in
t h e Linnemann apparatus. For the
distillation of large quantities of a
liquid the Hempel apparatus is • par-
ticularly well adapted; in working with
i t as well as the Linnemann form, the
txeating must be interrupted from time
t o time, in order that the liquid col- IG*x *
lecting in the beads or sieves may have an opportunity to flow
t>ack to the distillation flask. If the Le Bel-Henninger form is
xised, this precaution is unnecessary, since in this apparatus
special tubes for conducting off the condensed liquid are joined
t o the sides of the bulb somewhat above the sieves.

Experiments have shown that a single distillation with one of the
forms of apparatus just described, effects a more complete separa-
t i o n than repeated fractionations in an ordinary fractionating flask.

Supporting the Fractionating Flask. — If it is necessary to
sxxpport the fractionating flask with a clamp, it is placed as far
a b o v e the outlet tube as possible, never below it; the glass ex-
p a n d s by contact with the hot vapours, and since the expansion
i s impeded by the clamp, particularly if it is firmly attached, the
fla.sk frequently breaks.
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rap1'
Supporting the Thermometer.—The thermometer is passed

through a cork (no rubber) which fits the neck of the flask. T h e
most exact determinations of the boiling-point are obtained if tint
entire thread of mercury is surrounded by the vapour of the sub-
stance. With low boiling compounds this condition is easily
obtained by the use of a fractionating flask having its outlet t ube
at a sufficient distance above the bulb. In this case the ther-
mometer is so placed that the degree corresponding to the boil-
ing-point of the liquid is opposite the outlet tube, but the bulb
of the thermometer must not extend into the bulb of the flask
and never into the liquid ; if it does, another flask must be used,
the outlet tube of which is still higher above the bulb. If in
dealing with high boiling compounds such an arrangement is
not possible, the thermometer is thrust so far into the neck of the
flask that the thermometer-bulb is somewhat below the outlet
tube. In this case, if an exact determination of the boiling-point
is desired, the observed reading is corrected in the manner
described below. In order to avoid making a correction a special
form of thermometer is used, the graduation of the scale begin-
ning at ioo°, 2oo°, or at other convenient points. By employing
an instrument of this kind the mercury column may be kept in
the vapours at any temperature.

In making distillations, it occasionally happens that the mercury
column ascends to that point in the scale which is hidden by the

. cork supporting the thermometer, thus preventing the temperature
from being read. In a case of this kind the thermometer is
either raised or lowered, so that the top of the mercury is visible,
or if this is not possible, from that portion of the cork which pro-
jects above the flask, a section is cut which will enable the scale
to be seen.

Condensation of Vapours.—The condensation of vapours is
effected in various ways, depending upon the height of the boiling-
point. If a compound boils at a relatively low temperature (up to
ioo°), the outlet tube of the fractionating flask is connected with
a Liebig condenser by a cork (not a rubber stopper). For very
low boiling compounds a long condenser is used, and for those of
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high boiling-points a short one. If the boiling-point of a com-
pound is very low, the flask in which the condensed liquid collects
(the receiver) is connected with the condenser by means of a cork
and a bent adapter (Fig. 63), and the receiver is cooled by ice
or a freezing mixture. If the boiling-point is moderately high,
between ioo° and 2000, the receiver, connected to the condensing
tube by a cork, is cooled by running water (Fig. 17). If the
substance is to be distilled
again, a fractionating flask
is employed as a receiver; a
tubulated suction-flask may
also be used. It is often
unnecessary to employ run-
ning water for cooling pur-
poses if to the outlet tube of
the flask a wide glass tube
50 cm. long (extension tube)
is connected by a cork (Fig.
18). With still higher boil-
ing substances even this is
superfluous, since the con-
densation tube of the frac-
tionating flask, provided it
is not too short, will suffice
for the condensation.

If a small quantity of a substance is to be distilled, and it is
desired to avoid the loss of substance necessarily incident to the
use of a condenser, the distillation even of low boiling compounds
is conducted in a small distillation flask as slowly and carefully
as possible, the source of heat being a minute flame (the so-called
microburner).

If large quantities are to be distilled, a condenser is always used,
since when other condensation apparatus is employed, the tube
finally becomes so hot that the vapours are not completely con-
densed. If the vapours of a substance attack corks, the outlet
tube is inserted far enough into the condenser or extension tube

FIG. 17.
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so that the vapours do not come in contact with the cork. But
generally a cork is not used; the outlet tube being inserted suffi-
ciently far into the condenser.

Heating. — Low boiling substances (those boiling up to about
8o°) are not generally heated over the free flame, but on the water-
bath gently or to full boiling. Frequently it is more convenient
to immerse the bulb of the fractionating flask as far as the level
of the liquid which it contains in a dish or beaker filled with
water, which is heated gently or strongly as the case requires. k
Low boiling substances may also be heated by immersing the bulb

FIG. 18.

of the flask from time to time in a vessel filled with warm water.
If a substance is not distilled over a free flame, in order to prevent
" bumping " a few pieces of platinum wire or foil, or bits of glass,
are thrown into the liquid (see below). When a substance to be
distilled is heated on the water-bath, it may easily happen that
the vapour inside the flask may be overheated by the steam escap-
ing between the rings. For this reason, in the determination of
exact boiling-points it is better to use a small free flame. The
so-called microburner is well adapted to this purpose. High boil-
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ing substances are always heated over the free flame. In this case
the flask may be protected by heating it on a wire gauze ; still by
working carefully the gauze need not be used. In heating, the
flame is not placed under the flask at once, since the latter is likely
to break easily on sudden heating; it is better to pass the flame
back and forth slowly and uniformly over the bottom of the flask
until the liquid is brought to incipient ebullition. Substances which
have been previously dissolved, after the evaporation of the solvent
on the water-bath, often stubbornly refuse to give up the last por-
tions of the solvent, particularly when ether has been used. If now
a free flame be applied, it frequently happens that in consequence
of a retarded boiling during which the solution becomes overheated,
a sudden active ebullition and foaming will take place. In order
to prevent this the flask is shaken repeatedly during the heating,
since if the liquid is kept in motion, overheating cannot easily take
place. It may also be prevented frequently by heating the flask
on the side. During the actual distillation the heating may be con-
tinued by slowly passing the flame over the bottom of the flask as in
the preliminary heating, but in this case care must be taken not to
apply the flame to the flask at any point above the liquid inside,
since an overheating of the vapours would result. In order to
protect the hand in case the flask should break, the burner is held
obliquely and not directly under the flask ; or during the distilla-
tion the burner may be placed under the flask and allowed to re-
main stationary. The size of the flame is so regulated that the
condensed distillate flows into the receiver regularly in drops. If
vapours escape from the receiver, it is an indication that the heat-
ing is too strong. Toward the end of the distillation the burner is
turned down somewhat.

To collect the Fractions. — If a substance which is not quite
pure is -being treated, and it is desired to test the purity by a
determination of its boiling-point, then on distillation a small por-
tion will generally pass over below the true boiling-point ("first
runnings ") ; this is collected separately in a small receiver. Then
follows the principal fraction, passing over at the true boiling-point,
the temperature remaining constant. If there is only a small
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quantity of the liquid in the bulb of the flask, it is difficult, in spite
of using a small flame, to prevent the vapours from being some-
what overheated; this will cause a rise of the mercury The por-
tion passing over a few degrees above the true boiling-point can,
in preparation work, be collected with that portion which boils at
the correct temperature, without evil results. High boiling portions
collected separately are designated as "last runnings." The oper-
ation of fractional distillation is conducted in a wholly different
manner. The preparation of benzoyl chloride (see page 289)
will furnish a practical example of the method of procedure. This
compound is obtained by treating benzoic acid with phosphorus
pentachloride. The product of the reaction is a mixture of phos-
phorus oxychloride (b. p. no0) and benzoyl chloride (b. p. 2000).
If this mixture is subjected to distillation, the entire quantity of
phosphorus oxychloride does not pass over at about no 0 , and
afterwards the benzoyl chloride at 2000; but the distillation will
begin below no°, and a mixture consisting of a large quantity of
the lower boiling substance and a small quantity of the higher
boiling substance will pass over; the temperature then rises gradu-
ally ; while the quantity of the former steadily decreases, that of
the latter increases, until finally, at 2000, a mixture consisting essen-
tially of the higher boiling substance passes over. A quantitative
separation of the constituents of a mixture cannot be effected by
the method of fractional distillation. However, in most cases, it
is possible to obtain fractions which contain the largest part of
the individual constituents, particularly when, as in the example
selected, the boiling-points of the constituents lie far apart, by
collecting the different fractions and repeating the distillation a
number of times. It is almost impossible to give definite rules of
general application for fractional distillation; the number of frac-
tions to be collected depends upon the difference of the-boiling-
points, upon the number of compounds to be separated, upon the
relative proportion of the compounds present, and upon other
factors. If but two substances are to be separated, as is generally
the case in preparation work, the procedure is, very commonly, as
follows; as a basis for the fractions to be collected, the interval
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between the boiling-points is divided into three equal parts ; in the
case of the example selected the temperatures would be i io°, 1400,
1700, 2000. The fraction passing over between the temperature
at which the distillation first begins, up to 1400, is collected (frac-
tion I.), then in another vessel the fraction passing over between
i4oo-i7o° (fraction II.), and finally in another receiver that pass-
ing over between 1700 and 2000 (fraction III.). The quantities
of the three fractions thus obtained are about equal. Fraction I.
is now redistilled from a smaller flask, and the portion passing
over up to 1400 is collected as in the first distillation in the empty
receiver I., which in the meantime has been washed and dried.
When the temperature reaches 1400, the distillation is stopped,
and to the residue remaining in the flask is added fraction II., and
the distillation continued. The portion passing over up to 1400

is collected in receiver I., that from i4Oo-i7o° in the empty re-
ceiver II. When the temperature reaches 1700, the distillation is
again interrupted, and to the residue in the flask is added fraction
III., and the distillation is again continued : in this way the three
fractions are collected. These are again distilled as in the first
distillation, but now the lower and higher boiling fractions are much
larger than the intermediate one ; further, a larger portion of these
end fractions boil nearer the true boiling-points than in the first
distillation. If it is now desired to obtain the two substances in
question in a still purer condition, the two end fractions are once
more distilled separately, and the portion passing over a few de-
grees above and below the true boiling-point, for phosphorus oxy-
chloride about io5°-ii5°, for benzoyl chloride, i9O°-2O5° are
collected.

Vacuum Distillation. — Many compounds, not volatile at the
atmospheric pressure without decomposition, may be distilled
undecomposed in a partial vacuum. The vacuum distillation is
used advantageously for the fractionation of small quantities of a
substance, since the separation of the individual constituents can
be effected more rapidly and more completely than at the atmos-
pheric pressure.

Vacuum Apparatus. — The simplest form of a vacuum apparatus
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is represented in Fig. 19. Two fractionating flasks a and b are
connected by a cork. The neck of a is closed by a tightly fitting
cork bearing the glass tube d, reaching to the bottom of the flask,
its lower end being drawn out to a fine point, the object of which
will be explained below. A thermometer is placed in the tube.

h
FIG. 19.

In place of the flask b, a suction-flask such as finds application
in filtering under pressure, may be used (Fig. 20). But this kind
of flask is used only in case low boiling substances are to be
distilled, since the contact of too hot liquids with the thick walls
causes them to crack easily : this is likely to prove very destructive
in vacuum distillation. With low boiling substances, in order to
get complete condensation of the vapours, the jacket of a Liebig
condenser through which water is allowed to flow is fitted over
the outlet tube of the fractionating flask. These simple forms
of apparatus are used only when it is desired to collect a few
fractions, since it is troublesome to be obliged to change the
receiver, and thus destroy the vacuum, for each new fraction.

If it is desired to collect a larger number of fractions, an
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apparatus is employed by means of which the receiver can be
changed without destroying the vacuum.

FIG. 20.

Brtihl's apparatus is very well adapted to this purpose (Figs. 21
and 22). By turning the axis b} so arranged that it supports the
receivers firmly, each receiver may in turn be brought under the
end of the condenser tube c.

The receiver shown in Fig. 23 is also very convenient for frac-
tional distillation in a vacuum. By grasping the cork a and the
tube c firmly with the fingers and turning, the different portions
of the receiver may be brought under the condensing tube.

Construction of a Vacuum Apparatus. — In vacuum distillations
the evolution of bubbles of vapour occurs to a much greater
extent than under ordinary conditions. In order to prevent the
liquid from foaming up and passing over, a flask of such a size is
selected, that when it contains the liquid it must in no case be
more than half full; it is better to have it but one-third full. The
individual parts of the apparatus are connected by rubber stoppers.
Ordinary corks may also be used with almost equally good results,
but only those are selected which are as free as possible from
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pores; they are pressed in a cork-press, and then very carefully
bored. If, after the apparatus is put together, the corks are coated

FIG. 21.

with a thin layer of collodion, there is no difficulty in obtaining a
vacuum. The thermometer and capillary tube may be arranged as

showoyn Fig. 19: It is also
a very excellent arrangement
to use a two-hole cork, the
thermometer passing through
one, and the capillary tube
through the other, as in Fig.
21. The capillary tube is
made by drawing out a glass
tube of 1--2 mm. diameter;
the narrow hole in the cork
through which this passes is
made conveniently by a hot
knitting-needle.' Instead of
using a * capillary tube to
prevent "bumping," otherFIG. 22.
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means may be employed (see below)^,m vwhicji^case the
mometer is supported in the fractionating.^ 25§}t j ^ j r r prdirjaiy
distillations. When a tube drawn out to
a capillary point is used, a short piece of
thick-walled rubber tubing, which can be
closed by a screw pinch-cock (Fig. 19, e
and c)9 is attached to the upper end.

The flasks recommended by Claisen
(Fig. 24) may be used advantageously in
vacuum distillations in place of the com-
mon fractionating flasks. A tube drawn
out to a capillary point is secured in the
limb a by a piece of thick-walled rubber
tubing or a cork. The thermometer is
inserted in b. When a few large pieces of
broken glass are placed in b, these flasks
possess the advantage of preventing -por-
tions of the liquid (even in cases of violent
boiling) from being carried over into the condenser. The space
above the pieces of broken glass may be filled, partially or

FIG. 23.

FIG. 25.

FIG. 24.

wholly, with glass beads — obviously these are only to be used in
the distillation of liquids not having a too high boiling-point —
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thus combining the advantages of a Hempel column with vacuum
distillation.

For the distillation of solids a fractionating flask with a wide,
bent sabre-shaped condensing tube is used (Fig. 25). In order
to determine the efficiency of the vacuum, the lower tube of the
Briihl apparatus is connected with a manometer (Fig. 26), by
means of a thick-walled rubber tubing which will not collapse

upon exhausting the apparatus. The other end
of the manometer is connected with suction, by
the same kind of rubber tubing.

Since in consequence of the varying water
pressure, it happens, at times, that the water from
the suction pump may be forced into the man-
ometer or receiver, it is advisable to insert a
thick-walled suction flask between the suction
pump and manometer.

In order that the apparatus may be perfectly
tight, the corks, ends of the rubber tubing, as well
as the ground surfaces of the Briihl receiver, are

covered with a thin layer of grease or vaseline. If ordinary corks
are used, these, as well as the ends of the tubing, are covered
with collodion after the apparatus is set up. Before the distil-
lation, the apparatus is tested to determine whether it will give the
desired vacuum. For this purpose, the pinch-cock on the capil-
lary tube is closed, the suction attached, and after some time the
manometer is read : this will indicate whether the desired vacuum
has been obtained. In case it is not, the corks are pressed more
firmly into the tubes, greased again or covered with more collodion,
and the rubber tubing is pushed farther over the ends of the glass.
Frequently the suction pump will not work satisfactorily; it is
then examined to see if it is stopped up, or a better pump is used.
When the apparatus has been exhausted, the air must not be
admitted suddenly, by removing a rubber joint, for the sudden
rushing in of the air may easily destroy the apparatus. The
rubber tube attached to the suction is closed by a screw pinch-
cock which has been placed on it beforehand, and in case a
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capillary tube has been used, the pinch-cock on this is gradually
opened and the air allowed to enter through it, or after discon-
necting the rubber tubing from the suction, the pinch-cock which
has just been closed may be opened. The same object may be
accomplished most rapidly by closing the tubing leading to the
suction with the fingers, detaching it and opening the tube re-
peatedly for an instant at a time, until the rushing sound made
by the inflowing air ceases. After a test has shown that the
apparatus does not leak, the liquid to be distilled is poured in
the flask and the distillation begun.

Heating. — In vacuum distillation the flask can be heated
directly with a free flame, but the flame must be applied to the
side, and not to the bottom of it, as in the ordinary way. Care
must be taken to keep the flame constantly moving. It is much
more satisfactory and safer to use an oil- or paraffin-bath, o r better
a metallic air-bath (iron crucible). The latter is covered with
a thick asbestos plate containing a round opening in the centre ,
through which the neck of the fractionating flask may pass ; from
the opening to the edge of the plate there is a straight narrow slit.
The air-bath must not be too large; the bottom is covered with
a thin layer of asbestos, which will prevent the flask from coming
in contact with the metal. The temperature of the oil- o r air-
bath should, in exact experiments, not be more than 200—300

higher than the boiling-point indicated by the thermometer. A
thermometer is immersed in the bath and the flame so regulated
that the difference between the two thermometers is not greater
than that mentioned. The heating is not begun until the appara-
tus is exhausted.

To prevent Bumping. — In vacuum distillations a troublesome
bumping (a sudden, violent ebullition) frequently occurs. T o pre-
vent this a slow, continuous current of air is drawn through the
liquid, thus keeping it in constant motion. The air current, con-
trolled by a pinch-cock, must not be allowed to enter too rapidly,
otherwise ,it will be difficult to maintain a high vacuum. The
same effect may be obtained by placing certain substances i n the
liquid — splinters of wood the size of a match, capillary tubes, bits
of glass, pieces of porcelain, powdered talc, scraps of platinum
wire or foil. Small pieces of pumice-stone bound with platinum
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wire also act satisfactorily. For further details concerning vacuum
distillation consult "Die Destination unter vermindertem Druck
im Laboratorium," R. Anschlitz.

Lowering of the Boiling-Point. — In order that some idea may-
be obtained as to the approximate lowering of the boiling-point,
by diminishing the pressure, the following table is given :

Substance.

Acetic acid
Monochloracetic acid . .
Chlorbenzene
p-Nitrotoluene . . . .
Acetanilide

Boiling-point at
12 mm.

19°
84°

27°
io8°
167°

Boiling-point at
Ordinary Pressure.

u8°
186°
132°
2360

295°

Difference.

99°
102°
105°
128°
128°

Corrections of the Boiling-Point. — If it is not possible in
making an exact determination of the boiling-point to have the
mercurial column entirely surrounded by the vapour of the liquid,
— a condition usually obtained by employing a flask, the side-tube
of which is at a sufficient distance from the bulb, or a sectional
thermometer, or both,— then a correction may be applied to the
observed boiling-point in one of two ways. The portion of the
mercurial column not heated by the vapours — that portion above
the side-tube — is read in degrees (Z). Another thermometer
is brought as near as possible to the middle point of this col-
umn, the temperature of which is also read (/). If T is the
observed boiling temperature, then the following correction i s
added : L(T—t) • 0.000154. The so-called " corrected " boiling-
point may also be obtained as follows : The boiling-point iif>
determined in the usual way; after the distillation, another sub-
stance, the corrected boiling-point of which is known, and whicht
lies near the one in question, is placed in the same flask and dis-
tilled under the same conditions. The difference between t h e
corrected and observed boiling-points is applied to the boiling-
point of the first substance.

Distilling off a Solvent.—An operation frequently employed
in organic work is distilling off a solvent from the substance dis~
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solved in it. When the boiling-point of the solvent is sufficiently
far away from that of the dissolved substance, a complete separa-
tion can be effected by a single distillation. The methods used
depend upon the quantity of the solution, that of the dissolved
substance and the boiling-point of the solvent. The methods
which can be used for distilling off low boiling solvents, like ether,
ligroi'n, carbon disulphide, alcohol, and others, will be described
first. If a small quantity of a solvent is to be evaporated, and it
is not worth the trouble to recover it by condensation, then, in
case the solvent is ether, ligroi'n, or carbon disulphide, the solution
is poured into a small flask, and this is immersed in a larger vessel
filled with warm water. The vaporisation is considerably accel-
erated by shaking the flask. The operation is more rapidly per-
formed by heating the flask on a water-bath. To prevent a
sudden foaming, due to retarded ebullition, some small pieces of
platinum wire or capillary tubes are placed in the liquid; the
evaporation is also facilitated by frequent shaking. Should the
vapours become ignited from the flame of the water-bath, no
attempt to blow out the burning vapours should be made; but
the burner is extinguished, the flask removed from the batH with
a cloth, and the mouth covered with a watch-glass. Carbon disul-
phide, on account of its great inflammability, is never vaporised
in this way, but always without a flame.

Large quantities of solvents may also be evaporated by these
two methods, but the entire quantity is not treated at once. A
portion is placed in a small flask, and when this has been evap-
orated, a second portion is added, and so on. The danger of
ignition of the solvent may be avoided by inserting in the flask
a glass tube, extending to within a few centimetres of the level
of the liquid, supported firmly by a clamp, and attached by rubber
tubing to the suction. The tube must at no time touch the
liquid.

For rapid evaporation of small quantities of ether, the following
method of procedure is recommended: A few cubic centimetres
of the solution are placed in a sufficiently wide test-tube; this is
warmed, with continuous shaking, over a small, luminous flame.

D
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After the first portion is evaporated, the second is added, and
so on. Since the vapours of the ether almost regularly become
ignited, this event should always be expected, and should occasion
no alarm. When it happens, the heating is interrupted for a
moment, and the flame is easily extinguished by blowing on it or
covering the mouth of the test-tube. If the tube is held as nearly
horizontal as possible during the heating, the danger of ignition
is lessened.

If it is desired to distil off a larger quantity of ether, ligroin,
or carbon disulphide, and to recover it by condensation, the re-
ceiver is attached to the condenser tube by a cork, and the flask
is heated by immersing it in a water-bath containing hot water.
To prevent the liquid from being superheated, a silk thread as
frayed as possible at the end reaching to the bottom of the flask
is suspended from the neck and the flask is shaken frequently
during the distillation (Fig. 28). The entire quantity of the liquid
is not placed in the flask at once, but only a portion : after the

solvent has been distilled off from, this, an-
other portion is added, and so on.

By the use of the so-called safety water-
bath, i.e. one in which the flame is sur-
rounded by a wire gauze as in Davy's Safety
Lamp, ether and ligro'in can be distilled by
continuous heating with a flame. It is not
safe to distil off carbon disulphide even from
this apparatus, since, when it becomes suffi-
ciently hot, it will ignite spontaneously with-
out the intervention of a flame.

By the use of a coil condenser (Fig.
27) the distillation of solvents is greatly
facilitated. The free flame, if it be sur-
rounded by a cylinder of wire gauze, may
be employed in place of a water-bath.
A piece of rubber tubing attached to the

side tube of the receiver carries the vapours to a hood or below
the surface of the table.

FIG. 27.


